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16. A bstra ct

A test apparatus consisting of a large-scale airfoil located within a temperature-
velocity-controlled a i rs t ream was used to evaluate the f ire suppression afforded
by FM9 antimi sting fuel additive in Jet A . A homogeneous low turbulence a i r -
stream between 100 and 170 knots was used to obtain crash-survivable  anti -.
mi sting fuel kinematic data . It was demonstrated tha t FM9 could be an effect ive
antimisting agent. The failure envelope for FM9 in 2~~ C Jet A fuels was
measured for agent concentrat ions from 0. 3 to 0. 5 percent and 320C airf low
velocities between 100 and 170 knots.
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PREFACE

The goal to develop a “tIre safe” fuel for a survivable aircraft crash landing is difficult to attain in an
absolute sense since commercial fuels , once ignited , readily burn . The problem is to alter the kinematic
physical properties of a fuel in such a manner so as not to affect its commercial value. This report presents
test results o Jet A fuel incorporatin g FM-9 pol ymer antimisting agent. A wing test apparatus is described
which utilizes a fuel expulsive airfoil in an airstrea tn to simulate a full-scale survivable crash . Results from
th ree series of tests are presented.

The cooperation and assistance of a number of people and organizations were invaluable. Drs. R. F. Landel
and S. 1. 3. Peng of the Jet Propulsion Laboratory provided help ful discussions on rheology m easurements ,
Dr. R. Mannheimer of Southwest Research Institute and Mr . A. Woodman of the Naval Weapons Center
(NWC) contributed laboratory measurements , Mr. H. Brooks of Imperia l Chemical Industries assisted with
antimisting agent preparation , and Mr. 1. Horeff and Mr. John Van Dyke of the Federal Aviation Adminis-
tratio n gave guidance in identifying the pertinent problem areas addressed in this study. The Civil Aviation
Au thority, Royal Aircraft Establishment and Imperial Chemical Industries of the United Kingdom not onl y
supplied the FM-9 additive , but also provided for its shipment to this country . The U. S. Army Mobility
Equipment Research and Developme nt Command , Fort Belvoir , Virgi nia , through an inter-age ncy agree.
ment with the FAA , engaged Southwest Research Institute to make rheological measure ments and analyses
at the test site and in their laboratories.
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IN I ROL )U ( ’F ION

PURPOSE

The purpose of this study was to e~ta h1ish the kin etnaik t)aiue ptop.tgaltoir ie ’~poitsc ot ant i tn ist in g fuels
wheti released w airt low condition s tepresentat t ~e of itupac t .aut~ 1vahle aticia t i ctashcs

BACKGROUNL )

Studie s and tests aimed at developm ent of .i ~at e i  fu el h~~c aiwa s been of inte re st to the Fedetal As ia
tion Adm inistrat ion (Re ference (I ~t One recent outgrowth of such woik is the development of polvmei
“th icken ing ” fuel additives to suppress the m i sting pmo p ei t ~ of J et  A fu el ,  the piactL’a t ob iecims e st ated
iii Reference k2) to he m e t  b~ such a nt l immul i n g  ageti t s ¼IuIumg .1 sut% isab le ciash is to e lmmnute th e 111151

of fuels under th -namn ic conditions an~l decteasc t he ptohabt l i tv  of mgnhl%otm

Candid ate ant imisti n g materials were evaluated iii full-s cale crash test s (Refetetice (.~fl util i:ing Na~~
A-3 and An Force RB-on . su c t a t t .  th ese t Cs t s  wt ’ie  pet fo tnme ~l d uti n g f O  ‘2- ~ at the N.u.ml \ t i  l e st
I:aei tit ~ , Lakehur st , Ne~ Jer sey. One oh f eCti% e of these tCsls  n .t~ to detetumi ne how tepie sentatise sit
gun and catapult tests with ant imtustumg fuels wete of actual crashes. It ~as concluded (Retetetmee t-~
that such tests wete not reptesentative of full-scale ~ ash con dit ions.

A new potentially scalable fuel spillage test was developed at the National Aviati on Facili t ies
Exper imental Center (N.AFEC ) -‘s pr ototyp e test appatatus was con stmu cted at NAt-i t ’ and scilt to
the Naval Weapons (‘ente r NWC) where fu r the m de~elopment .ttmd t e st ing was unde r t aken.

OBJE CTiVE

The objective of this stud was to conduct a i m e t a f t  crash sumv ivahk fuel spillage .nm sheat tests ~ ith .i tmfm
misting fuels to establish the interrelati onships betw een the and vat i aNes such as additi ve concen t iatio n .
tue l temperature , and airflow velocit~ .

S’VA IF -01- -TI IF -A R  I RF\ 1E~\

A r eview of the antUnist fuel l i te r at u te and other rela ted acti% itv was presented mecently tRefeten ce 
~~~~~

this excellent revic ~ sututuathe d the then- cur rent work being conducted l’~ the U.S . Aumi y . Aim Fomee ,
Nav~’ , FAA . and the I.’ .k . Ro~ al Aircra ft EstaNislunent. Obsets-ations made in t h is tm ’s ie~ , s~ hich ate
directly pertinent to the subje ct matte r in this report , ate as fol lows :

- Antimist agents at -c e ffective to prevent the t ouna t t on of tlammnabk mist of loss ~ola t mlmt ~
fuels ~i P S . Jet A . J P-$~ mm dci nuim ~ conditi oti s of high-sheat e~ posume IIowe~m’t . dlt ’tcren t

- -  . - —-.- - -  - .--. “ — - — ~ . - o ”
~~ ‘~~ t .  - 
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coi)cen tt . i t to tms  in the fuel , ranging tr ~ nm abou t O f  to t~ 
‘ ‘

~ a te t eqmiited tot the various aget it s
to at tain equivalent ant inu st e f t ~ cl is- c ;~ess

1. Anf imuis f e f t e c t i s  etmess is loweted b~ shear force .icft t ’n ( ra t  tes atnot ig agents) .
3 the pre cise ph~ ~i~-al umec hanms tu h~ which the potynmet i c ant inust agents exert  their influence

on nt i s t  mug phenomena are suh~t’ct to some eou~ect mIre

Labruators tests h ave not vet been sh own to he r ep te s emi t a t ime  of ftil t- scahc crash conditions lime

is th at  ptevK sU s tu ll  scale crash tests have not been designed to obtain smgnilIc atlt qusi l t it a f  is e

data such as local parti c le seloc iti es . droplet shear defonna t t ons . c Ic the (aige scale tests have tss i m .ill.

been of the tlr r’- uto lI tC var iet s’ , Lahotat ots  tests on the other hand are designed to tneasu ie , with in

t r adit ional manges . pa t atne t er s  such as defonuation fields th at ptrshabh’ ate not ieptesettta tt ’ ” of those

.mctu ath occurring in lull-scale t ests It is evident , then , t hat a me qu mm e m ent  exist s to tueasutc the

ssgimit~can t phen om ena oceut t t i l ~ in a full -sca le test so that  small-scale lab otator appama tu s ca mi he

designerl j im the rang e ot iii tel esi

.-~I Rl  LOW I ..WlU r\’ - tE St ’ A P P A R A t U S

Air temperatur e sngimi t I canlls af fec t s  the ign itio n and sustenance of fuel flu’ anti the r efo r e  an an flow

fae ibts nmust be capable of controlling sit t en iper alut es A reasonable dyr m amn ic range would be

h~twee n — ~tr ’ t,’ and the t u in i t um mi n flash point t emnpe r atu te ~ f kt A (3S ’C). the l’ i .itig~’ au aug

in ent a t itm n fac i l i ty at NWC is capable of control lin g sit t emu p et at ut es  in this range mn coi~ju rw t mom i with

tire testing of fuLl-sc ale . iuc r s fn components.

The basic facil ity at I -range was con stt u cte d in I~~ and consists of se~emal sit slot age tank s -

cotupresso rs to charge these tanks , and .t h ea te r f i ’ r egufa f i ’ an flo ss te mp enat it te  lma t .i a cqm ii sit iot m is

sunilar to . and compatible with , ans full y inst iumented .m c mh t s

t-ratsge was originally designed to test .iir-bit ’athing pmop u lsio ii l i t m u s  tot tac t ica l  st~e~l timiss i les Aim

can he delivered a t flow rates betwe en S .mnd t)t) kgm u set . tcmu p c~ .11 ni t’s be t weer m — 10 and 2S(k3~
’t’,

and pressures from 0 to S S kgui ‘cut’ The exi sting st~ ’ % age ap at ’i%tts ms equivalent to a 5t) k gtn sec

flo~ to t  3 minute s . Ilarsi wat e data i~qmasmiio t m ,q’,°’ ml t ls in~ h ii Je ~ ~c’ st ra in g_ muges. I I

.icceletomueters~ pressu re tr ansducet s . and ,~4 th em imm o c i smmp k ima nnel s ~ i m opt ion is to use a 14- It  a5-k

m agnetic tape recorder in con iunc ftotm w ith .m m u t t  mp l~~ ‘5 st C f l  t O  i t ’~~s ’~~f ‘~~ d.ita c fmaim ne l s on 10

tape tra cks Anssthet I SO channels of assorted i m i s t t  m m t t m e n t s t m ~’,t t esdils ~a tm be pubs ided if r equ ite d l’s

mim ea n s of a telemetry van.

.-~ feature of the faciljts is its control of ai m flow ten ip eist it re the an is heatr’st bs .r pt op. tnt ’ hea t mti ~
source uti l izi ng the storage air . Make-up oxyge n is m estor~rt to the air si r eam at ’te n heating The an

o\s gen. and propane gas mixing is tttsnualh’ operated . flow mate is mn ea sumed bs a choked v entu r i

and turb ine flow tuele rs Maximum cold tiow time of oper at ions can fse vat ted between ‘4 seconds

and ‘~0 kgm’sec to I hours at I kgnm .ss’c.

I 
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~t i t t m m s e m i s  st i o ssi m i t t  1 igut e I 1 tie 5L’ si g mm uss  ~‘p t t i m m m e5I t o m 100 knot floss flosses~- m - m t ’  ,ts m m . i - ’ u .

.mmi ~~’ is  ‘5’tss t ’i m m  ~ amid .100 k i m o l ’. ‘st ir s ’ m 5, ’111, .mim floss is , ‘ t t ~t h t  t u m i , ’ t i m e  ,m f (  c u d  of t i me dl is ,~ ‘5

.1 I ~ iu m i m s m , t e  ‘ . tm amim e iem t l t ~ steel m ’ i~’e t h e  c’.- im ~’t . i I e .u m i m e s  ot t i m e  Ji f f u s e t  a t e  ‘.h s s t t  iii 1

2 I l ie ki i g i t m of the  J t f t u ~~’m is  r’ I ii 1 ti~’ .t t f  s ,~ i m . t t e  . o m m ~’ hou sing ‘ I in 1oim ~ is \ I o mm 5 f f
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~ I 2~ mm 1omm ~ m t n \ i m m g  s cc l I5 ’mm is  bo l ted to t t i t ’ squ a t s ’ ci I m m m d e m  I his is iii t m m i t m  .mt i .m chm e d t o  a

O n I  ii iommc s s l mm .t mc sd~ i m o m ?  c o m m t a i t m i m i g  ‘i\ s~ ce im s  ‘1 ‘ ‘4  ~t mms l I - 
‘ ‘ cmii is t i c  m t m c s h  I hess ’ ‘s cs’ m m s  n c

p laced iii p _ t m i s  ~iI  4~~ i i i  .mp~m i t \ e s t  - .mmi ~ mh s ’t )f .4 c u t - b u g  m u s i c  s C d ( m O m m  I s  l ’~’l ieJ  ot t  i tmial ls  . _m

I —
‘ nm-lo ng sedt m~’ mm cs ’tm faimtum m g egg .it~’ c o m i t l g m m m . i t m o m m  s t m a m g h t e m i e m s  15 e .Lh ~‘~ Ii s I0’I u- ms bO l t ed

I, ’ t i m e  m d j u ,  .111 u m 5 m m m ~i scdi m O m \  I lie t e s t  . i im toi l  m s sh, ’ ssm m iii I i c i m i c  I Its’ ~“.‘m i m m i e m m i  , [ m m m i e m m s m o m m s  ot

t ime t e s t  a m m t o i l  .mpp . mm.m t us  . i me simoss ii in 1 m g i m i e  4 l i m e  . m m m t o i i  5 h o m d  is 21 4 cu t .  i s  t t t m , ’k m mes s  m ’ .  ~~

~m im . .immd i t s  k’ mig t h  is I’ .1 4 c m i i .  0mm t i me k.md imtg 5~, tt~c mut d u .m~ .mboi m g t ime k mm gt t i  ~‘i s ’t m u d e s  .m I’ .1 5 m m m
II fue l  s’S it in he l ime sit foil is ‘~ ‘> ciii ~t’os e I he ~u 0 I i i  m51 ,mmid is p laced m tm t he  ccitt em ot  .i n.m ms ~
sl i t s  \ 00 ~ cmii . immstnc.inl . 21 ‘ .2 .m t t  ol the  exit  r Lmmm e of time , h t t m m s e t  (1- mgum. ’ 21 . \i th e loss et
aim floss hon tid a ‘. is lo’.~ ted .i plo pa mm e t~ i cii i i  mgu mc 1 l ) mim i tm g .t gis c m i  te st  he j ’ t  oj’_ u me m O m  cii  is

ignit ed t,put sedl .11 inte l ’. u s  . ti’ i’ is ’\mtiu tCi ~ ‘ ‘.~‘~ ~~~~~ is miii  J tmm ~ t m ~’ mms ot  th e s ’m dem CO m~ I se5 lii ,’
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is mds’-at i~k m,~ tu tu ) k’mm s s i a s  im s ~ sI tha t  s messed .m ‘14 ” tms ’U I me dist om ned s mess seemt bi lm ~ hums is
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the 5tmtt ’usei ‘.‘x m m platte is i s  1’tt is ’d h i s i t  m .u t m s ’ m ms  of ‘0 . i mmd ‘‘ kno ts  ,t n 100- . imt d  I “m t Lim ~’t sit lIo n s

cs ~‘ec u s cli - I out gmt mid iii .m I tim mt ’ tml e m m ce an the  .mm m toi l los 5tmg ed cs’ is t l’m tied i’ s am m a t tons of ‘ is ~i id

f O  k n ot s  at I0t~ and 1 511 k m i , ’i , mmm t lo ss  s m~~sj ’ c c t m s s ’Is I tm s’ , i i i t , ’ mI is is  i ’i. mced iii ms ’ s m m m , ’i m .mmm d ss ’Io~ m i s

u t e , l s im , s’imu en t s  ssi’ic muuade I cmii beloss tue tu am ling s”.ti~ is tm s’tt ’ mu ~m m i t e d  t t m e i  t’m ~ ’l’ .is~.ii io u p . i i im s  i% et c

mt is ’ pjss l iii ’ louiginimdiui .mI ss’Ios’mt s m m i m l ’ m m l e m m . ’’.’ t’el~’si t i m c  .itl i m ~~m itumsi  .imm fotl ed~t’.- is t i  outed I~s
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2i_ ? Sits! ‘ 2’ Lmi ot s  at 100 and I SO-knot si t  t lois  s~ m Cspe. ’ t i s  eli As em age i e bo c mus  data is plotted iii

Figuu e ~ and sh ows tu ow the ieI ~s’.- mt s  flois .mtt ei iuat es ii mii i  m m i d m e . i s c s  in n ui bu k um ’.’e amid d m s t . m m m s ’~ t u m m u t
the Jiffuse m s’ smu  p latt e lime , Ia tj  simon tha t  t i me Iom m g iuu d ina l  i ebocits timm hu kui ce is i~~si (,~~-_ 10- 1 stud
immsmssgenes s r m s ~ _ kimsits) Am u flows could he repeated wi th i t i  5’ . t ’r o mu i test to tcst -

PRFP- ~R A  l I O N  -\N1 ) }l A N l ~l lNm , ; O F ~N l ’ lM lS l ’lN t , ; Fu r l  s

Of pm min e on sidem .m nio m i mum t ime prep au at u~’im sum s! h auudl i t ig s si .u m i i m m m i m s t  mug tiiels us ih e im l s otc m i t ia l  to
,is~gt a5te lime a t i f i t umis t i t i g  pm’ sspt’t t v of  such fuel s ‘ .s s mi nsimmm n g lum ~ lm imit sk , ’ulam wei~dm C ~0IS mmmci  adJit liT s
will de gt ads ’ m t he long mumoke ul es c .m n be mu mecha m micall s sev e r ed A co uu cunreu mt s tu d s  at Sou f imi i s’st
Research l u m sti tut c ~SWRll, S,imi A m uto t m to , l’e~~as , disc usses thus ds’giadati o m m pr oble m in R ete t ’encs’
L-xper ienmce gaitm ed dun i t ig  t h e  t lmst  series of ’ t e st s  at NW C du ri m ug M atch  l’)”cs s i _ m s  used to assu me t h ai
them e would he tio possib le mu m echatmi c al de gm _ i d .i t iot m duritig this ’ sec omu d aut d f l i i rd  s~’t t e s  ~ t t est s
i’crtornued dur in g (\-tohei I ‘.I’C~ aim s! July 1” ‘‘ , tCspe~’tfl s’Is

Pie p r ep srat iou u an d Imatmdlitug ptsscedmmtes used tom flue first series 0? tests  du i i m u g Match I ‘.F’ts were a’
to bboi s s Jen ~ fuel  si .i s i’urchasesl itt sealed ‘OS - I • dru tm us s f l o u t  (‘hevro ui , \M I .m m m d FM—I _ u mm u m
m t u u s u u m u g  agents were ot ’iaiuued f ’ronm N AFI - ’ & ’ i i i  m m ius e _ i k’,b .105-f J t mi mt m s No af te mm i f’ f us as mmi ad c to ,‘h cmi iL’al l ~
anals’ze t h e  muta t t ’rj ~ fs . Ii ~u ,is known th a t  t he  . mm tt imi i i s t im ug .ugc t u t s  ivere sss ’em mis ’.’ S e .ims old sum s! t i tan a “ is hire
ill solution pmedm ~’ii ate is _ ms i tsi t ’lc , perhaps due to is s te m coimtaniiuiatiou .

Ii ’.’.’ t i  pci of pwup s is e t c  used to t u . m n s t e t  and mu i is i fm e . i t u t inm i st  conceu t tu ste  wi th  t ime fue l ,  Ot me
pi m m n p i’.~is a paddle putump (Seats uuiodel Scs~ 2rs—k’ Ii tunics! hi a 04-kW mflo t om t N c a m s  u mm ’ .s lel
I I  I .1S4t )) at I “2~ rpm ( I ~ I t u i t t ~ ~~ lime secomtd ~~~~~ is .is a c etmi t ’ ifugal punmp ~Cm sne l) etui immg Pimmups

mtmts d~I LX’ 4’) c-s 351 ( ‘1 )1 turned hs a 0 ~S-k~V tu us st ’.sm (R el i a tm ee iumo ds’l C~ r sI - 1 503P-C4’i at 3450 up n m
t~~S I m iu tm l

Su iuce the 5lensits of ’ t he ite .i f fu el sias .tssummte j to he thiaf of the u mea f fuel used in the con eentua te  -

m i ti xing pt sspo r li ouis WCms ’ based out a volume basis. Ne _ mi fuel is _ is i et l ’os ed t’m s stu i t ime 205-I  d tumiu ~ iii I l  -

increments using a plas tic muiea sur i tmg d on t .nu n e m Cotue ’.’u mtr in te  wa s th ~tm added to th c tie st fuel
d mumut m us iuug ans inl ie t  g m .md u ,mt ed plast ic e o m mt a i im er  - lime uesi~lue concentu ate at tac h ed to time Plastic
cou mt a iner was m et h os ed hi ha u md r esulting iii a ss’iped-ckaum Cs sum t .um t uc m l’h i’ee iu5’hm 205 1 drut ius  ms-crc th en
located .isI ta ’.-e r u to c’j s’h other - ) j~~~~ set ~if I)) re m’ Jm mmmii c ~‘uita imus ’~I this ’ titu t i i ii iit  It i~ t u s’l of u~ m ie n

cou tc s ’u u u m a i i o m t  to be t ested I - m i d amm ’.I con ’.’e i u tu mmi e wei e mi iised iss m u me anm s of Ot is’ of the pu t mu mp s
describ ed aho se LAn m es I 0~~m ti ’f iseme attached in ‘cItes to the th u-ce tautks. lime pui tmp ii m t i i d u s ’ss time fuel

m o n t  t f u s ’ botto m of ’ the ti m st slru u mi sum s! deposits’s! in at the  top ot the t h u d  dtu uu - Aim els’ c t m u c
blank et is-a s placed oi~’i and secured to time t h um ee drum s,  flit’ l’.mm eli were then heated at .i mate  of about
“ ‘ 1’ i t t  until the d~s ime d uemnpeta tu mc is _ is reach ed , s’ ,g ‘

~~~ A tem perature eon mt wlleu W55 tuSCsl
Mi ’sitmg of ’ the fue l was umma de o i c m m t i ghu for about 12 to 14 houts , ‘flue fuel isas timeum ii ,n ns te mte d
hi the pump fs’ time fuel sm m pphs t au mk !5t iou to  te s t i t ig

• _ ‘ m ,s~ ~(~‘~‘u
1Q :lh-’- .~ “t i -I
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The question of an t imisting degradation was posed after comp letion of the first series of tests ,
Orig inall y, it was not believed that a total of 50 passes in 14 hours through the pumps used would
significantly degrade the fuel. 1-towever , subsequent study of the mechanica l degradation associal ed
with the above mixing procedure revealed unexpected results (Reference (5)), e.g., a greater percent
of larger molecules were generated.

In order to circumvent trying to exp lain time une xpected results consequential to using the above
hand hit ’ig and mix in g procedure , a conservative approach was used for mixing AM -I and FM- 9 for the
second and th i rd test series , executed in October 1976 and Jul y 1977 , respectivel y. In essence, the
procedure was that pre viously used at NAFEC.

Two mixers similar to those used at NAF E C were built , These mixers consisted of a 76-cm-long sha ft
with three blades , each 10 cm long by 2.5 cm wide. Two of the blades were placed 180 degrees
apart at the end of the shaft . The shaft was attached to a cover of a 208-I barre l and remotely
rotated by an electric motor at 100 rpu n . Mixing was performed at 25 °C for 30 m m .  A weig ht rather
than a volume measuring basis was used with a Toledo scale. Samples of time mixed fuel were
collected in l-~~l samp les and sent to SWR I for laboratory evaluation. This method and procedure
was used to mix the AM- I antim ist ing fuels for the second test series, If was also used to mix
(10-m m duration) the FM-9 antimisting fuel s for the third test series. The mixed fuel was then either
heated or cooled to the desired test temperature by means of an electric blanket or by stora ge in a
refrige rated shed , respectively. The conditioned fuel was then elevated to the fuel hopper (Figure 2)
by means of a forklift.

In many instances the above mixers were not used to mix the FM-9, since this agent readily mixes
with Jet A. Concentrat ioums were determined on a weight basis using a Toledo scale. Mixing was
accomplished by mixing the additive with a 1.5-rn rod under the direct supervision of an Imperial
Chemica l Industries (IC!) LId. (England) representative. The fuel was heated with an electric blanket
or cooled in a refri gerated shed prior to being transferre d to the fuel hopper by means of a forklift .

DATA FROM NWC TESTS 
1 

-

The test p lan used for the fi rst series of tests performed between 1 9.3 1 March 1976 to evaluate
AM -I and FM-4 was r ecotr mnmended to NWC by FAA based on previous experience at NAFEC. The
AM -I test plan was to use 35 °C airflow and fuel temperatures. The agent concentration and airflow
velocity combinations to he used were as follows:

I .  0.3% concentration and 1 20-knot airflow velocity.
2. If test I passes, increase airflow velocity to ISO knots.
3~ If test 2 passes. reduce concentration to 0.2% and repeat at 1 20-knot airflow veloc ity.
4. If test I fails , increase concentration to 0.4% and repeat at I 20-knot airflow velocity.

The FM -4 test plan was to use 35°C airflow temperatures. The agent concentration and airflow
velocity combinations to be used were as follows:
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I - 0.4% con centrat ions and 100-knot airflow velocity
2. I t ’ test 1 panes, increase airflow to 110 knots
3. 0.3% conmee ntrati on and 100 knots (failed at NAFEC)
4. 0.4% concentra t ion and 120 knot s  (i~ iled at NAFE C)

A sunmuna ry of the first series of tests performed at NWC is given in Table I - i lic general observati oum
is that the concentration levels and airflow velocities at 350(. used in the test plan rcpr eseumt fuel tire
igni tion states. Fireballs developed for each of t ime test s ott the tirsi ignitmoum pulse. Test 5 differed
signi ficantly front time other tests itm that  a huge Ilre hall ( perhaps IS m high and wide) engulfed time
airfoil. The radiant Imeat froumi t h is test was great enoug h to char rags , fa pe . and paper as far as 12 um i
away t’rom the edge of (lie tIreb m m ll . Tests 6 through 10 exhibited rela t ively m odest . hut still large

- 
- fireballs of lower radiant energy intensity.

High response therunocouples (IC) were placed around time airfoil as sh own in Figu re 10 to identify
fire fl ow paths. TC4 and TC8 were placed 115.5 cu mu aft of the leading edge. 7 5  cm ott front time
airfoil surtiuce. TCI and TCfl were located 39 cm aft of TC4 and TC8, respect ively. These two T( ’s
were likewise 7 .5 cm from the airfoil surface. TC3 was 62 cm aft of IC! amid ICO, 3.6 cm from the
trail ing edge. TCS was located within the ejection duct , wherea s TC7 was within the propane ign it er.
If the ret ’erence Un ite is taken as that of first response to fire from TC7 , t h e n  ini t ia l  heat ing times in
test S for TC8, 6, 3, 4 aumd I were IS , 35 , 45 , l30 , and 130 rnsec, respectively.

Test 5 exhibited a hu n t ing  path typical of n ea t  Jet A misted fuel. The tire quickly engulfed time
entire airfoil with explosive violence. The distance b etweeu m the propane ign iter exit plane and T(’8
was 79 .5 cm. Hence , the average tlammie front velocity in the I 52-knot airflow between the i gniter amid
TC8 was 53 nmm/ sec ; between TC8 and T(’o it was 19 ,5 tnfsec~ and betwe eum TCO and TC3 it was 62
rn/sec. Average velocities under the airfoil ~f 50-60 itt/sec are typical ut neat or ineffective
armt irni siing fuel tests. Tests in which obvious bene fit is derived fr om ant imni st ing agents arc
char acteri ied by ummuch lower average velocities , as will he dennons frated below. The sim u l t ane om ms
heating of TC4 and IC I is due to classical hound vortex flow around flue ed ges ot ’ the air foil , The
heat flow pat h described lucre is typ ical for umn a c cept able antimi sting t’uel tests.

NWC tests I throug h 3 (Table I )  are representative of time tests perforumied to evaluate airflow
velocity and quality of flow intrinsic to time NW(’ diffuser design discussed elsewhere in t imis rep ort.
Airflow calibrations were un-ade on time basis of pitot probes placed at var iorms locations itt time
airsiream. If was learned from tlmese tests that time static pressure in time a irstr e at mm must he measure d
to compute velocity with an accuracy of l0’~- .

A considerable amount of l b-mm tI lm footage at 24 . 400, 1 ,000, atmd 5 000 &arnes per secotid frou mm
camera s placed 10.40 m tro -s the airfoil was extensively atmalyzed in detail for fuel fl ow patterns aimd
ignit ion/ fire fornmati on phenomena. Unfortunately,  aside fro m cont irum sing anmt im ist itmg phenomena amm d
tire ignit ion, detailed in for nm at ion needed for atialytical mmu ode iing was scarce. The basi c problem wit it
the film covera ge was scene obscuri ty due o t imree-dimensioum al fuel h ow. f t  was demoum stra te d that
this obscurity could he greatly redu ced by placing ii camera wit im in time fuel flow ut u de r time airfoil. A
consequence of the denmon str ation was Itt repackage a canuera (Figure s 4 aims! 6) wit lm iu m time airfoil for
the second and third series of tests.
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Utilizing time experience gained front the first series of tests , a second series was designed to test AM-I
and FM-9 . The test plan used for the second series of tests (performed between 13-20 October 1976)
to evaluate AM-I and FM-9 was recommended to NWC by FAA. The second test plan was to use 27°C
airflow and 30°C fuel, The agent concentration and airflow velocity combinations to be used for FM-9
were as follows :

1. 0.3% FM-9 concentration and 1 20-knot airflow velocity.
2. If test I passes , increase air velocity to 140 knots.
3. If test 2 passes , increase air velocity to 160 knots.
4. If test I , 2 . or 3 fails , increase concentration to 0.4% FM-9 and repeat at corresponding air

velocity and increased velocities up to 160 knots.
5. If test 4 fails, increase concentration to 0.5% FM .9 and repeat at corresponding air veloc-

ity and increased velocities up to 160 knots.
6. If test 5 fails , reduce fuel temperature to 20°C and repeat at corresponding air velocity

and increased velocities up to 160 knots.
7. If test 3, 4 , 5, or 6 passes , repeat with 30% of fuel quantity degraded by pumping.

The second AM-I test plan was to use 27°C airtlow and 30°C fuel. The agent concentration and
airflow velocity combination s to be used for AM- I were as follows :

- 0.3% AM-I concentration and 1 00-knot airflow velocity.
2. If test I fails , increase concentration to 0.4% AM-I amid repeat at 100-knot airflow velocity.
3. If test 2 fails, reduce fuel temperature to 20°C and repeat at 0.4% AM -I and 100 knots. If test

3 fails, conclude AM -I tests.
4. If either test 2 or 3 passes , increase air velocity to 120 knots.

Another significant difference between tim e second and firs t series of tests was that 190-I * batches of
antirnist ing fuel were used instead of 568-I. The above test plan was used only as a guide. On-site changes
were made with FAA approval .

A basis for judging the degree of fire suppressio nm for the ant imisting fuel was developed after reviewing
all test filuns The outcome of a single torch ignition pulse was designated a ,i!~~ 

if either no
fire or only self-extingu ishing fireballs occurred, or if the tor clm behaved as a flame holder and
the tu ne did not propagate . The outcome was designated a fail if a fireball(s) initiated a pooi tire by
either escaping from the airstream or by producing an airs (rea nm tire of sufficient intensity to ignitc a
pool fire. Figure I I  dep icts an example of a single torc h ignition pulse outcom e that was designated a
pa~~. Figures I 2— 14 dep ict an outcome timat was designated a fail. For comparison , the flame propagation
exhibited by neat Jet A is shown in Figures I 5 and 16.

The overall effectiveness of antimisting fuel was designated a pass for a test if each pulse was a
pan . The effectiveness was called marg inal if one or more pulses were fail(s), but the airfoil did not be-
come engulfe d in flames The effectiveness was designated fail if l ime airfoil became enveloped in flames

Anof her factor to be considere d in rat ing the tire effectiveness of antimisling fuels is time dump rate into

the a~r sfr e aumm at the time of’ a given pulse . The dump rate is a function of the airstream velocit y
head , the fuel head, and the exit hole diajimcter in t Ime airfo il . It was observed that at a irs t rc anu
velocities greater than I 20 knots the dump rate was significantly reduced. This was reasousably
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overt ’ oumm t’ i~ t’~t ~~‘ m mc ,~ amid -~ f t  v hoost ’ly lu lac ills a sh eet m m ie f al cove t tmve t h i t ’ c ~mt I im lut ’ - ‘lime fut ’l dumuu p
m at e was a Ist t mnottifled to  s~ ~um me i’ ~ tent  b~ v a iv ing the vo lume of t m mci diii umped t m o i m l  I U() I t t  St ~~~ I -

the p m m um u a iv t-o nscquctict ’ of mi s imi g iimi  I t t ’ t nd was to c s t end l ime t i imic of t est so I hat utm in t’ t ime
i mIlscs cotitti be t’x.tt m tim t t’tt

A s m m m u u t m a m V  ot t ime st’t’otit l set j t’s of t ests pet I on mm etl at NW( ’ is giveum in Tatul t - 1. f l i t ’ gd mm ei al
oUst’ m v at ion is that  FM .U is e l f cc five iu m i educing l ime  puo lm ag at it mu m A tie tail e d su t i l mu nat y ,t t cacti

t est fi 1 l t t t% ~’.

l est I I used 0 ~
‘ 1- FM -t) t’omm cen t  u .u t ~

- iii a 1 )0- I hatch of 2~ 2 ’ ( ‘ Jet A t itch - I he ,i vem age t mud
d u m m m p m .itt’ in to the It ’ S ’( ‘. t) ’l -k iu ot ai rf low w.is 2 -~ 1)  I /se~- . i’hm is t lu t t ip  t a f t ’ was iowei ih t a tu  f f i a t

e~ pee tei l ( t ()  I /see) fucca mis t ’ of t i t~’ pmtemmm n a t i c ~t l tiuigt ’ u St iL k mu mg . l I me pi opa t m e igniter was ptik~’tl at
4 . I - S - - n. 7 , and S -~ set - tim tee s m u m a l l  self-c ~t itmgtuis i iiiig Il, e i g mmit ions wete r ecor ti t ’ti 1w flit ’ aim foi l
camume ra~ t i mer  t i avele d alut tmif  Its , 1” , am id ‘$S ciii i n 7(1, (‘0 , a mid 40 tutsec . respecti v ely - lest I I  w. m~
;mid 5t’tl I i i  ~~~ f lit ’ tir e self -cx timmgmi is iiimig u eqm m iu cttm t ’ iml -

lest 12 used 0~ 3’ FM - t) c o u m c et mf ra t  t’ ium .m I t ) (1_ I bat cli of 3n - I ‘‘(‘ Jet A fuel  - the average t mmci
LIU top ta t e  in to f l i t ’ 2o - I 

‘‘( ‘ , I t)t)-k not aim I l t mw was 5 U I/sec - lUt ’ f u n ti~~mt’ ignit em was pulsed .i t

4 0 , 5 0 , at i t i  S ’)  see ‘tw o sutm , t lI  l i i  t’ ignj( iotu s . t h a t  self -t ’ x t itugui sim etl i i i  a t l i st aumc t ’ ot about 30 cmii -

s~ cu e r~~ordetI hr t Ut ’ air foil ~-auue 1.1. Only one of t lmt’se st’1 t -e ’~ I i tm gti i shu i t mg flu t’s wa s observctt hr fl i t ’
ivt ’rai l vk ’wimig I n— m mmt mu t a m  m me t .m lest  I 2 was judged to pass the tire self’c x t iumgui sl m i tm g reqim im t’tmu e t t t  -

les t I -~ imset i (1 1’ - FM- 1) t- ttu u c e l u i u a f c  in a 11)0,1 lua t ci m ni ,~ C Jet A tm i t ’i fli t ’ -avet age t u t ’l
du mu m p rate ~i~t It  t i me 2 ~ ml’ ( -

. II ‘u - k uui t t  a i m I l t tw was ~~ )  I !st’c i h u t ’ & lu t t up  m a me was less I h an I f i a t  t \  ~~e4 fed
(tsO i /sec because i t t  t ime p u m e u m m m ~m t k- p1m m m m geu st ic L i uu g, in co um ib imm a t iou wit Ii t ime Ii igim er .mmu st me a m m i itea(l t I l t

f lit’ airfo il fuel t’\i f l im e  pm opa tme igumitei  was pttls t ’d .11 4 3 , t t 2 , am i d ,S - S see - ( )mi e ummotlera f e  flit ’
igu mi io n . t h m af did not propagate but t ravelt ’d dowmts t m ea m mm somu ic It to I t )  mu m , was obse m vt ’tl f u r  t Ime over all

i i i  g I t s  - mmm uu m c a u m u e  ma - l ’lme ir t i i j i  c.muumem a jammiun t’tI - test I -~ was 1utlged to 1ua~ the lire self -

~ t ituguisii l u g  uc ’q m ui r cum m ciml -

le st I 4 it setl 0 1- - ; F M~t) 
~

- om u c eu m tm - a f t ’ iu m a l’)0- I hat t i m  I t  I . t - -
, - - ( ‘ J ef A t mid - 

- flu e . vt ’t ;m~’t’ tmm el ti wimp t a t e
in t o time 14 , -$ (‘. I I  1-k tu iul a irf low wa s  1) /sec ‘l ’lit ’ t l t t t i ip t a f t ’ w~is m o u th  less t t ia m t t hat e~pectet i
no I /see) h~’c , mmuse of f l i t ’ pu i et mumma t ic plo tu ger st ic ki uig ,  in commulu j im a I b u m  wit  ii t i m e hi ght’u ai rsf u ea umu hea th omu

fim e airfoil lm md ex i t ,  l’he It top ~l um e igu t i te u  was pulsed at  1 ~ A ) , l t t S , 11) 0 22 0. 2 4 1 , 2 7~~~~ . 3 1 , 1,
344 , aim s! 3n , 7 sec l im e overall vit ’w imt g I t i -uuumm m 1’a m i t e m .m dlii  mi nt meciu t  tl .m m u s fi t e - l im e aim toil c a m u u t ’m as dc
fec ted one suna II fireball , wit it’ ii sd t t ’~ t ing im is imeti t t t ’t ’o i t ’ lea ving t hi t ’ wide -ang le r I ’  wm uug area (abomi I 60 ~‘tmm

I 4 was f m m l i gel i  f i t  tu ~mss ti m e t i m e  self - c v t i umg m i i s i mi mm g me qml i l  euumt’uu l  - Nt t t t ’ t h at l im b s test uuu.mv tue coum sidei etl
no-f t’Sf tuut t l m t ’ U isis t u f t  hue low In t ’l tI t i m u m p -

les t  I S  used () 3’ - FM- U cou m ceu m f r a te u t  .m I t) (~ l ha tc h  of ’ 11 
, ,

1( ’  -let -~ fu el lime average fuel t lum nj t  m a t e
in t o time l’s 0’ ( . I 23-knot  , m i m t l i t w  w .m s ‘II f / set ’ . l ’iiL’ dt m uuip m i te  was hess t i t an expected (nO I /set’)

luecatus e of ’ f lu e  p muettu m m ~it ic 11111 ngem sti cking , in ~‘omm i tui mma il ou t with h it’ I t ighu e u a it s I t  t’auu u h m~at l at f l it ’
.iu m Ii ‘it tlmr ’t e ~ it - l ime prt pane ignite , was ju m ilse ’d .iI 4 7 . ‘u ‘1, anti S .~ sec - l Ime tmveu all viewit ig 1(~ - m umm u u
ca mu m er .i  rect ,~ tlt ’tl a umuodem a t e  t I m t’ Ia II , wit it_ hi dit I itoh pm tt~uag~l Ic wit U in I lie In t ’l flow hit ’ltl - me sm il t ing iii

.i tuodest grmuimntl  lire s i t m m i t ’ t ’ to U i u u belt in t l  t im e aim foi l  - lest  I S was ju t l gt’tl fo Itt ’ umm a r g inal wit Ii u espt’t’
mit  f l i t ’ l i m e  st’l t —e xf iumguisl m iimg u t’t l mi l i t ’ nut ’ l it
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I est it ’  used I I , FM- U co t m cent ra te t im a I t)fl_l h atc lm of 27 .8°( ’ Jet -\ tut ’l ,  l im e as em age fuel d mmummp
m al t ’ 11111 ’  m lii ’ ,‘m s . I ‘ t ’. 14 1-knot a i r f low was 9 i-s ee , fim e du t m mp late wa s less tha um expet ’le’d ((so f ’ scc)
I ‘c’~ .I mi st ’ oh t h m ~ p i metm u mmat ic pitt mm ge r stick iii g. mum cotmmhit m at i t uum ss it Ii t itt ’ iui g lme r a m u s i t  e a t m u h ead at time
.m mi t~ m I tue ’l t’~~I I ,  l I m e ’ pmop a ne ignif em was puisect . i I  5 .~ , u ,~ , Q , 1 , 1 2 . -I , 1 ~.l , atmd IS I Sdt ’ , l ime
~ em .d I mt’~ in ~ I ( s —t mtu m t t’.mimmera and flue a im t~,uil c- a t im er a  d ud tuo t obs cur e , mm u ~ t i m e’. Test I (u was jmid~~t1 it s

ss f lit’ f l u  d self -ext t t mg u t shm t umg u-c q u i r t ’uum eum t , No m ~‘ t Im at flubs test uuua ~ Ut’ ‘ , ( mu sm ~tc ’ I ed .m m itt -test ttl u t i me
I’ , ism ~ oh t im t ’ h i~~ I r i c h dump.

lest I used 0 FM.~ ct s tmce nt ia te  mum ‘a I 90-I batch t m f 27.8 0(~ Jet .-\ f’ue ’I. l ime average hod dutu m p
ma te i tu t t u  t ime t ) 4 °( ’ I 30—km mo t airflow was 25 1,-see , Time t i u t um p rate was less t h a n  expected ((sO) I/see)
beca use of thi t’ pime ’ ml t mm at ic pItiim ~~ r slit  k tim g, itt en uuuiu i u ma t  ion sri t It f tic hi ig im er ai m st rca mu lieatI at  f lue
.iu u toil fuel e x uf  , ~h~- pr op aute igm m u f eu w .ms pul sed at ~

‘.“ . 10.2 . a mi d 12 , 7 see, The overall viewing
I n — mlmul u came, a dmt l ti nt tuiu scrv e an~ th e. lime an fo i l  catut e ra t l l mu t was It us t din 11mg prts i’essiumg. Test I 7

was  iud t~ d I t s  pass t h e  fire selt~c’xt i muguis l i u img u i ’qm u mm c u i memmt.  N ote th a t  f lubs  test may tue ~‘oumsick’ me d a
m i t t—t es t  t In t ime h .isms of  flue low fu el  e l um uu i ’  and lit st ai m Iemui 1ue’ua tmm t t~,

I e’st 1 S used t),3 FM.t) concentrate im u a I ~)0-i bat ch of ’ 33 ,, V ’~’ Jet A t’uel. lime av em ‘age fuel dui mmp
u _ l i e imufo t  I lk ’  77 , 7 ”U , I 40-k umo t air fl ow was ,~ ) i ’  see, l’ime t lu uu m p m a te’ wa s less I i ma u m expected ( (tO I/ see)
because i t  m i te pn em u tmm at bc p tti ti ger stick but g. itt co ummb i ima f In t l wit hi l im e iu i gl ue m airst tea in hm eatl at the
‘a im foil  fuel ex i t ,  I ’hm e pro pai me m g m mit er  was isti l setl at 4,3 . 5 1 1 , ant I 8.0 see, ‘l ’hmc ovet al l v iesvim tg I tu ’ ut m u m m
c amimera ci tel m it ut  t ’uu mcf m u  pro pe m h~ . l im e aim toil t’au m me r “a meet I t  11ed time I i i  St two pulses .s s-em s u mmall ( 2-
to 8 - e t u m  cl ianme t e’ r s’il ’— ex h in gui shm in g 555 m u I u m ug fir eballs , f lue’ lit sf pt ml se fireb al l m otat eti about 180 0 b um
li me’ field i t t  v i e w  - i.e .. 40t)0° - - ‘flit ’ ex tenm a l  70- u mut n loch flow t iekl Ili um was  host rl t tu  ing processing .
I m’st I S ~ .is i r id ~‘t l i t t  pass fli t ’ time sell -ext i tmg um ishnui g m cc l iii ,  eu m me’m mt -

lest I t)  used -m 1 UO-l hat ch ot I - I ‘
( ‘ Jet  -

~ h i d , t Im e’ aver age ’ f u e l  dr t i mmp ma te  i m m t t t  ( lie’ 2~ ,0” ( ’.
14’ - kn t tf  .i t m Il ,s~ ~ , i ’ u ~~ I : see. I lie dmiimi p ra id si .ms less t b aum expe e-fe t i (nO i:set -) becau se of hU e
pm~t’~ m mu at mc p l uimge m si t  t’k m umg. mum ‘t tu i m b 10.1 1 t i t tu wit Ii flit ’ ii igh m e ’n a i rs t tea m u m head at f l i t ’ ai m f~t u l h u t ’I cx m l.
I’rto , to i g u m mi totu . S;tt .i\ St . i%t ’s ‘a t i m e te l  apar t  ) we n t ’ t r as- t’hii i g , t httuu t SO kn ots  oscu flit ’ airfoil .  Time

~ opatme Ignite u si ‘as pulseti ,mi 4,2 see - I lit ’ ~ts e 1, 111 viewi ng I tt ’m im l i i  ~‘auuiem a t cetu rtled a great t’ure bal i
st t i  uu t’ I 2 mum Ii igh - I - i t t ’ e’uig u I fed I hue cliii  rt’ .111 h t ml , 1 1mm ’ j im h ’~ ‘ m l t ’a  mci - a recorded time tir e grtswf lu as hi re’
t tas’ekd ‘acm iI~s i hut’ lt’its iii 0.01 I se1’ l’t’st I t ) seuve t i to deumm iumis t malt ’ I h a t  uu ea t Jet A us hm bg imlv
f 1j uu i tum,ihk ~ kt u ( lie g m se u m (c — st h i t u u ) Imt  i I ’ i i S , 

I 
-

l est It) used t )  3 A M -  I told com m t ’t ’tm lm at e prt’i~.mred t~ SW R I ) i t u .i IU O .I batelu of It t . ‘ ‘ 0 ’ Jet A fuel, 7
liii’ .us’ t’m. ig e fu el thump rate  m m m l i ’  t ime 7 ‘ 7 ” 0 . I _Nu-kui t t f  , i t thl t tw st ‘as Sn I se1- . i’ui i t m  I i ’ ig mtt fmt u uu , time —

let d umi g edge’ nI a I ~ pucal spra v s~ ms e was f t  .is -e lu uug ahiumi t 50 kum ots tuv e r f l i t ’ air loll , lime t’uu op amme
ugi mi l er was pulsed af 38  a imet S . 2 seC - l’lit’ i us’ t’ m aIl s’ mew uu m g It s -mu m mu t’a mm mc m a me en rtled a smuma II I i rebal l
w h i ie ’lt ~‘‘If-c~ t mu m go ishm t’cl. i f s  t IU u at loll i i i  tI m e tieltt ‘1 s’ test ss ms 0. I “4 511 - l ilt ’ set l ’u i  d ptmise me su It e’d m um a
fire ’ ntuc hm It’ss severe I han t h at for i esm f ‘) - ~ lie aim toil .mm uu du .1 ue’c’ou tIed hot lu t uuis t ’s ‘Fest 20 w.m
ju d get i to lue .m fa lb me wit It t espeei f~t I Ime lime si-I l t’ xi umm gtt m s h m m u t g re’qtt u emma’ HI -

lest .‘2 used 0 . 3’ FM .U coi mc ei mtr a f e um i ,m I 9().~ bat c h of~~t ’ . I ’ ( - Jet -
~ fuel ,  l ime’ .m v e m , mee fuel tl um mm p

t , i  I t ’ imut o t ime I S°( - , I 4 1—k t in t ‘au tlo~ ss .is c’st m u u u , i ted as ~ ‘ I - - ‘1’ lie pret pa lit ’ mgt m i tt ’ m .m ’ u puils t ’tl ml 3.5
see’. I ’hit ’ nyc ’ r ail v iewm u m g I O s —im i um i ca mute , .m ie’t’t t  i thed l i i i ’ ser t ’ me tire’ m k ’s’s ’iopmtmt’um - ( (((( I 

~ e 1’i~5’ i’ u age 5535

also o sli t ‘a ume’tl l’r o mmm f l i t ’  .m ii ho ml c’aimie r .u . ( ‘i smuipl e ft ’ l i i i’ t’nmgu l t tflt’ii i 1 ( 1  l i i i ’ .1mm lI t m l iS .1 f t  .m mmmcd wit h u m  0 ,2
see’, l’est .‘2 was j tud ged to tu e i l~i b itt re’ w ti l t  u t’sluet ’ I I I ’  flit’ lii t’ st’l i’—e x l i i i  git t sl mtu i g t t’cl t t i r e’ml t e’uul -

I l
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‘rest 23 used 0.3’ AM .I (old cc’mm’te’eumtmatc prepare d Us SWRII mu m a 190-i batch i t t  3Ø,(u ‘C ’ J e’t A fuel.
I’he avera ~~ fuel dun mp malt ’ b utt e -i t Ime 22 . 2 ”U . l t ) I  -k i un i  ‘a im lituw was ~S l , see, ‘l ime pu opa ute ig i u th em was

pulsed at 4 ,2 and 5,(s see, TIm e overal l viewb itg t h- t m mmm t ca utmcr a recorded omit’ pul se fiat

self-extinguish ed. TIme airfoil caimmera recorded bot h seI f ~exti mtguisimumtg tire’ f r onts ,  Test 23 was
t o pass time flit ’ .seII ’.exti m m gt m ts h t n g requircmemmh.

lest 24 used t),3- ’ AM . I imme w eomt e’emmfr ’ate pit’pare d I-tx SWR ( I imu a 190,1 h aic l u  oh ~~ . ,
“ 0 ’ Je’i A fuel .

l Ime ‘a ven ge fuel duimmp rate Into time 2t u .7~ (’, tO O-kn ot ‘airflow was est imated to tie ~~ I’ see. ‘flue

propane g imi t er was pulsed at 3.4 sec. ‘l’ime twe rall v m r ’wu m ig In - mi t ius ca um te m a me’ et m rd cel f l ue time

t’mugu (t’uiment inm tmatc d by’ time first pulse . Gi- i~ tt tire ceuve rag e was also obtained irctuuu time aurt oul caummt’ra

(‘t tn mp k(c tire engutfu mmcmi t tu t ’ the airfoil was atta mmu e d w i thumm u 200 nIusec , I’esm 24 was ~mmd ge’tl not to

pass time fire sclf.ext immg um shmuig rt’et uureml t ctlf .

les t  25 used O.3- ’ FM-U eom tc enmt rate in a 190,1 t sat cl i oh ’ 2~ ,4(’( ’ Jet A fuel. ‘h a’ ave’uage’ In ch thum p
m .ulc tfl t t - i the 2 ~ S C ’ , I 22 ’kt m t mt air flow was 6’) ( - ‘ set- , l ime Prol~imid igmm itt’r wa s pulsed ‘at 4A.l amt d S 4

sec. lime ove’r’alt vmewiumg 1 i.nunt camimera recorded tire em mg u i tmtm em m t develop t n emmt - l ime aim toil cauu ieta

recturded a very - small fire m gu m mlinft  on tIme tlrst pulse. ‘1’hm~ tire igimm tic tui anm d prt tp aga t ioum s us cu t’

dranmanc with tim e second pulse. (‘ommmp tete tire eumgult’mm uen it nt flue aim ti il was never mub ser ve ’tt. as mit time

ease fot Jet A Ium el alone. Test 25 was judg ed umo t to pass time lire se’iI~e x tim mgui s lm i umg r eq ui re utmem mt .

Test 2t s use d 0, 4’- : F M _ tm com t Ceumtra t c  b ut a I t)~~~ b at clm of 28 ~~~~~~~ Jet A hue ) , The avem age Int’l drm muup

m a te mn t et the IS .3~(’. I Il-kitot airflow was 54 i/see. The 1uro patte m gmli fe ’m was 1u ulseci ‘a t 3 . (-i . S - I . am m d
sec. l ire tuverat.I vie wi nmg 1 (u .mun caumu era re’ct reieti nime’ pulse f m - avehu mmg dowui st ream. T ime ‘aur f m t b )

cammuera recnrt ietl thu-c e mgu t bt it- itts. The lirs t igiuit ion was extre’nu’tv smuualI , ‘rime second amid limit ti

ignition s were well tI e’hlu~Cd , Test 2(-m was j udged ti m pass time ’ hire sei f -c x imu mg tmmsh mn g ut ’q r mmr e umu emm t -

Test 2 7 used O.4’’ FM_ t) cnnc etttr ’afe i um a I 90— I ba t el t i-if I n , 7 ”(’ Jet A fuel. flu e ‘aver age l ’mme i t i t im m i t u

rate into t im e In , 7”t ’. l4 3 .kmut- i t air flttw was ( si ( ‘ see. f lue ’ rr t t l t ’ane gnhle ’r was  pulsed ‘al 4, ‘ant i n O
sec. Time overall v iew u mm g l ( - i - m uu n ;  canne’ra re cm - imeicd b t u mli  pulses . I’lte tim st pulse im m i t ia te ’tl ‘a tim e

downs tr eammm Time sccoumd pu lse caused the flu e to propagate torw ;mmd ttul time a i m t u t u , ‘lime’ .imr foi) C3mCt , i

sutmtihirl y recorded the two pulses. ‘I ’he glow caused ( u y  m ime ’ dow ,mstr t”ammm tire was t lu tfe  ap p ’ar emtt lie tu- i r e

time second pulse indumc etl t im -c er u guhfmmiemmi i- il ’ f l ue ’ ‘air t’t t th.  ‘lest 27 was j ud get l um o t t o 1uass tIme f i n e

seit~extmr u gt i m s t i inig r e qti ir em i u eiml .

test IS used 0,3’’~ FM-’~ et-immecimtrate ium a 190,1 hatch m ti 2(s,7”(’ id A fuel , l im e’ avemage fue l  du u m up

m a t e mo t e - i time I 7.2’~(’, I 22 . knmo t airflow was 5( 1 l , ’sec. ‘lIme ’ It Iop ’amle lg u um t e m was pulsed at 3,7 amm ch S f )

sec. lime twerafl viewim tg I (i~mu mm camm ier a recorded h oth u u g u m f m o um s . as did th e aum lutm ) eamm mt ’m a. ‘test ‘S

was jud ged nt- it to pass t h e  tire selt ’.extmuigu m sh in g re ’etulr eunenl .

t ) t ih i imng the experience gaim ut ’d fmo mt m the secotut l series nt tests . ‘a t hird series was tlesigite’d to t~m r t h me m

tcsi ~3~~) ‘rime p iau m used for thu s ser ies of tests (pt’rt’ormmtcel between i~ -2t-i ,lm ti y 1~
)
~
’ lit evaluate

FM_ t) was tee ’nmmende’d to NW(’ iuy time FAA . flue third test Pt’amt was to use 33”i~’ , itm tln~s - - ,umme i 2~ ”U

fuel, rUe oh 1e~t mve was to t’stahlislm t h e  Iumii ur e eimvelispt’ t’i-i r i-’M-~ tutu e’tmm m cem m trat tnum s be’twee’uu 0, 3 anti
1) I ‘an ti ‘ a i m h o w  ve’iticmt be’s (at fire diliuse’r i-x m l plane) hetwet’mm l Ot) ant I I 7t) knot s ,

I
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A g _ i mmu - .ts m u mime sec’tti ie i tes t sc’ m i t ’s . t- iom h m 100.1 .uud ~ sS -I it at ~’ii es t ’l _ mt m t I m uu i su  m u i g tue ’I wi’ m e use ’iI I’lu~’

~~~~ h ose u p I~m t c ’ used mum tIme st’cntucl test Se tics ( f est s 22 -  25 ) si as e u m u p t 115 i’d t t t  i m i mimi miut / t ’ m l me hue _ mit
p m c’ssLm me Cl lee f of m I me . 1mm Sm reatum 11mm I lue m m md m ,uI I mmcl t’x pu 1st omu ft i t iu m t ime .mm u t ’tt m I (see t e’st Cs , I alt It’ I amid
test It , Fab le _‘)

-‘ sumu ui tmam \ t t  t lit ’ t liii ~I se’ m it’s i t t  t c’s Is pci tu t u mui eth a I N W ( - is give m m mmm l’alt le 3 . i ’h mt ’ gc’u m t - al
m u am m o um is I ii.i t SU t I i ~’ieii t d. um.i -is as t u l l e -cue ci to tie’ fim me time FM ) faml u me e mm%’ t’hc m i-ie lu s t m i mi ’ r f a  it ’d

du ’ildItt ui ’m ls -‘ cli’ t ‘ailed s um mumumm a m itt ’ ea~’l m It’SI li ,t tu t st 5.

I m ’sm 2’) ti~t’d 0. ~
- h Y d - ’) ~‘u t u m e ’emmm m . m t t ’ Im amu cf - u m m m xecl  i i i  .m I~ O- l hat 1’hu t ’l _‘S . i’ ’ ’ ( ’ J et A fuel t h e  .m s c’m.i gi ’

tut ’i t u u u m p m , I m e m u lt I  t i me 22 ,4 ’’ ( ’ , IOt l. kt ic t t  .mmrflot t  si ,us ~S I tee Flit’ I t mi t i - i ’ a m mt’ ugi u mt e u  cc .u~ It milseel .im
I I 3 _ umm d I I  si’~ ’ I ’ i u m’ him st prm 1st’ se ll e \ t i t mgrimslu t ’d i u um mu me ’ti u , i te l~ st-if l umum th e field oh s mess - oh t hu e a tm t o u t

1.1 l i l t ’ u _ I  - l ime se~i t ui t i pulse e’tt ’ ,i ted smm mum i  it  au m ei tu s ly  h u t ,  l i i  poct i amid aim aim s um ea m u t ime m e’~tt lt m u g  Iii ‘a
l i i  C I’ .uI I du , i  mulct  cm of ,t t u orm t ~ m u m.  ~ m unast .is cttum cit t unt i s-i .it cx pe rieum ce t t l’s t ime t t ’st .1 t’p.iu .1111% Its t I t t ’
set- tu mid 1tt u Ist’ ti me’ ,m mu s-e li - i cu t~ reat -h iet i I I S kn ot s .m mm d mIme .i m m t e’ m um p em am nut ’  ss .ms 3n .4 ”C . l Ime ’ flu 51 pulse’
p’assed time t ime  st’It ‘I’S 1 1 m m  t~m l i s Ii tmu ~ m c’~ju i ut’ tt t i ’ m i t  - l ’hmt ’ se1- o mud pulse sr , m s a h ”a i lum me t t u ’ iu mt I’t’st 2’) ss ,i

mmd geel t i -i h , t  ml m hue tire self-e xt  m u gem m sh m im i g t eqr u tue m u mt ’uu m e-it t o hut ’ .t mi t t -  test -

l est 301 used 3 3’ ~- I- M ‘) ~-nu u ct ’ t m m m a te  i m anei . uummxe ’ el mum .m I ‘>0.1 hat elm of 2 ‘ ,4 ”( - Jt ’m ‘c fu el l ’h mt ’ .m s c’m age
fuel dt i mu u 1 t  i . i t t ’ u n t o  time 3S , 1 “ C ’ , US-kmmo t ,uumt lc tsr us ms ‘~ S set’. Flue I s m e t i t amue ’ m g m u u l e u  rs .m s it ttls t’tl .iu
24.”, In. I - 2 

- 
- , .m m u d 2’> . h SCt ’ , l ime’ hi m Sm tw i t  It ti lst ’S sd l’e’x I uui g u is hu ed ss’ mu i mmm m f lue  tlt’ich oh s ut ’-it tu f t ime

.i u m to m I ca tu me m ,i - Flit’ m tmuu it pu t Ise’ , m (so se’ It- cs tutu gru m si m ed hu t  ut u au mm lesred ttsc ’I I as u lm tC oh t1 I lmg d Ui .it it t im
0.2 see ‘I t ime ’ lou m l lm it umlse ’ a kit is .ms Oh Ic t iug tin u af m o u m , cxt ’ep I t huat  ,m flu cit _ i l I ss , m s ,mls iu ~‘I~seu S C  ii f t  g1

elow 11sf I d i  mum mc’su It um ig i tu .i pottl tire m luau set f- t’itul t a mm m ccl l’s e) tm mt -k I

~ 

me ~i mme ’ mum g I t  e u mmm ,ti’ Ott I .m 3. mum hm e i gu i
to ,ul ’nmi t  3 cmtm . sitn me ’ S mum . m h m  i t t  t ime ’ , u mm l ou t ,  l ’lue l ’ums t  t l mm - e e pulses 1tassed time ’ lire st’It ’-t ’x t mm mgtmmsh m t tu g
mt ’qum re t ume ’u m t - i ’lue t u - i t i r t  hi 1tulst ’ did mu of pas s f l i t ’ hi rt’ selu cxl mum gui m s l uum u g me t l e t  mm e’ uu u t ’mut - h’s u 30 us .us m id geci
t~t m m u . i m g u u u . i t l s  pass f lue f iu c se ’lf -t’x t i i tg u mt s h m i t i g  r eq u im t’m m tt ’m u t .

lest 3 I muse d 11 , 4- - ‘NI - ’) ‘nmuc e iii  ma Ic Iu.ituel- m u m mx e’tl iti a 1Q0’I hat el m ~‘l _‘S’’t ’ .1 t’t A fuel - I’ Ut’ ,ms em
(‘ric h d u t u m p  m ’ a f e’ mul t i t  f l i t ’ 31 . ‘“ 0 ’ , I I  7-kn ot ‘a im hlt tst st .ms (tO I see, 1 hmt ’ t t m i t i t ’ a u m c mgu mmt e u  s t - m s  puh sCti .mu
22 . 0 . 24 I - a u m cl 2 ’  se’e - ,.~lI t h m re ’ c p tm i se s sd ( ‘-ex t m u m gu m sh u e d im m u muut ’ci iat t ’I~ st-m t hm u mm mime ’ field ~f s-me ss- it t

t ime ‘ai m toil t’ amm u t ’m .i. l Ime tim e’ pulse eltu . m m mc ’u u i -il t ime st’ei uu m d it( i l sc ’ 55 ‘aS 0) . I st’~’ - I’t’st 3 t ss ‘as j ud ged tu t

pass t iu t ’ l u t e ’  Sc I t - i ’ ~ ti  mugu msl m mmm g rt’qt i m re m uu eu mt  -

l est 3 use’il ( ) ‘t’  FM • ‘) eomm e emm t mate ’  i u ’ a um ti —umm uxeci mum .m I ‘‘oi l h ,m t t ’hu ~t f IS m u ’’’, Jet  A fue l ,  l ime .15 t’m .m~s’
f u m el d u m m u p  u .m t C  mu l t i - i  f lue  ~O I ” t ’, I ~2’k mui - it . mum hlo s s  s-i .m s “ I su’~’ l Ilt’ 1u m o 1 t ’ am mt’ mg u u ut t ’I ss .ms pti lst ’eI .m m
10 , ~ , 3 I - 

‘ 
- .mmid 3 3 see ~lI I l i t  cc itu m lses sell-ext i tu g ums h ut ’ d m mm m u mte ihm at  eis st -mu h u m  t i u t’ tie’ LI oh mess oh

h u e  . i u r t ou i  ~‘.m m mut ’ma l I lt’ h ut ’ pulse du mlio m t  01 m i m i ’ ut’eond pul se ss .is 0.1 se~’ l’t’sm 11 ~~~~ ~t md geci l~ ’

p ’as.s tilt ’ tire st’I f” c’S f ingu ms hmu mm g m t’quu u t’uuue m i t ,

lest  3 used 0.5- i ’ FM ’) ~‘i- itu ~’ei i traIe I ma u m d ’ m mi m xt ’ch mum a t ’kt I s ’a tt’hl i-if I” .I ’’’,’ it ’I A Int ’l l ime ’ .msei . u t ~e’
fm ie ’ i  ch uu uu p  r ate mmu ho lI lt ’ 4 .2 ”( ’. I ~S-kn c st , m i u floss ‘t .m~ ~t 1 I %i’~’ flue pu opsu mue ’ u g m u m u em es .ms pti lst ’d ml

~2. 3 , ~~~~ 34 , ’) , ~n 5 , 35 , 1 , anul 3’) , ’ ui-c All suS pulses s el f— ext mtmg u mis hme d i uuu uu me t i m ate ’ Is  us mt lu i mm f lue ’
tic Id i t t  s mt ’ss it I’ t hit ’ ‘at i foul ~

. ,u mmmi - ma - I ~‘st I st-as ~tii1 ged I t s l’.iss tilt ’ hi mc ’ self-ext  im ugmt is iumut g rt’qt uu t’i ml e ’ mu

I

1~
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l’e sm ~-4 used (1,4’ - I - \1.’> cts m lee ’ tmf ma le  l m a m u d - m u u m x c ’d iii .m ~o’S - l baich oh Its . I ” ( ’ Jet -‘ fue l ,  l ime ’ ,ivt ’m. m g e
l’~u el  J t m u u u p  m a t e  u m u f u - i  lI me 30 , S”C . 1 20-knot amif iu ’~s was ~~ I 511’ I ’iue ’ pi - u tp a mu t - ig u u mmer  -is is pulsed ml

I - 
‘
, am u d 32 , ’) see Al l h i - i c  pul ses sel l-e x t  i t i gu ms lm e d s s u i l u u m u  l ime  lucid oh u i c ’-is oh l ime

a mr t oil e a ummem .m - I Ime lime pulse ci mm m a t mnu t  oh t ime I tu tu  ~l pu t lse’ -is as 0.3 see l e s t  4 us m s mid gecl l u - i ~‘.mSs u hue
lime s ell—e x t m mmguus lmmu m g m e c l umm eut ue lum -

rest 35 list _ cl 0. 3’ I - 
Ni ° coi u c etmt ra t e ’ huamm ci— u nix e d t t i  .t St ’ S - I ha l  el m of ’ I ts , ’) ” ’, - j et  -‘ fuel - ‘t ime .is t ’m .mge

fuel dc mumtp ra te  mm lio  t ime ’  3 4  , tu ’ & ’ , I OO ’kuiu t t  ammilo w st’ ,us ‘0 I see - time t” oit amte ’ i gu l it e ’ r us_ _ IS i t t mlse ’ci at
3 I - 

“ 
— 11 0 , 14 , 3 35 , 4 . ait d 3 ‘-3 see - l ime lii St I ow pulses passed mlii ’ time seiie’x t u umgutmsh mm ug

re ci ct i rem u t e um u - l ime ’ pmm lst ’ ctu mat mu t mm ~l l ~‘ mI l ’.c’ lou t  and hi s c es cue  .ubiuu t I . 2 see. t ’iut’ t i l t  hu j suik e e,xI mt I t mmcd
.m t’mme halt I ltat m esiu l t ed ti m .m 1- inut l him c’ I i m a f sd t ’-~’nmil  am ui e d b~ qui 1-k ly r educ’i mu g i t  omi t aUt umn .m 3 - mum I m e m g h mu
to about 3 ettu , sct u u u e’ S in a l l  -i ll I lie .1mm I u i m l h, smmumuia m to  test 30) l est 35 eras  j u id ged m5 t iuu au gm uual lv
pa ss t tie lime ’ scif ~cx t mu m g u ms h mmmm g m eq u mm e’ t llc’il t -

Test ,tt, useel O s ’ ’: FM- ’) en m tee ’ mu tm al e  l maum d- uu u m x ed mum ‘a 5(u S ’I (t ’alc’lu of IS I ”( ’ Jet A luel ,  l ime . ise m .tge
fu el ctunmp m . I m c’ t u l t u s  t ime  21) . ‘‘‘0 ’ , I OsI—k not aim Ilctss’ \s- .iS 4 1 I see , rime p r i - i p amme ig m lm tem er a s  pulsed am —

In , I , ‘ . 3 , IS .’’, 3I) , 3 , 31 .  ‘, 3 3 3 , attd 34 .~ see, All buu t luc ’ u hu i u d  t - icmhse ’ seIf-e’xui mt gu i isI u e ’~i ss’it hm m r t i le’

field i-if ’ s mess oh the .ul m I oil e .immm e m a ,  ‘s I U-c’ mum Ii mef a Ii us as ~‘l’sem se~I I t s (‘ .155 t I m m~u mm gim mIme field ~‘h me - is
ctil I ft c’ hot i r l It pulse - Itt ’ue i’s’ I’m I hue lu ,ull ss .ms uto t  c ’b serve d l’s f lue  -is I’m ’ s’ m ~‘et - c auuuema. I lemice ml m u i e ms l h ave
self-ex t it i gem mslu e’tt mic a u t ime I m am h u m  g etige , I c ’ sI 3n 55 .ms mmd i,5’ ci I t t  (‘~m s s the hit s’ Sc’ I f-t’x t m migu m isi m um u g

r t ’ t l t m ireul m e ttt .

Test 3” mated 04’ FM .0 Cnim c el m t r ale ’ Im att cl ’ m uu m x ec i mum .m ‘~ itS’! tuatelu cut ’ 2S”C J ef A h et el .  l’ite .m s eu age
liue ’i du mnp  mate ’  m u mt e t  lime ’ It> , ~“0 ‘ , 14 l ’km u i ’t  .1mm hit tsr se-as ‘0) 1 see, l ’hu e i s r c t p ’ a m ue ig m l m te ’r -is as pmiise ~l a m
In . ‘~ , imm ~i I 8 .1 sec. l’hme hi rs t pulse’ rest iti ed itu a him e’ttall uut t ime ’ a im sIt e’au ml s tar t  mum g .u pne ui t ire st u m u t e ’ ill

behind th e ’ a mr t ’n il .  flue seeoum ul pulse ’ i m ui t t j  tech .m t im e ’ mut I h ue ’ au m s (  mea mu m .  test .3 ‘ s-i- as juc l ge’cl not f~t p.iss

tit e fire sell ’-e xt mtt gu i i s l m it tg  mt’qc mt re’ m m u e ’ mm u -

l’c’~I 35 umsed 0 . 4’ FM ~~~ t’ouie e ’ul t i ate’ h u att el -mn uxe c l umu a S :sS-t it _ m t t h i  i -i l’ IS 8”( ’ .JeI A Inc h.  tI me .m u’ c’ m ,uge
fuel cl umump rate ’ i mu tu ’  l i m e ’ ,~~> , i 0C, I I i) . kuuu0 a um l ie -i s s ec as ‘I I see. ‘l Ime p m o p a m u m ’ ig t l m te ’m ss’as pulsed at
14. 3 , IS , S , I ’ .I , 15 .5 , 30. 1 . .m iu ti 31 see All pn m ls es exce ’p i time h huue i  amid t i f t i m  seIf ~ex t uumgcmm s hme ’ cl
wu thi i tu t lue tie Id t I v less ~‘b t i l t ’ ‘ ai m tu t u  I ~‘a m ule u.m ,  PUlse’ lii tee -it’l l ’ c ’x um ui~u ished somu t e 3 mum l” t’h umi ud l ime
.1 um foil - Puist’ fi st’ res u ilt eci in .m pool hi l t ’ m m mmdci t i l t ’ 55 m m m g  uc u st ’ m mut ’ 10 mum a hI  oh mIme .mm m I i’ll 1’ h i s  pu tu sl

ti re’ se l f -comm t am ed . Fe’st .18 st- .m s t u~l ~‘d to h mm , iu ,’it ua Il y pass I hue ’ hltt ’ st ’i t - t ’xh i mugt m is lu i mm g u eq t m u re mu le’ttu -

test 10 use’tl 0,3’ : 1- Nt ~ coul~-e ’ii t  m a te  l i , i tuc l - tumm ~ i’d imu .1 ~t~S - I bat elm oh In . 3 ” ( - Jet -\ I uc’l. TIme m u I’m ‘age

t t ie’I d u mm u mp mate  iii t c t I lie 4 1 - 5
”

( ’ 
- I I 0-kiu c u t atm flu tes us .m s 4 I se’c’. l ’imc pm u spa u m t’ m g u m m u e t  55 IS pu) lst ’ti .11

10 , 3. 2 I - , and 13. I SCu ’. l Im e him st 1u mml se ’ m e suih u i’d m um .t 1unctl hi lt’ mmile u m hue I ma t  lum mg edge oh I hue ’ .1 mm I i t t l ,
i’hu m s pool lire ref me af etl Soum uc ’ .1 mum i’e’seul u mu g mum .m j uu~ u l l~r c’ Su silld S u mu lu ug lu - I’ he’ see i ’ll d puls e’
sel f-e’~ t ingu ishieti m u f l i t ’ hlel i l u - i t’ e’m~’us nut t ier ti m e .1 mm ’ t o i l  - f lut ’ t hm uu ci pul se’ m t’sm i ll cut mum .i i m il l  m u e  Ile lul -

re’st ,~ ‘ -i~
-
~~~~ it mt i gt’ei utc ut to pass time ’ h i l t ’ sc I f-ext I mug mu m si mm um g meq u mm eu m ue m u I -

Test 40 used 0, 3’: F Y d I l  ciunet’i m f m a f e  tmt at ’hu i mte - mu m i xed j im .m 100,1 h a t c h  it t  I S O ’ ,Ie’t N u m i ~’l l’Im c
average fuel d e mumup rate m m l i i ’  t I m e It) .

“ ‘(‘ , I O ’) ’kuiu t t . mmu llu sw ~~~ ‘~S I sc’1’ l Ime I’ m u t pa m t t’ igni t e’u e s.m u

pul sed _ u t 2~t . 1 . 1 . - a mmu l  It) , 3 see, T lmi ’ himst ‘afi ti sec utmuil p im lst ’s Sc’l I CS I imt gtui s l u e’ih ss if hummu t ime ’ h eld ~ h

a
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less el f clu e atm t i ’d ammu c’mzi , i ’hme ’m m fire ’ pulse U t I l e  sr ,is ahoul t t .1 se~ ~‘a~ I m .  l ime th i imd  pulse tesul te ef i i i

a r sctni t i re  wider tIme a im I n t l . I c’sf 40 5% as iudgeti mm0i t o p .mss tI m e l i m e  -it’ll ~ ‘ x t m m mg um sl umm tg met 1 mmmre m u m e ’ m lt  -

le s t  4 1 used 0.35’ FM• ’> ci m iucemi t ia t e h j m md - m uuixecl  ti m a ~t,S - l h at ~ lm c - i l 2~ . 7 ” e ’ Je t  -‘s fetc h , ti me’ .te c’l .mgt ’

f ’ uet t iunmp ‘a te ’  j u t t O l ime 3O , S” ( ’, I 22 .kn et i  ~i u m tioss se .ms ‘-I I sce. l im e (u ui tp a mt e ugm tmle m 55 ,15 pul~e’tI .im

14 , ’ , 15 , 7 . I “ 4 . iS , ” , amid 10 , set ’ . I h me f i rs t  i uulse seIh .t ’s f iuug u usl uee i  u m m u m m m e d u a t e ’ l~ sr mi lu m i m mite h’ue ’Ie i 01

sut ’ss t ’l t ime aut oil caimte’ra . the m m c x  t i t i t ’e’ pulses h ’a ii e’el i n ~‘ nmut ’ a imm t ime fume h a ll  w m thm ut t  t ime a u m s t m e a m m u .

The f i f th  f’im ehalt me sulteel m u m a pocul time at ’t oh tim e a i r fo i l .  l ’iu u s tire ss.is smg mt i t ’ica mmt lv  d m f t e m e m u t  I u c s uu m

other petett l i m e s  m um th at  ut er as c-it how ht c -au im t temts i t  - ‘tes t 4 I es .m s luid ged I i i  i u ua m guim ’aIi~ p.mss t ime I m m t ’

scl f -ex t iu m guisiuu ng med l uim e m ul eut l .

l e’st 42 use’d t) .35 ’ : FM- ’> t’it mu 1’elutr .ite I amt t l ’ummuxeti  i t t  .i ‘~ ‘S’I h ’a t t’Im of ln ,,
1” ( ’ Jet  -N hu e l ,  l ’lue .us’e ’ m .m g~’

l’ umel du mp m a te lImI t ’ t Ime ~1 ,1” ( , I lO-L imi t i  ‘ a i t l ’lutse us as I sCC , l im e pmc ’p ami e m gm t m t t ’m er as pulsed at

S ‘ 10.1 , 1 t , , ~, I I  4 . 3 , ammd I i , ” see. l ime h u m s l  l~~0 ut puI~t’~ sel b - t’x t i t u gu l i s h t ’d r e m m i t i m u  f l u e ’ lue ’id i - i l’

5 te55 t O th e’ ‘ai m l ’u t m l  ~.u mm e’i .u. l’ht e ’ fit ’ t lu pulse mesu lted mit a I ’ure ’b’.til t lt a t  self-ext  mm mg u msh m eel Sctt ii e’ 0 i i i
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FIGURE i i .  F u e l  f low p a t t e r n  apprc )x i rna te lv  one secc) n d a f t e r  fuel re-
lease  and t o r c h  i u ~m ’mi t ion , t e s t  no. ~8 ( FM 0 e’o n cen t r a t i o n  — 0, 4°~ , a i r
ve loc i ty  — l ,?0 kno t s  • f uel  v o l U m~’ — St’8 l i t e r s ) .

P 1
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FIGURE 12 . To rch  i g n i t i o n , t e st  no. 41 (F’Mct  concentration - 0. ~~~~
a i r  v e l o c i t y  - 12.~ kno t s , f ume l  v o l u m e  - ~~-8 l i t e r s ’) .
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