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I.

:1'0
INTRODI.}CTION

Tlris program begon wirh the investlgotion of o re-ensinecj version of the

Avrocar with three T 58 engines (shaft rjrive ond gos generntcr versions)

in ploce of the J 69rs. Howerrer, this did not produce ottroctive iesigns

conslttsnt with the progrsm obiective of up io four hours durciion wiih
ussful economic!" This obiective wos cqrbined with VTO qe o desiroble

but non-ersentisl feature, Thercfore ofter the initiol sfudy, effort wos

dirocted io developirg ?wo distinct conccptt involving o GTTOL ond o

VTOL vehicle, A deteileC sccount of ?his development will be far-rnd in

Ref" 1

fxomples of the flrst concepi ore found in Figs, 1 ond 2. This wos thai
ground effect teke-off and landing (G[TOL) would ollow o rnore econorrricol

vehicle" Although therE is on undenioble operotioncrl limitotion, the low

power of tha irvo Astezou engines ond lho consequenf si:vings in engine cnd

iuel weight hqve led to o relntively checp ond sirnple oeroplone. lGlde from

the power reduciion this oircrofl differs from the Avrocqr in uring r: higher

ospect ratio wing ond propellers for horizoniol thrusi

The recond concept wcs simply the provision of enough pwer io tctke-off
verticqlly with the lorge weight of iuel required for o long enduronce, fhis
led to the dasigns in Figs" 1? und 27. Their two J 85's ora,neorly fwice us

powerful Es the three J 69ts of the Avrccsr and their oll up weight is conrlder-
obly grecter. There is cuf.ficient power for lpeeds up to the region of the

criiical [toch numberc
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CETCL VTRSiCI.I,< - 2 A,STAZOU II

Criginol \'_ersiot

iire sirnplesi form of the CETOL version, illuslrated in Fig - l, reiies upon
the'peripherol iets to provide c grounc! cushicn for lrcvering crnd llrose scme

!ets, inclined reorword, to prcnzide firsi c let flop rnd then hori:onta! ihrusi.
Flos. 3, 4 ond 5,(obtsined i:rom Ref 2) show thrusi, drog, crnd fuel flowr r
cgainsi lvkch number fcr op,eration cri seo level cnc I0r000 f,eet. The top
speed is seen to be iusl over M = .35 ci bofh,:ltiiudes"

This versicn is not pursued iurther because the extrc weight of propeliers
wos deenred ccceptoble" The Ccfa given in the grophs referred fo obove
remoins ureful. however, since it coir be useci to describe ihe hoverinq cose
when no pawer is supplieci to fhe propellers, Since the some engines (522
5HP qnd "66 SFC oi tako-off , 473 SHP qnd .69 SFC st mcximun'i coniinuous
power) ore useci fcr the prop€ller varionis ihe frrel flow dqlo. Fig" 5, rernoins
volid.

Propeller Wrsions

Ref . I lish severql .Aotozou powered, propeller driven GETCL oircrofi, bui
Fig. 2 shows ihe finol coniigurction ond is foirly representotive, perforrncnce-
wise r:f the cther:

The thrust with the propellers wos tqken to be .85 x SHP x 550 so thot the
V

thrust horsepower is 857o of tlro rhoft horsepower. The moximum thrust occurs
ct zero speed ond wos orbitrsriiy limited to 3.5 lb. pe:'SHP" The propeller
thrust curve3 with tho drog curves ruperimposed (from Ref " 2) ore shown in
Figs. 6, 7 ond E,

The top speed is very little higher thon fhqt shown for the originol .uersion.

The incre,:sed drog onC weight neorly mrkes up for the extro thrust of the
propellen ot top speed but the propeller version hss o significontly greuter
specificoirrarrge"(Nouticglcirmilesr:erpoundoffuel)-

Since the cockpit is not to be pressurizeC operation will not normqlly exceed
10,000 fi, oltitude. However, dqto forflight ot 20,000 fi. hcs been !ncludeC
to show whot csn be done unCer exfro-ordinoqy conditions.

Performonce in ihe Ground Effect

It is expected thoi the gro.rnd cushion will be usd, not only for toke-offs ond
londings, but olso io ollow extended durotion for scouiing over moderotely
smooth co;ntry, Then we need to know how high ond how fost we con move
over the country ond whot the fuel flow will be" The qnswers l.o these qr.rcsiiors
ore supplied by Figs" 9 qnd l0 which ossume no oerodynqmic lift ond no benefits
from intake rom recovery, volid ossumptions for very low speeds,

2"2

l"J



2.3 Performonce in the Ground Ifi*cf {ccnt'd)

A low fonword speed ccn be mcintsined withoui direcling ony cf ihe erx3ine
power to lhe propeller:, (i,e. zero pitch) s!mply by the residucl thrusi cf
ihe Aslozor,, engines. However, to molie any reol ireodwoy u cercentcge of
ihe power must be directed owc;r from the fsn fo the propellers.

For conrpcrison, nofe thot tlre mqxinrurfi er:durqnce, flying clear of the ground
at seo level, involves o consumption of aboui 370 ib. cf fuel per hour, or 26A
lb. per hour on o single engine" Single engined flight ci low s;:'eed, necr the
ground cr awoy from il, would only be possible if ihe mechonicol inlerconneclion
is such thcl one engine can drive both propellers wiihout rnoi'oriq3 ihe other
engine, S,;ch s fecture lics not been plonned initiaiiy i:,ul r,roy be needed lo
provide c suitobly low minimum controlloble oirspeed in the evenl of ci.: e:rgine
foilure on iokercff "

2 "4 Tcke-Off Performonce

Ref " 3, deoling wiih o design bosicolly similar to ihe propelierless venion of
Fig. 1, shows how o toke-off over o 50 ft. ol:stccle tokes 566 ft This is for
4,4O0 lb. oll up weighl ond o ground cleqrcnce durirrg the tsl(e-off run of 3 ft
The corresponding londing distonce is 357 ft "

For the propeller driven oircroft of Fig, ?, with !is greoter weight ot ioke-off
(6r800 lb.), o toke-off run ot 3 ft. mcry be possible but worrid t<rke excessively
long since 95o/o of moximum continuous engine power is requ!red iust to hover
ot this height, (This would leove obout l57o power ior propuls!an, since ioke-
off power is obout ll0"z6 of moximum coniinuous),, A teke-off run ot 2 ft. is

not un:'eosonoble for this smolloeroplone ond would only require cbout 66ou"

moxirnum continuous power for lift ond 44"/" pow6r for lhr.,,st, while ei run ot.|,5 ft. would rneon thoi ihe power cculd be apportioned 5ffi for lilt ond 60%
for thrust.

The volues of ougmentotion r"ised: 3.0 st 3 fl., 4 of ? ft", cnd 5 ct 1.5 it. come

lrom tlef . 4- Diviciing weight by ougrnentoiion eives ihe requirecj verticsl thrust
and tlre corresponding fon power reqrrired con be recci from Fig - 3 'or M - i)-
The verticaI ihrust does not foll off wi]h forword soeeci qnd sc if no oercd;rnornic
lift is ossumed during ground cushiorr operotion o consiont power is reauired
lor constont height

Let us ctsume thot ihe toke-off is divided intc 3 phoses:

l. Crouncj run to unstick s6ed, calculoiec for o heighr of I "5
ond 2 ft. Duri;'g this phcse lire engine power is procticcilT
constcnt und the Civision of pcwer bel'ween fan ,:nC rropeilers
is fixed- i{o horizontol thrusi is ossumed fr-orr the liit!ng ieis
qnd their monrentuni rJrry must Le overcon're t'y ihe propeiler
ihn",st -
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1A icl<e-Cif Pericrnrcnce (cont'ri)

2. Accelerction to climb speeri. Fcr i!,is pi::se the lcn power
wili i;e reciucecl to 50o,tr, iecvi:,g 60% rnoxirnurn conlinuous
power for the propellers. Since the f.:n ilow feeds c jer
fiap deflected to obout 600 rhe,-r i0"i cf rhe r:ozzle ihn.rst

. ccis recrworC, cid'ing rhe propeiler i'hrusi crni ti.ie oerodyni:rnic
lifl reouired is reducea by Ea.6.',o cf ;he nozzie ihrust.

3" Climb to 50 ft. ci constont speed- Severol different ciimb
speeds sre studied to finci rhe si',eed;t which tlie surn of
disronces (2) onci (3) are c minir';rum. During ihe climb-out
the power io ihe fon, i.e. io the ier ficp, is red,rced further
to 3002" bui ihe flop ongle is rhe scr,"re-

The profiie drog is bosed on o Cpo of .0156 ond rhe momentum dr:g hos been

usruraed tc be ttre difference between the nozzte lhrust ot speed and its stotic
volue recorrjad on Fig" 3. The residuol thrust of two Astu4ous st loke-off
power is 160 lb. The ;nduced drcg will be cbout 182 Cq2 where Cg is boseci t
on weight minus vertical thrust component" Then the performq:';ce is colculcted
by o step-by-step integrotion"

For the shortest tske-off ihe,rircrofi shoulci unstick cf V1 = 9C ft/sec. The
correspondi,.g ground nrn, 51 ; 780 ft" ct o 2 ft- height, or 525 ft. at I.5 ft"
An eorlier lift off would be pssible becuuse the [el flcp cllows high lift co-
efficients but bocouse of the induced drog if is preferoble to stoy in the grot,nci
effect until the climbing speed is neorly reoched.

52, rhe distonce for ironsition to climbing flight tokes I40 ft" while the oircroft
occelerotesdrom ?A {t/sec- to ?5 fr/sec. (t/Z), ihe best climb speed. The clirnb
cngle is 7 degrees onC ihe disiqnce to cier:r o 50 ft. obstucle, 53, is 400 ft
Then the tolol ioke-off ciisionce is 1320 ft. wiih o 2 ff . :'un oni ]065 ft" with
o I "5 ft" run"

Since ihe iinne token for toke-off is I?.9 c:ri 15,4 seccncis respectively, oni
sir"rce the fuel flow to two Asiozous ot ioke-oFf power is o89 l'a/hr, the f,rel
consumed is only 3,8 lb" for o 2 ft. toke-off ond 3.0 lb. for o .l.5 ft. i,:ke-off .

Climb Perforrnonce

The rqte of climb is V sin 0 ond the horizontol speed is V cos 0 where:

thrust - drog

weight

2"5

-tU = stn
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1{ C i i*-,h Periorr,r<:nce (ccr:trcJ)

Coriside:'l*r's clirnbii:g weiqhts;6r800 !L , renrcseniing ihe moxirnr.nr ol! up
weighi, or'.d 5r200 lb , rer;r'eseeting the weight wlien retur-ri-ng Frcn on ..
unrefueiei missi,:n . tor sinr6,licity s:nd ic obtgil fl censer\,sfive resuii.. these
weights cre helc ccnstsnt for eqch clirnb. Now lrcrn the cjotq cf Figs. $, 7 cnd
I we can piot rhe rcte of clirnb cnc{ the ho:'izoricl speeci far ecch weight c:f secr

levzl, 1C,000 fi., cnci 2C,000 fr. if ig. 1lt. Tiren t:king ilre optimum poirts
fr"or"r Fig, l l we ccnslruct Fig , 12, the esiimoted vrriqtion cf r,:le of climb,
hor!zcntul speeC, ond fuel flow tjuring cn optim,,m ciirni:; to Z'uir000 feei ot
mcximum continuous pcv/er" A step by step integrotiot"l u,nder the curues of
Fig, 12 yields the foilowi:ig inforrnotion:

Climb ro I0,000 ft.
6,800 l!-: 6,200 lb"

climb ro 20,000 ir.
6,800 lb. -6,200 lir"_

13.8 1 2.5
112 lCI
32n

Ac.
t.)
-fJ

IU

5.0
4B

il

2"$

Time tqken (min.)
Fuei consr.,med (lb")
Disfonce covered (n "* . )

Cruise Performonce

ln order to find rhe specific sir rcnge st q certoin Moch rrumkr note the power
required from Figs - 6,7 cr 8, os opplicoble, ond ihe corresponding fuel flow
from Fig" 5. fhe nouiicoi sir nriles prer pound iNAMPP) ;s speed (knots) .

Curves of NAMPP vs Moch No, ore found in Figs" 13, 14 cnd 15. Estimqted
speci[ic cir ronge for the Avrocor, os given in Ref - 6, is olso p,lotted ot seo
level and I0,000 ft-

Note thci ot ses level ond ct 10,C00 ft. (Figs, 13 cnC 14) there is c second."

higher curve msrked 'slr:gie engine'. Better specific oir ran6e is pc:sible on
. one engine becouse the engire operotes of o high eificierrc; ineor mcximum

power)ot the some tirne cs rhe oirfrcrrne is necr its besi li{t/crq speed. At
20,000 f:" there is not sr,fficienf power to mcintsin height oil one engrne.

It would nci likeiy be procticql to shut dorvn cn engine for fhe crurise withor.ri
the mechunicol interconnection thoi wilIi:llow one engine to drive both prop-
eliers without turning over the other engine" lf or,ly one engine is pnowered

ihe dr.:g of the other propeller snC the rudder trir:r drcg wryid tend to ccncel
the exrrc econolTly of single eng i:re operoti on "
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2,7 Povlood - Ronge

Still oir ronge is colculotecj by odding the disionce. covered in the climb io ihe

ror€e posslble on the fuel remlini*g lfter the clirnb. No qllowonce is rnccie for

reserves bur l2 lb. of the g60 is olL*ed for ground hondling onC toke-off (i 'e-

I min. ot full Power),

Thare ore a number of possible modes of descent ronging from ihe long' flot glicie

to o complex instrument let down procedure" The simple ossurnption used' thct no

fuel is consumed in tho descent bui no ground is covered either, is foirly con3er-

votive

Only o single weight hos been used. for the specifi.c sir ronge cL'rve3 but this volue

(6,600 lb.) is ".;;;r;;y io, fro* the ociuol weisht which is o rnoximum of 6'800

ib.

lvith 400 lb. of, poylod (ihe second pilotond..200 lb" of corgo) the qircroft con

toke-off witi: fuil ionks ond con perform os follows;

Cruise qltitude'
Climb dlstonca

. . Fuel for climb
Fuel for cruire

N.Alv{PP ot }vlox " ronge

Cruirc ronge
Totol ronge

0 10,000
0 11

048
98 900

A% "516
385 M4
3S5 475

(ft" )

(n.*.)
(lb ")
(tb-)

(n..n")
(n.* ")

20,000
32
112
836

"585
48e
521

2.8

,-,.
There ore o'number of possible voriotions on this miuion" one engine might be

rhutdown, ExtnE i*f l""ltrighi olto* 400 lbo mol€ fuel in ploce,of the poylood'

lrlore rhsn 400'lb"';f".a ".ria 
b.:"o*iud !f th9 fuel lood wot reduced' All

ffi" !];uilltr*l os'n ell os the bosic poylood-vs ronge grophs ' 'ore shown in

Figs. 16 ond 17"

Tvoicol Mission
.t

The rerults of rections 2.3 to.2,6 con be ossembled in such q woY os to moke up

o mission profile thot might be typicol of those iequired. The totol fuel weight

il g60 Ib. bur qa iul*irj U. ser'oside tl3 o reserve. 164 pounds ore sllowed for

rcouting ot the ortu, end of the mistion" This.might,be soid to correspond to o

holf an hourrs.ndr.o.,.u bui thir, of course, d"Pen{ on the engine hondling

durirg this iime. lt ollows both engines to run ol ZVo por,ver for lrolf on hour

or for one engine to run of moximum continuous Power . zeco fuel ond zero ronge

descenh ore o:sumed "

At the top of Fig" 18 o schergotic mission profile is shown. Below cre plotied the

rodii of oction possible fo, t(r"" differeni cruising cltitudes, 20,C00 ft''



l-o Tvpicul Mis:i'-n (cor:'':)

lljrC00 it , ar'j seu level' Jcr eo';| r..l':isinlr oitilude c nu'''i:er ':f s;;eeris cre

possii:le; ii,e top p;;;,*p''t'un* ihe.speeC ':J -s^i"t'''ii ccni::':uolJs ilcwer'' fhe

middle one ?he mcxirnunr r{f,nqe 5pee0, i:nd ?ie rctfoirl pr-":t iire speed icr rncx-

irnurnen,Juislce-9roi<er''ii'reii'rdicqrelller;''1ii';t:cticnPcssll;ie-tiuii'lg
sirgle engirre operaiion (witL one enEi:le drivinc rloi'h rrotrellers) There is

insuffi;ieni porver fo nci',iuir;2Cr';06 fr. c'l cile en'-tine ond ci ]0,000 ft' oniy

lim!ted pe,'{crmnnce is Posslble '
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J.U vToL viR-qlcN5 - 2 ",16: :

Circu iar Ver:ion

Aiter ihe iilvesi:igotion cf o icrge nurnber of relc'i'ed riesit,r's (see Ref . I ) work

lyes corcentroiec cn the oir"roit shown in Fig - 1? Tl'!s desigri c'ilfers fro;"n

mE1sl r:i iis predecessors in hoYing lo'r mounted "q; 
ines e;<housting';pword

through the i"ip iurbine sn,j ihen direcily to oinrcsphere.

It wqs plonnecl ihof 4(})''c oii the tqn cir flow woull i;e c!rected ic tne;eri;:herol

nozzies while the other 6ff/. pcssed r-,ut ihe iow icss cer-:;rol iet 'lhe crreos of

lhese nozzles were fixed i,, ecch iiiglrt mode. Tircir is, icr hover!rrg, the cenir':l

iei oreo wcs 7300 sq- in. ontj ihe peripherel iet orec wos i73C sq. i'i., whiie

io, i*rrc,r,i flight rhe vr:lues becqrne 13l0 on6 14C0 sq. in. Cn tiris bcsis, cnci

usinr c ircg clfficienf colculoted cccoriing io siond'ord circrrfi methods, ilre

thrust ond drog vs Moch number curves rt se1; levei ond 20,00C ft' were prcduceil'

iFigs, 20 a,r.j 2t). The corresponiinS engiire fuel f lows ^'e iourrcj il Figs 22 ond 23

A fixeo,nozzle oreo ior oli forword fiight coniiri<.,;'rs io![s ic er'':,rre o;:er'-it!on

olwoys ot the optimum pressure rciio, The irrtrociucticn of o v'::"iolrle perir:heroi

iei oreo, os sef ori in iig, 2+, con producs thg new ses ie,'el ;hrr-,st vs Mcch

number curve cf Fig " ?5-, Note ihe impr-oveo'pertor:'nonce rrcssi'rle, pcrti c'''lorly

at higher speeds, ,r";th thi, simple innovcttion, 'Iire cenirsi iet is rrot required

io o.l]rrt oiher thon to go from hover!ng io forwcri ilight ccri{igurotion'

At o icte stoge in the design, winC tunnel tests indicoted thoi tlre cenirol iet
should pcss nof more tiron zwo "r 

the forr flow oncj u096 shoulci go tirrc';Eh tire

1*ripr.,"r.i r,ozzles for conrrcl . Such o chonge ciecreoses tlre ihrust of tf'e

vehi'cle because there cre irii;her losses in il're Possoge to the peripirerl ti-ion

in the short ;entrcl iet p"ruogu - The voriali orr t:[ lroveri'rg il:;ust over lire enli'e

!-onge of liow division is shown in FiE. 26. l'rote thct lhe ci-rcnge from 6C""" io

ihe centrol jei io 209" t,r fhe cenircl iei lower ihe ihi',si irom 11'4J0 to lC'730'

o 69'o r-educti.r:n,

'Ihis is 0 gross llrrusi reduction oni so ior forwnr^d fliirirt fhe rret ti;rust, wf icir is

il,e gr-oss1h rust ntinus ilre momerttur,i droE wili icli even more ('ihe rronienillm

arog;i, !ndependerrt of ihe flow cji.,'ision bi..rl inci'ecses with speeci).

Perforrnonce is presented on the bcsis oi Fi;s 20 oni 2l. ln or'ier ihoi tl're

redused cerrir.cl iet does nct ir-:volidate these cur,'es we nusi sssi.,,rne tlot flre

full u'iivcrntoge ci ccli'-'sti-g the p'eripherol irczzie orec wiit'' spee'j wiii Le

realize<J, Then Figs- 20 oncJ 2l con be tqkerr os::pF-'roximctelT correcl' A more

comprehensire stujr- of ihese problems will be fcuticj in ihe Propuisive STstern

Anr:iysis, Ref .2.

3.1
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Vjingecl V_ersion

The odciitioncl slrort, swepf wings frorn ecch side cf fhe Avrocor lyce discus

(fi.S. 27) vras suggdsied as on olternoiive to gyro stcL,iiizoircrr tcr longitrrc{irrci

stal;lity {see nei. S), The increosed ospect ralio cllo*s increcsed range crri

enduronce. The irnproved low speed quolities wiil lower tne s;>eecj fer co'versicn

frorn verticol toketlff to horizontr:l flight ond will shorten ihe giounci run when o

ground effect toke-oif is to be used, There will h'e, $s G res';lt of lhe er:lcrged

iuiog oruo, un increose i,.. weight ond a reduction in the iop srred

No significani thrust chonge is expected from il-,e new icyor-;t; the lrovering system

ir ruJolged sr,cj ir fcrwsr,l lligl:i lhe extrr: duct lenr:rfr w'ill cor:rpense,te fo:" lhe

better noJzie positionirtg - Ilren Figs. 20 crrd 2l ure rnociified to inclucie tl^,e drag

curves of the wingecl versior: and recppear cs Figs' 2I ond 29'

lrr subsequent rections botl.r versions wili be considered.

Performance in the Grourrd Effeci

Although ot norrncl operoting weights thls oircroft ccn toke-off onsi climb

verticqlly, support bi rhe gLund'cushion is seen Gs er,nLii,,g,:ver"iocd loke-offs

"ftu. 
currhion-borne gro,rn.i rL,n .Jnd economicol gro,lnri ie','el scct,iinq. A weiglrt

ot grSOO lll. has b."i tok"t for ihis seciion, u wtliEfrr ti,':i nright cori'esp'ond;o

fuel remoining st the outer end o[ o iypicol mission. (See section 3'8 sf this

report), Obrl"usly, for fhe g:'ound run of on c,verloorj tcke-off :he ground cieor-

srrce would be less thon Figs" 30 und 3l indicote'

Figs, 30 ond 3l sfiow the height ond speed possible for.vorious engine cower

,eiti,-,gs ond vorious l-,orizontril cornponents cf the fon ihr'-'si- Note thct even wiren

there is no horizontai cornp,onent oi thrust from il.e cer.,il'ui ond;;eriphercl nozzles

there con be c sizeoble fonarord speeci from ihe resiciu:l fhrusi cf tile ir.;r'r:i rre exi'c''st'

The totol thrust is I x 8'500 lb' + residucl t't':rr"'st' wi:ere T ' the horizontot

LL
thrust over ihe weiShi supported, cornes from Fig, 5 of Ref , 3- T is o funcrion

L

of the shifi of the focus of the periohercl iets or the inclinoiion of iire vehicle-

l"'lote thst ?5 ond 100 percent rgn ore not incluced in Fiq ' 30 becouse thi's woulc

be enough to get the vehicle out cf the grounC effeci eniirel;,'. Fig " 3l shows

h"* *rcl-, more efticient single engi^e oPerotion con i:e, Th"re woulc i:e o

slight problem of ossymetric resicjual tl.rrust in ihis ,:cse .

These grophs ore:;pplicoi:le io either the circulor cr fl"re winQeC version oi 3,500

lb- Tiie iifting iui syrtem of ecch'-Jesicli is the s':irie iirr! 'he;'loth have the sqme

circulqr bose cre,: irrside the peripheroi lczzies

3.3
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3.+ T,:ke -Cff Pe r'iornrrnce

Fii; - 20 shows the rrozz'ie il-rr-Jst ai zero speed. to t'e l1"3CC I'r Once rlecr of

ti,,e gra,,nc ihe ilow ir,;rr lhe peri; he.rll nozz-ies rnusi f lrw ir: lcwi:rd fhe center

to icrni a single ier. Eiiru" Tr,.rrrk ilow) Becil,-'se ol ti-,s i'l-'enonreno crnd ihe

ai.tencjcr-,f i,rsses if',e iree ,:i r il,rr.,st rnoy lrc lG% less ii''a-r: ii-'e 'rozzie 
thrusi or

o,.l;, 10,2,X i55". T'lis is s;fiirier..r thr-ust to prcvice V"ICL performcnce fcr

vei.,icles weighing ,-p rc 9,70C lb. (The criteri,;)r ior c'jequai'e vTOL pe:'forrn-

onceiscssume;Jiobe|ilc|tnethrusi=],05xweight),sincethecirculor
,resicn we!ghs 8,BC l'c ,:n<j the wi,ged version :,82! ln' !.rctn rhese circrcft'

st iheir norrrroi mcxirnurn cil up're.ighlt ccn enloy veriicci lske-ot{ und cIinrb

ou-; u"d.l. storicisrJ cti:rosr,lireric condi iions'

Tiie effect of operction ul 5,000 it. will be obout,: 10?'o thrusi loss' A similor

lcss will occur *nu., op"ror;"g in cr MilStd. hot cicy (lmoF)' ihen ihe circulcr

versiorr, or 8,23Cl;.rir.op.rf,le of verticgl tcke-offs 'xi citittrdes 'tit la7'500 ft'

cn stond,rd cicl's , cr 2,500 it' on lr'ot Coys- The winge'-i 'ersion' si B'82C lb''is

."i;f. "f uurii".i ,o[u-ofis ot uliitudes up to 4,5C0 ft. on stond':rci doys'

To cou*ter losses.jue to unfoyourcble e'virotrmetrt cnC to $llow oi:ercli.on ot

weights in excess or-ra,00c lb, ihis aircroft.. like ihe Astazou powered nrodel'

will r:e ccpoble of tcking cff oblique!y ofter o shori run in ihe ground custrion'

The distor,ce to cieor o 50 fi. cbstccle ulder stc'--durci c'rimospheric condiiio^s

for on I.lr000 ib, circuior circrcft, ofter o run r^:t'+ fi' off the ground' is 280 ft'

The winged version requires 
.l50 ft. At 14,000 lb,, 9nd 

with only 3 ft' grcund

cleor.rncertl.ie circulor ve!'sion reqr.rires t,iEO ft. ond ihe winged version requires

510 ft

The dominont clrog term during the low speed climb ou-i is the induce<J drog which

vories inve6ely wiih the ospect rotio ond the lift coefficie't squr:red' This is

why the winqed ve:.sion witi', grecter ospect rctio ond wing crec is so su;rrior

duiing ground effect toke-offs.

Lonciing.Jistonceisnolnorrnoilycriiical"lnihefirsiplrceifthe.lo'ndingis
conducted .ft", ,oo" of iire fuel h,:s been consumec.it ':*n pro[cbly be'mode

veriicclly," However, ?,.cunc{ effect lonrJ!ngs c{n norn.:!iy be mode in consider-

obly less distonce thonli,ot requireC for lck-e-off , The !el flap crllows low speeds

with high indr""d dri.J, il,e fon flow provlcjes mornenturn orag' cnd once in the

ground effeci th" ;;il"rol .ozzles ccn be directed to Sive reverse ihrust'

Cliirrb Periormorrce

Climbs frorn seq levei to 20,CoC ft" were cciculctecj for two weights, eoch of

which wcs csrumecl cor:stont througl-,out the clir;-'b, These weighr were I l 'C00

l'0,, on or*rl.uJ"o'" '"q'i'ing 
GftOL' ond a'5C(i 1b'' tne orrproximcie design

oil up weight urrcl-aiso tite *eight ot the oufer end of c mission beg"n ci 1i '00c lb'

Jf



J.J C i imb Pei-formcr-.ce (contrC)

Fig " 32 sl''orvs the assumeC cisfo for the clirno, bqsed
qi s€c levei qnd ?J,mC ft,, for militory pcwer. A
',,,nder these curves ;,ields the following infcrmaiion:

upor: optimum clinrh speeds

step hy step iniegrc|!on

Tirne token
Fuel consumed
Dictonce covered

Climb to
r 1 ,000 lL.

I . \ t 
^/tmrn.) l"JO

(rb. ) ?8
(n-*.). 6

'Climb ro 20,000 ft,,
ilr000 ib. 8,j00.ib.

3"95 2 +3

24,1 152
11 O

10, slO f t.
8,p00 lL.

.93
67
3
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This section refers only io ihe circulor version, The winged version climi:s o
little more steeply with less l-rorizontol speed bt:t the difference is no| significont"

Cruise Performonce

The specific oir ronge for the circulor ond the winged versions, ofte onri iwo
engines operciing, seo level and 20,000 ft., is shown !n Figs. 33 to 36. The

single weight chosen, 8r500 lb, (8rSCO lb. for ihe wingecl version) is obcut rhe

overoge weight expected during o typicol mission. At higher weiqhts the nouiicol
cir rniles per pound wiil be less, ond vice versc, tllhouo[-, ihis effect is significont
moinly ai low speeds I

Single engine operotion is seen to be superior uncjer oll conditions. Howe'rer',

before it csn be recomrnended, studies should be mode of lhe effect of the triin
drog required to bolonce the ossymetric residual thrust and the drog of ihe intoke

to iire shut ,jown engine - (Fortunotely the fon thrust remcins symmetrlcol). Then

thera is the question of the speed and reoliobilily of tire oer!ol re-light sysiem

when c return to lwo engirre operciion is necessory"

The effect of therwirgs'odded io the boric circui:r'ploniorm ccn now be ossessed-

They ore seen to provide o greoter specific oir rorrge but to hcve siightly reduced

the tcp speod ond the speed for mcxinrum ronge" The wir'geC version hos ihe

greoiest cdvontoge ot vely law speeds where fie domitor:l drug; ierm is the inducecj

drog. This exploins why ihe wir':ged venion wi!l have c rnuch shorter grouno'efiect
toke-off thon the lower ospect roti o circu[,]r version when'both qre evsl-16,:deC

for VTOL

Pctylood - Ronge

The bosic design weight of the circulor ver:ion is Erl30 lb, of wlrich 3,36C lbs.

is fuel ond I ,?00 lb. (sacand piloi ond congo) i: pcylourJ. Then, ollowing no

fuel resenves, the poyiood vs ronge grophs for seo ievel ono'20rt)00 ft., two:nd
one engines opercting, ore shown on Fig.. 37- Sirnil.:r;ruphs for the wi'rgei version

(weight - B,EZA lb , fuel .3,360 lb., poyloqd . .l,200 ib.)cre given in F,g" 3ii.
Note ihot tii'ese weigfrts cre well within the VTCL rcnge,
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lL:..9:.: : il"'.:!- - :1i-t' ::-

l-j-,e mor, lirrui- " iCL',.rei-:l;t. os.:sior,iislted in l,ection 3".1 , is !-,7liC lti. A{though
,ire i,(-ls;g ais5,;1 1 'rr,;iiri.'s ci ;. i3l l ;. cn''i t,ti20 ip. '.vere set ci o,r eorly stoge it
,s e.<;,ecie*j :r,c. 'iire. , i I ;-,e i':crt:csed :c fqke odvor'',toge of iire i:ower ovoilobie.
Tirereicrer c cur'1 .j ci , or,io.:.: ,rs r-.rnge oi ':rr7,J0 Ii,*. f ;os eeen odded io eoch set

ci curves i:: Fi3s.3i or':t 38. l.lo oiitrwonce i-rcs been rnode for o prosible slight
increuse iri srrucl.;r.i v,:,!ir : ic hclndie tl--e extro weigt'rl, oilof which hos i:een
n,crcie ui; o{ exnrc po, iocc or i,;el .

',,e oiso "',,ish ro consi,jer c.',,ertooied coses Secouse, given c short ond reosonobly
cieor tielci , s"fficierr: s:r'i:cli:i.q! sii'erEth on<J r,seq'oie voiume, ll-rase oircrqft con
il,r ul m,;cl-r i,i,:her '.vei,--i,rs. Ar: i':creose in ihe pcylood will couse a ve(y slight
cjecr;lole in ii,i, rjiri.e,:,:i,o: 1s:roftr iull iniernoi tonxcge. iio.^,ever, if the exlro
wei:hf 3oero iuerl. r-:r -s:irrcie "-f ti^e extro ronge (in nouticoi miles) of the

or:tirnurri 6;sr ise s;,eed ,s ,, . r - m- it ,,i.'ing thr.: weigirl of the extro fuel !:y thc
sr,.jciii6 qip rrrq.: rl'rAMr'P)ii-,--rn Fi;s.33 ro 36. For convenience tirese volues
oi NANTPP ore 'ci....i;t..r,-i L':il-*:

.lvrocci"l:'1..,i. 5) Circuiorvers'on
3 er:c-i',es I s;;,;i.ras 2 ercines I encine,...:-*

Seol,:rei .0;:r .l:3 .l'',4. .146
21, 000 fr . . I 35 .169

#inged
2 engines

.1ll

. t4t

Version
l engine

. 161

.211

Fcr e,<oi'nple, it:he'.vinged version were io io*.e'off oi 14,000 lb. how for could
i: corr..'iis irli l2l; i:,- po,io,:d? Assuri"re a f"vo engined cruise ot 2A,C00 ft.
Frorl Fig.38 rhe rc!)je 'virh 3,36u' ir. iuel ond iuii ;>oy'lood is .i66 nouticql rniles.
;i\-i ihe exirc ii,,ei rc rre corried is 1,1,C00 - ti,EZC :5 l3U ir. Multiclvino this
iry .I42 fror:r]he Tcr}lc c:,o/e 'l,,e rei,735 extr: n.m. fi.en ihe stilloir ronge
r..iri-rcui ressr'.,es wiii :*: t; -,,,-i 

-l2.10 r:uticirl rrii,rs.

3.3 :.,,',iicoi l'4iss;ons

,Ai ihe icl; c.i Fi,r. 3') ,s :l'l s::ri:mclic p-r.cf ile of o ir'piccl seo level VTOL irission
si,:rri,rS ci fr,e 64,..ir".r'n '.''iC ,*.,-.i',t oi 'i. .tC0 l':r. Th,: curves ,relow show how ihe

roii-s of r:ci;.rt'- c; tt::ii,c.. le v'::ries,t'iii: ihe cr,-, isit'L s';eed'e,"nttlo)','d for the iwo

cc,'.f ,,,turr:iior s, si,",;it, ori l.r'in en,:;ire operclion. ii.'ree poirtls ore slrown orr eoch

cr-,rvc itre,,, r,tirr::se,,t, Ii-cnr ra)L ic bcf iorn / moxirrir,.r'r speeci, rnqxirnum ron3e, ond

In t* ;:1,.n eriu,cr,ce .

Fi,-'-,. 4",si"cra,s ;l'r+ speeri or.,i rcd!us cf cciion for c mission where VTO hos been

cxc i : :.lr,r;ed ic r i rrc r,:osed ro n.-. ii'J',d scci' i i ng dr-' rc Ii':r, .

Aiicr"ii''; ror 'i.re iL' ilcc'isuil-ii)d i'' iile ciimb ii con'ue sito'w' ihot the rodius of
r-:ciic',n rs,Ji:rc)u; 1,,', lreoi,:t-cl il.u0: l'. ';;:C . 'r' qr':oier ot :ll'i ,C';l; ft' for the

miss,o"s ccr,siCered. n.ii. -e ihci icr thi: some i.,,1 w,li.ri'.t iire winqed version wouid

-a i-r.f r,rr r-'u" ;:i ;i;.; s,.:'-e :, li up wei.,ir i ir ccrr:':s less f u*l due io its ileovier
<1 rl i- rr t-ta

,r
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Mociifieci lntoke C[':urc:cieristics

leciion 4.7 at Rel. 2,
eorly resuits c{ c winci
wcs sho*n I'o Pesalize

Moci': Nunri:er

Thrust remcining

iiscusses ihe effeci on ihe r)rcpL, lsi,;e syrtem of sorne
lunnel irtcke tesl 6:roororn. Cr:e cor.rfiguroticn iesied
ii.le rncximurn fhrusi cvoil:lle ot seo Ievel as follows:

J

?8"/" 91.,6

,6(A

78"h 56% 2n5

Developecj contigurctio,"rs, i,rsirrg inlet guide vones, ,arill 'e<juce r,ris lcss . ,r,,,:'

The e'rfecr of incorpcr"triin: these iesi resuits would be very- r.n,rrkei oi hi3h
speecs Mcrr:inrum speeds wo', lrj be reduceci onc i.,i;h speed crt",iise wouid
become less econornicoi. Ai typicnl cruise speeris, scy Moch Numi:ers of
.3 cr.,c "'1, the enqine rr:,m would huve io increose lrcrn si:cut 78 qno 86%
to B2 cni ?fl,> at seo ie',ei ond lhe ccrresponding fusi flows would increese
cy 1i orrd 35%. Tnen icr ilie winged version, cperctinq cn ooth engines ot
seo ievel, ihe specific sir ror^*:e .*ouirj be i"acjuced irom .ll0 to .;?g ncr., tical p'',,.",,'
sir" miies per ucund of iuel at M : .3. At M : .4 the redi-rciion would be 'i 

r'; r,

frorn .0?3 ti .06f NAMPF. Thoi is, there wo,_,ici be obcur;: lff,f reduction .. ;1 ,
ir: moximun'r rnn$e cl se<r levei (where ihe rncximunr rnnge speed is obout 200 ','t-'..t"
kir,rts)cnd o slightly more sericus perrsliy ot oltitude 'v','i ih ihe use oi inlet .-- '"
guide vones ilre rnqximum rcnge shoulC be os mucl"r *t ?5ozi, cf the volues listed
in ihis repart

CCNCLUDING REMARK5

The CETCL oircrof! pc'r.,ererj 1.,.,/ l'lno Astazou ll engirTes mskes on ciirociive
ligt,i vehicle icr opelciing irom i-jnprepcred surfoces, ccpoble of speeds up
to 240 kn,:is. 5ince ifs specilic fuel consumplion is so superior to the Avrocor,s
it hqs c rnuch;reufer rc,nire. its tqi<e-oif per{orrnonce, 1,3?0 ft. ofter q r,,rn qt
2 ir., is :r;i r-:s spriiel;'cs nrighi ire derired oncJ'extro horsepcwer co1;ic Le usec'
i'ere to i.rcrer:se ii'ie,;rouncj clesro.rce, shcrten the rur--, ar'inr:reose the useful
loaC. In:lis cr:r:i-'eciion if is *ror"th rror,-r! tfroi besiies tne irr5r:meccr -
Ccrri:eriit:i Asiczou ihere ore ihe Boeing 520 onc lire Prort snd i\hltnev Fi6
'::i sirnilcr or:wer r:".j'weighi/ qnci so there willcer-foir:ly be'stretched engines
cecomir-ig cvci l.:L'ie .

The iE5 Do',vered VTOL ciesicns promise io be extremeiy,.lsefui. The versctilit;,
im.,o:rted i.;y','erricoi tciie-cfi unc tire lood corrying ability',t,her: operr:iir-rg with
s:-cr,,rrci eiiect rqke-aff es vr'eii cs t!'e very'rinible riight perforrncnce counter tire
disri'Jvc'',toge ct f !,e -i;i, irei consumciiorr. Aciuoll,v the speciiic ,:ir rorrge is
ccrni>sr',;bie w'irh rre Avrocor, but il-.e mucir greoter cclrr.,,incr capacity.give it
ver'/ sLj ce!'icr oorir:cri::nc'rii:lile. !,ince ihe odCiiion of wing ir-.cre'cses specific
'onge enc: inr;-ro'res CEiCL rj ;sicnces imnrenselr, .rlti le oniy slii:htl;,. iimitin*
top speec onc \rTCt- irr'-.rloc,c/ronge, iney or-e odvcntogeous from ihe r:erformonee
sicncipoil l.
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