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Ottawa, Ontario, 
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Avro VTOL Aircraft, 

I forward herewith a copy of a report prepared b7 
this Directorate giving an assessment of tbe Avrocar tor 
the "Aerial Jeep" mission. Although the lll8thod of analysis 
employed was ot necessity approximate, it will be observed 
that the results are in substantial numerical agreement vith 
such company performance claims a:: have been published. 
Howver, there are a number of significant omisaioms from 
the.--Avrocar brochure, and it is on these points where the 
deficiencies of the design become apparent. • 

In our view, the Avrocar does not represent. the 
most efficient solution to the nAerial Jeep• role. 
Accordingly, insofar as Canadian interests are concerned, we 
would like to see these directed tO'W'ards other more promising 
means for achieving a VTOL capability. 

Further analysis is in progress vith a "9'iev to 
assessing the usetulness of the Avrocar principle in the 
supersonic regime. 

r ' Original S:gned b y 

(};.. W. R. GILCHRIST 

J. L. Orr, 
.· D Eng R. 



It i~ ,Jtcwn that tb,a ,wr,Jonr is 1r.fc:n·ior, us a hovi;sring vehicle, to ill other 
types cf \"l'DL devices ~cept fer clirect jet lift types such as tbe Rollo Royce 
?'lyine Bed:steoo. rt ie aloo d~natrated th~t in fol."'Wsrd flight over the aerial. 
Jeep speed r~...n_ge thl.$ i.nforiority rersiau,. These cor:.clun1ons J.'.'Mt on fund~'1UU. 
lr.w of physico; the charuct,~rriotics ara inl1erent 1n the design f\llil ca.nr,ot oo 
avureo:xil by rsf 1Mments. 

Tha conaequeooe of greatest f;ligni1'1cance to the or~re,tor 1$ thut the fuel 
c~ns\miption is nurkably b1Kh• At full te.ks•off we1gbt th.e di..~tal'lce covur;id in 
a typical ;:dssion uith f ·ull tanks !a ouly or the order of 1.2 mi.lo~, even if no 
cl.lo\.muce for f 1..wl rf::'3N-i'CS is made. 

lt is pointoo out that other r,ossihlo cor.figurta.th>.u.s f'o1· the at.lri~l j~$p 
.miseion are . ecwider~bly eur,erior in thio ;ret,pciet,. 

,i;;,u-pd uc tirJl 

From di:scu.~sforo Hi th Canadi~n AraJ¥ of:f'1oors it baa been established thnt an 
t\~rl.al Jeep oper&ting 1"1in the nap of t-~ earth" will oo confined to e. epeed range 
of 0-50 :r.nph, with 25 mph as a typ1oal f'igUJ."e. 'l'his io t,or..fil'."~ by w r,:,quiremonts 
of the U3 ,i,eriu.1 Jeep cpecll'!oa.tion, end 'by o:na 's na:\ural expectation. tbnt. .fly1Dg 
in und out of ground covsr nt minimum· clearance heights eannot ·a:ie oe.rr!ed out. at 
high opeod~. 

C ... lculati.Qns baaed on nie!1entw1 theory hs.va be&n l'tada to indicate tba Avroca,, 
F-erfor:r..ance cvor U1in sreed .r-ruir,a. '.i'heae cm.J.ou.latiuna do not r~pluee detailed 
perfor-..cnr10~ !l.nalyaia, but ci:mstitute a fil"St approx1Jr.a.t.1on t.heret.o. llowvor it 1D 
e:.phasized th!'l.t t.be renultn ch .. ~ck qult.o vell with the few perf orw:u:u·Jo figures given 
bJ Avrc in th'i!t AvrorJar bl·oehure. ln this connection 1 t should lie, uott.'l-d that tM 
trccbure rMt;et f iau:r~s do not refHr to oorial Jeep oper-ation, tut to op~rQtioo at 
th<, .n.'Offt tavouruble ::i;;.eor.l:J, which ~.n1>, much above those p~it11blit fo:r i'lyini,_,; in r.rOW'ld 
coverJ ir1. ~oron cnfle1J th.ey refer to fli0ht e.t 20,000 rt. lfhieh is aca:i·ccly tin M'll\f 
mission. 

Dnoic connidorat1ons of roornfJntum nri! energy have been tu,ed to enlouli:.to the 
lift obtainable pc:r horsepow-1:tr i"or a thrust-3upported vehic~. Thia qU&ltity, 
usuall1 called the po,,m.r loading, is a f'u11otion of tho t.bruat (or w<1ight, sir.Ice 
thrus t--wight in tl1a he,-ver) por aq .ft. of diac area. The disc area io the area 
of too circle swapt by too hello<.,pt.er rotor or p1:·opell$rJ in. th• o~~a of tl:w 
AVI:CCi>R th{jf intake port nren. is 'W3etle 

The resulta are shown in fig.1. Typical oper~t1ng rangee for h$.licopters and 
1,·r-Ji"-ellen1 aro ttho'Wn, W!i well oo the point repr,\Joent1ng tbe Avrooru-. The le.tt.er 
d.ooa not fall on tho CUl"V9 b1::e~use of favounmle duet off.acts wM.ch have beon 
allo\.led for. 

l1ote that for tho oxpenditure o.i" l horsepo\iff th$ typical helicopter r,rcduoea 
more th3ll 10 pounds of liftJ a propeller-povff'od V'l'OL aircraft proo~ea 4 .. 5 pounds 
oJ: l.i.f't.f 1oo+.J.l.e t.be Ava:-,xH1.r pro-d...c~iS le&iu 'thtAin 2 poundo ,;;,f' lif't.. F~•r v111hiole• ,;;;,r 

given weight the relative fuel flow ulth equally efficient f!ngioos is direatl.J 
proportiow to tbese numboro. At its maxb.1.}.m groos weight the Avrooa.r in f'reo 
ttlr hoverirg will U!H! fuol at the re.t9 of n~arly 500 g8.llom per houri clotH~ to 
1-.r.e ground this fuel flo•,1 will fall about 20% acco1'ding to NAOA data. Ulovir.g 
for the reduction in we1eht. as fuol 1s burnt. orr, the full trulkaie of 148 ~allona 
vill r.,~rmi t approximately 30 minutes hovt.lring time. '.1.l'i.o brochure value ot 50 
~inuten ref et'S t{) a light ~ight oesa. ,.,. 



.rt should ue notf:d t.hnt am~1a1 jaep dooign.'1 having dim:i loadin~ h!tt~l:'3-3n 
rropell~r- nrl<l h~ l.1copt~r vHlucn vould uf;.0 e.bout ooo quartei· ot the fuel rcr,w.,red 
by tr.s i,vrocm:r in hC;'Varin;f.• 

1n1lla. Avro t'ir;ruro.'l confirm the vary high fuel flow found tor thti hovcerintl 
ease, tb,1 Corqi&iy cl~i1r:s tlmt tho .fl.vrootl.l" makes use of "efficient w10ft lift" 1n 
for,.,ard flight, th~ r.iviI'.1:1 it a cor~:;idor&bw eiivr.1:1tage O"'ror aertaJ.n other 
desiCM• Grilcul::1tio.lr, htwe shm.;n thf..:t ovr-:,,.r t~e a~:1rial Jeep D'{lCed l'tmr.;G, ~n&ino 
lift is actually t::.uch more ciff'icient tl':ru'.i 100% vlng lift. for the Avroear. 
!;owever it wlill a l!'H) f ounci thnt by clivi<lir.1c tho weight b$t\18.0n engine e.."ld wing 
li.ft i:n U,o o;;tb.um '"IU:Y {a 0 blnck l)ox'' would pres~bly be roquired to sGlec\ 
ttL ;•;_<J f.: of flip.-,ht in practice) an iltq:,rov1.,.ioont '\,1<'1S thooretiec.lly poGsible aver 
-~ither ;-t.tr,~· vin;_; lift ol" plll"'e er.gir.e li.fto E\wthe:r il'l'V'e@tigation showd theit 
ver7 little cf lbll! ['.Uin could h., rc•aliied in p ·actico, beoall.'.Se tbe aiu1tile of 
f~ttti.Cl, t,r;c;;::r,n 1.2}l050llJly lareo. 

'rne fO\omr n11uired f ·or flight at varioiw fer~ fif;Geds was tbcn CQlculated 
sul'.;.jaet to ths condl tion tlmt th,;:, a.nglo of attack is the l()JSSer of the optimum_ 
Ynlue or an r.l~liit.r0.."7 val~ e0ooidered to bo a :reaDc,ne.ble limit. •.this 111 
prooeritoo in f1g.2. Tho sig1~tfictm.t fea~ure of the rei,ult is thr.:.t tbe power 
r equired ra?r.ai:JS at birh lm•c1l8 t,hrciu.::;hout tlir2) sra,ed l"n.nw~ of 1ntere~t. t 'ig.2 
-:ulo.tea to free uir opon.,tion; so.1:e ftlvour.~bla offoct du,, to ground r:,rod;,J.ty 
~ be ~xpect~d to n:-i ;;-£.in in for-.iarct flight. In tte hw-r~rlr:.g C~$ Avro claim a 
33;.-'. doere&~e in po.i-er :roquired du, to this er foct. MACA data sbow tl deer-ease 
,)f t his iunount ov0r the• c.~g1·.?.ded h:v~l pr-avaJ.lir~ in f'ree c.ir, and half of' this 
u.:r,ovnt ii' cif1~;i·~h1tion duo to bme ::lUCti.on ilooo not oocui·. Thus n ~c, decree.se 
in r~c,rer :rn·;Lirc,d may bo assi,;ri.ed as ,m upy::i0r bound in the rorwnrd 1·11gt.t c~l€t. 

£\t n mrstm or:eoo of 25 mph clone to tte ground iho fuol flm, rote is 
epp1·axi."1'.au,ly 6 f:allcrn rer rrJ.nutfJ t\t maximum grQss weight. '!be ms.ximu.m tenkage 
of 148 11ullona ,.;ould i-: ivo nn or:idunmce of about 25 minute:, uith no allcvance for 
rc:.H1rves. 'l'b1B COl"l"eS ronda to Ii.:. (Jit tar.co Q.QVi$ Nd of 10½ inilen. ~uking n llo'1laMG 
!'or .fual burr1-off increMes the <lwtm1Co cmmrGd to Juat war 12 ruiJAs. 

Ibe !dleu~ por gnllon .1.s o.e:BJ.a Uu.:s is bettf}r e.,q,rei'laad e.a 12 gBllons 
per mi.lo! 

Uthouf;h Sf.e1'ds heyon.! 50 ~ph are out of' tho eerial Jeep ren11.o• Ct.\leulat.lt'UO 
~re o:xtonaetl to chock !llt'JC.imu:i, spJed. und cru.tee perforZBl'lO@ at the moo.t f'e.'l'ournble 
tzrnooo. 

A !!:n,;,..i:wUlI< speed of tl;e crder of 300 mph w.a eatimatod; the broohwe value 
is JW l:Ji'"h• 'Tbis f'!cm·o depoTit:la e1~1 tic illy on t.ho zoro lift draiz eoett1cient• 
and too mtt,od of t.rL"l;r-..ir'.g. No ·cluim is mr'°'e fer uccw.-aoy since detdled analysic 
is nec0:; ::rn .. 7. • .. !ither figure io fta- in e:imooa of oorial jeep require.iw~ts. • 

'Th,n m1ni:wm pOYer npeed io appro:xlmntely 130 s:ph and the eo:rr~pollclL"'lg p0\,l€lr 
r ,:·c_uired i!l 1500 Hi'. No {;round px-oxil:dty sllcr.1anco ia mude in this c~e tsinee 
1 t vould l ,,;} neccs u .. ry to 111airitain ade<iuate g.rourd clearance at this opoed. 

Tho Gpeed f'or befit rnn;;o :la npprox.!mately ·200 mph. At thla speed too povar 
t'!)quired ia about 1870 llJ'. Usi~; nrrrropriC:.t.9 apeo1r10 fool oon:nunption vttluos 
fodioe.tes !i fl.Wl comnmiption of about, o.65 a:JfJg (1.55 r1r.1.llona r-e:r mile). Thie 
1s markedly bettor t.lmn the le,, apccd fuel cori.SumpticnJ hovovar it 1s empbsSJiaed 
that thi;l high npeed cnli:%1 m!.nsicm b d!stinot from that of the aarial Jeep, 
rurl that \"'iOL aircraft or other con.figurntlons deesir,ncd for a high ar~ed cruise 
:r.iss.ic.n could Mhiavo rt.Ueh better tuel Gr!Oru}.;"fW • 



-'------ ..,a:rna::..,...,re&,..,fee ... tt---- ~~---•~lliiilM;;;;;;;;;== 

.·.SEC·RET 
' : • ' I , • • ' ' • tvR CANAotAN 

.EYES ONLY. 

'l'bese fir;ureo hilica te & mroti.l.'llum 1·ange in high speed sea level cruise of 
just under 100 milea. Allowem.co f-01· fuel burn•o.!'.'f \#Ould iw:reue the val:uo to 
s c:~~\Jhat O'Vor 100 miles. 'l'ho ,mo brochure va1.U6 fa 120 mi.1-=~s, ,1bi.ch is in 
a ubc.9 tantie.l ¾,"Tae:nent. 4 

The h.v-ro broohu..v-e r,i ves t.h~ cm,pty weight && 1920 lb., . o.nd tb~ fuel Wight 
(.full t.anlm) 10(0 lb. 'fhe muximum /FOOD veight b given ell 5650 lb. Crew 
i,,-eight is ;~ :.c 180 • 360 lb. 

':i.b:: r;:rcso we1f~1t figU1·e i~ 11.rr.ited by thm VTOL 1•equ1.re:a~nt, anti 1s eloaely 
eor.firmarl by tho preuent ealculatic:;nn. -·The iri.d.icat&d r,aylcind is thus 5650 • 
19;:,c; - 1060 - 3w • :;:;10 lb. TI:ie:i f1i;,u.i'0 iu co:rwidared dubious for two re.e,aons. 

f'intly, tho outste.n<U.ngly l1igh fuel comnll.llption limiw the r~o in the 
eeria.1 jeep x-ola to st.eh ~m GXtent that greatly inoraased to.nkaiO would be 

.11eces1Hu·y to pur-form ovon a mod.est rr.i~·rnion. A 25•mile radiue 1'111,saion vould 
nece::.site.tc quw:irupli~r the fool looo, "1.:1.oh vou.lct ~e the poylo&d mti:at!.vo. 

!3ac0ndly, t he uMpty ,,miI;,ht fisuro i!l so much bialcw -t-bose cnlrrontly achieved 
ir. aerorn;.ut,ical prootice ua to require detniled jUf'Jtificntion. l)aducUn£ tho 
kno\Jll tnre Wfllight r;f tbe ongin~a loaves a total of l.,000 lb., er 11,i of the 
r,ross "'ei~ht, to cm;or a,truoture, :rotor, ducting, pneUUlBtic SM electrl.cal 
sy:te~, oquip..-wnt, ttmk€ifltt, coutroh, t:rnpµed liquids, ,,ta. 

Fo-:r comparison, tho Iii.Ji· -;, balicoptcr vhioh i.'1 or coi;r;parnl>lo r;roos wight, 
h~ r.nre i'U3olu.ce waig_ht of ulmcnit th!.a a:"toun.t. This figure uglµdor; rctor, 
i-.ni:::ne, er1t-:ine B.ceez~o:rio!!, trr.nsmiss1 .n, fuel syl!ltem, undlctrcnrrlnge, fur.u.i1thlngs, 
ins t.rw.oonta, 1.·tidio, elac lrict:,1 ~y,1 tern, etc. t it 1a the weight of the empty 
structurt,l ~hell . 

Careful !J~)ieht ~1tucli~s :,r~ necetH'Hll"Y before 6-rt'.f conclusi~ oan te Jra.w, 
but on p1·L"!.a f e.cie avi.danca tho broclH.1:r~ payload f' igu.res u.ust be • heavily 
dis~OW'.te<l. 

It is tl.O.ltittod by the Con..1)6Jll that the Avrooar is longit-..11.r:ti'lly and 
dil"ecHo.nally unstt,.blo. 'l'hair soluti1:an ia to in."Jt.nll automatic stabilizing 
e t;uipmont. It la nC1t SU{_:geat<ad that thb is not a. feasible iolution, "1though 
:i.ore thnn the a1.roplo rute aorworo being oom~idored by tho Co.~nny is likely to 
be nae,,s:.Hll"YJ the p1·oblem is ~i,. d1ff 1.cult on-0. It romainll to be eeen if ndeqUQ.te 
control can be maintained with the otti.b1Uned eyntam. W11igb.t, cost, and 
eomplezity r.re further aspa:.;ta raquiri~ consideration. 

~t of tho sp&ae within tba vehicle envelope is occupied. b7 rropul:live 
n.e.chinery, f\ae·l -tim.1<s, anti ducts s opsce for eurgo is rnt~iated o.'l:ld of e.wkws.rd 
at.ape . ·Toe Ctll"go spe.ce is aloo remote from tbG centre of gravity, making 
careful balance ot load «st,Hmt.ial.J thbt . ii a dra'Wback under field oc,nd.1.tiorm. 

Airoorj.;lbilJ.t.Y 

The preaent vehicle deaicn dooo not nppaar to lend itself to simple break• 
do;,m end e.t.ae:tbly for transport b:, iair. It muy be poosible to OVt? rco::r'a this 
objecticr. by Tedesien. 

'l'he bi&h inntallod power which it is nooeuecy to provide in the tw-rooar 
in likely to .mske tho coot per unit hi&h• : rTI1a operating cos ta nre high booa\A<J.8 
of the f~l aonsumptiuu charaotu:r·latics e.ltew.:ly dia.oumied. 
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As a fw"ther oonsequencg of th-0 bf1sic difficulty o! the Avi-ocur desi~n • 
1 ta hizh disc loooir.g • the velocity of the Qftlwmt. ti~eo is v~ry hi~. lbis 
ray l~ad to oper~ticnnl difficulti1.~f; : cr;,nc.,o.1:fi,!!lnt in ground cover ifa not 11:lUOh 
we if the vehicle is hornlded Vy a du.st storm. The p~s1b111t7 of small 
peblJlea toing ero-ri~d L"lto the mtiehan1sm mtl!lt FI.l!Jo lie investigated. 

Q9i"1QlWi9P 

The Avroc.s.r aufi\:n"3 rrmn n rrumb,nr of very serious ,U..aadvantagen for the 
aerial Jeep role. t·!oot c,f theso awm from a sinr1:le co.~e • the exoesa1valy 
high disc loading of the dosign. The vahiele 1o designer bas stated thut he has 
inv~sti;~£.t~d tbiz mi.ttor and thrc.it the AVJ•ocnr in its pre1'ont oonfigurati(,n has 
tte optizw. disc loading poinllble with this d$nien. 

It b couoluded tbnt cth~r oonfiguraticM lend~ the:ooolves to more 
favourable vuluq::a of tbi.3 cri tienl prll"ruooter should. oo 1nvostigated for thct 
aerial jeep mission. 
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