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A. Y. ROE C.IuYADA

H TE OII T}M IF.OJSC? IN VIX}I OF

BT TiE RAE [']D

fhc perfornatrco 1s not very Eerlously dlfferent fron

.l.tsy 8, .L9r3.

PRCJECT IYI
TtE ASSESS}E}ITS CARRIED OUT

I,iCTE

RIE Tech. Meno NC. Aaro 116 - trPrellmlnar7 Conrnents on a Proposal for an

Alrcraft pow"red-by.-a eaitaL Flor.r Jet Tt'tlne Englael^Uy .1. P'. Colllngbourne
anC A. L, Thorper-L; NGIE Note No.. !11 5!.n[oJect rYr '&tl Assessnent of
F;.;'pfLt; b; i. F, Ashnoocl qnd D:-"G: Hlgglne, have nor been receLved by

thc flrr. These-;"p"ri; h+Ig, contrlbutsd 6uch, to the successful evalgatj'on
of ihs:Fro.lect *;ra it. trouble thst has-been tirlen ls nuch appneciated'
i#f;;;;;-;.;;-r"ii" i" e)xpand and eonnent oi certatn lmportant. detall
priitl'fo ite nlf *A $c1Elnenoe.Iargely ln nlev of further sork nblch has

been ca*led out sjace the ftrut s stitenent uas publlshed_, Thls stateEent

uas used as theibasis:of tho RAE end NGTE EGno. It n11.1 be convcnlant to
rdlse .these pol-nts,11s a r911eu o.!_ the latter.

'.o

iiut'if"urJ Uy trr.lf{"u cxiapt ln resDect of the endurancsi uhlch ls glven

as 2O BJnutes.' This ls vary nuch a ttspeclflcatlon endurance't and ought to
be scrutlnlzed rather closelY'

'. : ,- ' :

The flrarr, lt"terent on'froJect rYt Sept. 152 (P.tQ) exa.tplad a conparatlve
hlgh sp,aed nlsslon poftle vorrca accordlng to another ipeclf!.catl'on. Thlg
trite the fuet aovn.fnto.'allovances for all phases of the speclfled fIlghtt
allorlng 5 rln* conbat ai t{ r 1.5 at hlgh altllude. An enCurance of nearly
ona houi and a range of svar 80O Dllas. reaulted"

ft ahould be reallzed that .the rcqulrenent for 10 nln. at naxlnr:n rpro 1t -

;;rOOO-it.-corpi"taly dornlaates the fuel used plcture, absorblng over 606

of the total ftrel on- board. I{e 
'assune that thls requLren:ent ls an

.rmnlbusn ta}lng cars of descent, landlng and.resetrre but we poLnt out
that for the tft of nachine Uo{"g pnoposed lt certainly takes care of
tt good.oA p"6br.:'',ll1th ovar'66 of tha fuel tatan care of 1n this uay
iha-end.uran"i fig,r" bcccoqe rather neanlnglessr furtherrtore, the :'Ela-
tlvc cffcot ls viry dlfferrat. for dlffcrcat alrcraft and the requlrenen!-for nrax. rp1r pltl a, hlgh-lop sp€cd at a dlscount.. Thls'ts lllustrated
by FlgurGs 1 and 2 attaohad; )'"'''i::' '''':'' '- 4' 

".--._..--.-.:.-...:i..*;-..':.-..-::...',...'::.'..;.,..j,

0n the'F.AE.!&1$ flgrr;a tha:ua:diuu ipo speed lc 2.2{ and at thls specd

thc Jet Ls produc{ng 4115@ borsepouEr (Flg. 1) ff thls ls reduced by
10,6[0 horaepouer thls.rpeed crly faIl-s to 1.94{ rrhlch ls probably the
top spced of the comparative ProJect ln'the RAE note. Flg. 2 shous hot,

nuch i'ual thls 10,OOO E.P. ropresents tr 1O nl'r. and that lt nould glve
the alrcraft 506 rnore endurance at il 3 0.9 at /+5r0O0 ft. - or tha sa$s

flgura as the cornparatlva RAE ProJect sbsrs.
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I[ota on the Fralect la Vlev.of the Assassrents Carrled Out hy the RAE and IEIE

:

Perforrance (contlnued)

Our equatl.ons shou dlsagraenent rlth the RAE oplnlon that there l.s no great
Eargln of stablllty; lnde€d,our caLculatlons shou that the rotor rptr could
be halved ulthout latroduclng enf rapld 1nstab.t11t1es. '*ittr regard to the "
noraal typlcal leteral osclllatlon mentloned by the RAE ne flnd that ftls has
been allrnlnatad by the glEoscopc, fhere 1a no Dutch rolJ.

1n

Fl

May 81 1953.et=rnr-F

In actuaL fact lf the thrust of the engl.ne lpre scaled dovn !5{, the a1r-
: craft rould. gct thlnn€r so the drag and perEFE the uelght also uould be
. reduced., Tha posatblllty of actr:ally dolng thls iras- brlefly looked lnto by
.', the ftru looa i:-uc ago, but. the rcsults rlsra lnconclualvs and the nork l'nvolved

to lE not tbought trorthnhllE .

:.-.
, ;,.'.r' It 'tE auggosted that a:"mora apf,Fopr{ate speclflcatlon attack technl.que for

,'!l.,thlg: t$-of atrcraft:nhera ciital nay Fe enrrlsaged al lr5t00o ft. li to dtve
.ii,.froro,cfutsing altltndej.ana attorr.aia! 5 utn.'embat at l,l rr1.5 at 4,5r0OO.ft.

. Looklng atFlg, 2.1t ls seca tha,t thls youId. rcleasc 4rlOO Ib. of fuel (or
nearly=3O nlnl at t[ r O.9r at.45r0oo ft.) tonards end.uranee. ,A sma1l extra
cllnb fuel allosance t ouLd cone out of thls.

60rooo , uhsreas. aot uorc than
for a total of 6+ mln. at

.flra rcpreseats a eorGct viev.of the llkefy eharacterlstlcs, ft has
provcd posslbla to conslderably sltnpllfy the calculatlons for nanual oonpu-

. tatlon and althorgh ne agree slth the RAE,that the aerodSnrarnlc assumptlons. il are'subJec.t to, eonaldcrable srror. Lt has alao been showa-that vary large.
'.,ar'ror l,n tha'doubtfir1 .dcrivatlvec lrll1. not affect the gcneraL concluslons

':,,,,o1 itattl'tty'and'contr'ol.:Broadly speaklng na arg de.ifry nith the reactlons

e
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tn Yler of ttre Aasessnents Carrled Out'Ilote on the'Pro.leet the RAE and I{GIE

'riel rht
...

It has been stated thst tlbe englne airfra.ue structure lntegra+"lon '*1li glve
, a eonslderable.selght lsTl4g and the IIGTE say that the alaln for lov alr-
-draft-nelght ls baied.ol,!!,1s. .IIe riou feel that thls vLev ls too superfl-
clal.- ft-fs'cfsar tbat.-s large peroentags ol' the vlng ar€a eolaos right

.-'ntth'thal engl-ne becausq"6i ft!t.s.trgpe b-ut- lhere are other factors vhlch must
hayeaaoas1{erab1e:'InfI,rrenc6*..,11..:'..-''.."i.,'.....'...,-..:' :,,. ;..-1-i'.. iiiiti;"';: '" -.,' ' '

The ralght of a'colrventf;Dal a:Aa-f of AOrCSO Ib. thrust can be estlnated by
enplrtcal nethods. .,If tha c.u:reg glvea'by Moyas and Pennlagton ln thelr
paper nTha Influreacs of Slze on thi Performance of Turbotlet. Englne-rn
(eir"r. before the 1951 Brlghton confcrenea) are extrapolated to thls
figure, a velght of about 30r0O0 Ib' results.

f -.
\,'ti

'racc), 
ih" cng{qe baekbons or the'uai'n shaft and hub. Seecndly lt seecs

' posslblo to deslgn for lov^'ttp Epedt the outer edge of the_dlac ls trawl-
I1ng at lcsi than 800 ft./ace.s'a:rd'slnee the dlsc stress 1111 vary as tbe
Equans of the ttp spccd tbls ln ltsaif'shouLd result ln a eonsldersble
uelght r.educt{oa* '.Ttrlrdl5r, It Le'notanorthy that the larga flou araas ln

. the eagtnc arc obtal+ed nlth qult€ qnaI1 blrdas. Centrlfugal forca on a
blade varles dfu.actly. ytth tha uetght and also as the spaed tlnes the'RP!{.
fn the proposcd englne tlre rpl ls of the order of'one tenthr the eoapressor
blade nelght per unlt clrcunference {s less than'half and the blade root
speed 1s lesa then three quarters of the equlvalent values on a conventione,l
present day 6rrnO - 710@ 1t. axj.al. 'It ls clear that uere the dj.sc of
simllar thlch:ess the atress lnparted to lt by one bLade rou uould be of

' the order of one thtrtleth of that added to lts dlsc by a conventlonal blade
s6t. ft- ls. suggested that thli ls a good'Faasoa vhy slx rous of blades
(haU-supported by ehrouds and havlng tha centrlfugal loads to sorne extent
bb,lancad by gad loads) can addlttonally be hnng on to one dlsc vlthoui

It Is consldcrsa tUat'ttregi other:factors hava a prlnclpa!. lnfl.uence ln
brtnglng out ar'eirglnii tnlght (rrftU eoantllngs) oi the order of one-half- thc enplrlcal ftgnrorir:tHlih regarrl to'speclflc uelght the IIGIE polnt'out

_ tha't tho flguret quortcd ara not outstandlng rhen cornpared rrlth conventlonaL

' flgrrres. but rrc f,e9_f .t1ie3',vou1d regard then ai outstandlng for a comrentlonal
engine of thls thira*t capaCltfr and do'not se€m bad nhen conpared r.rlth A fov
present day engln€a on rakerst flgures (uot of course lncludlng develop-
nent, but nor do our flgurcs) 

.as shoran by the dlagrarn on Flg. 3

In vlen of tha abova lt doee eeen tbat dlrect r;elght analogy betveen the
flat engine proposed and tbe convantlonal a:daL ls dlfflcult and llkeIy to'be spnrlous.i

!r ,L*q
* .May 8) L951.
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'vleisht (contlnued)

The naln shaft and avolded by the layou+,.

1n the

Non-Axl,al Dlscharge

Axlal Ve}oclty at Inlet

fha 580 ft.fscc. a:dal veloelty Lg.'ndt coasldered. hlgh ln'vleu of the lou

May 8, 1953.
CFTT}

contlnued ....

)._ tr l'i .'i'

a. short

foIlou the dlrectLon of the tip. '1{e thLnk that sone credi! should be ta}en
for thls and that lt ls posslble that the loss due to the nnon-axlalil exhaust
and the'use of a conveirgint nozzle tray be offset'!o a eonsj.derable ertent by

e:rpansloa rdIl take place to,;dgvglop-_ther fuII valoclty.Ln a dlrectlon close
. t+^ +!^- 'l{-^ -^? F1 4rh} : lTtro'i*-;-f 

^;''* --X-*ha.aalror u{'l 1 af aarrra- r1?.vlrr^' 'to tbe 1lne 
-bf 

!'11ght,.,;..The',.brpanston- round She co::ner nlll of course pro
. a pressune gradlanti acrossl tha'Jct lr favor:r of a fortrard reactlon on the
fortrard faciag pa,rt- of the !et.qozz19s.,l'It ls probable that there 1111 ba

t. ,.losses aasoelated rlth,'thls pqoc'ese (although thc .Prandtl-Meyar expanslon ls
lvl !q.q lAvluur ye s..v. srre {ev.Irvc4+soa,_ +v +P' yl vvqv4ei ,.losses aasoelated rlth,'thlsrpqoetss (although thc.handtl-Meyar expanslon ls
lsentroplc) and qoue lose should bc sounteri. Honever, slnce the pncssure

' 'ratla acroas the f1nil-rorzle lnsreaeeg rttU apeed and.'the nargln for pres-
. sure gradleut:acros.s tU-e'Jat ilsoi'du* to cosrpissslbltlty, *" Ioggest ihst' a l,osi oI 6,oi tUa net-, rather than the grosi thrust vouid be a-reasonable

approxl.natlon at this sta(e. Tt 8fr LE deducted flon the net thrust onIy,

'to tbe 1lne 
-bf 

ftight,.,;..The',brpanstilo- round the co::ner nlll of course produce

r\- I
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flote onr tle pro.iset h Vleu of the Assesgnants Cat'"Ied Out by the F.AE and NGIE

A:dal Veloclty at Inlet (contlnued

Blade Root Stresses - 
.

Ganaral : .

Wlth regard to the NGllErs coaelual,oas: I

:'
. The dcslga phllosoplty has bccn to deslgn the aeroplene pnlnclpally

for tbe Eup€rooais.rcgr,De and ltE poe oubsonio manoeurablltty ls not

May 81 1953"
6tFElr-r

contlnued ....



Note en the PrcJeel ln"Vleu oi', the Assesatlents Carr'.erl O:t b7 the RAE ano lliTE
-6-

C.,:ne:'',1 ( cr,::linu.:C )

enqlneg.
.1. ._':. -

May 8, L953.
T; D. Earl'- cs

.,..:, 
-Ei_,

rl

regardod as very lnportant. The enrlura:rce is r.rhat you nake'lt as h:s been

pointed out eariier. Vu1nerabllity.ls an lqponderable but the servl.clng
. 'problero ts not exp€ctd to be sever€ ln vleu of the gfupIlclty of the deslgn
i ana the easd vtth.'rrhlch tt.gqlr bc taken to pleces-'Tbls. 1g demonstrated ln

ar; e:oloded.vle15 sontala6d rrlth ..ttre Dost..r€c€nt' Et&t€E€nt on the Project"
tirlJ:i;;il;i;h U"* t "n 

nade'to varlfy tbe uelght are also e:rplained ln
this statament 

"na.tuitt6r,erpfanatton 
fsr.the 1or.r velght ha.s.been attcnpted

bere1n...+.-;;..1;;,;i,.1'.1;.1i.i.i'.l''.i,;,,...:..:.i';:...''...';....:,,'..
. :,j:.. .:. . ..... ,:...-. ,r,,. .,.j, .: 

. 
, -

'ooe netho,t'oi,'deallng "iif ".tor aefuctlon hag ,ri, b""o explalned' and 1n
general it 1s irot ecrnstdered t-hat the pnoposal lncorporatas a very great

-ir:nbei of unirted nechanlcal deslgn features, Efforts have been made to
keep the ceslgn as conventlonal as poselble vlthln the prroprosed layout and

the untried ilislgp features do not sppear unduly for=nldable.

., Flnally lf a relgonitle d'aveloped thnrst llgure of 5Or0OO lb. ls eonblned'

"iir.,'tir"-b"il:€nLtne 
ir6rgtrt:,of,tte'Iat"it a-argned eaglne the speclflc

velght teccmaii O.Iq, lb.Ab*t.end tf thta' thrpst flgura ls.applled to the' bar; al.rcraft,(1.u.. trll-houtldlsposatle. baa) the 'alrcraft speclflc naight
ts 6"Ji ltr.r/}b.::'i,?ha.I,attei"frtgure cape.reu:,ulth.sltli€ pncsent day bare


