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Ms progreea report, -which oovera tha fourth through the 
eighth cp.»rt.»riy r»»i«es, deeeribes work p^rfonmd under Itsaaa *i(<4) 
sad 1(e) of U* S. Air P«fl« Contrast He* A? 33(6O0)-58fiO SvpplwMeft 
Ho, 4«    Ths#ss item cover th« dovelopnanft of a basic pow*r control 
eyataa for pulae~jet powered helicopters and the issrsatigatioa of 
cyclic fuel injection as a mmms of reducing rotor in~pisne vibra- 
tion and torque variation. 

During the parlod, (15 April 1953 to 15 J«ly 1954) covered 
by this rsport, the subject contract has b»an ««st@d to reduce the 
scopa of tha powar scntrol itsas, with eorreap<a»dlttg inereaaea in 
gophaais being given to tha developsent of puisa-jei «sgis» ccs^o«> 
neata«    Specifically, the ground and flight, tests of tha basic con- 
trol systiwa ware daisied, aa wars design, fabrication and testing 
of the cyclic control ayatoa.   Work ©n tha rea&laiag program haa 
'bests carried out at low priority, •with both expenditures m& aeeest- 
plls&ws during tha pmt 15 sssathe baing approximately equivalent 
to that, reported during each of tha pravioea quarterly perioda. 

Tfe« first repotft of this aertea, £»f»«a©e 1, eontaine a 
g«KMtr&X diaeuseicfi of possible power eao&?61 ccnfigaraticKa for pulae- 
jat SwHsoptara idthout rat#r«5@a to a spselfie aodel.   On tha baais 
of that diaeuasloa, it i« coaeXs&sd that iw for* of prograiawad 
thycttla actuate with eolleativa pitch eiwsg® (with the possible 
iaolualw of a si^l® governor as a trismsr) la tfea most a&traetlva 
possibility. 

X» tha aaeoisd report of tha 9wLmt EafarMae® 2ff awe- 
^§«e*i6 sad $;sw$r plant p0-fmmi^ ***** for a typieal pulee-^et 
PNs$»#ii*d fteMeopear «r« a»a#«@t®d m& ewtoted ifeto leWi fligt* 
®l«iiibfi*aa ehartau   A iml flaw v*.# aaUaetiva pitch eeheduXe ia 
dwivad from thasa oharta and * d®tail«d faal ayeta®. ia proposed to 
i^Jaa*©* this aehedaXae 

& tha tMrd report* S®f#r«si«i 3* fuel aysissi raapsaaa 
r«fc«s ana r**« «y*%e» Aa.«%i* affacts »r© ptmmksA for a typical 

•jffllaa^jai halieoptar*   C&laala&leite ralafciag to a prograassad-throttla 
i^a powtr aoBtJPOa. syaiasa it* e0»Mmw»£ 4a aavar eteedy~state opera- 

•t£©» over tha *s*ir# t*M«opt#r fligt* vmm » **a$A a® d^sadc par- 
f«M«e«j duri^i" twe tjf^aal sismatiwiri**   f'ha aswallmi rawlts obtaissd 
wk%k Mm p3H^awi«^- osatrol ia tliast stadi** india&ta the daair- 
&feiUAf y*!8 its co»tiHft€d d*^tbpaw«St", 

Tha praaaRt rasport daaaribes MditioR*! evaluation of the 
psrograiH»e<M;hr&fcfcle syataa iasltiditisg daaiis^* fabrisatian saad liaited 
baaeh t^sfefeg of tha actual aoa|«3aenta. 
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The following diseueeion is organised according to •«©•» 
Ject matter rath®? thsn awarding to quarterly period during which 
the work erne aeeenplisheci*    However, » chronological mwsary le>» 
pr«saet®d te Table X which *hew» th« distribssfcieti of work batw©« 
tin* varioue period** 

Calculations reported in Reference 2 indieato that the fuel 
syataa lag directly attributable to the caritatSag-rotor type system 
of the XH-26 helicopter ssight be approximately 2.0 seconds.    Taste 
on tha XB-26, reported in Beferenoe 3$ show overall fuel astern re- 
sponse times which are also about 1,5*2,0 seconds; however,, the 
close correlation suggested by the srasbws is not supported by study 
of the oalsui&ted and actual tiros hiatoriae,   Tha calculated rotor 
fuel line response of Reference 2, Figure 12, fcdis&tes a. rapid 
change of engine fuel flow immediately upon throttle jaonssBwsst, fol- 
lowed toy an asyoptotic approach  to the final engine fuel flow, The 
actual tin» hiastory of Refcrenea 3 shows no appreciable chawta in 
angina fuel flew (noise leva!) for about 0»# seeoads foUet&ng 
throttle wmmm^i then tfte engine fuel flow changes rapidly$ and 
finals approaches asyaptoiieaBy to the final vaius*   A probable 
explanation of the test data is as follows: 

(a) There ia a sigssifie&at lag in the fuselage portion of 
the fwel-ayatea attributable to line etretsh, relief 
valve inertia9 ate, which say account far the first 
0.$ (second* 

(b) fhs rotor fuel Itoe lag ie leas than ©al^uIaiM* poeel- 
''b^'.lJ&iauae the. 9*?3» of final flew sHraia as the etf*H*ff 
point in SafereMe© 2 takes in tec won of %fm final 
sgfspbotie slope,    For inatwsoa, the use ef 9236 of 
final flew m the- <md point wewli have ltd to a lag 
tine of 1,0 seconds instead of 2*0 second value pre- 
viously cgaofcecU   this consideration ie psytionlarSy 
valid for fcfee eaea ef increasing fuel flow, since as 
men as a *30$ shssagit of fuel flow fcs® i]» peak thrust 
mime has 1 negligible affaet m pulae«Jat thrust. 

Another ssri®s of tests slu&l&r to thoss of Reference 3 bat 
with the addition of an. Inetantaneeua fttei pressure reading taken 
at the sntranoe to the rotary m&l aessgKfey w©u34 do such to clarify 
th# $aal spsfessR lag pictnre.   S^h teats are r«««®«dM if the 
XSkSa flight schedule p®rsLtgB 

.WW&fc&»W»fth AV^Tf.^.i :• ftl^V ..y^*** ctV!ff5 V.». ,r <liyMUi^!Ai.tff^.l 
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Tw© approaches to the reduction ©£ lag in the pr«ss«s»4 
eavitsting rotor fuel sygt«a ware proposed In Reference 2 - (*) 
the redaction of rotor fuel line disaster mm? the %ip$ and (b) the 
!ase of a piston type "aeseleratar p-issn," wht§S» sould bast be tested 
in nonjunebion -with the pro^eswed*>thrattle eontrol system* Meithep 
of these »eh«aeg has tew tested, aed the eurreKfe nsdvsssd budget 
for power control work will preclude each testa daring the rentainder 
of the progress.. 

A third approa.sk to this problem, is the reduction of 
fis*i Injection pressure at the pwlee-Jet, -with assoeiated reduction 
of the fuel solusn length chassges required for a givsaa variation 
of fuel flow.    To investigate this possibility» three seena of re- 
ducing the pulse-jet fuel nossle pressures drop have bees tested* 

& pelr of Lee Cos^any, dianhrag»-type, variable-- 
area* "DSpole" fuel nossles war® purchased.   Otse of these newsies 
was Installed is a 6»75".diameter pulse-^et and tested on the atatis 
thrust stand with results aa shows in Flips?® 1.   Stgnifieajst reda©-- 
tions in, fael pressure «ers realiseda fettt they were aeeeapsnied by 
a considerable reduction in paak thrust.   The reduction in t&rast 
is undoubtedly attributable to an inferior spray pattern which &a 
turn is caused by a ssle»»tch between the «*«i;st&»g tmX baffle sat 
ins "DIpol®8* n*>stftle# tMsh prQdto?*a a f*11e*f eeaiesJt. eps*«y eiMlaT 
to that of the standard feed nossl* bat with as- larger included 
angle sueh that the spray de»g not fully fcspiaga on the baffle. 
Ps«* sjjteeyiewse is *h«wr* t*s*i «nt.teri»ing tea a»*le-bsffle SOTPsnge— 
sent can %e a tedious proeees' <sa& it was net *dartak«o in this 
ease'. 

Work 4«»® under another ecg&raet included fabri» 
cation sad testing ef a fuel spray §y*bs» located absad ©f Wse pulee- 
jet valves, with static test results as ras«r£®®d In. Figure i*. 
Subsequent'fee these static testa, a similar system was whirl tested 
en JSK disaster, XB-26 engines with sosewfcai .negative results froa 
be*h engine perforaemee end valve endurance (standpoints,   It is 
probable that this system §a® b® partetedj, b* %"m effort respired 
is -beyend-the scape' of present pr©gr»Bse 

isfitijaAa-jitafaJu^siJ^^ 
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4 £tmd orifioo oesslo roto* 2$ oh • 10© psi 
ioototti of tto »t®M®yd SO gph ^aa tOOtod dwisig *is3rX i**gts of 
?*53 ftiaaotor aogtaos.   M© si^nifteoot «ff««to « {took t&nsot w«s*«i 
soto&l hswrror, fch© X«saa bXowoot ffcul flow w»» iaoroascd notieoobXjr —• 
m ©ff«ofc whi«ls imm Mm £«as4 prorloooly «i@? sds&lor eiroonvtonoM. 
Its® «s@ of 2© seaA. SS fph aosoleo tapJstf iiws roepoooe rats tooto so»- 
tl<*«d iss 8oo&©» 3S1 algl* yloM wrttailiilo d*U y«f«r(llas too o«- 
tribefeies of tho rs*er ?a©X Ms® to tins ©verolX fwml sys*« »^s«®s 
rotoe 

FoXXoad&g r«o*S#t of approval froo Bright Mr Sw^lopsswt Cantor 
oarXf te tint pr®B«tt rspart poriod* Aoaipi «M fatepieatios of th© 
l»sp«a»d tfarottl© apstasa woo taitiotod,   Snails r@§»?Jtejg W» 
varfceoS ao^e^aata or© outlined te ih® foXXoti&ag paragraphs. 

BgpnaaUo P««MHNMO. oaXmXftti«» fey tha profrosoi throttlo 
aOHtoeg, tenMUa* M mi X8-36 or© &®m*& £«XXy a© toforasao© 4 asi 
or© wswariSOi ia mtwmm %   Is tofch r*#'»«£*ij, utat&oa Is JSM* 
@£ tho twsiislaS, offoffe of X«i# rotor iB£«?t£& m fer&astet rtetor 
#£?«#$ ©itamtorioMOsf boweror, 41* ®nXf fwstiiiMw rowXto stew 
or* Itt H***© 2 of Soforwoo 3, obioh tatioafeta «ttt r«to of #»§o of 

rpn for rsstoea pwiso-Joi ttepust 

5i «te to fart&sr slsrtff' IMs feist, m aalditlaaal 
troasloafc roopoeoo ooloolo^ieB for « torioostoX pell-op too teoa | 
imm& mmigim$$m§, %» oooo0of tto f^®f4s^a «@rk C^P^"® 4# Sofor- 
tnoo 3 •» W*w* »| ftoforovioo k) Hiimjili %fc^ s^*«r oolip .tesry.* 
I»0 Mfijg r^»«4reff« tl» n-ai w2» of 4S© slsf^o^* to « «2«s 
@T im rts^f*^2 «L«h &o r^?«®«%afelvs of ft mm &e±rm fe®21- 
t«pt«* of slsiter* pS!wt »®4tlfea   ft» fwmlfesi «f 4M« *s^" as*® t»- 
«2»A«a a# Hpgro 2$ wfeieh *te» feb»4 «i«k «to HN86 rotor 4a«fei»$ 
-**# a«l»» >»«*« «fw^*®®l 1* Xi^H Mi ooeoro S ®mmm& aft«r tfe* 
sts-fc of tito aMMooori' vfcwooo Hi tho asoli* »t«r SaorMo, tfe* 
««a^ps» ©twapwi it W$ as* ®#-s«».a Xooo tlun 0,6 ss««sd3 oftor tfe* 
•tort of tfeo 

Stefto ^# rotor s#«^ onrliAioaa «^® toXor«Bl«# tin 
&®®or r^bw 40osmii'.»*ls«0 i&4'4iff«f,o»oo ^^w$« OB ose«^toblo ood 
«o Mfe*&s^t^l® oessteroX a^t-»*   ?to««- ro«sXio fe^w ©at tlj® tst-a**- 
s«8ts «sa pogo ? of keforOsoo- 4 «M®b ore -ip#fe®i' fesi©^! 

ll4^*J^11^4i^JL.£^iii«42iL^^^;^^ »iMmmsi^t«>ms«^mZ*^mmmismiai^at 



-^MffiCAN m& HELICOPTER  _ mm 

"The programmed throttle has bscs in use for soae tiase 
OR reciprocating engine heliespi®r8.g but has not been successful is. 
making those helicopters essentially "one control5' (!.*«, collec- 
tive pitch control) machines because the trim changes required to 
keep the rotor speed within limits must be s^4« about as qsiekly 
as the throttle changes required with no program,   Thus, about all 
that has b@«s aeeosplisted has been to reduce the amount of coordi- 
nated throttle movement required for a given change in collective 
pitch.   The large inertia of the pulse-jst helicopter rotor sad its 
relatively short fuel system tisaa lag suggest, howsrvars,    fcfeat a pro- 
gramed throttle control by itself» sven without trim control from 
the pilots might keep the rotor speed sufficiently clos® to a ra.eaa 
operating speed so that the system could be considered a rotor speed 
governing power control system.    This consideration prompted the in- 
vestigation in this report." 

Th«s goal of this design program was the achievement of a 
si^les reliable linkage involving ainiaairo cshanges from ©listing 
]0$-86 hardware,   the d»gif*« of success may be partially Judged from 
the "feafor»»<^~sft«r" photographs of figur® 3»   fha IM-Z6 dual 
tls?©tti® Mssably was cat in halft with the aft unit remaining in 
place m tha manual override bypass valve of .Mgure 10, Heferaase 2« 
fha Mftll twist grip and earn drive for this valve are also used with- 
out chaste.   The forward throttle unit has been relocated in the 
ausdliasy linkage box which mounts on the cee&pit floor bestd* the 
eolAastivss pitch stick as shewn in Fipr« 3,   This valve becswss 
the prograssasa throttle and is aetuatad by the $m Md linkage of 
the auxiliary b©x| these units, in turn* are actuated by the main 
pivot shaft of the ecllectivs pitch am (not laciattd in photograph)* 
fha.main, twist grip oh tfes collective piiofe lever is connected through 
a system ©i levers to the mkiu pivot $hafL m tlteti retail^ Of this 
i^rip predaeae the $mm affect on the progrs«*£ throttle as does a 
ch»ip> of collective pit«h*   this action previd.es the pilot's pri- 
swy trim. control and is illustrated schematically as a esm shift in 
ftgmii 10' of Reference 2, 

Calculated earn ebaa?ftet»i»tlcs for the XH»26* for a&ssipi© 
•  Hfp&» 3 of Safayen'cm 3* iiriissts that; fmi*&~,$#fc riefc mti. lean limit 
f»l flows will bs reached waU within allowable eojleetive pitch 
travel; therefor®* the-equivalent of a 2ari« flat region oust be 
pmHsl at s&@h end of the cam to allow for overtravel.    During the 
detail design of the lintag®, it teseass appsrest that such & large 
®m travel is not feaafbls because of cam clearance problems aa 

MA.#M <*?¥**    »i*CM,   c*ii?fls«i*     .     tstu    ****,  sa-titatwiA    -    MI**,  setae*'* 
MiHlmjunHiTanftmiiujfriinnm IIIIII^II II»WIWWW1—III,BIHIH il !Mwi.wMMWM^wwiawi^iliFwfLiilPM.,liiiiiiil!ii»iWi*l.l|WM^iii(»tw|iillllBti.U>»ll><lilwlMI>liwiiii WiUWHU. 11WIWHI UWllWUIWWIHluiinil>H1l.fl'W*WWIHnitfirilil 



well m aagular trssrel liadtctians In th* mltip'lging. liaksge*    A 
<assi<p# spring cnrestraTpel welt was developed urn a» alternative §«$ 
b.ae hewi frHMiatre&ed to tee ho&h eooarata aad dtfsarsiabia.    it offset 
fsesiiiw positioning through the «s» operating r»g©» eoepledl with 
ageqpiate ©vertr&vel to aeeeataodate a, aiastltaneenaa &pplio«t±©n of 
fall collective pitch plus fall trim aS&tstasnt.    Sufficient tsflssi 
Is available to obtain lea&i Halt fstel flew with a collective pitch 
which would »era«lly call far sawdsss® fyel flow aM Tie© vars*. Such 
a draafei© trim chsnge Might I* weed if ihs pilot desires to change 
Ms yeb«r speed la aatieipatioa of th« requirements of a violent 
aaneuver susta a© a $mp take-off or & horizontal pull-up,, 

The first step tcnrwd determination of the ess contour is 
the calculation of the req.'Uirad engine fuel flow vs. collective pitch 
relatlonehip &a dssorifeadi is Referanoe 4.   The carves which haw b^tm 
obtained are b»s9«d on obsolete engine p«£©m«s*s data and Mill need 
ts tea Modified is the event that a flight test profri® is reinstated. 

f h» second step la to define ths relative motion of th* 
collea&iva pit eh Itvw and th* «*«*   This «®a be im®. vrndlly by 
sse&ne of lajosate or fey- »*»s of aatuil ageasure«*B&s mi the hardware, 

ft» third «fe«§» is to obtain the fiwl flew vs. displace- 
seat s&areatorlotioa of the v*l<r*.   full for this por$»ose have been 
p*f*e»4 triLih raaa&ta m Mhmm. la figure 4*   The threfetle pi-wi^gr* 
$f«f of 3© p«i weed £m theea taete is- as large aa ®m, fe# provided 
en ths M»m stfchoat m»mi&&g the allowable fuel pss# wor&l&f psreg« 
«w#®   Owrae ^itei far the «t*?s#&wi »mt ««*#«? of ,099(5 lw«h 
IMB far is* aala^gei eaa^ of 0*101 Jash ^3,oh i» rasjdred to prwids 
M#ta^# faal flaw idthoHt tnomnlMMPlai tfe» w^atis bahavley « the 
s^aMs^ of ttei naaalje ps®»«® the ®0-«« 

ftm fawpfeh and flaal st«p la the ©«Mit^i« af the &few» 
lKf0St«tieft with a px^fil® of nas ra41»a ts* Mfl®* 

ftea ^&ltM® @^^«ie^« A^ws In «#iy<e 5 haa b«a» da- 
mtsptA «^«e « »^fe««tf!«t % %M le» Cfl^^' of ¥gi*^^s Ooraaotiettt, 
me unit wta teiit te *ha n«ttrfWK(t« of BafertaM 5 uttfc »lft©y 
ai^lMpte a* a$J?«e4 te *0T *hi# ©ORtafoefcot a»d the wfesmtraatw. 

S««feiw 4.3.1*    equation ataotila f«4   AP   -   K<P«)S 

•^--jyt^MJ^s^iJiA^^ 
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SwefcioH 4.3.?*    bXasd flow stall net eaaeesd 40 Ib/W 
at saa lavsl 

no saction msafe*?3    tint! shall be capable of bypassing m 
assssas foal puap 0»imt> ©f 1000 Ib/hr 
C*85o J*fete* 53-1599) 

The *mit ws» tested at the Less Coapsjiy prior to delivery 
as reported, its E©f«r«ae# 6? which also septate* jpehsnstie md aaaeathly 
drawings,    Performance of the aouspssisator is apparently satisfactory* 
and It is available for use if a flight test pragma baessses possible 
at a later data* 

3j.?«g   Alterant* Tapi, ^fwnp 
As a possible alternative to the originally plaisaed flight 

testa which wara primarily delayed teaca^s® of unavailability of a 
suitable XB-26 helieaptar, a eoasbiaatioa tedwars-sisalogue study was 
prsfKnasd,   This TChase involved use of th« previously dsserlbsd pro- 
gp9am& throttle t»dway® <s©naaeted to tfas fuel flow b«eh «ad intar- 
ff®lat«d with m teaiegae gsapufear s«t-ap t© adsaiLa&a tha flight • efear- 
®6t«ig%iea of tha ZH»M8   Sisdlsr programs hare baao farfomad, sed 
tfel project appaas»ed ts©taai<s*13y f«aibls| however prseiisal e'O&aidara- 
tloixa, including flnanse*, lad te tandnation at the proposil stag** 

Tin® pregraaBad throttle eeatrel systaa mm a«&a«&ed fa* £*bri©#» 
tioo ami tsafclag sn< tha XB-26 because of its si«pliei%? stability, 
as-41 apparently adacjuata aee«*>asy.    leassvar, sines a issre elaborate 
spstea sdghb tee daa&rabls for ease aabaaqaaai p«lse-3et helicopter, 
a roqpttfftMMft WM established for a ccatrol iyvt«a which require a 
„i.U;i^.^ «»v-u«<» i*X tuAu« *tt«riiioss r^auwileaa of b'm aa«t»j.«3idty in- 
volved*   'for ma^wiiaaaa, this "fully aiitswa&io* syst@» has bees* 
gMwad MI two §#parat« prebiesssr (a)'governed throttle, asad (b) 
aa&eaatic start seqaascirtg. 

A# a result of •everal dissuasion* b*few»» MIBC perecuinel 
aod essplei'aes ©£ this sfflst2»*®t«» it was decided ihsft tha equsidera* 
tlo» of ttstesfttis r«4oy ^P«SG p^aesisss shoald ba smbeoateastad to 
as ^fmia&tlsR ^aaialisii^ SJS »«|y©l «*%«   ise«pilagl7* pr«^«fBals 
%SKE«® #^A«itai lem fow asefe eSBO«»»e, «i iw* «a»lla«t prfipoasls 
#j#a issa^wM*.   ftsats® py^ofala w«ra fia-w^M ta 1196 as aadtosws* 
is laf^p«e® 7S attd appi»s*al «®« rsq£ftsst«d far l»«aas«# of © sabeoRt^aat 

J*££££J^-»ii4ii^^ 
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to the Spenr" Gfcproscope OoHpany* whose proposal was debased saost 
««piatelo»   ©taring the eonrsa of tb.#8® negotiations* the previously 
jaeatiesed ooRtraefc«al ehaiig«e were effected, and the rsdueed funds 
prohibited sentinustlen of this isork, 

Ag is discussed oa pagss ? through 9 of Reference (l), 
full advantage owmot fee takeei of the pulse-jet helicopter's inherent 
aMeuvsrabllity unless the pilot is abl© to utilise the rotational 
inertia of 'the rater syste&a    Darijag suah aameorers, the power plants 
art net capable of aaabitaiislftg eemstant rotor spaed,, and the pilot 
will have t© monitor the rpsu    It has beam suggested that warning 
lights or oih®r signals be provided to wars the pilot fcsfor® dsnger- 
ous spessd errors »r@ encountered so that he ssn taka corrective 
action*   the use of autosatie ©oUeetive pitch Uniting ds'/iees to 
prevent dangerous speed ©rwsrs have also bean considered* but the 
questionable value of such devices d©«s not appear to warrant the 
cenplaaity tavolved.    3i&e<&. even the governed throttle system leaves 
re® amlioring responsibility with the pilot during smy ssx&eting 
wmewrerSj %d in view of the (ssseliewfc behavior shorn for the pro- 
granmed throttle 8fst«as It is considered that terasination of gov- 
ssmed throttle isfesdiss doss not represent a serious rMuetiea of the 
overall prqgrasu 

"'-"• 

Ejt3£«i»» with turbojet sad raggjat power plants has 
stan that both yeqplre proapt and eoearjite throttle control diirtof 
starting and aeeeleg'a&iea procedures*   Eased apon this expsrieaea, 
WISC pers«a®i rad«d 'lofteal tuitions rM®p3$m siasiiar preosdurss 
tm jmLse«>jet halieeptssNi sad aagg'ssttftd this* & "f^i^^ss^is" eoa- 
trol *y*fcw» a&gtfc redwfe the respireswts pl»e«d c® jjj8l»t skill by 
pr©vidiKi-«.te»&tic ssspeaaing of £b«l» air, aad sp*Fk during the 

this ««&s*a&or's «^mri*w8® with pulae-Set 
h*Si£egAers has shown tUat, en#e etartsd^ the englnee topically 
eaUiMt wida ffesl flaw opsiesstini Units mm the astir* sp^ed range 
frttt static te nasiaaK ©verafswl.   In fact, fas- the S«69 it is 
4eebtftsl If the sngln®® *«* be aa£» to felov mt# either rich or 
lean, during the «®s^3«s?*ti®a p»iod witlumt forsiai th® throttles 
b«^®d their riea or l«*n nan steps.   It app@ara# therefore, that 
asstopsfcie emtyel dBBftef the »oeleratien. pr&eadors em he eliaiaated 
frosK further ocnsideratlen* 

JiAJ£^.^JJ^--!L?r^jy.^^<».>4?,»,:.».y.JiJ!L ,. ..1r.'1:r-^JS,^1^^r--..^T?^,*^,,5A}XlSJ!-—* '  M * * * *    mjtloiffrii* 
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night teat asparissjcs with tlss XH-26 helicopter 
pointed <mi a starting problea* *a follows: 

(«)   ffes tins required few fuel to rttek the 
engine aft* throttle opening d«p«ed«d 
agxsa the Mount of fuel initially presont 
in the HESSSI downstressa of the throttle 
aad varied from »er© to about »«v«a seconds. 

(b)    If fuel was allowed to aoeusulais in the 
wnghw prior- to the takroduetien ©t ®«s- 
preased sis? through fcho air start isaaifold, 
a fix-* wai like2y to ©©©m8*   The oospresssd 
aiy -wuli net purge the engine so that a 
start was not possible; sad tie©-, the valves 
were frequently damaged by heat. 

(e)   II' air was introduesd tsBiediatelv upon 
tfertffctle opening and tha fuel delay wa® 
wftariLmwii the «s«pr®sa«s*t air supply might 
toe inadequate. 

As a result of this probX*e,9 considerable thought 
has bean given various seaiis of eoordi««tiag the iatroduotion of fuel 
wetd air into the engine.    The sinplest and asset prcssiaisg «spedlsnt 
appear©! to be its® addition of a spring Isadad fuel shut-off valve at 
the **eior tip •mi&ch would insure a full fuel lino te that point and 
wnSI p>«v1.d« istasdlaie response to both *tr and fuel valve operation 
in the cockpit* 

MeiBftshil®, development of m isproved air start 
sy&tas was s&rried on under anofchar contrast s with esssLLsne rnm^j,%.& 
m reported in Rei*?*ao® 8*   An air start »»if©3d located ahead of 
the sagiu© irslet valves was iamd to be superior to the previous aani- 
foM wteeh was leeaiat! aft of the mis*®*   Using IS-26 eos^onsnts 
throughout, JassMiata start® were 'Obtained even after the engine had 
been flooded for 10 seeernds*   Thin Otig^sreeaed air '.suppl? was found to 
be' «*sp»te for © starts (it is rwiwgad durteg fUgM, s© only one 
start is r®«!8i«K!).» sad n& valv* burning muss wid«!«f9 

With both starting and a®eel»rati©n rednaed t© 
virtually £oel«pr©ef proce^ares, it is eesat&ered that no farther 
«jf£*rt is justified en stsrtisg md mmlrnmiAm «nder the prag#a* 
©sf$#«*efe« 

Jm^^UtmZ^mm»tiJAS£A^SJ^mam * & i^L-^i^^mjiEiJ^JLiJy^^ *   * m?J stsfc * 
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Work u»d«r this itea in tefc«4M tot (a) determine the «t*»ni 
«? rotor sh&kteg fore® and torque variation associated with constant 
pulse-* jet fuel How during forward flight, wA (b) investigate feasi- 
bility of, end teefaaiques for., adnialsiag thsse effects through eyclie 
fuel in^^otioeu 

3ir»9s the effect of forward speed <w? pulse-jet fefemsi has 
been defined by tests performed for other purposes^ only the effect 
of yaw angi* was disiersrir.ad specifically for- this study.   A special 
engine attachment fitting was built to allow either pit oh or ys*f 
settings to ba varied with the sngin© attached to the blade tip of a 
whirl test stands and data were taken m%v the full range of adjust- 
ment. 

the data showed unajqceeted differences b8iw$«n positive 
&nd negative yaw settings, and careful study of the results indicated 
that interference effects between the ssBgiass and the attach fitting 
may have been responsible*   Farttesw»ef the task of providing a jmt 
fitting which would ba above question was beyond the s-sspa of this 
work*   The data also sAd&i subaisstiaiion to the hypothesis that yew 
and pitsh should have sia&iar effects on engine thrust.   Fortunately, 
the variation of piteh alon® oan be eccoapliafced without special 
fittings since the anginas are normally piteh swivelled, and the swivel 
am be locked during shirl stand testing.    Pitch data taken "W asanc 
of this technique, which became available fro® power plant derelopasent 
•tests, wars studied in conjunctIon with the data froa this program 
and the yaw effect curves of Figure 6 ware synthesized for us® dtsdbag 
the present study*   Turn effect* of yaw sr© of considerable iipwiaaoe 
to the ove»al^ pex*fprs»»9e of a pulse-jet helicopter} thsrefersj, they 
to* ffe&fgp»d»g lite rxm$ eXi»*»siv* st«2y as part sf the overall p^rer 
plait d#veiopsamt program, 

I® inforssaticn r©g«Pdirs§ the %r-®m$iim% raspoas® charastar- 
istics of pulse-jet engines exisfesa at the b^sglnsaing of this program, 
so the pr#s«wt work represents a considerable venture into unexplored 
terrain,   Typical protelsM war® the design of a fuel Injection system 
capable of flow sodxtlatiefi of frequencies sp to 10 cycles per second 
and-the davel©p»nt of a teat istuM with'inetru»entafeion for xaaasar- 
ing wall threst increswn&a and phases shifts at ID ops In the presence 
of Vtry large thrust variations at the engine firing frequency of 12$ 
®p*«. 



Because various &sp«t» of this «s©rk assy h® of value in 
other fields, a rather coojptlete report is being publishedj Reference 
9»   the results obtained are still subject to s@rt.sin questions, 
text ihajr appeal? to be entirely adequate for present purposes*    As 
exaaple of a result ssfeish sjay s!i#d light ea the b&sie operation of 
pulse-jet engines is the phase shift curve of Figays 7*   %*> 1» .in- 
teresting to note that all the data points 11® ©loss to the 1/60 
second lag line and that the engine pulsing cycle respires about 
1/120 aaeoad.   This result iadisates that the pulse-jet earn adjust 
its operation to a new fuel flow within two pulsing cycle*. 

Other eoRclusiens of this work are that, within the range 
of frequency explored, the espllfcuds of •thrust variation and the mean 
specific fuel consumption are little affected by cyclic injection 
frequency* 

Is^a^MljBia of fff*»o*ff ,<tt the i^eoffrer, 

fhs report covering the analysis ©f cyelie pulse-jet 
thrust effects en the helicopter Is being publish^,, Eeferenoe 10. 
In general, it is found that cyolie fuel injection could be used to 
reduce torque variations end shakinf forces during forward flight, but 
that the initially email valitev of these eeci'Mating ferees are not 
suffi.ttl.ent to justify the e-oaslderable essapXasdty J#*olvede 

It is also pointed out in this report that average pulse- 
jet thrust la materially reduced during forward flight, due prisstrily 
to yaw effectsf and that this reduction of thrust- (rather thsa blade 
staH considerations) nay Halt the mxtem®. flight 8p®*& of ths heli- 
copter.    Cyelic fuel injaeiion could be utilised is ®iimm a aH 
part of this thrust decline* but again the isprovewmt appears not 
to warrant the complexity,,   Incidentally,, the cyclic fuel Sajeetic® 
b.«W«ul« 1W- wsi'Mii J^*fii*ppii l&. ML Urn ssss »i £&* is» fvt dfiS&ag 

•force iEprovaaient. 

sfif.Wi.Wi -M.f.Vt.SfWiVtft.i -? •,-«,****- ^y^'wu.../   i^tk_A?i|;A. 
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The analysis, <d»igri? sad feterioation phesee of tlw prsp"«»»i 
tta»0l1fi® centrel d«v®lop»*«fe are considered to b« eeegslete.   A* a 
re$%l& of ceer&raet olmt'sfas, HO f"ort.*f wrk Is plaaaod.   The qii«> 
i« r»&dy for tSS*«Ud(M«J ssd is TeseaKMHsded for flight tastlsg if 
servise experience with ft ha XB-26 helieeptere issdieafce'ii th# d«six'- 
aMlity of a «e*8i~»uioaietie throttle sostitrol. 

Pu&lioetion of Mtmrmmu 9 *?id .10 will ess^lti® werk mrid#r %'&& 
phese «0 a»@!id«d„   leeulfcs at the stady teed fes the resf^aaesd&WUia 
thai no farther eeneider&tioe of ejmlie fuel istj«§ti©R to* plaaned 
tsaldso a<s» fists^-® p«tt#«~!Jwt hCLieopt®T ehcsald disclose vsMsspectsdly 
*i?tFM flight ohare^eyietiee* 

dttioaii fuol systm r®s*gsssrsa* saHmtraawabs oa ill® I!B»26 ere 
fc© farlte d»£itt® tto £u«#l«g# fool e^iiea and rotor fuel 

buiiono to tb» wsrsli lag feiate. 

and pitch effects sss puls®-j«fc tte"»#fe are r®eess«sd»d for 
stsidy wider pd«e* plant developaffii progress. 

ft****!****      ***.«»««    SiU^iJitf* •£.*SJ*     *{li,    £Ail*8 
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R»f*r«ao« 1;    ii*srlsan ttalieoptar CoOJ Inc. R©fH?rfe Ho. 195-** 

BPulfS«-~J*t HaMeoefcar Pflwar Control Systas B®T@1©P- 
a»t «• firs* Quartarly Pragraea Sspafft51, 1* if, 
Malagas, 1 Pabrsasy 1953, 

Asw,i«®a gjallospfcar Se»s lac, Eapert Ms, .X95»B„ 
!*ft*l»a<-j8t Salieopfcar Power Goiifer©! Sysstws Swr*lop«- 
saii « 3aooad Quarterly Froi^aae Esport", E« rf« 
$fej«®i§» 1 Karoh 1953. 

Araarloaa Halloopta? C©», lae. Saport H©e 195-*8, 
,!P»laa«<Jai Balleapfea? Pawar eeaiiFoX Sgratan Davelep- 
saastt ~ TM.T& Quarterly Prograas &apertn, R. We 
Kejonaa, 24 April 1953. 

Aiaarioan Hslieopt®? 0$4|S Inc. S»porfc Mo8 195-0-1, 
*Ana2yatg of « FregrMwwi Throitia Pewar Control 
Syataa far a Typical Pulse-Jet, Halls»st.»S!, L. R. 
Gttistsii* 15 Jim® 1953. 

ii&«ri«*i Selieapfcar <Ja., fee. Rfpopfe K©« S-195~% 
B%NKsiti«i4i«i far Altttuda Ce^s^safews for Fttlaa* 
Jat Malieoptar Foal S|pataas*% 1, V. HOJQRM, 15 Jan* 
1953, 

Tto Ld« Oseqpsay, "Saport on Taai BasaLta of Altitu&a 
Gflapaaaafcar* (Brwiag Ho* 11,000), J. ?6 Swrs, 
If X»T0h If S» 

Auwriejaii ffeH^^pisr 0».» Ine., fcatefcar 1©* 53-2013• 
to IM#& Air 8a?alap«s&& Canter, HaJ»»2s Sufejuefcs 
nthr«^eMiMRi OabetiHfcraet to Sparry Qgrraseepa Oswpaay..* 

Aaartean KaHeaufcar MM si*w of Fairalttld irsfSsw 
•a* AlnOMM GovBortUM, XCK 8a. QfeSS Rl«®alts of 
Sfcsraard Air Start ftpsfess ©twicfpstst55 Q. S<» Parklna, 
S3 <Sm* 1954» C?@ fea :r«j»s%@s! £©*fc*13y..) 

Aaarlaan SaUeaptar Di^i$ie« af W®lj?®UU Sufiin* 
«si ASr^laa* Oai^awstiafi, Report Se. 195-S-l* 
aS££*cta of Lo»-&«qtt«*f C*relie W#X I»$#«sfeisit m 
the **&£© FarttocwnM a£ * ?«l«a-*'at Baftta*," 
C. H* tjmmm* to ba patelials*s» 

Rafaraaar Ife .Aaaflaea galiaoptar BiTtaiess of ?*4yo|siM Xagiaa 
aH3 A&ylataa Corporation, ^fjsarfc He. IfS-l-lj 
^Ana^ra'ia of Qyeilc fuel Jajswiiatt &ss a Maasa of 
Sieving tha Forward FMgM €)»raat«rlsti«« af a 
Pulaa-Jat Haliooptar", E* H. S»Mfll, to b® paaliahad. 
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S«»iTed pr@|s©salB to? subcontract study ©f "Folly A'jtoia&tie8' 
Qomkrol S^rates. 

Initiated analysis of cjrelie fuel injection. 

Conpleted yaw and pitch whirl tests for cyclic Injection program. 

Received WASC approval to proceed with programmed throttla design 
and fabrications 

Transmitted report on prograasned throttle systss,, Reference 4» 

Initiated design sad fabricati<m9prograniMKl throttle hardware. 

Conducted bench tests of throttle coapenants. 

Issued purchase order to Lee Otsmpacy for altitude coqaaneator* 

Conducted preliminary cyclic fuel injection tests on static stand - 
found hard%'ar® inadequate and instituted redesign« 

Ooeisietad fabrication of prsgraasaed throttle hardware. 

Fabricated w hardware for cyclic fuel teete* 

Considered combination aRalc^e-^wrdsRsre tests of prograjsaad 
fchrotil® system. 

Requested WADC approval of Sparry subcontract. 

Completed eyeli* fmel fceei* on static stand, 

Pet#«**ed additional 1H--26 rotor inertia offset eeleulstione 
(ttfara a). 

JAgJS4^4gU^^&^L^£aJ^t y^-JU&LLJt&l&t&UiSa^Mi, Mm<Mk$M\ 
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t«e#iwt *ltit«4» e«g*&«fe«* trass L«* Cosgsasy 

®£m$h£tm Analysis of CycIIs fta& Xn^setion, 8*f«?«ae« 10» 

S«spl«*.§d E«port en Syelic Fuel T««ts» K«f«r«nw) 9« 

tw> »£iii2dli5&J!Jd^^ 
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