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.' ~\ 
~;, •~:,;•1\ 

This report ou tl ines th e prof; rc m 

o f the merits and feas i bi li ty o th e Ground Effec t Take - O ff and Landi ng 

concept. 

PHAS (AVR OCAR CON CEPT) 

During t he p st year, A vro Ai c i of t L im; ted hos conducted approxi mately 

30 hours o f l i g h t t est work on th e Jl.v rocar in th e g round cushion, together 

w it stat ic rig de elopment o the a ,.rc r ft and fu,11 scale v ind tunvnel tests 

al" the '.!ASA Ames Rese ar eh Cen er . This work has brough to ! igh t ce rtai n 

shos,tcoming.-s of t~e air::raft as tt now stan s. The ob ject of Phase I of the 
, 

) 

progrom is to investigate some o f these problems and to proj ec t 6n improved 

i 
ai rcrof t_ of the some general form as l·he A v rocar based on development 

information M W avail ab le. The a ircraft evol ved rom this stud y w 'i II not be 

a research tool bu t w il l represe nt on a i rcra f t with useful economic s, arid 

ha ing the potentioi for mee'ing ihe requirements laid cl wn in th e Stoteme 

of Wor, . 

'.'"]""~~:-:,lia ~Present t".'.l!o~nin; calls for the Av ro~ar to un "ergo -its sec nd series of ' est s 
r ~ ' • 

' ' ' '·· 

i n tbe Ames Wind .Tunnel late in i960, and !·ha t t, e a na lys is of t he results 

be comp leted by-the e nd of MOTc h 1961. Jhi s Phase I program of the_ Car -

adicm G overnment work is intended to be - ready at the some time to ·pe rmi t 

th e f ir dings to be used for eva luati on o f the requ · reme.n ts of the next stage 

c f developmen t of the A\"'roca r p ri nci_ ie. 
!/ii 
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The i'e are some limitot ior1 s in the program, on ob 1ous one being that the 

f i ndi ,gs of the second seri es o tests at Ames Research Ce ter w i 11 ·co.me 

too late to be fed into this s,rudy . I, fs also pos,~i ble that 1he speed, endur-

once and load capabi li ty of the a i rc raft that is specified in the Statement 

of Work may no be met fu lly because of e gine a voilobility, sit is not 

intended to co sider ' pape r! engi nes bu t on ly those which will be available 

in t·he immediate future . . ·The studies on aircraft stabil i ty me limited ma inly ' 

u 

,o·'iffu :c condit i-ons and., oil o~;gh the Avrocor si mulolor w i l I be used for some 

dynamic •,•ork , the limiroti om of thi must be recog nized. 

-
PHASE 2 (G .E.T .O .L . CO CEPT) 

The purpose of th i s pha<e is to exami ne the merits and feasibili y of the Gr nd 

Effec · T oke-Off and Land i ng (G. E. L O. L.) concept in sufficient detcri I to 

ena le a general spec ificat ion ro be ri t te n for such a veh icle w hen appl ied to 

a specif ic fre ighter type mission. This vehicle (or veh icles ) ,,;i i I then be "'· 

compared wi th Short Toke- 0 f and landing (S . T . O . l.) aircraft using conve ntior1 

undercarriage suppod , helicopte rs and fi xed wing aircraft . The comparison w ilt 

Ee rno e iar9ely on a:n ec llt_omic bosis 1 bu.t in a summa ry report , brief comrfie nts 
• , 

• "I'•' -~ ..i- • 

w i ll be mtcte on ,s-u c'h tC?pl c5"""s s op~r~ffng techn iques, u;J: fu l life, mai ntenance 

pe ~o s, ad_aptabi_l i ty to o ihe.r,mi ss:i-~~ ;},, o~dcany"other po i ,ts tha t are consid red 
,, , 

perti nent. - To dot is adequatel y it wil l be necessary to ,con -et prelimina 

investigation of numero.us configuration s. However , in view of the limited 

rnonhours v-oi !e1hle I rt is i ntended TO' na rro 
', 'll 

the fie ld to 2 or 3 promisi ng types . 
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1A2 ~. Pi- .ASE2 · ·.E . ·EP OH --
:is rap idi/ as pe,ssi ble . I t should be not-ed that it will not be poss i ble to 

~ .. ~-
op t imize these conrig urofrons ond i t is fe l t ha t optim i zafon i s be yond 

the sco pe of th is prog ram . 

In o prog ram of th is nature where the f i eld of i nvest igation is v ery broad, 

i t i s i nev i table that cer ta i n assumpt ions wilJ have to be mode early in the 

program and the resul ts produced can on l y lead to fairl y general conc!us iom. 

Thus .in Phase 2 of the program , 9 confi gurofrrns wi 11 be reduc ed Jo 2 or 3 1 
( 

by a proces o elimination, these bei ng cons idered the better v eh icles to 

perform the spec ific mi ssion , but no t necessari ly shown in the ir best , o t imized 

form . 11- i s possi le hat the pre se nted compa ri sons betwee n the f oonfigurations 

and other types of ai rc raft, coul d be improved if an opt imi zc: t ibn progr r)';l was 

adopted for on e or more of the Pwro con f igura t io ns. It must a lso ~ emphasized 

t-
thot dur ing thi s study , ce rtai n c f the assumptions made and theor ized would 

benef i t by hav i ng a test program to bock them up. 

These commen ts refer ma in !y to the c mp lex region of t ransi tion rom grou .d 

cus, ion mode to ree flight, but also i n_m} nd are_ ce rta i fo rms of thrust augmen-

·-
_to tion that are . in the. early $toges of deve l opment . The a ppl ica tion of pm-t ia I 

stab i lizat ion by gyros .opi c acti on of large fans w il '. a lso be invest iga ted . 

Thµs i n generai concl usions to ·h is program , the mer i ts ond: fensi b-ility of the 

G . E.T. 0 . L . concept w i I I be pre sent·e toge ther w i th indicoiions on how o 

pa rticul ar design could bt. i·mproved and cormnents on a reas that wo u ld be ne;i 

by test prqgr rn and further deve lo_pme nt . 



2. i .0 

2 . i. I 

PH ASE 

Scope 

The pu rpose of Phase l is to shovv the maximum pa te r tici l w ith .re spect to 

performance and gene ral opera tion tha t i s possi bl e w i th the Avroco r ir. its 

exi sting genera l form. The outcome of th is phase of the program wil l be a 

proposa l for a tip turbine driven fan type aircraft of ci rcu lar planform, 

employing an annular jet . Vertical take - off i s de si rab le but not essential 

ot_p1oximurn we ighl . 
· .. l ,. 

- 2. L 2 

The general chaiocter istics of the a i rcraft wi 11 be as fol tows: 

( \f. 

(a) speed capabili t y from hov ering ro 300 k nots 

( ) endurance o be max imum possi b!e and a imed at four hoyrs 

(c) load capabi Ii ty of two men and !000 lbs . o f use fu l load at 10 lb/cu. ft. 

Th e program wil l be concluded · y M o rch 1961 a t which time the result!"> in th e 

fo m of reports will ha e been de spatched by Avro ,A.ircraft Limited to the 

Defe nce Research Board Pro jeci O ffice r . 

Review of . R werp lonts 

Pre limi nary design work to '-exom(ne the instal lati on feasibility of alte moti e 

power !an ts wi l! be carri ed out and their i nfl uence on we igh ts , genera ! 

design layout an~ a i rcra f t performance .in a" d oJ t of the g round cush ion will 

be examined . 1.n the firs t i nstance, the gc1s generator portt on"of the General 

El ec tri c T-58 i ll be consi dered; othe r engines i ll be included a.s ag reed 

with the Project Offi cer (D .R . B. ) . 
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Theoret ica l inves tigat ions will be made into the e ffec ts of the following ; · 

(a) camber, with part icular attention ro tr imming in forwa rd flight, 

infl ue nce or', empennage des ign and compatib ili ty with (6). 

( , ) · lower s~ rfoce contouring , with refe rence i) the critical he i ht 

i n the ground cvshio 

(cl sect ion , including th ickness rati:, a nd LE rad·us; e ffect n Lnte -
·;~ 

',:; .c. 

nol volume, dmg, ond weight. 

smoH 'Vo.riotions i geometri c aspect ratio or equi valen f aerodyn-
' ( ) 

amic effec ts obtained by suitable control of the je , e fflux' a t the 

late ra l edges i n c rui sing fligh t to improve cruisi ng e ffci ency . 

Des ign work to a ssess the stru.c tu ral ::md performance irnpl icatic ns of the 

finding s oppl ied to the Avroca r . 

S b!I i ty and Control 

H, b e conducted to assess the effects of va/y ing t' e central 
~ ~ :.'~ . 

" jE(i strengf~-re}ati:ve ·k the ? eflpherol jets rength ove.r a wide range , with 
~,_ 

~ 
le 

particu lar re ferer ce to sl·obitity and control labil ity i 1 the grou nd cushio n . 

Design wod• a lso 'wii l be car ri ed out to study the feasibility o the indica ted 
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2 . 1 .4 

2. 1.6 

Sto b i l 1tv nd Codro l (c or:t ' :::i : . 

·cenr rol jet streng,h includi g ru r ·ng .the cen tra l je t in <:n..i ise ro provide 

a th , J S t corn pone,·, t. Stt:di es ,,.,i !I be o ,duc ted of t'1e feasibi l i ty of d irec t 

gy ro stab i li za ti o·· as as ·bst ir., re or or adjunct t ae rodynami c or jet 

st b i !izat io,, . 

Me thods of cchiev ing contro l in a nd out of th e ground c ush ion wi ll be 

reviewed. 

0 

P.e ormonce Evoluai'ion . 

Es iimote the, performonce nd economics of the modified A v rocar ~nd 

com pare w ith ,othe r ve hi cles, The primary com par isor shall pe Jmade 

agai nst the 2-man hel ico p 'er. GETO L as we l l as VTOL ope ri:i ti on sha l l 

be considered. 

T u rboro or a 1d Intern ! Ae rody namics. 

2 . 1 ,6. l Statement of Requ ire me nts. 

A row ill prepa re a nd prov ide to Orendo Engines Li mi ed, 

stotenie. ... n <?f th~~ requir.ements on whi ch 

1hef0rendo [q)es Limited st dy , os detoi!ed in por-02.1. 6.2 
.. 't" 

is to be based . w· th in one mon th of da te of i n i tfotion of w o k 

on t'he con ro e , the statement of r~qu i reme r, .s sh :11 I b<:i agreed 

upon w ith the D. R.B . Project O ffi cer , the . tra 1srnit ted to 

O renda Eng i_nes Lirrii te 

c:!.tc'I 
..,.: ''.'if!, 

(o) • e 'lg't r.e cbc:ractef.h i r-:s 
,..,,::.t',,_,. # ""~.:· .. :' 



2. 1 .6.2 

Sto.teme~ t o em.rfre-r.rfe nf con 
'}If· ...,:;..~--

~ ',:--$ ·, , ,,;"' 
(b) approxi ma te fan ond other dimenstoMI 

(c) per ormonce re qui re ments 

(d) we i ,~if-, t li mitati ons 

(e) angular rnomen tu rn rc:qu ired for stcbi lizi g purposes unde r 

different f l ight condit ions 

(f) requirements associated wi th the ex it nozz le, proportion 

of mass flow exhausted ot the cente r and e t the phe riphery 

will be included . 

,, Where any item :::;onno 6e de termined by the du.::: date, a ror ge 
J 

of value is t o be g·iven with an indicali o of he:: prefe rred 

value . 

Execution of Study 
f 

Avro Aircra ft .Li rr1 ' ted s. II sub-contract to O renda Engin,es 

Limited work , ba sed o r ~~ requiremen ts o pare 2 . l .6 . 1 above , 

as fol lows: 

(a) Thec reti col ond experi:-r:en al study of in let flow cond i tio s 

and the requirement for flow control devices fo r th ,_ fo n into e. 

Pre l iminary desi gn of suc h dev ice, if requ ired. 

(b) Stud y of compotibi I ity of rotor ang lar momc:n um ro::qui ro::ments 

under d1fferent f i i gh t condi ti ons with pow8r requi rer"lents . 

(c) Des ign of fan and turbine compatible with ,A.v ro requ i reme ts 

and coverin g t e r~nge of foosib!e pressure ratios and mass 



2.2.l 

flows and an ticipa ted duct- losses, : Design shal l be taken 

for enough t 

des1gn performance+ iAn ·t:1Jtempt ~a! Hbe made to red ce 

fon sensit ivity to dud pressure losses by desig ning for 

stee p characteristics . 
- ' ' i 

( ) Study of ducting desig n to minim l·; ,e pressure losses. 

0 

Avro :"trcraft limited w111 conduct a porametric design study of :. E. T.O. L., 

(Ground Effect Take-Off and Landi ng) .subsonic ai rcraft to de ~rmine the 

.. merits ·of the concept . Co figurati ons will be der ived and compar~d v,dth 

S. T. O.L. (Short Take-Off a nd Lend ing ) , helicopter ond fi xed wi ng aircraft 

of ::i imi,!ci r load capaci ty a11d performance. ln - servi'ce dote of 1965 shall be 

'taken ci's the period for com parison . 
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2 .2 . 2 

Th e basi c mi ss ion assumed fo r these studi e s shall be:-. 

L~ 1isticsuppl y mi ss ion , i .vo lvlng the transporta t ion f personnel, supplies 

oi 'd e qui pment from airhead to Di vi si onai area . 

Rud ius of Ac !'i on : 

Pa yload: 

Cru ise Speed: 

C ru ise Altitude: 

Fie Id Length : 

Ferry Range: 

Reserves: 

~ . 
Co go Space : 

Sotety : 

300 naut ica l mile s w'thout refue Hing ot outwo!d 

e nd . 

4 tons ou tward, 2 tons retu n . 

To be selected, preferabl y ro t iess than 200 krc s. 

r grea te r tha n 10,000 ft. 

Dis ta nce to_ cl ea r a 50' obsta cle (T . 0/ and la d -

ing I l , 000 ft. o r less ,. at· sea leve l unde r standa rd co di dons 

1600 naut ical m il es ( 2500 n . m . pre erre\:l ) "'-- O fl)' 

a l t itude . Use may be mode of over lood tank s c r,d 

ru nwa y ·ake - off if requ i red . 

l OC\~ o f crui se fuel p lus th ree mi nul es a t take - of' 

power. 

;,\i .... . \l, ;:., .,. ·- '. 

\/? lume to be. based on cargo dem i y of 10 lb/c . ft. 

A ·ectangulor box cargo spac wit h end loadi ng ,s 

preferred. 

Rote of ci imb a vailab le a fte r faik,re of one e ngine 

in crui .5e shall be pos iti ve. Unde r a y flight cond i­

fi .. if sha lf be poss ib le , as a mir;imum, to reta in 

• full cont ·r°'I ~ ol tit ude a nd headinq after ' oi b e of ... ~ . ..,. 
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2:2 .3 

Mission (cont 'd ) . 

Safety : (cont 'd) one e1~ i ne or of arty hot highly stress'ed component, 

and to make a c ontro l led landing w i th-n1inimum 

damage to the ai rc raft . 

Pommeters. 

During th e ·progr,om, the fo!low.i ,g paramete rs will oe studied : 

G eneral configurdtion - e sse ntiall y the configu rat ion ·.-: i H ce nte r 
"' ,. -.~· ii' 

-arou'ricl two (2) basic shapes: 

(o) discus and distorted discus 

{b) more conve ntional oircrafl config urations empl oy inf'}''ttle ground 

e ffe ct. Included in the config uration studies w il l ialso be corn-

pa ri sons of type and size of powe rp lant; various mea ns of erovid -

ing a ugrnen ation (fans, ejectors, heat , etc. . ); vari ous wa ys of 

provi d ing the li fti ng end fo 1vard fligh t powe r incl uding the u~ 

of a "st ra ight - th ro1;gh 11 propulsive jet or cruise; d ifferen 

.;1pprooches · n providing sk1bility and control fo r the various 
'· 

~ ,. '" . - ""1 

'· S1a pesCind1Jtftrs the~ se 'of ae rodynamic surfaces , 

~ ,, ,,..., "';t,it'lf' • , ""· 
emi'lf:,i! ity,,cmd p~\1nftie's:', if a ny, of provid ing for V . T . 0. L. 

~'"' ~-~ 

(Ve rtica l Take - Off a nd l anding) a t the outward e nd of t1 e missi or . 

In add i tion , rhe ove ra l l implica tions. for eoch confi~urntio of 

G . E. T.O . L. compared w ith V , T.O .L . will be studied . 

(c)· • Analytica l ond srrnvl atar studies wi ! l be car ri ed out to demonstrate 

s· obility and contr~l du ring the ground cushio,,, tra n:. i tio and free 
·;i''. 
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CONFIDENTIAL 

Dalo Repcr ted 

As appropriate to each promi sing con figurat ion , reports on the resu l ts of the 

stud/ w i ll incl ude the followi ng: 

(a ) G . A. draw ings of co f igu rati ons 

(b) Weight breakdovrn for each 

(c) Pay load range characte ri st ics including fuel a rra ng emen ts . 

(d) Miss ion prof iles , including erry -mh sions 

(e) / Operatin_g costs 

{f) Stability and car trol da ta 

fo) Svpporting.~dato for propu ls ion and l ifting systems conside red necessary 

(h) 

( i ) 

G 1c. ne ral performi:ince data 

Landing and foke-OH performance 

(j) Summary report of th e study 

' I ) 

(i 

Where cvoi I able, expe rimental data sha! I be used to justify estimates 

mode. 

·, 

The f owL~g pbotggraphic co 1eroge shal i be provided: 
• • ""°':,; 

(o) Two prints of st i I I .photog ro:phs of~test _rnode l , instrumentation ins tai ·-
, .. ' _-,, . ' '.,. . ;i;\'i:~•, 

.,.,. ~ ·:ta 

lotio s , etc. token as requ red fch· report ing purposes. 
,_ 6'L-
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2.4 .I 

2.4 . 2 

Progress Reports 

Be fo re the forty - fifth day after i nitiation'!,· wf n~ on 1-He·c on froct .~nd e,/;;;t 
. ·E ~--· . • ~ 

month thereafter, a monthly p rogress repcirt shoH be prepored,-ond ;five (5h;, 

copies o f i t sho!I be despa tched to the Diorectoi-:ate of Engi neering Research.1 

Cartie r Square , Ottawa , O, .torioi Attention Pt'-?iect -Gff icer,, D,R ~B. ond 
~"" $~ 

fire (5) copies to Adva nced Offens ive Sys ems Offi ce, Office of Advanced 

System Tecnnolo~n, ARDC, / . P ,A. F. B. , Dayton, Ohio, U ,S. A~ Atte nH ~ 

0 

The-prog.tess ,report shdl I pre:sent a summary of work performed, percentage of 
cl 
-~\-·: 

tosk accomplished, results obtained ond o budge tary status ~f Jhe program and 
. f 

work stalui. of work ea! led f?r in c lauses 2 . i. 2, 2 . 1.3 , 2 . I .4, 2. I .5 , 

2 . ! .6 1 2 . 2. 0 a '1d 2 :3.0 of the Statement of Work and de to iled~in the 1 

Planni ng Repor t, po ro 2.4 . 2 , 

Pia.nni ng Report 

~ Before the day of execl!lion of the contrac t, a planning report shall b 

prepared and qpproval of it shall be obtofned f;om the Project Officer , D .. R. i;:w_ 
' ,v. ~ 

% • , l 
Ten,{lO) ·copie~ of it shall ~ de~pakbed to the Direct<:;fcte of Eng ine ~ring 

Research, 
. " 
O ttciwo., O ntario. ' ~-.• ~- ~ 

Th e pk1rming re rt &hall de tai l the objec.tive.s•> work oontent, time cmcl cost 

sc hedu !es f,:ir each item of work co!led for ur,d.er parogr-aphs.J . I . 2, 2. l 

.. 1.4 , 2.1.5 , 2.1·.6, 2.2. ', 2.3 .0 , '2.4 J andZ:4. 2~--" 
:.t 



2 .5.0 

Duri ng the program, o.s work is c omplete d , formd) t-ecl1nica l , __ ports end rest 
- ,,. ' ~(;. 

- • _, /·:: ~fa ,ii> - ~\lC • 

spe cifi c'at,ons sha! ! be prepared an~ five! (5) copies of 't he te ch, ico f reports 

, a nd tes t spe c ifi cati ons 5halJ . .be despotch~d to the Direct-orate of Enginee ring 

Resea rch, Cartier Square, Ottawa / Ontarioi Attent ion Project Offi cer , 

D . R .B., and five (5) cop ies to Adyanced O ffensive 5-ystems O ffi ce, Office 

d __ ·", _,i; _--~ . . ,i;, 
of Advanced Systems ·Tech::,oJogy,J\RDC::· wyp_-A . F .1k, DayJon,OHi o, U . S.A. 

·' ·,, __ ·~ • 

Altent ion of \A/'vVRPO; 
I 

" -. :«'~ ~ 

The t~s,t: specificotio tc~~d -for cipproya! by the Proiact O fficer 
•• ,~,< :f&· •,;,~, •. ,~ p :> • , ,: ' ,. 

. •. B. , fifteen (15) a ys prior to commencement of tests io which the y pe rtain . 

! 

t~h of ciU. ~Q.pod:'S: wiLiJJe,,;conipleterlby.M.am::h, l 6 1 . 
, 
I 

, 

T-en.ns of, Refenmce c.md Cond itlons 

'-· 
--

2 .s:-1 The Proje c t Offi cer, D . R. B. wil l mon itor progress . 

2 .5 • .2 The· progress reports wi ll cover the progressive st·eps out I ined in the Program 

Plqrn i ng Re p-:,rt, to H,e extent stat~d under pmo 2. 4 . 1 above . ' 



.3 . ! .0 PHASE I ·------- . f ·i./½ 
,JI ~., "' ) 

. .. ' ., 
Thi s phase of the prograrn is bo.slca ll ,-· .o group o f studie s op diffe rent aspects · 

,·-. - .- - -
;i :~ . . 

of the deve!opment of the Avrocar c?ncept whi ch wi II be broug~t together at 

the end o(the pro.gram· to present the best o~e ro11 co mpromise . 7, } io~ ever, 

' ti. ' ;,. 

the i nter- re lation ~f tb,eie aspee; ts ori'\;c'each:-other will be. close lrmatched so 
. :ff , . • '' ., ' 

,; 

tha t no undue _sac_~ifi~e of a parti~ulor aspect is made fo r t he sake of another . 

. o · 

So e of the~\l'enfi by which p#ogress con& jtsd,ged inefode, tflie ·:sre1le.meni 

of requirements .to be g-iven to ren.do Engines Lim ' ted 'f r study of t~ .. e 'h1rbo-

. mto t , . whi.ch w1 If~ c.omp.le'ted fo r dusc,uss1on with the -0 . R . 8 . Pro ieci' Office 
~ . . . 'J~ 

i n m,ttf Ju,1y, 1960; and .tbe subrni ssio~ o f the \ est specificoHons! ot the end • 
• ' ,< , 

of August l.960, for. the Avro wind tu, nel test series deta ile d in Jhe Stateme t 

of. Work . This specifi ccrti~n wi ll re fl e ct work done i r the early stages o the 

• 
rogram o~ some theore tica l and des ign w:::i rk i s requ ired before the tes t specif-

icotrons carr be wtii,.tten . 
ii(;. ''.r. - ,./K-. 

Electric T 
• ~- - - . ~ ., - - ~· • ~: - I 

'> 90.~ generator in -tne Avrocor as o replacement fer the J-69 . 

~ - . 
a nd specific fue-1 consurnpti-on will bfccmpa;red . These data w.W be ;us~d • 

,:JS 

to pro ti de Orendo Engines Limited pFe l iminory requis;.ements for theh ,urbo - . 

rotor s tudies . 



3 .1.3 

Examination f the surface pre s.sures reco rded on the Avr:,~csir during the NASA 

. . 
• wind tunnel tests , w i 11 be used as a· .bosi s fo r the theore f'i ea i study of corr, ber , 

thickness/ chord ra t io and sma ll chcrn es in o-spectrntio. 

Stability and Control 

Mod'Hi c_a tions may be pgs~bl.e to the exisf ng / 2-0lh scale Avrocor model to 

adQpt it to give a variobJe- central le t wi th respect to th~ peripheral jet. 
• • , , ' 

manvfoctured . The effects of the _ riation in' strength o{ the annul ar je t on 

. 
-~ta bll i+y i:ii/Hfl ground c~bforr wi ll be· invest,k:-ate.:Land where possible , the 

•· I 
I 

find ings from the t hape 1 models fed in1'o th~ tests . A smdl am unt of work 

I 
hos been done on the existing l/20th scale mode! on the effect of con rou ring • . . 

the undersurfoce on the ' critical height ' in the ground cushion . Th is cri t ical 

height 1 here the jet change s from the 'focussed: flow to the 'c r ta:n 1 type of 

,, flow , has Hmired the Avrocor flight test heig~t and most of the·trouble has 

been attributed to jet h_ysteresi s. Various unde rsurfoce c~ntour will be tri ed 

• ·o R this mode! - these will be simpl e h.1~ned ho pes attached to the sic mode l . 

. ....,, . 
T~e problem of ins.tail ing into the ai r roft the requlred central jet which 

appears be st from the tunnel results ii! be invest i. uted, toge her wi,h the 

problem of defl ecting th e central j e t aft for c rui se . Th_,; effect of locati'ng 



Simulator studies wlU b8 n'Ktda to assetS the·stze and feasibility of o dhd 

~/m for m-abil ity and will .be compared wff&lst- daployment Gild a~ic 

l!Uri'ace fi10aM ef stabU kc~lon ... 

~,I(' 
3.1 ~•-, - 1-~ &atumton 

- -

.. A mrttlnuous mview of p~ee wm be-made through the program as tht 
" ' • 

:.;t;,,_~-~ :ii.,.-. .lj. -

'c ·- rev. ~ '.Cl!Nt -~~o However I Q start Wnl be ffiO(b finit 0n ~-•--~ ~- I ' 

~ general compar~ cf fltttng different engmes In the axlstffll Avro=r_ 

. at a basis of m-n1p0rkm. investigations into G. E .. To O~ 0 ., i'Gke-off c~ct­

smtla, cruise~ at MO level, and altitude, tbatkm, range, 



3. 2.1 

3 . 2. 2 

3.2 .3 

The major stages to be undertaken in the cond uct -of Phase 2 stud ies ore as 

foi lows: 

Choice of O verall La yout 

Fig . 2, g ives an indica t ion of the number 9f va riables initia lly conside red . 

It is intended to start with approx imate ly 9_ differe nt layouts and from the se 

exrroct 5 for further, m '.e comple te study . One or two of these 5 wi ! I al so 

be chosen for assess ing the impl ica t ions of Vert, to! Take-OH and ·Landing, 

~ (V,.-T. 0. L appVi.coti on. 
J "' .. , ,,.. 

Prei imi nary Layout Sizing 

Preliminary si zing of the major components for th e 5 designs sele'ct:ed.for full 
' 

study wi ll be do ne on on approxi mate basi s to ob tain configurations on which 

to base further calcula tions. Such items as y.,i n~ , fin, hor izon tal ~ta 'iizer, 

• ·;erod ynamic control surfaces (where appl icable), powerplants, ground mai:ioe-

uvring undercarri age, ca rgo hold and loading aperture, will be sized. Refine ­

ment and correc t ion will be incorporated as the study proceeds , bearing 1n . 1n 

however that optimization of a ny particular design is not possihle in the time. 

Powerplont Selection 

The types of poV.:erpl ant conside red v,,-iH be mai n ly from the h.x bo jet ond turbo­

prop group, us ing these gas ge nerators either directl y or indi rec ly w~e n drivi ng 

'.'>econda ry far.s or compressors, to provide the primar1 grou nd cu:;h ion tmd a lso 

.. . 
to provi de fo rward I ight th rus t. Various ways of divertin_g the g round cushion 

thru_t to propu lsive th rust will be studied , as fo r examp le, d irecti on 



3. 2.4 

3 .2.5 

of the : i f ting ie t eithe r who liy or por tiaLLy recr.,,,.:w ds, ·.o r by t he ·g rcd.tm l 
~ ,:.' 

'
-~ ... . - ,,.,, ·~ 

b leed ing of the l i ft i ng je t a i r i nto a propulsi v e nozz le(s ) placed h;ri zo n. tall y . 

. -~ 
In adc itfon l'o these stud ies , separate powerplonfs' to do each iob w i-f l be 

com,idered . 

~:,: ight and Strength inve stigati ;>_!l_ 

Preliminary .weight estima tfon will be done on an, empirica l bas is , but where 
... 

ne ~ess.ary the .stress department will ass is-t wi th roug h si~i ng as~ f;)re lim inory . 
I' \ > 'ti;' i - ? 

·-to-w e ig ht •estimotes . Structures of a n unconventional o ture wi l l probabl y 

re uJre this oppro;:i eh . ,, Re finements to these estima tes wi 11 b,e mode as the 
}~...;.;, ~ ,#,~ 

study proceeds. r ) 

G eneral Pe rformance Ana l ysis 

A ge ne ral i nvest iga t ion of ground effec t take - off. a d landing techniques i 11 

be mode. This w i l l inc!ude stud y of hrust/weigh t ra tio , ving load ing and 

" 
l ift coefficient requ ired to m.ee t the 1000 ft . obj ec tive; study of thrust requi red 

to suppo~,t and occelen:i: te the d ifferent types o f c( rcroft study o f jet def le~ti on, 

' . 

o_ircr ft a ttitude' c.i~d ~ontrol in a cte1eraf-i--on and .ransi .ion; study of io ng itud ina l 
s 

stofuili tyiin this enase", .-usinf er o ly.tical and / o r q nalogue com puter te c hni ques . 
. . -~ . ,-- _., . 

• • 3/· ~'<:! ~ 
his ting ·work or-i annvl;.or jeJ def lection .,:iarioti◊n of l)ft with fo rward speed 

; - ;.,." ·•·: j2\. :'£. , 

in grou nd c ushion , e tc . , wiil be used to+sha ck-u:p 1· is.study . 

~ 

The ~echnique w il l be centered around the sea leve l sta da rd da y requ i eme nts 

os specified in para 2. i. 2 of the Stotem~nt of Work . Th is work wi 11 be opp! ied 
~ .. . 
' J?_~ 

,_ ,, 
to e.sti m-d'te trunsi:rion~e ro fi le s fo r the fi 

' ':·: ·m, ''! ~jl.;:.,; si~-~.. 'iJ: '; ~- -~ .JJ~"'· , 
·onfigfiro t ions rn ent ioned above , 

: .~~.Li.,, 



3 .2 .6 

General 

On a sel ec ted co fig rat ion or configura ti o ns , the feasib i itty and ·penol t ies 

d prov id ing for Vert i ea! Take - Off and -la nd ing · . T . 0 . L) at the out-... ard 

end o f them : sion wi !! be inve$ tig a ted . Thi s shou! 'give a reosonabl-e 

indi.cation of wha t to expect from other configu ra,t ions . 
"' 

General pe rfo rma nce cg!cu lafion s .i ncluding ra nge, payload, fue l consum pti o , 
. ' 

e conomicol ·al t i tude and peed, L/ D ra tios ,, rate of climb, ferry missions, e tc. , 

w i·ll I e done in orde r to p~v ide a b~sis for ~ompa rison wi th other aircr:ift . 

~' 
In view of the numbe r of a rio b les , use will be made o f IBM 704 computing 

facili ies whereve r e pedie nL 

The stab i I ity and control inv estigatiom wi 11 be centered a rou nd rv:o ap oroa.ches . 
{c 

One , the convent io nal approac h, employing ae rodynami c control su rfaces a nd 

--
stabilizers . Two , employ ing part ial stabi lization by the gyroscop.ic ac tio n o ' 

the large fa n~ o r compressors proposed for the disc s a nd e l liptica l'shape s . 

Contml by th rus vectoring or reaction will both be co side red . It is e xpe c ed 

to make use of the simulator dur ing the studies o f th e co, figura ti ons empl o yi ng 

p£'! rtio l 9)'rt) :stobU i:z.a t io n- , wlie reos on the co nventi o nal approach stability 

de ri vatives for 3 or 4 co:t'tfi~i;.a,tions wi 11 • e calcu.l ated pos,s ibly employing 
• ' ... •!,).: • • . -~,..;!,-, 

compu te r aids . 

Confi!Ju ro ti or. Refi nement 

As a re sult of these invest igations there w i H be c~anges required to improve 

the various conf ig u rol"i ons. Th is wil. l e conducted wh i le . i tem 3.2 .7. is in 

progre ss . It could a lso lnvolv'e the e H - ina tion o f some co nf igura i ions . 
_ 't{ :~ 'hr • 



• 10/ENG PLA N / 7 CONFIDENTIAL" 

3 .2 .8 

Pre d i ction o f d irec t o pe rat ing cos·s fo r Avro co nfigurati ons w il l ' ' e ;.)OSe o 
"' 

on establi shed AT A~ nd SB.i.\C methods, but in compiiing f·he data on o her 

aircraft for com parison pu rposes , assi stance may be required from D .R. 

,'/rJi!d.,': ' ~ ;,:;,. ~ 

C ompar ison wi th other Conf iau rations 

A rea s d comparison cou ld be listed approximate ly as fo llows: 

(o) Economy f ope ration • . 
• feosib i I ity o f ope ro t icm 

r 

G eog raphical sphe.re o f opera tion 

,All wea ther operation 

C, 

(e) 
'J 

A mount of usefu lness, expe cfod Li fe, maintenance aspecn. 

(f) Adap tabi l ity to var ious missions 

(g) Res tri c t ions in use 



A progress report covering the- mo th's ,vork will be issue d ot the end of each 
• • _.,,. ~ "'"£ f 

month. The Fi nanci~l Sta te ment fo r this .mon t t:1 wi ll be ' iss~e:8 ot the end of 

the rn on h following the mon th being .reported. !t is estimated that a to ta l 

of 12 techn ical reports wil l be issL1ed ta cove~; 'Phase .1 of the program, ir -

e luding te st specifi cat ions . 1~li the a ppl icable ,.drawipgs giving the des ign 
~ !. --"- ~!.'::>,' 

detail s of the de veloped A,lrc cm. viii be ind~aed in the tech nical reports 

after reduct ion to stonctard re port· size. 

' ... ~~ppr,qxinrot~i . te f'.'I (H!) t~chni,col reports· '{Iii llbe iS!>Ufd,.to CO;>!ef Phase '2~of 

,he p;:ogrom,, inc lud ing 6 aerod ynamic re ports.,, -two design re ports, a co -
' . • • ' ',.. 

I 

_~ fi_gur~tfo:n comparison ,J:eporf and o Design Surr,1mary ref)<2rt . ,Appl icable 

genera l arrangement drawing~ for all co figurat ions oc ti ve! y conside red 7·n . , 
~ 

tbe .Mudy afld ;u fficient area drawings to descri e any significa nt de-$ign 

points for a pa rti cular configuration , will al so be mode availa ble. 
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REQUI REMENTS FOR ORENDA ENGINES . 

The tur~orotor and internal oerod;r~mic_s re~uirem~1~ts gi'<le.n below ~re '!o satisfy pord p. 

, -· 
·" c·,. . • ,4,. •,, • '_;/, 

1.6 . l of the Statement of Work of rhe ·(fonadfan G overnment Progrcm dri the, A rocal"'~ 

Phase 1 . These requirements deta·i /i ed Be low:;are given in · order to enabJ~ O re~da Engi f!le s , 
tjs • , -· ~ ~; , -;. 

to proceed with para 1 .6 . 2 of the Statement o{ Work . 

fo rbore-tor driven by the exhuvsi' of the _gas geTierator sec tion of the Genera l Ele ct ic 

T-58. ) fw o and three engine lay.outs are bei~g conside red 't"itb th is -e /l,g ine . And tet · 
; . 

rta.t}ve er-,g ine to be cons idered is the General· Electric J-85, in th i s case tyvo engi ne . . ~ . 

· only wil i" be ·U$ed . , The chy.mct.e.ristics:- of the~T- 58~without the free turbi~e and th 

J-85 ha ve been requested frc,m Canadian Genera l E !ec tr ic Campa y ;c qr d these w i 11 

be made avai'lable to Orendo Engines Limited vhen to hand , together w · th the J-85 
'I' • 

Brochure. 

(b) A pproxi mate Fan and O ther D imens ional Li mttot i ons. 

Fcms of 4 ft . 6 ins. to 7 ft. in dfometer should be considered with he pre ferr~ 

figure of 6 fee:t. The hub size , ~}stonte between b.ear i ngs W"= I eH opel1 to O re nd a 1s \ 

choice , .bt\ t should be ,genera lly ,_similar to the existing A vrocor . It is a ntic ipated 
( -

~ ,furhorotor will not reqlii~e to be tilted ou t -of _the rotat ici-nal p lane as is he 
•'l#- 1, 

u the redesi gned air.craft requi re such a means 
' . 

b 1 lh~t ·th ,gu.lctr disp lacement is ! 15 minutes ~ 
~ 

for control 

- t ,/' ,,·~ ,,:,;if'( 

f ntry of the engine e~haust gases . 
- ' 

' -~ ,' ; . -
. rb WI e over the rear I80- 'degrees 

of the turborotor onl y , (see ottac_hed sk:etches-~ f proposed _!ciyo~1 ts). 

; 

Studies by Orenda under pqr? 1 .~. 2 (o:) of the -Statemen t of Work should consider 
, 

e €C1Se oLo ,, crrtiol shut-
• •:... ~ ~i\, ~ 

b·e designed ·6-ver 
,~·' :: ·~ , 

-flesian cohrH.t:~ons . .. 
~· - ....... ~ . ~.- .~ 

' • an~ exit , and th~ . turborotor ~h:ou I 
' . ' 

~en~y" is not undu ly affocfod ot o f-,~ , 

Ji;,. 
-~' 



10/ EN G PL Ahi/7 CONFIDENTfAL 

(c) 

(d) 

Da ro wi ll be suppl ie d by Av iO Aircraf t Limite d of the Avroco r ·n tok ~ in tl.e Arne '.'> 

Tess m soon a s avoi l? b le together with _a ny othe r i formotion re le vant to the: pro- , 

posed Orenda in take ·· Tests detailed :n Appendi x 2. 

PerfornJo!"c e Reguire ments. 

Unde r sta nda rd conditi ons the fol low ing is the desirnbl e po-.. erplont performance~ 

(i ) Seo Lev el Static 

Thrust -7000 -t~ 9000 lb . (Net) 

Specific foe! consumpti on O .6 to O. 8J b/lb/hr. 

In - FI ight Seo Level 

Thrust 2500 lb. at M :, 0. 45 (Ne t) 

Spec i fic fu e l consumptior10 . 75 I / 16/hr at M = 0 . 275 and 

1200 lb . of thrust. 
I ·; 

Th e des i gn should no t be comprom is~d too rnuch in order to ge.t down to the sea levd! 
. . . 

sta ti c spec ific fuel c onsumption. Fon pressure recove ry and eng ine inle t reco ery 

to be es tima ted byO re nda Engines L ' mi ted . 

The thrust f i gures a re at the nozz le outl e ts and take into accoun t dud- l d'Sses but 

not losses due to je foc ussing . 

Ve ight limitctti ons 

The weight 'Of turborotor , bearings , e k . and oil syste m, shou ld t ex,cee d 500 lb. 

ond be a imed a t the li ghtest poss.ibl a . 

(e ) Angutar Mor:ientum of the Turborotor, 

This in fo rmat i on to b::: suppl ied a t a la ter da te when mere wor on his hos be e n 

done by Avro Ai rcra ft Lim ited . However , it is felt that we wii l ·inc rease '. .e fi gur .. 

over and above the va lue that wii I rc:sult fr9m the turboro tor des ign for mini mum 
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Ex hausted ot t he Ce.nter and Peripherai -Jets. 

The change in the effect i ve fan outlet area, from hovering to full forward speed , 
.~_;,;. .. ,,::-,-, ~~"· 

may vary down to ha lf of rhe hover ing setting . 

The mass flow from the respective centra i and peri phera l noz..z les is the subiect of 

wind tunne l tests by Avro on a i /20 th scal e model o f the Avrocm and the tests 

w i I I esta ! ish thi s proport ion . Howeve r , it is fe It hdt no more tha n 800/o of the 

tota l outpu t ·of the turborotor wv! I be ejected from the cen'tra I jet· in the hoveri ng 

case and no less than 3(f,lc:i°. ~,he proportions w i!I probably cha nge wi th forward 
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SUB-PARAGf~APH ( o) 
-.--~~--~~~.-:,.;,Q,:t,u~..._.,. 

Cis 1 A Hi:~ravorc1 surve1• cmcl cm ,m::1mine1H'.on cf any u:;.sfoi Ar:'les. f·ur1n0f C! fa 
for t-r1e J\vrocor o S!mm ,p ... Hrninary clos1gn of 5u:i·ab;o flc,v. control vcmes.. 

0 

,, aa2 tlb~el tesrs: ef tha AvracQr {nfet in the i RC i'1Jm1s.,. ffr.J· fo establfah i'f1e 
• &. -.z, '"l f'" - , ..- •1,. • • "' • .- , 1' ~ f" • • t_ 1 r • I rn11,;ti r .. ow ccmr,gumnon, bs vanc,no 1 v:•nn angie c,· cr·,·Gc1f e.:.c., anti Ti -:1,1 

to check the 0 ffoc'Hveness of fl01 csntrt;! devi+.;:;es~ { O:!L w~B he res1 :rn_i­
bb for the nwcte!s and st:curing the ,sHr.g fo Hitr · .. t .RC -.!,m cb i'hc ~· . ·c ·-· .. , ' . 4 •~..i.- l- ~ • • ..t • r ,es~mg cmci tt. war crn:i tyso rne a"•"-~ cis ncc..,s"c.q 10 pcrmH ,·11e oe<:ig-i OT 

CO!,trd v~nm-s end connrm thefr pcrforrm:m::::cq SoveirJ!l 'trtp-5 h.:;, C-t OWf'.J \0 iH 
t.. • • • 
i;io reqi . .tt:.-ed. J 

O o 3 u"' .... htmicnt design to rmr -sHgat0 m~ro t h1;--n ff}l'JQ oppro~d-i, Hxec i'nle!· vane 
cm::'! vcirioble e:iecimetry i n, •~ vc;n~ -,.-, · p re,iuire desi .. ;,11 inves•·i..,::trimh - .., "'"'iGn 
of: r..ow con·;-rei <levki?S~ 

(,!. G.. lhe cos'i' of us!F19 b'-.IRC GT.ii~-ucn'· emcl' pomonne! hCi::. riot • • an co ,sl,::-erc· 
ir, this $ 'i'1mcrte .. 

• Sf..iB ... f\ .. '\RAG~APii (b) -- ~·-~---~ 

:· a 1 j,.\ :-:1Cx!n:urn of ·r-ive fl ig},1·· co11t'.:li'iic)ns vihtch r-h~~ll be sfl.1~tec fer coniptrf·ibil!-~;y 
ci? ;-oi:ci r en3uk:r mcm"'ni°urn sHh pC'<'5r reqi;iremcmts. 

h '? A r -: l"' ,.1 1 :· .. r -e.. • ,. \ - • ... ' •-•~ll .... r \ :; ·u ")? OY rnt;."tJ. .. n.Ot"k or vr.rrJ-;ir.9 rar) angLHar rnc>l!l€n-ct..H··~1 \Vl'f rOu,~ camprornrsH1fJ 
p.:rformcnc;,3 C?nd an irw::,s;iCJ;c;tfon of 1·c.li':or ccr:'.,irtJc;·;•~n , 



SUB ... PARAGRt\PM { c) ~------------

• A ". . - .. ~ . r .. , r. _ .. 1 .. b.. .... ... ... t,. , .. c. i • prel!mmcn·y 0x(lfrnmcrt0n or rne ,an e:11 1.;1 Yl.ir .me requ 1remen1s mcmamg 
aHcmpts to sek~ci· ep-Hrr,um fon How cmcl pressure rni"io c:ombincfrions for 
o mnge of expected duct- kiss coefficients. 

Design conslc.'larai:form for st~eper forr chtlr-ac;'e1•i'si:ks.e and the design of 
fons and turbines for 3 flew; end tZH'GSsure roHo combinations" 

c .. 2 Mechoni~l -<i~esign i-o assis'i· Col crnd ptctlust !o.yO-U)"5 ond orn:m.;emen~· of 
design appro~cll i11: rekttfon \·o t'ie varfous ~i-essure ra'rics un& r considerd fon o 

sus ... PMAGRAPM ( d) 
~-.. -~- t - · - ii"·--

do 1 An. oerodym;1mk:: shrdy of e;-:tmust 1.:uc·:: for fon Qln d ,vrbine inchding acvicc 
on Mod.eiv 

:cio2 Design of .mo.~l, fft0nufocture of model., ~nsinmienh1Hen end r~qufrecl 1:x1rts 
for insrollaf~.n indu&in9 :ehemges for two minor veirb1 .-r-s and Cl!:;som:.,i $ ., 

• r . '- . 
Set""U? of m~\ r chec}.- run, test program lnducling ca.;f· of pcv.rsr. 

Thi~ shdi indvde: 
Pr"'}ocr co..,.c-rdi11;.:ffi0n_, Hc;fa:on 1 rGport COOip~ ci:·irn eefo·ing, proof reading: e.-aifl n_g8 

coHcrrng etc .. fr-1 rhfa ronnacjfen ii· is. tc be n~ted -i·h:r: 

{ 0 Orenoo ... ~{H morn'rc:in adcqucrtG cmd C'.On i: i ,.uous Hcsis.on ._1i i·h /:,\TO A:rcrci'} U r-: rt d 
-r-hrl<'.m&h::aJ ;- rl.e Prngro.m. 



( H) Curing the course of work~ Orei100 wm r:irovide rncnrrhiy Frogt-ass Reperts 
which w m be prepeired in wch ti way CJS to enable the rnciusion of i·he 
report i::.is 1-\ppendix i in lha montMy report v1hich Avro s.uhmits to th'1;l 
c~nadtcm Government G:-S Prime C~nt1"Cdor.. The Progress Repori shaU 
presai."'li' i:t summ~ry of v,;ork perforr!16'tl, percent·age of task occompl ishecl, 
results obtained Qnd the 'Budgei•ary Status CJ11d the Werk Sttitus or the 
Orentki. Progrntno Fifteen copies ef each monthly report shaH be we in 
A·vro Aircrof; limited on the 25th cloy of the month$ w:>:- the month beirrg 
reported, these reports shaU covt:1r the period exrmding from this day to 
the 25th day of ~:he pr~wious moni'h ex0>'?\· thar H,~)ru~erory ~tus cimd 
Work Status presentation shaU be bruie-d on vile Acioourri'ing /i/c0nth iu-sr 
pi;0vious" _ 1he Budgei:ary Work S1atus pre.sGntaHc.ms stwH shent;, sep-crrately, 
the totol expenditure for each of ttw fo:t..rr studies lis:i-ed t:n para. 2o i .,6 .. 2 
and of parao ( G):, Appendix 2 of fhe Planning f(epcti' o • • 

( iU) 'f~tenty ... five~m df the fMil T~td,n.imt Reports, as noted under Sub-­
paragraphs o#" b, (; c.-ncl d, in this Appendi,~, sht:U be p.repeired cmcl 
s.uhm·tnecl to Avro Aircraft Umit-01:! by the 31st of Nknr&t 1961 o 

,, 
l ) 

Tot.:il Cost for 1\dditimcl item $12r760 .. 00 

N .. 8 .. The cost of using NRC tur,nel and personnel has not bee11 . cons .. red 
rn thts estimmeo 




