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'u;-,;;Ihé<démand“f0ffthefsafetyifuel«ardse;sassos‘H¢ldelfer€ o

'mentioned in his-paper, from the urgent need. for protecting orew
-*and?aircraftﬁagainstﬁfireLthﬁough”an?awkward4amergénéyflandihgﬂ';Q
.brﬁinacombat?throughgbeing;firedvon*bv,explosiveﬁandjihcenﬁiary_¢w
;ammunitibnix*Safety*fromffire*inéthefevent;of»¢rashing?iSﬂprbvid d,
din OUT;GXperienbe;;hy;g33*01133bﬁt‘saf,tyjfromtShOOting;up‘makes ¢

much%gréater?demanHS}"which:havejbeen:adequatelyffulfilledi'E?f;:

.espéciallyrby;the.TZ“fuelSAOfiI;G;Z_Thé;naturesofisafeJNthéIS.iS?
.Lbest'shown;by,firingvtests,aandiforvthisireaSOnd/am’making.this}ﬁ,

7. The test programme.is.very?extensiveh*covering;thewf011QWing**
o ‘1)ﬁThef¢reatiqn‘of an;expgrimcntal;condition{of;Psafetyﬁ‘j_;;
~from shooting-up nil" as a standard of ‘comparison, and as: a link ik
_@ith 'our-practical experiences With gasoline. . We made the .condition-

"that~a'cOhtainéf-filled'with:g&sdlinegsthld?burn at once when = .

- fired ons

' As we wished to burn as little gasoline as possible, &

- -small container (fig. 1) was used, . It has a cubic content of 2%
- litres, and for being shot at,repeatedlyvitfhas‘aulargevtarget,,~ o
ares with small depth‘(Sfcm;);>}But'incendiaryabu119t3>picrcedf
;*this*thinglayer;sojquickly“atﬂthe short firing range that the
- mizture did not ignite at all., .So we placed a few centimetres in
‘ front;Ofathe*cOntainer.an'irOn'plate.ijBQmm;=thick;{,ThiSrreduces~'

the ‘speed of;theaprojectileQand“1engthensgthe3effectiVe;timejy'u 3
the incendiary‘charge;remains:in‘the:fuel;ﬁ,It.also rips open thei
—covering of the bullet, and”exposes~the,incendiary cEarge.‘ Thus =
‘thesplitting plate increases-thefeffect,ofithe'projectile; and
'\imitates-the“actual*éonditionsiof‘fueliccntainers?in an aireraft,

where the?projdotilebmustvcrash“through several obstacles to- . -

- reach the fuel or the gas space. _For firing at- the gas ‘space of -
~low boiling fuels the container had to bewclosed with a 1id, The
~dead;spaceVroUndﬁthefcontainer;in-thelwing;or'fuselageTis’“’*;';k‘“r
represented by a shock-absorbing {rough. Each shot fired wag: o
photographed;~*}-A*f‘._ LR LT U e T S

S 2) Anm extended series of tests was made with this installation
to obtain data. Eleven different fuels ranging from gasoline %o = .- -
'safety fuels were fired on With infantry incéndiary ammunition =
and«infantry'tfacer{ammunition;_cdlibregz.Qymm;,Qqe'round?atfa-'
'time;;ﬂThese,fuels;weré’fired,on»at_temperatures of «\» =14%¢;
'¢§%f$2000,_and&§;e6000,'correS§0nding?§p\trdpical;quditiOnsq’:ug_j.
‘Also we made separate tests; in one of which'we fired at the gag ' L
‘space above .the surface of the fuel, in a partiallyffilled_container;‘
thile)in'the-other‘wewfiredth:thefliquid.fuCI'itself. Here.we - =
»took,partly.individual,photographs and bartly,small’colour“films"
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..~ 8) We are planning further tests on a seleotion of Tuel
With incendiary high explosive shells of calibre 15 and 20 mm
2-cm, cannon shells -at a fuel-temperature of#w -600C, This. |
‘temperatureFrepresents;ihe;wgrStﬁconditions;mWOurwls;g « incendiar
h;e;ﬂshellghasjabbutﬁthefsamﬁféffﬁct?as;an]EngliSh{20ﬁmmgineehdiary‘
Thlea;bullet;;such4as{the;enemyfhavegbéenjusing1for;aﬂlbng;time;mi_3f
LThegxgstZinstallationﬁremainedEUnchangedqinypri‘gip;é%{Eig;“z)ubutﬁf
_theadimenSibnS’haﬂ*ﬁofbéﬁiﬁéfeaSédfall“rbuhdiiﬁ?accorua@¢QAWith“thef
iincreaSéd,éffect]of_thef1arger5prdjectile.i'Alngsdmeysafetyﬁjf T
‘meaSuresyhad;tOxbejtakén,jsuch;as;electrigalfxemotejcontr01;Ofg,wg~;

~ the firing epparatus, a Tiring screen to destroy unexploded rounds,
'andfprotection;for,the1dameragand{the;Qbserver;},The,targetgconsistst
of ‘a piece of tube with an internal dismeter of 300 mm., snd holds .
‘ 28glitres;3,Apart}frqmithé[threeﬂammunitiqnftypeg;;thé{test;gyg;;.*'w
.parametersauSedTheregarefthejdistanceﬂfrom»tnegSpLittiﬁg p1até'Whichz
;Vcaused,the;detonationf—,thisﬁdistancerariés.betweengvo and<8oo mm -

;and,thejthiCknessgof‘thefrubberhcomposition)Qnitheftafget=§ide"ofj'f

 thej¢ontainer,*"On;the*frqnt”flangeﬂis'agdisc of .the Raspe. type " .~

fmadefupgof,severalalayers,of13ubber;~0f:alterﬂatiVelyilﬁVOrH24”mm.n~
‘“Infthisxway?it[isiposSibleﬁto»Stﬂdygthegsafety;Ofﬂerlskagainst*;:f-
'"Shooting;up;with;the<prote¢tiona0f'QOntainers in force today, and -~
with;the,pfotective'meaSUresfinfprngss?Of;intrqdﬁctiOp,,at the -
‘A”same;_ime;taking;intQjaQQOUnt;déVelOpments¢ingthe*ammUnitionfOff iu

*g;thegepemy;¢;ff;q_1,$

L We are'also.engaged,in_tryingmoutfonlthis1installati0n‘“‘f*.“
- measures to eliminste the-so-cslled fluid impact, to which we:shall
j'retqrnflater;VSO,that'thQsQ;tests5also.assist;in'thewﬁevelopmenﬁrofv
ceombainers. o 0 T T T T T T

S

.;_ ;nl“mﬁe‘fésulté’Wéfefiecbfaéd"on”éfsibwémdtiQn*coiouiffilmf(a{,ff§?
- selection of these photographs was shown at the end of this lecture);

;-fvg“}gBefore”turningftp.theseuIGSultsfit Wwould be to the purpose
. to follow the rifle;bﬂllet;throughuthe;COntainer;‘*The-eonditionsﬁ -
“arevquiteddiffereht-;ccordihg%aSjtheﬂbullet;passes,through'theﬂgas‘j_
.- space.or through the liquid fuel, - =~ Tl IR 2
: - In general, the gas space represents 8 moreé or less e
,saturated;atmosphere;QgThe,round,}fopcinggits;way‘in;‘draWs'air*** L
~in its train as it ‘spins, and air may also.enter through the hole
_madezby_the\bullet.vuThe-nUmerous9photographs;show~that-bn.the-near_
side the combustion caused by the rifle bullet .is insignificant,
as thé]round'is,directed'againStythe'flow. On the fer gide there -°

 ',is, however," generally-a jet of flome, which is quickly extinguished, .

~-.as the-round earries fuel vapour out with'it, . Thus we have here

Coan ignitable mixbture, which is ignited by the round.. In the™ . =

" container itself the.fuelkvapourﬂand‘the 2ir mix more - slowly, so .
that the fuel in the container is.first ignited, if at all, by the =
fire at thebfaeridg.ﬂ-ThisEeither{cauSesla“proper‘fire,‘dr~else

ia,mixtu;e“fire;vwhiCh dies_out»oféits@lfiqfter 8 short time,

_ &”~{-.Seﬁera1 rbunds-fﬁilédfto take”effeétiWhen”thé{gasfspade
: above~gasoline‘Wasffiredwinto;gon account of the excessive -~ -
csaturation. o ool e T T TEEEEAIE

oy o

... Piring through ligquid fhéiiIﬁig.ia)finvdlvbs{oﬁhér1c6ndifiqﬁé;\

3.8 here—it*isna'question,0f»a~Very;rapid;process.in{an'incom— S
1ipressib1e medium,‘“A3_its impact;with;thabwall_ofgthe¢container.
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_the bullet . e ]
‘spherical form with th speed of 'sound in 't
..shock: wavejﬁ'The ‘speed of sound 1nﬂgasnlln g,
« the speed of the ‘projectile is’ cons1derablv*1
bwave-therefore“gets*aheaaﬂof.theﬁbullet;? is {
- the walls’'of the conteiner. - Also ‘an area of very hlg'ap
.created: in front. of the. bullet. I ‘am able to 'show these styllsed
‘sketches ag'the’ result of balllstlc Schlierln 1nvest1g i
~Struth 'and ‘Maecker: from the Balllstlc Institute of th
Academy ‘of the German Air Force. Therefore '
_contalner is first subjécted to. a. correSpond ne C ‘
stress as the bullet: approaches it, after which follows i L A
destruction by the- bullet, and flnally the_thrustfwave*?whlch has
‘been refleeted back and forth seversl times, “hurls s counsiderable
volume of fuel through “the tullp-shaped opening ‘of the far: s1de.‘
In containers as. short as ours: this sometimes occurs’ '
“speeds, and. thus 'is ‘observed in the frontal wave in-the escaplng
liquid. - The resr§tance~of the container walls dependsvnot only * .
on their’ strength but: also 1n vrew of the speed of the'nrocess,'
.on thelr mass 1nertla.aﬂ_; oy e P S : S

nglv high

In. thls lquld 1mpact a8 We call the behav1our on the far
s1de for short; the ejected. fuel i ‘atomised more or less flnelv
“according to. its viscosity; and: herﬂ,beglns—;ggatlon by the - -
jlncendlary bullet. The less the v1s0051tv of ‘a:fuel, the more
.finely is it atomised and' the easier it is to 1gﬂ1te.. Tor the
~rest, it . is only-a questlon of. flash: point. and b0111ng ‘point Whether
.the folloW1np fuel, which ‘ig in the form of a jet, is ignited or
~not by ‘the- burnlnv liquid.  The bullet cannot cause ‘& fire durlng
its passage’ uhrouﬂh the: funnel ‘in the container, since there ig
not: sufflclent atmospherlc oxygen avallable. An emctv c&V1tation ‘
space is formed behlnd ‘the. bullet.}:. u‘ ; ,

: We have onlv now to consrder two measures connected W1th
3construct10n.f The ‘first concerns the material. for the: contalner."

" Great damage is ‘caused to metal contalners by . the. spreaﬂlng<out- ‘
wards of the holes which will not close, ‘and lead to great losses
~of fuel.} Therefore we use for war purposes only containers made’
;»up of several layers of rubber, which:'to. a large extent are -

~ impervious to damage. So - 1ong as the’ bullets or ‘splinters do not

- actually punch out a- hole :the " leak5~W411 ¢lose: themselves for the
-most part through “the pressure of “the fuel agalnst a partlcular
laver of rubber. ';,,Q, o v,,,‘,;, : R fe.‘_ S

3M' The second measure is Wlth revard to: uhe form of the dead
space between the conteiner and the outer skin of the: aireraft,
‘These spaces. ‘collect the leaklng fuel and feed the fire, especlallv
“as they are screened from the alr stream. They are & sourcc of
Lcon31der ble danger.,. s v : ; -

A (Plg. 3 - Flrlng through 11quld)

‘ Plans Were dlscussed by the Technlcal Department of" the
;‘German Air Mlnlstry for p;acrng the fuel container: ‘directly - -
ageinst,. the outer skin, as that the -dead ‘space ceases to ex1st
-,at least as regards the marn dlrectlon of flrlng. et BT SN

- Our flrst large serles of tests was made ‘as ve haVe Sold, on
jll fuels of. dlfferent borllng points. and V130051t1es.. The results
Were arrenped zccording to size of flame and duration of burning as ‘
- shown in ‘the. photographs wlthout respect to other material propertles.f
‘This.clearly revealed that\safety againgt firing increases with the = -
filash point and the helght of the b0111ng curve, and ‘81so Wlth the
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ety
ion: galned from. theutests '
‘B4.and safety 1 for ¥Z:900/5.0 and
< Phe ‘picture is merely intende
anner the essentlal ‘results of the

L : go)s) gh % _per ure,_such
would‘be ...... encountered in the troplcs, .increases: the.dangeraof'
ﬁburnlng. ‘The ‘comparatively low. boiling: fraetlons of: gasolln and v
‘ ‘oil are: dunverously 1nflammable. The ‘ignition oil R300 is :
also Wwithin this group,;-but is: ‘better than’ gasollne and ‘also- better
than its’ predecessor R110, - The second group ‘begins. ‘with" coal tar

middle: 011 ‘and includes:lubricating’ 011 followed. by the:
SduJSf&CtOT? safety:’ fuels of T1.G,: Farben and Ruhrchemle.v Flrlng
into the liquid - results in’ ‘mixture: flres which become nrogressively
-smaller. towards: the end of the series. Flrlng on. the gas space’

llu less serious than firing on the llquld in every: type of fuel,

: e burning mass of liquid, in consequence of the greater Welght of
; nues, releases a far grea ter volume of hea “than a cloud of gas.

2 In the teets Wlth infanury trucer ammunitlon, burnlng only
;ouourred on flrlng into “the gas: space“of ‘gasoline at £ 60° Cy, and
'Juhcn only in‘a plentlful alxnsupply.; OtherW1se tracer ammunltlon :
not dangerous,-‘* ¥ ‘ . ol .
Shootlng up W1th 1ncendlary bulletscaused flres for the s
:most part on the: far side in models ‘and also in-full size: contalners
;. in the smircraft, . This was evident from observation of the passage .
~of the bullet through the contalner. The weak: flre on the near’ =
- side dis:of ‘no. s1gn1ficance. On the other hand, with: explosmve _
L,ammunltlon the. fire occurs on the near side of the container, - Theﬁ
'explanation is obvious. The bullet ‘explodes prematurelv ‘et the
'~outer skin of ‘the. airframe, the splinters: scatter at an angle of
90 %0 1009, pierce the- wall of the container, and. egain. cause;';fg
chrust waves, which are reflected back from: the opposite wall,
and, on’ returnlng +to-%the near side. wall, expel ‘fuel through the
“holes made by the Spllnters in:the: opposite direction to the: 1ine
of :fire,  The atomised fuel is ignited by the detonstion flame,-_-
‘Wwhich still: per51sts ‘and’ which' expands mainly behind the: =
~detonation front, especlally if the bullet: exploded:.a 1itt1e late.
The "influence of’ the 'slip stream cennot: therefore. be . -great, even
- when infantry 1ncendlarv ammunition is used, as;long &s. there -~_.
‘-contlnue to be dead spaces round the fuel contalner._;jj,:, -

P The ns ture of the 1ncendlary h.e. shell is eV1dent from 1ts
,.name. It has’ a de01ded splintering effect.  The 2 cm, cannon H;ﬁ.
’ shells “on the contrarv, depend- less.on spllnter effect than on
‘blast, They therefore ‘have thin walls with a. relatlvely large
Hs E.'charge -and ‘an- 1ncendlary charge of aluminium, : Its splinter
effect comes, not from the covering of the dullet but mainly from’
. the fuse and the ‘base.  Of the three types of\ammunltion used t; %
’,cannon shell was the most eIfectlve., R T
R ‘__,_’______u.,__, \ . . . . . ,- R T
ST So far we have flred at the coal tar: mlddle o0il 5659H anﬁ
‘_the safety fuel 1z - 900/5 0 with H.E, ammunition at <% 80°C. Coal -
 tar causes very large mixture flres-‘ the expelled fuel burns awav'
to g considerable extent.h ‘But the flame dqes not run’ along the -
‘Jjet of fuel ~Which is seeping out, nor does- the fuel inside “the
‘_oont91ner burn., lMeantime  the rubber compos1t10n beglns to! burn.
‘This-fuel cannot be considered safe against H.E. “ammunition, but .
»1t provides more protection’against 1nf°1try ammunition and flre
on’ crashing than gas oil does and may' therefore quallfy as an _*
1nte1med1ate stage on:the Way to a- safetv fuel. ;



5 ' p1111 110Ses are reduced thereby:
,pof lts greater mechanical: strength it offers added
*;agalnst the Javged holes radlatlng “from the: spllnter marks.ﬁ
~‘there is’ 1ncreased protectlon:aealnst large leaks, . -t
.ot ‘complete: yet; but one’ may;safely ‘say thet the thlck compOSlﬁlo
“considerably reduces the .gize-of the flame;, and that we can observe .
{}here ‘the influence of the: distance of the spllttlng plate onithe ..
size. of: the flame. ‘At distances of 800 = 400 -mm, the. flames are

}small at least with 7% 900/5 0, only. ‘increasing at: ‘lesser T
ﬁdlsuances.- With the thln comnos1t10n the distance: of the: snllttlng;f
anla+e hardly affects the gize of “the flame._\ 5

pos 1ble to achleve real safety?
shootlng up: With H.E." ammunition, that is- to sav, ‘complete .
‘resistance:to the. formﬂtlon of flames owing to! the’ propertles of
the fuel, We must therefore’ content ourselves with flndlng g, o o
.practlcal optlmum ‘balaa01ng safety from flre aga1n5u fltness for
luseﬁln—an englne. Sl S ‘f : SR

T8 willfhardly b’w

ST Further developments in ammunltlon and 1ncreases 1n callbre

- look’: 1like ending in the ‘complete  destruction of ‘the sircraft with
- 81ng1e direct hlt “.Under these. cllcumstances, safety fuel 1s e
‘only a- part, 1f a 1arge part of the pas51ve defence of the
galreraft cii u ST _ L , o

.,-MlThls serles of tests showed-that the comparatlvely low I
~b9%l%ﬂg—fﬂ918*iﬂ“%he range from gasollne to .gas oil ‘are: 1nflammable;
“and therefore are of no use as safety fuels., - The fuels from coal:
“tar . middle oil to T%! 900/2 are -suitable W1th1n limits, and are.a. I
‘partial solutloa,_—mhe still more viscous fuels:such 817" 900/5 0
~and: S 3051, possess g degree of safety Ffrom flrlng which ig - *: -
~practically- adequate-' ‘also the lubriceting oils in this. stage. of.
~Vviscosity (Aero shell: heavv) are within the safety’ requlrements. .f
“From the point.of view of safety from firing, it appears to be ST
‘worth while ‘to. continue engine” ‘tests for the purpose of 1ntroduclng
[V1scous safety fuels.j fixv‘,-.v, _ieu;_u : S o

: Afterwards the fllm show1ng excerpts from the tests was
QShOWﬂ.;_«U'& ; T : : '





