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TF2XSCONDlJCTEDTODETERMINESAFE 

METHODS OF DUMPING FDSL 

FROM AlRFLUiES IN FLIGIIT 

w 

Allen W. Dallas 

In order that the Bureau of Air Coemrce might determine 

safe methods of dumpmg fuel from airplanes m flight, a series 

of tests was conducted to evaluate the fire hazard present in 

such an operation. 

Ignition of dmcharged fuel may be caused by the various 

forms of static electricity, lightning, or by exhaust flames 

and burning carbon from the engines. 

file some types of dump mstallations discharge the fuel 

practically clear of any external component of the airplane, 

other discharge m such a manner that the external surfaces 

are soaked mth the fuel. 

Considermg the present types of fuel dump mstallations 

and the posslbillty of lgmtlon, the fme hazard was classtiled 

into three parts for mvestlgatlon: 

(1) The hazard due to flame propagation 

forward agamnst the airstream, if igmtion occurs 

at some pomt aft of the outlet valve. 
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(2) 'Ihe hazard due to fuel contacting an 

external surface If lgnltlon occurs forward of, 

or on, the surface. 

(3) The hazard due to explosions occurrIng 

m dusrp ducts or chutes. 

The tests, whhlch were &vxded into five parts, included 

the deliberate Imtion of gasoline in a free ax-stream, and 

the dellberate ignition of gasoline and fuel 011s on an air- 

foil placed III an airstream; an lnvestlgation of the combustl- 

ble gas envelope surround- dumped gasoline m an airstream, 

the imtion of gasohne I.II an airstream by statio discharge 

from an alrfoll, and the deliberate ignition of combustible 

gases in dump ducts. 

The tests in the free alrstream showed conclusively that 

flame resulting from the qnlted fuel m an axstream will not 

propagate forward against an airstream of a velocity as lovr even 

aa 25 miles per hour. Hence, fuel dumped from an airplane free 

from an external component of the avplane does not constitute 

a hazard, although lgnltlon occurs. 

The tests nxth an axfoll In the alrstream lndlcate strongly 

that dumped fuelwhxh contacts an external component of an air- 

plane constitutes a serious hazard, sLnce burning may continue 

once the fuel 1s ignited. %s applies to fuel 011s as well as 

to gasolme, but to a lesser degree. 

16303 
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The mvestlgatxon of the combustible gas envelope surround- 

mug the llqud fuel spray revealed that the envelope 1s so con- 

fmed to the llqud fuel that It 1s practically non-elastent, and 

therefore presents no hazard. 

The tests dealmg lplth the xgoltlon of gasolme m an air- 

stream by statx discharge from an axfoll showed that statx 

discharges of the corona or brush Qype qmte probably would 

igmte sprayed or atomzed gasolme. 

Explosion tests mth dump ducts or chutes revealed that the 

explosmn pressures are so 10~ that open end ducts, constructed 

of practicable materials sad of appropriate sme would not be 

damaged, although explosions occurred mthm them. 

The general conclusion reached from all of the tests 1s 

that fuel may be dumped safely If It dmcharges clear of the 

axcraft structure. 
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INTRODUCTION 

Practically all large transport adrplanes are equipped nlth 

fuel dump valves, which provdde a means for the rapid discharge 

of fuel to decrease the load in casss of emergency. 

The aver increasing number of transport airplanes, the ex- 

panslon and development of airways, and the utillsation of pro- 

vlslonal gross weights, indicate that fuel ~111 be dumped more 

often than III the past, and hence the safety of the operation 

becomes of paramount importance. 

Analysis of the Problem: 

The obvious matter to be lnvestlgated in oormectlon with the 

dumping of fuel from alrplanes XI flight 18 that of fire resulting 

from the ignition of the fuel. There are several sources of 

lgnltlon whxh present possibilities of having sufficsent intensity 

to ignite atormzed fuel or combustible mixtures of air and gaaolme. 

They are any one or a combination of the foUos-lng: 

1. Statx discharge from the fuel to the dump 

valve or duct. 

2. Statx discharge from an airplane to the air. 

3. Llghtnlng strokes. 

4. Snarks origlnatvlg mthin the airplane from 

auxlllary electrical devices, or from improper or 

defective bond-. (This source constitutes a hazard 

when combustible mxctures enter the interior of air- 

plane structures due, for example, to the outside 

surfaces being soaked with fuel.) 

/6303 
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(5) Burning carbon or flames from the enme 

exhaust stacks. 

The posslblllty of lgnltlon 1s realized when It 1s con- 

sldered that the fuel, upon leaving the alrplane and entering 

a high velocity axstream, becomes atormzed Immediately. The 

degree of atormzatlon depends upon the type and location of 

the fuel outlet. 

The variety of types of fuel dump mstallatlons found on 

modern auplanes lndlcates a dlfference of oplnlon on the part 

of designers as to the existence of a hazard and as to the 

degree of such hazard If enstent. It I.S reasonable to assume 

that the most hazardous type of fuel outlet 1s the one so de- 

signed that large areas of the external surfaces of the air- 

plane become soaked mth the dumped fuel, and that the least 

hazardous 1s one so desqned that all of the dumped fuel passes 

entirely clear of any component of the axplane. Types of 

modern fuel dump installations vary to such an extent that all 

degrees of conditions between the two described above, may be 

encountered. 

In view of the posslblllty of lgnltlon and the types of 

fuel dump lnstallatlons now m existence, there appear to be 

three dlstlnct problems to be consldered, as follows 

1. The posslblllty of for+wd propagation of 

flame resulting from the lgnltlon of fuel m a free 

ax-stream. 

/63aS 
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Whether or not this presents a hazard 

depends upon the propensity of flame from 

burning fuel to propagate forvrard III an 

airstream of a velocity equal to, or greater 

than the rmnxaum flying speed of the air- 

plane concerned. 

2. The danger whxh rmght be present If fuel 

spray or combustible rmxtures contacted any external 

surface of an alrplane. 

This circumstance rmght present a 

hazard because of boundary layers, eddy 

currents, etc. This zaplIes that air 

velocltles may be very low in the vx=n- 

lty of mduw and door mouldmgs, metal 

lap Jomts, InspectIon doors or openings, 

hmges, control surface openings or slots, 

corners formed by the Junction of control 

surfaces mth wangs or fuselage, and there- 

fore dumped fuel contacting such parts con- 

statutes a hazard, since burning might con- 

tmue, regardless of the speed of the ax-plane, 

once the fuel IS lgnlted. 

3. The danger from explosions occurring 1AlCm.n 

dump chutes. 

IL 3 cl 3 
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In several designs, metal ducts 

are provided belw the wings or fuselage 

to gtmde the fuel away from the alrplane. 

Iamedlately after the fuel dumping oper- 

atlon, or due to a slight leak m the 

dump valve, these ducts may contaln a 

combustible rmtiure which rmght be lgnlted 

by a static spark. 

Recognx4ng the lmportence of these possible hazards, the 

Bureau of Air Commerce deternnned to conduct tests to evaluate 

them. The possible hazard of an explosion occurrvlg mthdn the 

structure 1s neglected for the simple reason that any fuel dump- 

dng system whxh perrmts fuel or combustible murtures to enter 

the lnterlor of an azplane structure 1s consldered, lnthout 

argument, to be dangerous. 

The tests were conducted at the Natlonal Bureau of Standards. 

The declslons as to the general course of actlon for the tests 

were agreed upon by an informal committee representing the 

National Bureau of Standards, the U. S. Navy, the U. S. Army, 

the National Advisory Comrmttee for Aeronautics, and the Bureau 

of Air Commerce, and the helpful cooperation of these other 

agencies proved exceedingly valuable. 

Helpful suggestions also were received from the Underwriters' 

Laboratories of Chxago and from the University of Detroit. 

,630s 
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TEST PFLOCEDORE 

The tests were conducted in five parts 88 follcms: 

I. Fxperments in Free Airstream. 

II. Fxpermenta vnth an Airfoil in 8n Airstream. 

III. Experiments tith the Combustible Gas Envelope 

Surrounding the Liquid GasoUne Spray. 

Iv. Experiments on the Ignition of Gasoline by 

Static Discharge from the Trailing Edge 

of an Airfoil. 

v. Experiments tith Combustible Mlxtuxes In 

Dump mte. 

Each of these five parts are deeorlbed Independently 

herein. 

An airstream ~8s produced by sn outelde wind tunnel looated 

at the National Bureau of Standards. For Parts Noa. II, III, 

end IV (see above) an adjustable airfoil with a flap waa mounted 

in the air&ream. The fuel eupply was provided by a ZO-gallon 

tmk conneoted to a two-inch dlaneter pipe whioh led to the center 

of the airstream at the opn end of the tunnel. The supply line 

was equipped with a qtiok aoting shut-oCf valve in comblnatlon 

with an adjustable gate valve to regulate the rate of flow. See 

Figs. 1 and 2. In Fig. 2 note the eupply tank mounted in the 

tree, 

In all of the tests, ullth the exception of Fart IV, the fuel 

eas deliberately ignited by means of apark gaps. 

IL3Q 
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The foil-g are general data pertavllng to the test 

set-up and procedure. 

GENERAL DATA 

Mameter of tunnel at open end: 7 ft. 

llodmum airspeed (m vicbity of airfoil): 70 m.p.h. 

-rate of fxelflowl 40 gal. per min. 

Grades of f'uel used: 

Gasolhe : Domestic Aviation 7'3 Octane 

Fuel oil (franace): Flash point 140 degrees F. 

Mesel oil: Flash point 250 degrees F. 

(The viacoslty of the oils was slightly higher 

then that for kerosene.) 

Rwsical Characteristics of Airfoil: 

N.A.C.A. M-3 section 

Chord: 50 inches 

span: 8 feet, 9 inches 

Flap Chord: 25% of airfoil chord 

Woabn Fnterior covered lrith 20 gauge galvanized iron. 

LeadIng edge of airfoil 26 feet behind fuel outlet. 
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PART I 

INmEEAIisTRsAu: 

(Without mil in Place) 

Fmvose: 

Tc evaluate possible hazards resulting from the iguiticn, 

at a point behiud the cutlet, of dmped gasoline in a free air- 

stream. 

Intmduoticelr 

These tests are ocnfined to those hazards involved zhsn 

gasoline doea not contact any ccmpcnmt of the airplane after 

leaving the dump valve or chute. Assuming iguition to occur 

after the gasoline hae left the cutlet it Is desired to investi- 

gate the possibility of flaw propagation formrd, against an 

airstreem of a velocity equal to or greater than minhmm flying 

speeds. 

Test Procedure and Results: 

Ignition was produced by means of a spark gap located on 

the end of a lmg pole. See Flga. 3, 4, 5, and 6. The teats 

zsre conducted in the fol&ming manner: 

Run MO. 1: 

The igniter was held appro3dmately four feet aft of the 

outlet pip. The gasoUne was turned on and the quantity in- 

creased In atagee from 0ero to 40 gallons per minute. The air- 

speed zas 70 milee per hour. There wan no tendency at anytime 

163*3 
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for the flame to propagate forward agamst the axstream, and 

an all mstances when the agmtor was removed, the flame was 

blown aft by the axstream. Fig. 6 shows the flame leaving the 

sprayed gasolme mmedmtely after the lgnltor was removed. 

Fig. 5 shows the condltlon just prior to that shown on Fig. 6. 

Rm No. 2: 

The agnltor was applied at the pomt of the gasolme outlet. 

In the farst part of this run an auxlllary l/4 mch mternal 

dxmeter copper tube supplled the gasolme m place of the regular 

two-mch diameter pape. See Wg. 7. The alrspeed was varled 

b&men 25 and 70 mles per hour, and an no mstance would the 

flame persist once the lgnitaon vms turned off. In the second 

part of this rum, the regular fuel supply pipe ms used, and the 

quantaty mas mm-eased in stages to I+0 gallons per mute. The 

results i~ere identical to those described m Run No. 1. 

Run No. 3. 

This run was identical to Run No. 1, except that the agnltor 

was held appro-tely 10 feet aft of the outlet pipe. The results 

were ldentlcal to those described in Run No. 1. 

Goncluslons: 

Dumped fuel whxh does not contact any component of an air- 

plane after ltavlng the outlet valve or chute does not constitute 

a hazard to the alrplane even If lgmtlon of the fuel should OCOW. 

/6303 
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PART II 

EXPKRIU3NTSWITRANADWOILINARAIRSTRRAR 

Purmse : 

To evaluate the hazards involved when dumped fuel contaot- 

ing au external surface of an airplane, is ignited. 

Introduction: 

A &scussion of the hazards involved under these conditions 

IS Dven on page 6. An airfoil math flap was used to simulate 

an external surface of an airplane. 

Test Procedure and Resultsr 

See Figs. 1 and 2 for a general view of the set-up. See 

page 9 for the physical characteristics of the airfoil. Ignition 

was deliberately provided by the pole igniter as used in Part I 

except in isolated cases where ignition was prolnded by spark 

gaps located iu the flap slot. All runs ‘Rere made at 70 miles 

per hour airspeed. In all runs the fuel was directed so that it 

contacted the airfoil and ignition was made at some point on the 

airfoil or flap. Fuel quantity, point of ignition, and attitude 

of airfoil and flap were varied over a series of rms. In eeveral 

of the runs a l/8 inch thick x1/2 mob wade steel spoiler strip 

was attached span-wise along the upper surface of the airfoil at 

appromaately one-third of the atifoil chord. tis strip may be 

seen on fig. 16. In three of the runs a .032 inch thick alumiuua~ 

alloy sheet was attached to the flap to determne the effect of 

/630 I 
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the heat on the altim alloy. The tendency to ignite and 

the behavior of the flame after lgnltlon was noted for all runs. 

These tests include the use of Curnaoe til oil (flash point 

1.40 degrees F.) &esel oil (flash point 250 degreee F.), and 

gasoline (Domestic avlatlon, 73 octane). 

The results of the tests are even UI table form on pages 

I-4, 15, 16, 17, 18, and 19. All references made U-I the Remarks 

column to the "flame contlnuedn or npersisted" mean that the 

flame continued or persisted AFTEX the igniter xas removed or 

shut off. 
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Msoueslon of Resultat 

ffter a few trial nma at the begkming of the tests, i-t 

was evident that it wwld be exceedingly dtificult to obtain 

quantitative results by varying fuel quantity, airspeed, attitude 

of aFrfoi1 and flap, and points of lgnltion in a regular pre- 

arranged sequence. The tests were therefore confined to obtaining 

qualitative reaults only and the limitations on the procedure were: 

(1) No runs were made at lees than '70 miles per 

hour airspeed since this ie probably the lowest speed 

at which fuel would be dumped ln actual operation. 

(2) The fuel quantity nw limited to two values, 

40 and 23 gallom perlllhute. The formervaluewas 

the maxlmum obtainable. The latter represented two 

turns on the control valve and ma used in the majority 

of nms instead of the mAmum topr-tthetestati- 

foil frombecoming seriously damaged byheatbeforethe 

tests were concluded, 

(3) The attitudes of the aFrfoi1 and flap and the 

points of ignition as shown in the test resulte mm 

purely erbitrazy eelections intended only to show the 

qualitative effect of change. 

Runs No. 1 through No. 8 were cmducted with the airfoil and 

flap at zero degrees to the airstmam mlth the spoiler strip fir& 

on and then off for all three points (L.E., flap slot, and T.E.) 

of i&Jlition. FTOUI these runs it is signlficaut to note: 

/6303 
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(1) that the flame would not progress forward 

when the fuel was lgnlted at the trallmg edge. 

(2) that the flame would continue In and aft 

of the slot when i@utlon was made either at the 

leading edge or at the slot. 

(3) that the spoiler strip was lneffectlve in 

malntalning the flame behind It except when ignltion 

was made at the lead- edge. 

In all subsequent runs, tith the exception of those mth 

the fuel oils, where the attitude of the airfoIl or flap varied 

from zero degrees to the airstream, the flame would contjnue 

regardless of point of lgnltum and would progress fonvxrd when 

ignztvm was made at the trailug edge. In general, ignitxm 

became easier and flame violence greater as the angle of the 

flap and airfoil Increased with respect to the au&ream. 

In the runs using fuel oils, considerable angle of the aFr- 

foil and flap to the &stream was requred to peerrmt the flame 

to continue. In general, the fuel oils were more tificult to 

ignite and were extmgtnshed more easily than the gasoline, but 

while bm, they appeared to observers to produce more heat 

than gasoline for equal quentltles. 

The effect of the spoiler strip was very notxeable, Fn 

that It pernntted the flame to cling to the alrfoll just aft of 

the strip. A lap Joint on the flap produced a similar effect 

,630) 
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as desoribed in Run No. 14 fb). In many of the runs the flame 

continued quietly in the flap slot after the fuel supply was 

shut off. 

Runs NO. 16, 17, and 18 showed the effect of the intense 

heat on aluminum alloy sheets. In all three runs the flame 

exlsted for less than 30 seconds and changed the physical 

properties of the sheets to such an extent that they would be 

entirely incapable of supporting a load. 

In many of the runs the important effect of fuel quantity 

on'eaee of ignition and flame violence was particularlly notice- 

able. The less the fuel quantity the more difficult the ignition 

became and the less vlolent the flame. 

Although the ma&rnn airspeed possible in the tests sas 70 

miles per hour, there is reason to believe that similar condi- 

tiona would eldst at a much higher airspeed. The continuance 

of the flame on the airfoil after the igniter is removed is 

caused by local regions of low air velocity resulting from 

boundary layers, protuberances and eddy currents. These would 

not necessarily be eliminated by an increase in airspeed. 

Conclusions: 

1. The dumping of gasoline from an airplane in flight in 

such a manner that it contacts an external surface of the air- 

plane is considered hazardous since, if it were accidentally 

ignited, burning on the surface might continue after the source 

of ignition had disappeared. 

161103 
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2. The hazard 1s mcreased by the presence of protuber- 

ances and ~rregular~tles on the surface and by deflection of 

controL surfaces or increase of angle of attack of the fixed 

surfaces. 

3. Alummum alloy surfaces, constructed of sheets of .032 

Inch or less UI thx!mess and subJected to burnmg gasolme m 

quantltles of 40 gallons per mnute or greater, and 1~1 a 70 

ml- per hour alrstream would be seriously damaged In less than 

30 seconds. 

4. Fuel 011s having flash points up to 250 degrees F. are 

more dxffwult to vgrnte than gasoline but, once Ignited, 

appear to produce more heat for equal quantltles. Such 011s 

are considered less hazardous than gasoline. 

/A303 
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PART III 

EXFERIMXNTS WIITB THE COMSUSTIBLE G&S ENVELOPE SURROUNDING 

THE LIQUID GASOLINE SPRAY 

Purpose: 

To determine the extent of the oombustlble gas envelope 

surroundmg the liqud gasoline spray. 

Introductron: 

While dumpmg gasolme, the posslblllty of combustible 

gases contacting an external surface of an mrplane, although 

the llqud gasoline passes clear of the surface, 1s considered 

of Importance. These gases may be dangerous If they enter the 

interior of the ax-plane structure through vents, drams, etc. 

Test Procedure and Results. 

The location of the airfoll used m Part II was varied 

vertxally mth respect to the centerline of the gasoline stream. 

DetectIon of possible gasoline vapors was made by the use of a 

combustible gas lndlcator (Ames Safety Appliance Company Type 

W-5) and by spark gap lgmtmn. Two gas vapor inlet tubes 

(l/4 mch, mslde dxmeter, copper) were attached to the lower 

surface of the amfoil. One was placed 12 aches aft of the 

leadmg edge at the center of the amfoil end the other four 

inches aft of the leadmg edge of the flap at the center of the 

flap. These tubes were run to the gas indicator. 

/6303 
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The attitude of the airfoil and flap were arbitrarily 

varied over a series of runs. Gas samples were taken and igni- 

tion attempted at various relative locations of the airfoil and 

centerline of the gasoUne stream. All runs mere made at 70 

miles per hour au-speed. 

The %ixt.ure~ (Column 7, pge 26) in the test results 

gives the percentage of gas vapor, by volume, in the total 

mixture. (Note: The lower IArrit of the explosive range for 

gasolme wpor and air mixtures is approhtely 1.4 per cent 

of gas vapor, by volume, in the total mixture.) 

lb303 
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Mecussion of Results: 

The test results indicate that the combustible gaa 

envelope around the fuel spray ia confined exceedingly close 

to the liquid fuel. In none of the runa were combustible gases 

indicated even though kave.+ of fuel contacted the airfoil. 

The attempts at ignition failed due, probably, to the 

high dilution of the fuel by air at the aedges" of the fuel 

spray. The test re&ts indicate that, when dumping fuel 

from an alrplene, if the fuel spray just clears an external 

component of the airplane no hazard need be expected from the 

combustible xoxture surroundmg the liquad fuel. 

conc1u31ms: 

Rhen dump= gasoline frcuu an airplane in flight the 

combustible gas envelope surrounding the liquid fuel spray 

presents practically no hazard to external or internal com- 

ponents of the airplane. 
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Mscussicm of Results: 

The test results indicate that the combustible gas 

envelops around the fuel spray is confFned excee3bl.y close 

to the liquid fuel. In none of the runs were combustible gaees 

Indicated even though kmves~ of fuel contacted the airfoil. 

The attempts at ignition failed due, probably, to the 

high dllutlon of the fuel by air at the Qdgea" of the fuel 

sF=w. The test restits indicate that, tim dumping fuel 

froman au-plane, if the fuelsprayjustclears anexternal 

component of the a-lane no hazard need be expected from the 

combustible mxture surroundmg the Uqmd fuel. 

Conclusions: 

When dunpug gasoline from an airplane Fn flight the 

combustible gas envelope surromdmg the hquld fuel spray 

presents practically no hazard to external or internal com- 

ponents of the airplane. 
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PART IV 

EXPERIMEW'S ON THE IGNITION OF GASOLINE BY STATIC 

DISCHARGE FROM THE TRAILING EDGE OF 

AN AIRFOIL 

Puvose : 

To investigate the possibility of lgrmtlon of gasoline, 

when being dumped from an airplane in flight, by static dis- 

charge from the airplane. 

Introduction: 

In all of the tests described in Parts I, II, and III, 

ignition was 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 on the 

probablllty of accidental ignltlon UI flight. 

Ths sectlon of the Report (Part IV) deals nxth tests 

planned to Ignite gasoline by static discharge from the tralllng 

edge of an alrfoll, thus slmulatlng a statx phenomenon which 

occurs regularly on alrplsnes UI flight. Since It was observed 

from the previous tests, described 1~1 Parts I, II, and III, 

that sparks would iwte dumped gasoline, these tests mere re- 

stricted to sn attempt to produce a corona or brush discharge 

from the trailing edge rather than a spark, and to dete-e 

i.f these types of static discharge would Ignite the gasoline. 

/b303 



- 30 - 

Test Procedure and Resultsa 

The final test set-up ia shown on Figs. 21 and 22. The 

airfoil and supporting structure were insulated from the 

ground and charged with alternating current of high potential 

(225,ooo volts). A triangular sheet metal plate (See l&g. 21) 

was attachedtothetraiUng edge of the flaptolocaliae the 

point of discharge. A ground ea8 provided by means of a ver- 

tical pipe mounted as shown on Fig. 21. The Insulator shown 

on the ground pipe eas found to be necessary in order to pro- 

vide along leakage path from the ground pipe totbe flap and 

thus prevent excessive sparldng. The airfollwae set air 0 

degrees angle of attack and the flap at 30 degrees to the air- 

foil. The fuelquantitywas @ gallons per minute and the 

airspeed 70 miles per hour for all runs. 

Forty-one runs were made under the above conditions snd 

all were recorded on 16 sm. kcdachrome motion picture film. 

The film when proJected eas etopped for close examination at 

the points where ignition occurred. 

In nine of the runs sparks were visible and apparently 

caused the Ignition. Attention is here directed to the use of 

the word Yspsrkse. In only two or three of the rrms (before 

ignltlon occurred) was the vlaual definition such that the 

phenomena could be called aparks in the true meaning of the 
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word. In the other six or seven runs (of the nine) the "sparks" 

resembled, in various degrees, fait, hazy edged ribbons or 

streamers which UJ two of the runs were barely visible. 

In four or five of the runs, ignition was caused by sparks 

at the lower end of the insulator and, therefore, these runs 

are irrelevant. 

In the remammg twenty-s= or twenty-seven runs, ignition 

occurred although no sparks of any description mere observed 

beforehand. 

Discussion of Results: 

The test results as observed do not definitely prove that 

ignition was caused by corona or brush discharge rather than by 

sparks. The maxunum camera speed was only 64 frames per second 

and it IS possible, 111 the runs where no sparks were observed, 

that they could have occurred between film frames and therefore 

not be visible on proJection of the film. However, the fact that 

sparks were observed in only nine out of thirty-seven runs mndi- 

cates the improbability of sparks being present in all of the runs 

where they were not observed. 

The observed results of these tests indicate that the gaso- 

lme was ignited by corona or brush discharge. The intensity of 

the corona when observed at night was, y1 the opinion of airline 

inspectors, very low 111 comparison to the intensities usually 

observed on airplanes 1~1 flight. 

Conclusions: 

It is quite probable that static discharges of the corona or 

brush type vmll ignite sprayed or atarmzed gasoline in an airstream. 
16363 



- 32 - 

PART v 

FXPERIMENlS WITH COMBUSTIBLE MIXTURES IN DUMP DUCTS 

Purpose : 

The prmary purpose of these tests was to evaluate the 

hazards of explosions of the most dangerous mAxt.ures of gaso- 

line and air 111 tubes simulating the gasolvle dump ducts of 

transport aircraft. 

Introduction: 

Since there is great variation in the size and shape of 

dump ducts currently m use, and smce no actual duct zas 

readily available, these tests were conducted in cylindrical 

tubes of such diameters and confxgcrations that the most hazard- 

ous condltlons likely to exist in aircraft were repreaented. 

The actual ducts are always open at the end farthest from the 

dump valve where ignition would be moat probable so long as the 

dump valve 1s closed. Hence, the experimental tubes were 

always fired at a point near an open end, while the other end 

was always closed by a metal diaphragm. The total pressure of 

the explosive rmxture at firing was thus equal in each test to 

that of the surrounding atmosphere. These tests were conducted 

and reported by the National Bureau of Standards. 
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Test Procedure and Results 

Tests were conducted u1 four different tubes whose 

dimensions are as follows: 

. 

Ignition at or near the open end RXS accomplished mth 

asparkorflsme. The other end, where peak pressures were 

expected to occur, was closed by a comparatively weak sheet 

of rolled aluminum, 0.002 m. thxk. 

Mixtures in Tubes A and B mre made by introducing selected 

volumes of llqud fuels, closing temporarily the open end of 

the tube, and clrculatlng for previously deterrmned times mth 

a diaphragm type clrculatlng pump. 

Fig. 23 1s a photograph of Tube B, lncludlng the clrculat- 

mgpump sndllnes. The arrangement of Tube A was the same 

except that the U-bend was removed and the spark plug was at 

PosItIon 1 instead of PositIon 2. 
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b!xtures ~TI Tube C were made by Introducing selected 

quantities of llqud fuel, closing both ends, and allosdng 

the mixture to become uniform by stantig. The diffusion 

process was hastened by frequent changes UI the position of 

the tube. 

Frevlously prepared rmxtures were adrmtted to Tube D after 

the latter had been evacuated. Fig. 24 is a photograph of Tube 

II showing the shape, spark plug location, tube for evacuation 

and mntroduction of the anrtures, and the ignition system. 

For each rmxture, both ends of the tube were closed during 

the preparation or lntroductlon of the charge, and the end 

nearest the spark plug was opened Just prior to firing. 

The foil-g table lists the ad&urea that were fixed in 

the various tubes. The symbols R, L, and Y stand for rxh 

(in fuel), lean, and maxrmum power respectively. 
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In no explosion 111 any of the tubes did the pressure at 

the closed end of the tube become sufficiently great to blow 

out the 0.002 m. aluminum diaphragm. In each tube the explo- 

slon of a -mum power anxture produced a roar and a slrmiltsn- 

eously audible vlbratlon of the thm al-VI dlapbragm. In 

Tubes A and B this vlbratlon was, UI some cases, of suffxlent 

amphtude to produce permanent deformations (the pattern being 

roughly concentrx corrugations) 111 a small central portlon, 

and XI four cases out of 21 there were small fatigue cracks at 

the centers. With Tubes C and II no dlapbragm was permanently 

dIstorted. 

There uas no notxeable difference in the explosions 

whether initiated by a spark or by a flame. In a few c*ses 

of very rxh or very lesn mixtures the charge falled to lgnlte 

mth continuous sparkmg, but burned quletlywhen xgnlted by 

*flame. 

In Tube A explosions of manmum power mxtures did not 

vary greatly for the different fuels either as to noise or 

effect upon the alurmnum dlapbragms. Several observers agreed 

that the alcohol gave a Lttle greater noise, and the heptane 

the least. 

In Tubes A and B, from two to three seconds were required 

for the flame front to move from the spark plug to the closed 

end In a rammum power mxture. During roughly half of this 

tm, vlslble flame was proJected from the open end of the tube 

for a distance of a few aches. 
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The roaring noise in 'pubes A andB mrs muohlouderthan 

for correspondingmxtures in Tubes C andD. 

A 0.002 Fn. aluminma diaphragm of 3.8 in. effective 

diameter (Le., suoh aa was wed on Tubes A and B) was blown 

out by a static pressure of El.5 lbs. per sq. in. It broke 

at the circumference, as is characteristx of a diaphragm 

loaded excessively, by either statx pressure or rapidly rising 

pressure such as prewils during an explosion In a closed con- 

tainer. No break of ths character was produced by any 

eqlosion . 

Diacusslon of Results: 

The roaring noise observed I.TI each test was &sti.nctly 

different from the sharp report commonly connected mlth an ex- 

plosion. In these tubes the flame begins to move at a uniform 

rate, but 1s soon dIsturbed by pressure saves reflected from 

the closed end. Thus during most of its travel the flame be- 

comes vibratory and its progress is accompanied by the sound 

waves whxh produce the only observed distortions of the thin 

closure at the end of the tube. 

The pressure at the closed end of a tube, fLred at the 

open end, rises from two princim causes: first, the resx&ance 

furnished by the tube to the escape of the burned gas through 

the open endi and second, the resistance which the atmosphere 

at the open end of the tube offers to the escape of the burned 

iWe. Fiven when It 1s assumed that there is no loss of heat to 
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the tube by the burned gas, these two resistances are low for 

large tubes and for rmxturea whxh burn as slowly as hydra- 

carbons and air at atmospherx conditvons. The values of the 

peak pressures at the closed ends of the tubes were calculated 

to be extremely low, and the teats furnxeh a quelltatlve con- 

flrmstlon of the computed values, amce the very thin alurmnum 

dIaphragma were not blown out. 

The peak pressures 1~1 the smaller tubes (C and II) should 

be higher than those in Tubes A and B, were It not for the 

fact that the burned gas has a better opportunity to lose heat 

to the walls of the small tube before It reaches the open end. 

Since this heat loss does occur to a conalderable extent UI 

tubes as small as C and D It aeema doubtful that the peak 

pressures m these tubes were much, if any, greater than 1~1 A 

and B. 

The lntroductlon of bends and angles tends to Increase 

the realstance whxh the burned gas encounters III Its passage 

to the open end. Agam, however, partxularly U-I the case of 

Tubes C end II, It seemed that the angles were more effective in 

cooling the burned gas than YI prevent- Ita escape. THIS 

conclusion 1s based upon the extreme rmldneaa of erploslons 

1~1 Tube D as compared mth any of the others. 

It 18 emphasxed that the teats described herevl were 

confined to ducts only, assuming that the dump valve betxeen 

the duct and tank would be tightly and securely closed. An 
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explosion in adxsapductwouldbe extremely dangerous ifits 

dump valve were open enough to provrde a gaseous cormection 

ulth the nearly empty gasotie tank. To prevent this condition 

particular thought and study should be gxren to the design of 

the dq valve and to the operatug mechanism, which might be 

so controlled that the wlve would close automatically before 

all of the fuel was dumped. As an alternative safety precaution 

an inert gas might be introduced into the tank to replace the 

fuelas itleaveathetsnk and duct. Thoroughlytestedflame 

arresters placed vnthdn ducts also would give adequate pro- 

tectlon but these might seriously retard the flow of fuel. 

Conclusions: 

1. The results of these experxaenta are in agreement with 

prevlcus calculations which indicated that only very low 

pressures are developed by explosions of maximum power ndxbures 

of gasolxre and air III tubes of uniform cross sectlon, open at 

one end. 

2. Although decreasing the dlsmeter, increas5ng the length 

or inserting bends III the tube lrill increase the resistance to 

the escape of the burned gases, these chsnges ~511 also fncrease 

heat loss from the gas behind the flame front. 

3. In small tubes, the cooling effect may predominate, and 

flame may, UI some cases, be extdngwshed before traversing a 

long tube with numerous bends. 
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4. In large tubes, the peak pressures may mcrease mth 

length or the number of bends, but destructive peak pressures 

are not to bs expected y1 any tubes of dimensions appropriate 

for gasoline dump ducts on aircraft. 

5. The effects which may result from the vibratory motion 

of the flame depend on the configuration of the duct. It is . 

possible that very weak sections might be caused to vibrate 

violently during an explosion, with the result that a fatigue 

fracture might occur. For thx reason it is suggested that 

dump ducts should be circular, rather than rectangular in 

section, and free of wsak, flat areas. 

6. The present tests indicate conclusively that a cylm- 

drical duct of alurnnum alloy, having a wall thicloless of 0.020 

inches or more, an inside diameter of 4 inches or less, and a 

length of ll feet or less, will not be damaged in any way by 

the explosion of any lrnxture of gasoline and air, initially at 

the pressure of the atmosphere surrounding the open end. 

7. A hmrdous condition may result if the duct is con- 

strlcted at some point along its length. 

8. An explosion m a dump duct would be extremely dangerous 

if its dump valve were open enough to provide a gaseous 

connection sxth the nearly empty gasoline tank. 
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S-Y OF CONCLUSIONS 

PART I: 

&aped fuelwbxh does not contact any component of an 

airplane after leaving the outlet valve or chute does not 

constitute a hazard to the airplane em if ignition of the 

fuel should occur. 

PART II: 

1. The dmpmgof gasoline fromau airplane m flight in 

such a manner that it contacts an external surface of the air- 

plane is considered hazardous since, If it were accidentally 

ignited, burn- on the surface sdght continue after the 

source of ignition had disappeared. 

2. The hazard is increased by the presence of protuberances 

and irregularities on the surface and by deflection of control 

surfaces or increase of angle of attack of the fixed surfaces. 

3. Aluminum alloy surfaces, constructed of sheets of .032 

inch or less U. thxhess and subjected to burning gasoline in 

quantities of f@ gallons per rmnute or greater, and 111 a 70 

rmle per hour airstream would be seriously damaged in less than 

30 seconds. 

4. Fuel oils having flash polnta up to 250 degrees F. are 

more difficult to imte them gasoline but, once igrllted, appear 

to produce more heat for equal quantities. Such oils are con- 

sidered less hazardous than gasolxre. 
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FART III. 

When dumping gasoline from an airplane In flight the 

cnmbustihle gas envelope surrounding the liqud fuel spray 

presents practxally no hazard to external or mternal com- 

ponents of the airplane. 

PART IV: 

It is quite probable that static discharges of the corona 

or brush type ~~11 ignite sprayed or atormaed gasoline in an 

airstream. 

PART V: 

1. The results of these experiments are y1 agreement mth 

previous calculations which Indicated that only very low 

pressures are developed by explosions of maximum power nurtures 

of gasoline and air in tubes of uniform cross section, open 

at one end. 

2. Although decreasing the diameter, mcreaslng the length 

or msertmg bends in the tube ~~11 increase the resistance to 

the escape of the burned gases, these changes ~~11 also U-I- 

crease heat loss from the gas behind the flame front. 

3. In small tubes, the cooling effect may predoucnate, 

end flame may, in some cases, be extinguished before travers- 

ing a long tube mth numerous bends. 

4. In large tubes, the peak pressures may increase mth 

length or the number of bends, but destructive peak pressures 
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are not to be expected XI any tubes of dlmensums appropriate 

for gasolxe dump ducts on aircraft. 

5. The effects which may result from the vibratory motion 

of the flame depend on the confquratlon of the duct. It is 

possible that very weak sections rmght be caused to vibrate 

violently durmg an explosion, with the result that a fatlgus 

fracture ught occur" For this reason It 1s suggested that 

dump ducts should be circular, rather than rectangular in 

section, and free of weak, flat areas. 

6. The present tests lndlcate conclusively that a 

cyllndrxal duct of al-urn alloy, ha-g a wall thxkness 

of 0.020 inches or more, an inslde diameter of 4 inches or 

less, and a length of ll feet or less, ~~11 not be damaged 

U-I any nay by the explosion of any mxture of gasolu~ and 

ati, uutlally at the pressure of the atmosphere swroxmdmg 

the open end. 

7. A hazardous condition may result If the duct 1s con- 

strxted at some point along Its length. 

8. An explosion 111 a dump duct would be extremely dangerous 

ti Its dump valve were open enough to provide a gaseous 

connectmn with the nearly empty gasoline tank. 
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PART III* 

When dumping gasoline from an alrplane 111 flight the 

comhustlhle gas envelope surroundlng the llqud fuel spray 

presents practxally no hazard to external or internal com- 

ponents of the au-plane. 

PART IV 

It 1s qute probable that statx duxharges of the corona 

or brush type ml1 lgnlte sprayed or atormzed gasoline m an 

axstream. 

PART US 

1. The results of these experiments are in agreement mth 

previous calculations whnrhlch lndxated that only very luw 

pressures are developed by explosions of maxunum power mxtures 

of gasolme and au ln tubes of uniform cross se&Ion, open 

at one end. 

2. Although decreasing the diameter, lncreaslng the length 

or msertmg bends 111 the tube ml1 uxrease the resistance to 

the escape of the burned gases, these changes ml1 also ~TI- 

crease heat loss from the gas behlnd the flame front. 

3. In small tubes, the cooling effect may predominate, 

and flame may, 1~1 some cases, be extmgushed before travers- 

mg a long tube mth numerous bends. 


