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Tests Conducted to Determine Safe Methods of Dumping Fuel From Airplanes 
m Flight 

SUMMARY 

In order that the Bureau of An Commerce 
mlght determme safe methods of dumpmg fuel 
from airplanes III fhght, a senes of tests was 
conducted to evaluate the fire hazard present 
Ill such an operat1011 

Igmtlon of dlscbarged fuel may be caused by 
the 1 armus forms of static electrnty, llghtnmg, 
or bj exhaust flames, and burnmg carbon from 
the cngmes 

While some tjpes of dump mstallatlons dw 
charge the fuel p~s~tn~llq clea of any external 
component of the awplane, others discharge m 
such a manner that the external surfaces are 
soaked with the fuel 

Consldeung the present tjpec: of fuel dump 
mstallatlons and the posslblhty of Igmltmn, the 
file hazard \\<,s class&d llrto three pats for 
lllrestlgatlon 

(1) The hazard due to flane propagatm 

folward aganct the axstream, If lgmhon 
occu1s at some pomt aft of the outlet nllre 

(2) The hazard due to fuel contacting an 
external surface If lgnltlon occurs forward 
of, or on, the sulfate 

(3) The lrazard due to rxplos~ons occurrmg 
111 dump ducts 01 chutes 

The tests, which w’ere dnded Into five pats, 
mcluded the d&berate qmtlon of gnsolme m 
a free alrstrean, and the d&berate qmbon 
of gasohne and furl 011s on an an-foil placed 
III an amtream, an mvest,gatmn of the com- 
tustlble gas enwlope sun-oundmg dumped 
gas011ne ill nn alrstlcam, the 1gll1t1011 of gnso- 

lme m an urstream by static dlschrrrge from 
an alrfoll. and the d&berate Ignltlon of com- 
bnstlble gases III dump ducts 

The tests m the iree axstream &owed con- 
clus~rely that flame lesultmg from the lgnlted 
fuel Ill an s11stream Will not propngate for- 

ward agamst an amstream of a voloc~ty as low 
even as 25 m&s per hour Hence, fuel dumped 
from an auplane free from an external com- 
ponent of the axplane does not constitute a 
hazard although lgmtmn occurs 

The tests with an alrfoll 111 the arstream 
uldxate strongly that dumped fuel which con- 
tacts all extern‘k1 cnmpone11t of all a1rplnne 

constitutes a serious hazard, smce bunung may 
contmne onw the fuel 1s lgrnted This apphes 
to fuel 011s as well ns to gasohm, but to 8. lesser 
degree 

The mnvestlgatlon of the combushble gas en- 
lelope surroundmg the lquld fuel spray re- 
vealed that the envelope 1s so confined to the 
llquld fuel that it 1s practically nonexistent, 
uld therefore presents no hazard 

The tests dealmg wth the lgnltmn of gaso- 
lme m an au-stream b> statx discharge from an 
alrfoll shoved that static dxharges of the 
colona or brush type qmte probably would 
lgnlte spra3-ed or atomned gas&m 

Exploe~on tests mlth dump ducts or chute 
re,ealed that the exldos~on pressures are so ion 
that open end ducts, constructed of practicable 
mntenxls and of spploprmte sue would not be 
damaged although esplosmns occurred nlthnl 
them 

The general conclusmn reached from all of 
the tests 1s that fuel may be dumped safely If It 
dlschsr$es clear of Ihe axcraft structure 

INTRODUCTION 

Practically all large transport airplanes are 

equpped wth fuel dump valves, whxh provide 
a means for the rapld discharge of fuel to de- 
crease the load n, cases of emergency 

The erer mcreasmg number of transport all- 
planes, the expansmn and development of an-- 
ways, and the utllntmn of provisional gross 



nelghts, mdlcate that fuel ml11 be dumped mole 
often than m the p&, and hence the safetl 
of the operation hxomos of paramount em- 
pm tnnce 

Analysts of the problem 

The obtlous matter to be mxestlgated m 
connectmu \,lth the dumpmg of fuel from air- 
planes m flight 1s that of file lesultmg from 
the lgmtmn of the fuel There are several 
sources of lgnltlon ~1~~1~ present pos%lbllltles 
of ha7-mg sufficient 1ntens1tv to 1gmte atomized 
fuel or combustible rnlxtues of air and gas”- 
lme They are any one or a combmatlon of 
the foltommg 

1 Static dlscharge from the fuel to the dump’ 
valve ai- duct 

2 Ststuz dlschargc from an an-plane to the 
a1r 

3 LIghtrung strokes 
4 Sparks orlgmatmg >Trlthm the axplane 

from aux1hnry electrical devices, or from 
mproper or defectwe bondmg (This 
SOUITB con&t&s a hazard nhen cnmbns- 
tlble mixtures enter the mtenor of all- 
plane structmes due. for exnmple, to the 
outslcle surfxw bang soaked wlth fuel ) 

(6) Bormng carbo~r or flames from the 
engwe exhaust stncks 

The posslblhty of lgmtlon 1s reirlwed when 
It 1s consIdered that the fuel upon teatmg the 
an-plane and entermg a Ingh 3 eloclty alrtrean. 
becomes atomized nnmedmtely The degree of 
atomratmn depends upon the type and toca- 
t1on of the fuel outlet 

The va,rlety of types of fuel-dump mstalla- 
tlons found on modern axplanes mdxates a 
difference of “punon on the part of designers 
hi to the eaxtence of d. haznrd and as to the 
deglee of such hnzard If eastent It 1s reason- 
able to assume that the most hwarclous type of 
fuel outlet 1s the one so deslgned that large 
areas of the external surfaces of the au-plane 
become soaked with the dumped fuel, and that 
the least hazardous IS one so deslgned that all 
of the dumped fuel passes entuelj rlear of any 
component of the axplane ‘I?> pes of modern 
fuel-dump mstallatlons mrq to s,,.h an extent 

that all degrees of condltlons between the two 
deycrlbed above, mny be encountered 

In vow of the p”sslbdlt>~ of lgmtlon and the 
types of fuel-dump mstallatlons nnw m exist- 
exe, there appear to be three dlstmct prob- 
lems to be conslderad, as follon s 

1 The poss~blhty of fol\rxd plopagatlon of 
flames resultmg from the Igmtmn of fuel m x 
free au-stream 

Whether or not this presents a hazard de- 
pends upon the propensity of flame from 
burnmg fuel to propagate forward m an 
aIrstream of a wloc1ty eqnnl to, or preate1 
than the mnumum flymg \peed of the <UT- 
plz~ne concerned 

2 The danger which might be present If fuel 
\pray or combustible nnxtules contacted an> 
external surface of an mrplane 

This cncum~tanu might present n haz;lrd 
because of boundary layers, eddy currents, 
etc Thlc: unphes that ax velocltw may 
be very to>\ m the vlcnutj of wndow and 
door mouldmga, metal lap Jomts, mspec- 
tmn doors or openmgs, lnnges, cor1tro1 SUP 
face “pemngs or slots cornws formed by 
the pmchon ot control iurfaces >>lth vmg? 
“1 fuselage, and therefole dumped fuel con- 
tactmg such pats conqlltutes a hazard, 
mnx bnmmg might contunur regnrdlw 
of the -peed of the u&me, once the fuel 
1s lgnlted 

3 The danger from explosions occurrmg 
I\ lthm dump chutes 

In several dwgnr, m&l ducti: ale p~ov~lecl 
below the \,mg\ “1 fuselage to gmde the : 

fuel anaJ from the an-plane Immedl- 
at& after the fuel-dumpmg operation, or 
due to a slight leak m the dump valve, 
these ducts rn%~ contnm a combustible 
nuxture which might be Igmted by a stntlc 
spark 

Recogmzmg the unportance of t!lev powblr 
hazards, the Bureau of An. Commerce de- 
tcrnnned to condwt tests to evaluate them 
The possible hazard of an explosion occ~rmg 
~rthm the structure 1s noglerled for the sunplc 
reason that any fuel-dumpmg system nhlcll 
pernuts fuel “1 combustible nuxtures to enter 



1 Ile illlerior of atI :li~~)lilllC slrllclul~e is toll- 

sidered, witliout argument, t 0 be chg~ro~~s. 

The tests wcw conducted at tl1e Natioiral 
I%lrexu of Standards. The decisions as to the 
general course of action for the tests were 
agreed 11pon by a11 informal comn1ittce r~pre- 
senting the Nationa! I3ureau of Standards, the 
LT. S. Nary, the U. S. hrmy, tl1e National Atl- 
vihory (‘ommittre for Aeronalltics, alit1 tlrr 

I3limll1 of A\ir Commerce; and the lielpful co- 

III. Experinle11ts \vitl1 the C~o111l~~~stiblo Gas 
Envelope Surrounding the Liquid Gasoline 
Spray. 

I\‘. Experiments on the Ignition of Gaso- 
line by Static Discharge fro111 the Trxililrg 
Edge of an .4irfoil. 

1’. Experiments wit,11 Con1bllslible Rlistllrrs 
in Dump Ducts. 

Figure I.-Generai view of test set-up. 

operation of tliese ot,lier agencies proved exceed- 
ingly valuable. 

Helpful suggestions also mere received fron1 
1 he TTndcrwriters’ Lnboratories of Cl1icago and 
from the University of Detroit. 

TEST PROCEDURE 

The tests were conducted in five parts as 
f0110\X : 

I. Experiments in Free Airstream. 

13~11 of these five parts is described indr- 
pendently 11rrein. 

An airstream was produced by an outside 
wind tunnel located at) tl1e National Bureau of 
Standards. For Parts Nos. II, III, and IV 
(see above) an adjustable airfoil with a flap 
was mounted in the airstrram. The fuel sup- 
ply was provided by a 26gallon tank connected 
to a two-inch diameter pipe which led to the 
center of the airstream at tl1e open end of t,he 
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tunnel. The supplg line was equipped with a Physical characteristics of airfoil: 

quick acting shut-off valve in combination with N. A. C. A. RI-3 section. 
an adjustable gate valve to regulate the rate of 
flow. See figures 1 and 2. In figure 2 note the 

Chord- -~~~ ~~ ~----~~ ~~-~- 50 inches. 
Span---~~-~~ ----- ~-~.~ ~-- 8 feet, 9 inches. 

s~lpply tank mounted in the tree. Flap Chords--~~----~~~------ 25% of airfoil chord. 

In all of the tests, with the exception of Part 
IV, the fuel was deliberately ignited by means 

Wooden interior covered with m-gauge, galvanized 

of spark gaps. 
iron. Leading edge of airfoil 26 feet behind fuel 
outlet. 

Figure 2.-General view of test set-up. 

The following are general data pertaining to 

the test set-up and procedure. 

GENERAL DATA 

Diameter of tunnel at open end -__--_ 7ft. 
Maximum airspeed (in vicinity of air- 

foil) ------_--_~-~~-~~---~~~-----__ 70 m. p. h. 
M,aximum rate of fuel flow-- --------- 40 gal. per min. 
Grades of fuel used: 

Gasoline : Domestic Ariation--~~~~~~~~- 73 Octane 
Fuel oil (furnace) : Flash point--------- 140” F. 
Diesel oil : Flash point----------------- 250” F. 
(The viscosity of the oils was slightly higher than 

that for kerosene.) 

Part I.-EXPERIMENTS IN FREE AIRSTREAM 

(Without ili7foiZ in Place) 

Purpose. 

To evaluate possible hazards resulting from 
the ignition, at a point behind the outlet, of 
dumped gasoline in a free airstream. 

Introduction. 

These tests are confined to those hazards in- 
volved -hen gasoline does not contact any com- 
ponent of the airplane after leaving the dump 
valve or chute. Assuming ignition to occur 



after the gasoline has left the outlet, it is de- 
sired t,o investigate the possibility of flame 
propagation forward against an airstream of 
a velocity equal to CI greater than minimum 
flying speeds. 

Test procedure and results. 

Ignition was produced by rwms of a spark 
gap located on t,he end of a long pole. See 

was blown aft by the airstream. Figure 6 shows 
the flame leaving the sprayed gasoline immedi- 
ately after the ignitor was removed. Figure 
5 shows the condition just prior to that shown 
on figure 6. 

Run No. 2. 

The ignitor was applied al the point of the 
gasoline outlet. In the first part of this run 

Figure a---Test setup for investigating flame propagation in free airstream with pole ignitor in place. 

figures 3, 4, 5, and G. The tests were conducted 
in the following manner : 

Run No. 1. 

The igllitor was held approximateIy four 
feet aft of the outlet pipe. The gasoline was 
turned on and the quantity increased in stages 
from zero to 40 gallons per minute. The air- 
speed was 70 miles per hour. There was no 
tendency at any time for the flame to propagate 
forward against the airstream, and in all in- 
stances when the ignitor was removed the flame 

250080--21--2 

an auxiliary I/h-inch internal diameter copper 
tube supplied the gasoline in place of the regu- 
lar two-inch diamet,er pipe. See figure 7. The 
airspeed was varied between 25 and 70 miles 
per hour, and in no instance would the flame 
persist once the ignition was turned off. In 
the second part of this run, the regular fuel 
supply pipe was used, and the quantity was in- 
creased in stages tp 40 gallons per minute. The 
results were identical to those described in 
Run No. 1. 
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Figure 4.--Gasoline spray being ignited 4 feet aft of outlet. 



Figure S.-Gasoline spray burning in free airstream with ignitor in place. 



Figure 6.-Gasoline spray immediately after removing ignitor. Flame is being blown downstream. 



Run No. 3. 

This run was identical to Run No. 1, except 
that the igniter was held approximately 10 
feet aft of the olltlet pipe. The results were 
identical to those described in Run No. 1. 

Conclusions. 

Dumped fuel which does not contact any 
component of an airplane after leaving the 
outlet valve or cliutz clots not constitute a haz- 
ard to the airplane even if ignition of the fuel 
should occur. 

Part II.-EXPERIMENTS WITH AN AIRFOIL IN 
AN AIRSTREAM 

Purpose. 

To evaluate the hazards involved when 
dlunpecl fuel contacting an external surface of 
an airl)lane, is iguitcd. 
Introduction. 

~1 discussioik of tile Iiazards involved under 
these conditions is given on page 2. An air- 
foil with Asp was used to simulate an external 
surface of an airplane. 

Test procedure and results. 

See figures 1 and 2 for a general view of 
the set-up. See page 4 for the physical char- 

Figure ‘I.-Free airstream test with ignitor at point 
of gasoline outlet. 

acteristics of tlie airfoil. Ignition was deliber- 
ately proviclecl by the pole igniter as used in 
Part I except in isolated cases wllere ignition 

Figure K-Airfoil with flap deflected, ignitor at leading edge. 
i'.,(~OSOL -41--:: 
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Figure 9.-Airfoil with zero flap deflection, ignitor at leading edge. 

Figure IO.-Airfoil with zero flap deflection, ignitor at flap slot. 
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Fwure 11 pAlrfoll wth flap deflected, ~grutor at leading edge Flame pattern lmmedlately after rgmtwn 

*WurL 12 --AMod n,th fla,, deflected, ,gn,tor at tra,hng edge Flame pattern ,mmed,atel, after lgnltlon 
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Figure 13-A,rfod wth zero flap detlectm,, spader on ngmtor at leadmg edge 
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Figure K-Airfoil with flap deflected, spoiler on, igniter at flap slot. Flame pattern at late stag1 

Figure 16.-Airfoil with flap deflected, spoiler on, ignitor at trailing edge. Note spoiler strip on upper surface. 
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Test Results 

Part II 

623 

G-23 
GZ3 

G-23 

F-23 

D--l0 

623 

623 

G-23 

G-23 

640 

623 

LE..- 

Slot.... 

Slot...., 
Slot.... 

TF.-.- 

TC-.. 
TE-. 

LE_... 

TE-... 

LE--.. 

Slot.... 

LE.-- 

-- 

: : 

Ignhon sbghtly d,fficult hot the fuel once Igmted 
continued burmng wolently fro”, the flap slot to 
the T E figure 9 shows the first attempt at rg”,lt,o” 

After Igmtmn the flame clung ,nst aft of rhe spo,ler 
atrm and contm”ed wolentlv abore the a,rfo,, 
see-fig 13 

Phe flame continued violently abo,e and moderately 
beh the tip and I” the flap slot The tlmne 
Erted I” the Rap slot after the fuel had bee” shut 

See tig 10 
Practlclally S&me results e.6 for Run No 3 
The flame contmued above and below the flap and I” 

the slot but did not progress forward of slot 
T E traversed sp,s”w,se w,th uanltor Flame aould 

,- ,- 
,_ ,_ 

.- .- 

gl; ygnue or- progress forw& OYer the Asp from 

Praot~c~ly same results BS for Run No 6 
Pract,callv s&me results a.8 for Runs No 6 and 7 

Spo,lerstr,p had no effect Spaderstr,p had no effect 
F,g- I, shows Aame patter” “nmed,ately after ,g”,tlo” F,g I, shows Aame patter” “nmed,ately after ,g”,tlo” 

The flame contmued m v&r~o”s patterns over the The flame contmued m v&r~o”s patterns over the 
Pum “nt,l the foe1 snn~lv v,as shut. off flap “nt,l the foe1 snpply v,as shut. off 

Flame continued on top of the flap and ,” the slot Flame continued on top bithe flap and ,” the slot 
F,g 12 shovs the flame pattern nnmed~stelv afLfter F,g 12 shovs the flame pattern nnmed~stelv afLfter 

,gn,tmn ,gn,tmn Flame progreseed ,arward to the slot a,“d Flame progreseed ,arward to the slot a,“d 
eontmued eontmued 

Fuel would not continue bum,“g when Ignator ,,a~ Fuel would not continue bum,“g when Ignator ,,a~ 
removed removed F,g 18 shows attempted ,gnltw” at slot F,g 18 shows attempted ,gnltw” at slot 

Praotmlly s&me results &s for Run No 12 Praotmlly s&me results &s for Run No 12 

.- .- Ign~aon difficult Ign~aon difficult Flame clung to upper Asp surtrtces Flame clung to upper Asp surtrtces 
a dlstanoe of approx 2 Inches forward of T E a dlstanoe of approx 2 Inches forward of T E 

._ ._ Same beha\lor as for Run No 14 (a) except that & Same beha\lor as for Run No 14 (a) except that & 
lap ,ol”t (I” 1ongltudmz.l dnect,on) made by tno lap ,omt (I” 1ongltudmz.l dnect,on) made by tno 
sheet4 of 20 ea”ee sslvamaed iron nh,ch covered sheet4 of 20 gauge grtlvamaed iron nh,ch covered 
the tip prawded a” ,rregular,ty wbxh caused the 
flame to chng to the flap at thu pant 

._ Flame progreeaed forward on top to s!ot and eo”t,“,,cd 
on top and m slot 

.- Alummum alloy sheet on flap Flame contmucd %a- 
olently below and moderately abole the Aep and 
1x1 the slot Sheet broke into small pieces and fused 
shghtly These p,eces were very bratle 

._ Run No 16 repeated wth 40 gal per mm See fig,;; 
for flame pa&tarn at one stage of the III” 
flame exlsted for approx”“ately 25 seconds Smsll 
parboles of the sheet completely fused were found 
on the ground after the r”” 

Aluminum alloy sheet attached to TE a”d extended 
beyond T E Th,s WBB &” sttempt to elmunate the 
coolmg effect of the flap whxh possibly exIsted when 
the sheet was attsched 8,s 1” Run i-70 16 The 
results were the lane as for Run No 16 except that 
the sheet d,d not break but fused sbghtlp and became 
exceedingly brittle A mmor explosmn occurred 
althm the flap-sppro-amstely one minute after the 
run WVBS completed 

On e-1 Fuel ,gn,ted readdy and oontlnued m the slot and 
below the tip 
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Test Results-Contmued 

Part II-Contmued 

G-40 20 

G-23 20 

G-23 20 

623 20 
G-23 20 
G-23 20 

F-23 20 

F-23 20 

D-40 20 

30 (b) _ _. 1 G-23 1 5 

25 

25 

25 

ii 
30 

30 

30 

30 

0 

0 

0 

0 

3: 

30 

On--. Flame contmued molently above and below f,sp but 
d,d not pragress forward of slot See fig 15 for 
flame pettern at late stage of run 

-1 Flame oromessed to slot and contmmd see fia 16 
I for flimepattern 

Flame ,gn,ted readdy and contmued vmlently on top 
of the flap, m the slot, and sbghtly forward of Blot 
on top of anfo,, Fig 8 although not B photogreph 
of this partlcuhr run shows the approuLInatr: Aame 
pattern 

Igmtmn more d,&u,t than for gasohne The flame 
contmued r, the v,cm,ty of the flap &s shown on 
fig 20 Fig 19 showsthe flame pattern lust before ,. 

Same results a~ for Run No 24 F,g 20 shows the 
appron1mate flame pattern 

Same results &B for Run No 24 except that lgn,t,on \\as 
shghtly more d,ficult than for the furnace 011 

The flame perslated only momentardy behmd the 
spader str,p but contmued vmlcntly m the \xmlly 
of the slot itnd flap 

Same results a.8 for Run iio 27 (a) except that the 
flame persuted behmd the spodcr str,p for a longer 

( permd-of tm,e 
On.--, The Oamc progressed fornard to the flap slot and eon- 

tmued vmlentlv above and moderately below the 
Asp and m the-flap slot 

011~~~ Same results &8 for Run No 28 (a) 
off Same results a.8 for Run No 28 (a) 
On.-- The flame contmued wolentl~ above and below the 

On.. 
” flap and 11, the slot 

Same results m for Run No 30 (a) 

D~scussmn of results 

after a few km1 luns at the begmrnng of 
the tests, It ~RS evident that It would be ex- 
ceedmgly dBcult to obtam quantkatwe results 

by varymg fuel quantity, anspeed, attitude of 
an-foll and flop, and pomts of lgmtlon m a 
regular prearranged sequenm The tests were 
therefore confined to obtammg q~~ahtat~re re- 
sults only and the hmltatlons on the procedure 
11Ple 

(I) No runs were made dt less than 70 mdes 
per hour alrspecd rmce this 1s probably the 
lowest speed nt nhlch fuel would be 
dumped m actual operkon 

(2) The fuel quantity was lmnted to two 
oalues, 40 and 23 gallons per mmnte The 

former -. aloe xvas the maxunum obtnmable 
The latta lepresented tvo turns 00 the 
control valve and wara used m the maJorlty 
of runs mstead of the maxnnum to prevent 
the test arfod from becommg seriously 
damaged by heat before the tests were 
concluded 

(3) The attitudes of the axfall and flap and 
the pomts of lgmtlon as shown m the test 
results were putcly arbltlary selzctlons m- 
tended only to show the qn&tatlve effect 
of change 

Runs No 1 through No 8 were conducted 
nlth the anfall and flap at zero degrees to the 
an&ream with the spader strip first on and 
then off for all three pomts (L E, flap slot, 
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(1) rlrat the fl.rmr would not prog1ess f”l 
udld nhm the fuel wds lgmted at the 
llalllng edge 

(2) That the flame nvx11d contmlle Ill ‘Ml aft 
of the slot when lgrntlon wab made elthel 
at the leadnry edge 01 at the slot 

(2) That the qpoder strip \\‘Ls meffectwe u, 
mamt~nung the flnme behmd It oxcey,L 
when lgmtlon was made at the lcadmg 
edge 

1~ all ubsequent 1uns, \Ilth the exceptlou 
of those with the fuel ads, where the nttltude 
of the arfoil “i- flap wuxd flom zero degwes 
to the nustream, the flune would contmne 
regardless of pant of lgnltlon and would 
progress folwsId when lgmtmn was made at 
the tradmg edge In genernl lgmtlon bewnv 
t%S1(‘1 and flame v101e11ce greato1 8‘3 the angle 
of the flap and alrfod wxeased v&h respect to 
the au stl?am 

In the xwns usmg fuel “11s consldcrdble angle 
of the alrfod and flap to the dn&wun ~\a, 
uzqured to permit the flame to contmue In 
genernl, the fuel 011s were more. ddlicult to 
Igmte and RPX extwgwshed more oasllr than 
the gasohne, but &~le bulnmg. they dppeawd 
to obserrels to pro&w mow hpat than gaso- 
hne for equ‘ll quantllles 

The effect of the spader ktrlp \v’~L vely notice- 
able, m that It permitted the flame to chng to 
the arfod just aft of the strip h lap ]omt “11 
Iha flap plodwed a wmlar effect as described 
in Run No 14 (b) In many of the runs the 
flame contmued quetly m the flap slot aftw 
the fuel supply was -hut off 

Runs No 16, 17, and 18 showed the effect of 
the mten\e heat on a1ummum alloy sheets In 
all three luns the flxne exIsted for less than 
30 seconds and changed the physxal prop&w 
of the sheets to such an extent that they would 
be entxely Incapable of supportmg a load 

In many of the runs the nnportant effect of 
fuel quantity on ease of lgnltmn and flame 
vmlence mas part~nlarly notxeable The less 
the fuel quantity the more Slicult the lgmtlon 
became and the less vlolen: the flame 

Pert III-EXPERIMENTS WITH THE COMBUS- 
TIBLE GAS ENVELOPE SURROUNDING THE 
LIQUID GASOLINE SPRAY 

Purpose 

To determme the extent of the combustible 
gas en, elope sur~oundmg the hqmd gasolme 
splay 

Introduetmn 

TVh& dumpmg gasohne, the pusslblhty of 
combustible gases contactmg nn external SW- 
face of an axplane, xlthough the hquld gasolme 
passes clear of the surfdco, 1s consIdered of 
nnportance These gases may be dangerous 
If they enter the lnterlor of the axplane strnc- 
ture through vents, drams, etc 



17 

Test procedure and results ‘Ihe “nllslule 1 111 the test 1esn1ta &ye5 the 

The location of the an-fml used m Part II perce11tage of gas vapor, by ~Olum, 111 the 

was vaned vertxally nlth lespect to the cm- total mmture (NOTE-The lower lnmt of 

terhne of the gasohne stleam Detection of the evplosm range for gasolme vapor and au 

posxble gnsolme vapors nas made by the use 
1n1utures 1$ approx1mate1y 14 percent of gas 

of a combustible ga, mdmtor (Mmes Safetj 
rapor, by volume, ,n the total mixture ) 

Appliance Company TYPO TV-5) and by spark Ducussmn of results 
gap lgmtlon Two gas vapor mlet tubes (?L& The test results mdmte that the combustible 
mch, mslde dmmeter, copper) were attached to gas envelope around the fuel spray 1s confined 
the lower surfax of the arfoll One was exceedmgly close to the hqud fuel In none 
placed 12 Inches aft of the leadmg edge at the of the rum were combustible gases mdmted 
center of the an-foil and the other four mches even though %wes” of fuel contacted the. a- 
zft of the leadmg edge of the flap at the center foil 

Test Results 

of the flap These tubes mele run to the ga< 
mdmtor 

The dttltuclo of the arfod and flap n as a- 
bltranly vmed ova a senes of run> Gas 
samples were tnken xnd Igmtlon attempted at 
various Ielntne locnl~ons of the xmfod and 
CentelllnP of t11c gaeolme st1earn All nms 
mete III& at 70 m&s pa horn anspeed 

The attempts at lgmtlon fakd due, pmb- 
<lblJ, to the high ddntlon of the fuel by am at 
the “edges” of the fnrl spra? The test result\ 
mdlcate that, ahen dumpmg fuel from an all- 
plane, If the fuel spray Just clears an extemal 
component of the mplane no haard need be 
expected flom the combwttble mmture sur- 
~oundmg the hqud fuel 



Conclusions. 

JVhen tlumpiug nC L (,.~tlloliiie from ail airplailc 

in flight the combustible gas envelope sur- 

rounding tlie liqiiicl fuel spray presents practi- 

Figure 17.-Airfoil with flap deflected, spoiler on, 
ignitor at flap slot. 

tally no hazard to csternal or interiinl com- 

pollents of the airplane. 

Part IV.-EXPERIMENTS ON THE IGNITION Ok 
GASOLINE BY STATIC DISCHARGE FROM THE 
TRAILING EDGE OF AN AIRFOIL 

Purpose. 

To iiivrstigxt,r the possibilit,y of ignition of 
gasoline, w1w11 being duml)etl from an airplane 
in flight, by static discharge from the airplane. 

Introduction. 

In all of the test.; described in Parts I, II, 
and III, ignition wa4 deliberately produced by 
means of spark gaps and, therefore, those tests 
pertain only to the hazards involved after the 
fuel is ignited and have no direct bearing 011 
the probability of accidental ignition in flight. 

This section of the Report (Part IV) deals 
1rit.h tests planned to ignite gasoline by static 
discharge from the trailing edge of an airfoil, 
thus simulating a static phenomenon which 
occurs regularly on airplanes in flight. Since 
it was observed from the previous test,s, de- 
scribed in Parts I, II, and III, that sparks 
would ignite dumped gasoline, these tests were 
restricted to an attempt to produce a corona or 

b1w311 dischig~: fr01n llle ltxililig etlge rallier 
than a spark, a11d to determine if these types of 
static discharge I\-ollld ignite the gasoline. 

Test procedure and results. 

The final test set-up is shown on figures 21 
and 22. The airfoil and sl~pporting structure 
were insulated from the grolund and charged 
with alteriiating current of high potential 
(225,000 volts). A triangular sheet metal 
plate (See figure 21) was attached to the trxil- 
ing edge of the flap to localize the point of dis- 
charge. A ground was provided by means of 
a vertical pipe mounted as shown on figure 21. 
The insulator shown on the ground pipe was 
found to be necessary in order t.o provide a 
long leakage pat,11 from the ground pipe to the 
flap and thus prevent excessive sparking. The 
airfoil was set at 0” angle of attack and the 
flap at 30” to the airfoil. The fuel quantity 
was 40 gallons per minute and the air-speetl 
70 miles per Iioiir for all rims. 

Figure 1X.-Test using furnace oil, ignitor at flap 
slot. Fuel would not continue burning when 
ignitor was removed. 

Forty-one runs were made under the above 
conditions and all were recorded on 16 mm. 
kodachrome motion picture film. The film 
when projected was stopped for close examina- 
tion at the points where ignition occurred. 
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Figure 21.-General view of test set-up for investi- 

gating ignition of gasoline by static discharge from 
trailing edge of airfoil. 

, In four or five of the runs, ignition was 
caused by sparks at the lowx end of the insw 
lator and, therefore, these runs are irrelevnllt. 

Figure 22.-Close-up view of test set-up for investi- 
gating ignition of gasoline by static discharge from 

trailing edge of airfoil. 

In the remaining twenty-six or twenty-seven 
runs, ignition occurred alt,hough no sparks of 
any clescriptio~~ n-we obsrrrrd beforehand. 



Part V-EXPERIMENTS WITH COMBUSTIBLE 
MIXTCTRES IN DUMP DUCTS 

Igmtlon at or neal the open end rrns accom- 
phihed mltb a spark 01 flame The other end, 
nhere peak Pressures mere expected to occur, 
\\a~ closed by a comparatnely veak sheet of 
rolled alummum 0 002 m thick 

Mlxtrues III Tubes A and B were made bq 
mtroducmg selected volumes of hquld fuels, 
chng temporanly the open end of the tub?, 
and arculatmg for prevmusly determmed 
tunes rlth n dmphragm type cnxulatulg 

P”mP 
Fugue 23 1s J. photogmpb of Tube B, 111. 

cludmg the cxculatmg pump and hnes The 
arrangement of Tube A was the same except 
that the U-bend v-a4 remo\ed and the spark 
plug was at Posltmn 1 mstead of Posltmn 2 

Jllxtures III Tube C wele made by 11, troduc- 
mg selected quantltles of hqnld fuel, closmg 
both ends, .md sllonmg the mlxturp to become 
r.mform by standlng The dlffusmn Process 
was hastened by frequent changes m the pow 
tlon of the tube 
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Previously prepared nuxtnres were adnutted 
to Tube D after the latter had been esacuated 
Fig 24 1s a photograph of Tube D shoring the 
shape, spark plug lo&lo”, tube for esacuatlon 
and mtroductlon of the mixtures, and the ~gn- 
t1on system 

For each “uxture, both ends of the tube were 
closed durmg the preparation or mtroductlon 
of the charge, and the end nearest the spark 
plug was opened Jut prmr to firmg 

The folloamg table hsts the mixtures that 
nere fixed m the vs~mus tubes The symbols 
R, L, and M stand for rich (m fuel), Ian, and 
msx”n”m noner, resp&vely 

pressure at the closed end of the tube become 
s”5ciclently great to blow out the 0002-m 
nlummum &nphragm In each tube the explo- 
slon of a maxunwn poner nuxtuie ploduced a 
i-o&r and a s”nultaneo”sly auchble vllxatmn of 
the thnl alunmum diaphragm I” Tubes A 
and B this vlbratmn was, “1 some cases, of suf- 
liclent amplitude to produce permanent de- 
formations (the patter” bang roughly con- 
ce”trlc c”rrugatlo”s) I” B small central portlo”, 
and III four cases out of 21 there were small 
fatlyle cracks at the centera With T”bes C 
and D no dlaphragln \,-a permanatly 
dIstorted 

There was no n&cable difference 1” the ex- 
plosmns whether mltlatod by a spark 01 by a 
flnme I” n fev caws of wry nLh or xxy lean 
mixtures the charge falled to ~gmte with co,,- 
tmuous sparlang, but burned qutly when 
lgnlted by a flame 

In Tube A explo~mns of m~l~“n”n~ power 
mxtures chd not vary greatly for the cl&rent 
fuels ather BS to “mse or effrct upon the alunm 
nun diaphragms Several observers agreed 

that the alcohol gave d httle greater “ixse, and 
Ihe heptane the least 

In Tubes A and B, from two to three seconds 
were requrod for the flame front to move from 
the spark plug to the closed end I” a maxunum 
power muture Dunng roughly half of tlus 
time, I--lablc flame was prolected from the 
open end of the tube for a &stance of a fen 
Inches 

The ~oarmg IIOISZ III Tubes A and B was 
much louder than for correspondmg mixtures 
m Tubes C and D 

,1 0 002-m alummum diaphragm of 3 8 1” 
effectwe &am&r (1 e , such as was “cad on 

F,gure 24-Tube D used to smulate dump duct 

Tubes A and B) vas blown out by a static 
pressure of 13 5 lbs per sq 1” It broke at the 
circumference, as 1s chuacter~stlc of a dla- 
phragm loaded excessively, by ather St&c 
pressure or upldly rlslng plessure such as 
prerads durmg n” explosion 1” n closed con- 
tamer No break of this charuater was pro- 
duced by any exploslo” 

D,scussmn of results 

The Ioalmg “OEO obselved I” each test was 
dlstlnctly chfferent from the shhillp report com- 
monly connected with .111 exp10s1011 I” awe 
tubes the flame beglnr to movz st a umform 
rate, but 1s KJO” dlst”rbed by pressure waves 
leflected from the closed ad Thus durmg 
most of Its travel tho flane becomes vlbrntory 
and its progless IS accompmled by the sound 
waws wh~h prodnco the o”lr observed dlstor- 

-. 
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t,ons of the thm closure at the end of the tube 
The lnesawe at the closed e”d of n tube, filed 

at the open end, llses from tno prmclpal 
causes first, the res~tance furnished by the 
tube to the escape of the burned gas through 
the open end, and second, the lesxtnnce nhlch 
the atmosphere at the open end of the tube 
offers to the escape of the burned gas E>en 
when It IS assumed that there 1s no loss of heat 
to the tube by the burned gas, these two resxt- 
ULL~S are low for large tubes and for mx&res 
urh,ch bum 5s slo\vly as h~drocarbuns a”d ~1 
,,t atmospheric conchllons The values of the 
peak pressures at the closed ends of the tubes 
were calculated to Ge extremely low, and the 
tests furmsh n quahistwe confirmation of the 
computed values, s”lce the rery thm alummum 
cllaphraps were not blown out 

The peak pressures 1” the smaller tubes (C 
and D) should be lngher than those I” Tubes A 
and B, were It not for the fact that the bulned 
gas has a better opportunity t,o lose heat to the 
walls of the small tube before ,t reaches the 
open end Smce this heat loss does occur to a 
considerable extent m tubes as small as C and 
D It seems doubtful that the peak pressures m 
these tubes wae mvch, If anj, greater than m 
A and B 

The mtroductmn of bends and angles tends 
to mcrease the res~tance &xh the burned g&s 
t”counters 111 Its passage to the open end 
Agal”, however. paltlc”larly 111 the c&se of 
Tubes C and D, It seemed that the angles were 
mole effectwe m coolmg tho burned gas than m 
pleventmg Its escape Th,s conclusion IS based 
upon the extreme nnldness of explosions I” 
Tube D AS cornpaled 5~1th any of the others 

It IS emphas,zed that the tests described 
herem were confined to ducts only, assummg 
that the dump valre betueen the duct and tank 
would be tightly and secuwly closed A” ex- 
plos~on ,n a dump duct would be extremely 
dangerous If ,ts dump valve were open enough 
to provide a gaseous con”ect,on mlth the nearly 
rlnpty gnsolme tank To plerrnt this condl- 
tion partxnlar thought a”d study should be 
g,ven to the design of the dump valve and to 
the operatmg mechamsm, rrhlch might be so 
controlled that thP valve nould close auto- 

n&cdlly before a11 of the fuel n&s dumped 
As an alternat~w s&tj p,ecdut~o” R” Inert 
gas might be “~trodnced Into the tank to re- 
pla the fuel as It leaves the tank a”d duct 
Thoroughly tested fldme arrestas placed wlthm 
ducts also would g1.w adeqwte protect,“” but 
these might seriously retuld lhe flou of fuel 

COllClUSlO”S 
1 The results of these espe~mwts are I” 

agreement wth prer~ous c&nlatmns \\ hxh m- 
dlcated that only lay low pressures are de- 
veloped by explosions of mnx”num pouer rnx~ 
tures of gasolllle a1Kl fur I" tuba\ of u*1f0lm 

cross section, open at one end 
2 Although dearsslng the diameter, I”- 

creasmg the length or msatlng bends III the 
tube ~111 ~“crease the res&mce to the escape 
of the burned gases, these chnngcs ~11 also “- 
grease heat loss fro”1 the g‘,\s behmd the flame 
front 

3 I” small tubes, the coohng effect may pre- 
dommate, and flame ma), 111 come cases, be ex- 
tmgulshed before traversmg a long tube wllh 
nuxnei-ous bends 

4 In lage tubes, ihe peak pressures muy “- 
crease ~lth length 01 the numba of bends, but 
destructlre peak plessures are not to be ex- 
pected m any tubes of d,menb~ons approluxxte 
for gasolme dwnp ducts on arcraft 

5 The &ects vrlwh may result from the VI- 
brstory motion of the flame depend on the con- 
figuration of the duct It IS pasable that x ery 
weak sections might be caused to Vlbrdto TAO- 
lently durmg an explosion, with the lesult that 
a fatigue fracture nught occur For this lea- 
50” It IS sngg&ed that dwnp ducts should be 
crcular, rather tha” rcctmgula m sectlo”, 
and free of \leak, flat areas 

6 The present tests m&&e conclub~vely 
that a cyhndrxal duct of alummum alloy, hav- 
mg a wall thlcknew of 0020 mch or more, 
,.n mslde d~aneter of 4 mches or less, a”d a 
length of 11 feet or less, ~111 not be damaged 
III any way by the explosion of an> mature 
of gasolme and an, m,t~.rlly at the pressure 
of the atmosphere eurroundmg the open e”d 

7 A hazardous condition may result If the 
duct IS constrwted at some pomt along Its 
length 



8 An explo~on u, a dump duct would be 
extremely dangerous If Its dump l&e were 
open enough to prwldo a gaseous connection 
nit11 the nearly empty gssolm tank 

SUMMARY OF CONCLUSIONS 

Part I 
Dumped fuel nlurh does not contact any 

component of ‘m ~llplnnr afle1 leav111g the “Ul- 
let ralre or chute dres uot constltntr! a hazard 
to the a1rplme me71 lf 1gmtm of t11e fuel 
bhould occur 

Part II 

1 The dnmpmg “1 gasolme from an mplnne 
m fhglrt 111 such n mannei- that It contacts an 
cxtemsl smface of the mplme 1s considered 
hazardous mm, If It melo xwdentally Igmtecl, 
burmng “11 the suFace mg11t Lorltlnue aftm 
the som~e of lgmtlon lud dmppeaued 

2 The hazard 1s mclcascd by the presence of 
protuberances and megulantm on the surface 
and by deflection of Lontrol surfaces or mcrease 
of angle of attack of the fixed sulfxes 

3 Alummum alloy surfaces, constructed of 
sheets of o 032 mch or less m thickness and sub- 
Jetted to bumng gmolme m qudntltm of 40 
gxllons per mmute “1 greater and m a 70 mle 
per hour anstream would bs senously damaged 
11, less thau 30 seconds 

4 Fuel 011s hmng flnsb pomts up to 
2.50” F are more dliE.ult to lgmte than g&o- 
lme but, once lgmted appear to plodwe more 
best for equal qunritltm Such 011s U-B con- 
s&red 1~s hannrlous than gnsolme 

Part III 

When durnpmg ga.solme from <m anplane m 
fbght the Lombustlblo gas euvelope snrroundmg 
the hquld fuel splay presents pmctmlly no 
hamrd to extwnal “r mternal components of 
1 lrc n1rplm 

Part IV 
It 15 qute pl”bable tbnt statx discharges of 

the corona or brush type ml1 lgute sprayed or 
‘ltomlzed gnsol,ne 111 an aIrstream 
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Part v 
1 The results of these experments are m 

ngrcemcnt wtb pm lous calculations whxh m- 
dlcated that only vely lom pressures are de- 
> eloped by explosions of maxnnum powa mix- 
tmes of gasolme and am 11, tubes of uruform 
cross se&on, “pen ai, one end 

2 Although decrmsmg the dxmetel, in- 
crcssmg the length or mertulg bends m the 
tube -ml1 ma-ease the resistance to the escapp 
of the burned gues, these changes ~11 also 111. 
crease heat loss from the gas behmd the flme 
front 

3 In small tubes. the coolmg effect may pi-c- 
dommate, snd flame may, m some cnses, be 
extmgulshed befole trsrasmg a long tube mth 
numerous bends 

4 In large tube the peak pressules may 
ma-ease nlth length or the number of bends, 
but destlnctme peak pressures are not to be 
expected 111 any tubes of dmensmns appro- 
pmte for gasolme dump ducts on amraft 

5 The effects which may result from the 
mbmtory motion of the flame depend on the 
configuntlon of the duct It IS possible that 
mxy neak soctlons mgbt be mused to nbrate 
violently durmg nn explosion, wth the result 
that a fatigue fracture ml& occur For this 
reason It 1s suggested that dump ducts should 
be cmular, rather than rectangulal m section, 
nnd free of weak, flat areas 

G The present tests mdlcate conclusmly 
that a cyhndncal duct of alummum alloy, hav- 
mg a wall thickness of 0 020 Inch or more, an 
mslde dxuneter of 4 Inches 01 less, and a length 
of 11 feet or less, ml1 not be damaged m any 
viny by the exploslou of any mature of gas”- 
lme and am, mt~allY at the pxessure of the at- 
mosphere sunoundmg the “pen end 

7 A huardous Londltlon nm~- result If the 
duct 15 constncted at some pomt along Its 
length 

8 An explosion m a dump duct would be 
rxtremelj dangerous If Its dump valve nele 
open enough to prmde a gasems connectlo,, 
mlth the nearly emp,y gnsolnre tmk 


