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This report outlines the current :lta.tus of the CF-105 project 

n detcminod durinJ 

Ju.'1e, 1955. 

riod or lillison with ,.vro ,-1.rcraft. Ltd. in '.UY ur.d 

\ttention is c:..llod particulurly to ~ircrai't perrornnnco, 

stability und control cll..lr~ctoriHticJ upon \/hi.eh the success of the project 

i o critically dependent. 

It is noted th..it the weieht of the ircr.:i.ft l ,is incre::.sed 

l:lubswnt inlly since the public:ition of the oo:;t recent brochure. t the 

um::e tico e3ti.Lnte::i of thrust end dr..1g ure in process of revision. It is 

believed tt t in consequence of tho::ie cha.n.,o the perform.: nee to be expected 
1 

is now below tl:ut opccified. To defini ly ostublish the pro~ent 

relationship between expect..ed i..nd specified perforr.:..mco u nev and thoroUcll, 

un.i.lyois sup,IX)rtod by n."l independent chock 1:3 urr:-;ontly required. 

r ,::; soon as roliable i'igurea are av.lilJ.,.ble 1 t is recommended 

t t the extent of expect.ad perfon:mnce deficiencio~ be cocmunicatcd to the 

R.C.A.F. 

It iu unticipated th~t. tlC,.lns of r.~nificantly raducinJ ... ll 

compon nt. weight::i will be required. It is therefore suggeated that a.rly 

com:ddcr:.1tion bo giwn bt the R.c . .. . F. to 411 extrece progr-....u::e of v.ri:ruuent 

nnd equipcent weight reduction. 

Li the pre:.;ent concept of the CF-105, a ayst001 for artificially 

nu_,1I1entin3 the stability i s easontiul to tho safety of the aircraft nt some 

co:::binatiDns of }heh n~, oltitudo and load factor. It i::i proposed to 

achieve c.clcxiooto relLbility by providing also un Oll'.eruency nti.:1!lentation 

systan . 

i 
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Tho t: ... sk u."lder tJJ:en 1 coneidorably core complex t.'1.....n th t of 

L'!erelJ ::.upplooentine tr.a r .... t ur .. l dru:i.pinrY of tho airer-ft, n course of action 

which h.., been follo\l'Od on tw.ny cont porar1 types 1., counterL,3 the lo:s 

of dulllpin._; ro:;ul tin fro::i incro:,sing (ll, ti tudo. 

~t least u proC-1ution dgninst unexpected ob~ cle3 in 

the development or the propo:ied ystem, a. further effort by me-..tw of wind 

tu:mel .. r:.d ci!::ulator :;tudie., spoci.fically uil::ed t.t ir:lprovin., t ,e O:.J.tur;il 

stnbillty und con rol cbnracter1ot1cn of tta aircraft o.p.i)OJ.rs to be 

w.1rranted ut this time - d is recoL"ll::Sndod. 

Gooe le.s.., extensive probls:;ui of de:iign (l_nd operation raquirinJ 

investigation und offerinJ acopo for further contribution to the project 

ure al:.o noted in this report. • 
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• DR.\FT 

1.0 IUTRCDUCTION 

In ordor to provido for continuing technic:u liai1Jon between 

th a.ircr~rt manufacturer and Govorn::iont ocicntUic staff durinJ critical 

period 1n tho ovolution of the CF-105 int.orceptor design, it wo creod by 

t.~ ~, Defence sO<.U'ch Boord, the Diroctor, &.tional t,eronautical 

Establishment .i.nd the President, /,vro ,,1rcr..tft Ltd. thlt u repro:.ontativo of 

the N.A.E. should be attached to the project. P.cprescntu.tion ut JLvro 

,-ircrurt Ltd. 1oUa established on 26 April, 1955 for lin initial period of 

two mon 

Theso note3 constitute a prelhl1.nary roJX>rt to the Director, 

. a •• , on th r,re.:lent tatus of tbo C -105 project ue detom1.n8d during 

this two month period. 

l.lecau.so in J:lttily instances co ponent d031gn scho:::es, test resul~ 

and e t~tca re undergoing revision, the most recent infol'llUtion obt.:.iinable 

from the crtl1't l!'YmUfacturer is orten incomplete. For thia reason absolute 

ex:lctness in reporting C4Illl0t bo cltlil:led. 

It is intended, however, to call attention to those f tures 

of t.h projoct which o.t praseut 1.1.pprur to be the LX>at critical, r,articularly 

those 'IJ!'.ich 'CMY offer scope for definite contributions by the N.A.E. 

2.0 DSSCRlCTIQ1i OF DlE CF,J,05 IBQJECI 

Stw.ies of the requiranenti:; ar..d dooign of a oui-,ereonic 

interceptor to rephce the CF-100 1n the Can:..di.Lm ir defence aystem hav 

b~ 1n progro:u, aince 1949. 
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Various aspects or th problw h.wa been o:icmined by the D.R.B., 

tho R.c .... F., e fl . A.E. tmd 1.-.ro , ircrilft Lid • ...nd havo boo; di!:cus ... ed in ... 

n· or of roporto publiuhod by the::ie ori:;an1Z-lt1ons. 

In l..lte 1951 a co:.:dttee V-iS sot up by the R.C •. '> .F. to make 

raco:in: .ad tion on the performa.nce require:ent.5 of an aircraft tuitod to the 

air defence syst pl.-umed for the period 1957..fJJ , if possible, to 

recommend improvements to the syatcl::l. T.u .f'ind.ings o.f' thia co:::oittee were 

published in the "F'inal Report. of the .,11-weather Intorcoptor Requ1re:nont5 

Te.lJ'.ll" d.itod lhrc.'1 1952. 

Zubsequently detailed Gpecif'icationu for the aircraft wo.ro 

dr;;.wn up by the R.C • ••• , t,r.a 100st rece."'lt b in.,. Istuo II of R.C. ,, .F. 

Specification ,\ir-7-4 d.:.ted pte?:lbar 1954. 

2.1 ~~cificAtioru: 

In prepu.ring s110cif'ie;;.t1ona the coclut pcr!on!l.lnce a.nd radius 

of ction reco=endod bf t.~e Interceptor Requirc::.enta TOJl:l were cc pted. 

The::ie roco::m:cndations c:!lled for 5 minutes eu.<Jt...ined coi,bc:.t at a Mach 

nu;nber of 1.5 at 50,000 toet with lo....d !actor of 2 continuoU!Jly 

upplied; co:::mlt to t.-ke plnce t. a. r.:i.dius of 200 ouut1cal miles, 

.t'ollow~ a cot:lbat cl.iJl:b and cruise out a.t M = 1.5, or at 11 r-.i.tlius ot 

300 nautical nil.03 following en oconomical climb and cruise out. 

Rocru:-.:::andationn oft.he Intercoptor Req_uir ... ento Toom \lhich 

wore not incorporJ.tod into the R.c . .. . F. Specification ir-7-4 were 

not...blJ thot.e callini.. for a crow of one mn only and for inst..,lled 

arm:llllcnt :d electronic equiµ;ien.t wighto not groa.tly 1n exce:.rn of 

1,500 lb. EUch • 
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Specification uir-7-4 also introduced fim roquirOl:IOntll for 

the aircraft to be fitted with t'WO enJinea of the Wright J67 or oimilar 

type 11nd sizo aoo to bo capable or u. ferry l"'clllGO of l, • w.ut1cal miles. 

Followin the prop1lr .... tion of tho spoc1f'1cationa for the 

aircr .... ft t e R. C •".F. a.loo published Specifics. tion :,ir-7-5 deal.i.rl;;; w1 th 

th typo of integrated Gloctron1c oy~tta requirod for the CF-105 

tw pl. ce nll-wcather interceptor. An upper l1.mit of 2,000 lb. for 

the electronic systetl •.ias written into this specification. 

Zuppl cntary details on the desired characteri.Dtic:. or the 

auto!lllltic nifht control eyf!tem tor the a.ircr-.ift were publiehed mrc 

rocentl., in the .fom of an 'Invitation to Did' in n.c. ,. .P'. Document 

Inst.-92-1, dated }larch 1955. 

2.2 ~~ 

The c:oat rocent of a series of do ign propo ls for an 

aircrai't to moot tho R.c.J. .F. Specification ie that contained in tho 

i::anufacturor' s brochure "1\rin M t{ino euporoonic all-woo:t.her fighter 

CF-105" dated July 1954. This brochure descri~ u lar6e tw plAco 

twin engine ircra.rt with a thin, low aapect ratio dolt.a. wing and r.o 

horizontal. tail . It is es .. enthlly this de:,ign proposal, tendered 

in re::iponse to R.c •• F. 3pecifioot1on Air-7-4, wldch me been 

accepted b., the R.c. ,.F. und for which a contrect for a nwber of pre­

production ircrart ha boon u~rdod to dn.to. 

Manuf cturer's titudios of s:aaller versions or the aircr-..a.ft., 

including one des it'll h:lsed on a sin..,le ongine, were discontinued prior 

to tho propar.:ition of R.C.A.F ..... pecifiCt.Ltion ir-7-4 follo'llillg the 

conclusion ro:iched by tho manufucturor and accepted by the R.c.e.F. 
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that euch aircra.t't wuld b less likoly to meet the porfomnnco 

roqu.ira:lurlts, involwcl ter risks, vore lo· a ver:satUo rmd, 1o the 

ooze or tlie single onei,no desien, l'l'Uffered conaidarablo loss in 

rel.1.ubility Wld oonvenionce of inctalla ion. 

2.3 .£vQlut1on.o!J..be.J:>e.sirJ1 

,.t tho present timo, p:i.rti<.'Ulel.rly aa a result or wind 

tu.~ol and other .:::odol or oomponent teats, mnn:, ~es 1n 

dot..dla ot tho dosign of tho nircr..:i.rt aro continuously boin.'; 

incorporated.. So:lo or thc:io cl:.:.ngo:J ·w111 bo di cw:,oed i:.t greater 

lon.,iTt.."1 later in th1u report. For re.icons of c.1Ar1ty in doscr1bio.1 

the proj et a. nu::ber or Jor f turc3 in tho evolution or tho 

do:ilflll since publication or the vro brochure of July 1954 

will be enc:uirized horo. 

A cocpuison or the proeent st:lte or develoµ:iont of 

the \.'ric;ht J67 and th Pr tt end Whitney J75 oncinoo hls led ~vro 

Aircr.u"t. Ltd. to ooloct tho latter onzine for inotu.J.la.tion in 

o.:..rly pro-production versions ot th~ CF-105 ircr-a.t't. It ia 

proposed to i'it too r1r:1t o. rcr...ft with tw c~~1n or tho type 
A i.3 Azc, 

J75• und eubsoqucnt aircn.!'t vlth enJine!l of the typo J?5'11111. 

Depending upon the ~ te of daveloIXlont of the ncla PSl,3 en.,'1.ne 

it 1s proposed to .fit on.,µ.nos of this type t sooe point prior to 

production or a.ircr.u't tor aql.Uldron oorvic • 
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lresent oatimates of the weight.a of ~le::;o vcU"ioua o~inos with 

afterburners aro aa follows: 
AZ. . / A2. ,,.. 

J7519-)ID,:rine: 
J75- O?¼inO I 
PSl3 en.,1ne: 

6175 lb. e eh 
617S ... lb. ooch 

4f;IYJ lb. each 

Perfo.nnance m.lci.ll. tio. a ~md det..Ued de 1en at pre:ient 

bein c.irriod out b: the aircraft 1:1,-.nufncturor re tlllinl.y confinod to 

the i.J.rcr.d't to be fitted with J75 or..gineD. 

2.3.2 r.1r~ 

It 1u intended to mount and to provide for rooovd.l of both 

J75 and PSl3 en.;inea in a in~er nimilnr to that propo....:ed for the J67 

onginoo in the July 1954 brochure. Eniino ro.::ioval is from the rear. 

Fixed oxt.ornal hit.alee ramps havley a. 12 det,'l'ee rriJ:lp ar1t"!le nro propo!:ed. 

l-'dnimu..l intake ar is 5.6 5q . ft. in the c.i.se of the J75 ongine und 

6.25 ::q.ft. in the c:1re of the ,eg13 on.:ine. Fuselsu_:-e bowido.r.1 l11yor 

air is by- p..::111ied under the r.lcp, p-1rt. of it bei.n.: ducted thro~h u. tout 

exchan,.;or in tho air conditioning e ste::i a.nd 1:iart spilling rock over 

t.,e fusel ge aft of tho int.:ike:$. It is 1,,ropo5od to rotl0\,'8 ramp bour.dar,1 

layer air nnd thus alleviate i:my tondoncJ for aei:;a.rution at the cntrJ 

bohind the rump etu.ndin3 shock 'W'J.Vo by uppl.yin"' poNus suction ~croes 

the r-..cp ~t this point. It is propoued to by-~o appro~t.el;r 10 percent 

or the cnterln c.ir around the &.Gino into n cylindrical ejoctor nozzle 

t tl,e de 1!}1 cw.hat condition i.,.r.d at t• et~ numborfl ere~ter tlian H = 1.5. 

Extcrrul codificu.tiona to tlio airfr.:irae since publication of 

the July 1954 brochure include 15 percent incro.c..ae in vortiC:.ll tail 

aroo, tho incor,POration or a 5 vercent chord notch at the outboard wine 

trwisport Joint und n 10 percent chord leadinz odge extension outbo rd 
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of this point, the ddition of le;.idini; edge droop, or more correcUy 

µ,sitivo l~ding edge catlbor, priI!nrily on the outbo!trd wing nnd 

minor eh ·•c,s in forebody, c~py and aft.orbody lines. Forebocl.J am 

afterbody cl1'a!l£:OS ... ra nd.nlJ a result or i:..rea rule consider tion:,. 

2 • .3 • .3 ~ihr:ent.. 

The a.rmru:1ent now pro1,0aed for th6 CF-105 cllffors little 

frO!ll. that described in the July 1954 brochure 1n that the pr.11:ur,v 

an:i..ment consists ot 4 l!u.;hoa Falcon radli.r seeker inis:;iles plus 

4 similar Fnlcon ru.s.::illes with infr-.1-red lJOllWlG devices. Th 

ulternstivo .:.m.inent proposed, howver, differ - !ro.:i tl~t described 

in 11s brochure r..nd in a further ,,vro p.ibllo.:..tion "Fropo::ied m1s lie 

inatalla.tions for Cl"-105 aircr..lft" d:lted lictober 1~54 1n tl t 4 r'1thcr 

UJ.:.tn .3 SPJrroW II missiles are O-LIT1od in the i.U'tlatlOnt bay. Tlds 

urcnz:,ont instullfltion is describod in Avro µibl1eaticn "ProlJOsed installation 

or four intorra.lly titowod SfCU'l'Ow II nissiles in the CF-lU5 aircr.i.ft" 

dated Fobrunry 1955. 

:01c}lt tima.to:. for t..lio primr;r tU".c:.U:lent to be curried bJ 

the CF-105 ~re tollo\13: 

8 F'. con t11 siloo at l.30.3 lb. o.'.lch: 1042.40 lb. 

Mioi.Ue pack structure: 

Missile pack mechunis::11 

Missile p:-,ck hJdr-... ullcs: 

Miasll pack air cond1t1onin.;: 

mament. pr-.>visions: 

Tota.l: 

672.79 II 

4lQ.48 II 

29.).0Q II 

23.16 n 

2.l..(.Q " 

21,J:b.23 " 
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'Waight estirlutos for tho alternative ~nt of 4 Dp:u-row II 

missiles a.re not. av"'UAblo. The weapons thcn5elves, howevor, wei.3h 

389 lb. oach so that: 

4 !.>µu-row II mieslles ut ,3f,'<J lb. roch: 1556 lb. 

Tho muJor itm or equiµnent, t1pa.rt b:otl umament, to be 

c.u-ried b., the CP-105 aircraft. i the intc.:;n,.ted eloct.ronic synt.c:n. 

Tids consists or all the eloctron1cs required for t,'l'O'W'ld und air 

cor.;mmicationn, mi.vlu ... tion w'.d cotlfUtin..!, ,,I rc.dar and fire control 

~ui,il!lOilt, including missile oloct.ron1cs oquiµ:wnt contuinoo in 

the m..i::.ent pi.ck tor µ-o-hw1ch und l.aunchine functioru,, und the 

electronics system required to cupplcent the t.ero<l.>u.;:dc properties 

or the n )in;J controls eys u?ld t.o provide autocatic control of the 

ircra!t in resi:onse to si1.,11.1ltJ received f':rotl the i:;round or from 

tho J,l r.1d.u'. 

Firm contractu for all or t.his equiµ:icnt. have not yot en 

<1Wdrdod. Woi~t ostilaate::i for a tJys pruµ,esod b the l!u.;hes /.ircr.l.ft 

Cotlpauy in . oo toe. l;o. 052~ ",m electronic sy::itea for the CF-105 

interceptor" dated ~ber 1954 quoted a value of 1940 lb. for the 

syr,t.tn excluding cs.bles lllld brc1cket5. More recent estil:utos by Avro 

:.ircraft Ltd. nro au follous: 

FJ..ying control oloctron1cs: 108 lb. 

R.idio a.nd r.iclar, fixed; 921 11 

fudlr, r0t10vablo: 1260 11 

lLdio, rc::iowblo: Z'/6 1
• 

Misallo Jl1Ck. eloctronics 1 )18 " 

R.,ul.,r door actu.1tion: 10 11 

f'robe: _J.!i II 

Total: 2908 " 
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The follo\dll recent vro woi6ht estimates refer to t,e 

ui.rcr-ft fit whh J75-.25 en ine and e::.rr; .. 8 .... icon mi• llos: 

.... tructure: 

r.derc.irrbg 

Power pL.mt 11d services: 

yin controls: 

arA rolllOv~ble equipuent: 

Aircr-.1.!'t weight c pty: 

Useful lo:id (cowi~t mission): 

t, c1 oiori): 

Co=.bu t woi M. (.t .... l.1' comb fuel) : 

16991.4 lb . 

n ,754. 

13776.12 II 

l7,3b .26 " 

6661.50 " 

41921.68 " 

1 J60.04 " 

n 60~61.7 

52006.72 " 

4)7,31.72 II 

,ev i,erforxrAnco e 11:la.tes r.od on the i:.ircr.1.ft fi wiU 

J75 eni;ine ... are l.4t ros t i.;. :p.roce::is oi' c:..i.lcu.Ll ion tt.t i vro 1.rcriilft Lui. 

si ... 10 1.oces:: r. , sfuc 

r ,.t.ru t nd dr or 1 r.., ix.wrr. l 1r flows t be 

off C ;; 

ccount 

... f: well .., t..i :; _µ.r ... te co,,tributio.,- due to t e e •inea :d to ex rnal 

(, co ... i: et.ion of the e o.,t tes ~ s~ 1,-rocodur is to bo 

r llowed ..,:;um! • 13 engi.l.cs. 

Ro n calcul::.tion indirote t t oven with o 13 e .. rfoc 

in uu.l tho 1 o il ccoler ... t.ion obte.in ble t M = 1.5 t 50,000 ft. will 
r 

fall ~ ..,l r .. of tte 2 t roquirc.nent • 

t I l I 



• 

- 9 -

An 1nde1,0ndent. chock of tho lUlll.lyois now being undert.t,.ken 1s 

uri;entl requirod
11
t=__... tM• i i!\• pafouauee •• 1,o l,w: ..,..t.-.~1a 

aut• 11ttt. It will be realized t.hnt uny lareo reduction 1n 

perfor.:unce below the Z & roquirwent will havo a profound effect upon 

U.e al:t.1tude cai--,bllities of tho ircr .. rt. 

J.1 rru.:: Est1;1rat1pn 

In addition to the effects of 1nter uir nows, tor which 

it 1 difficult to make ccur ... to allov<lllces in preliJllinary stages of the 

de:;ign, the effects of modification:.; recently 1ncorporated from 

consider:1tion of the o.rea rule h:.i.vo not been included in tho aircraft. 

porfonnance esti.m:.tes published to date. Soce discuowion of the~e 

two it.ai:w follow3. 

J.1.1 "l,~Us;a'IJ,on 2t. tl:ig ,,ro., RnJg 

The pos~ibllit1 of reducing the profile drag of tho CF-105 

by dJusting cross-sectior..u o.re--is in a.ccordanco with the ur a rule 

bus been e:JC;LDlined by .. vro .. ircr..ft Ltd. Some notes o,. the ethod 

u:::cd a.re conta.1!:ed in tne 1,vro public ... tion 11JlrQ.:J. rule progress re_port11 

by F . .t1 . Wood~ dated Febnl..J.ry 1955. The studie3 carried out are 

confined to a M3ch number or 1.5. The µ-ocoduro used for ~culatir,e 

the zero lift w~ve dr ... g is ewbcntiul.1_; that de~cribcd by R. T. Jor.e~ 

in Reforonce l but usinz 100 tel"lllS 1n t Fourier serios for the dope 

of the u.r@a distribution and uoiru c..'l pJ....nc:.; ut five oricnw.tions 

between O ~nd 2FdeJrees . 

Althout.:h l'lOdi.f'ications of v<1r1int extent have beoo ex:..mi.noo 

b.t thi proc~ure, in C<my c:sse:.i the implications in rolocat.lng 

equip:cnt and rcdei.;ignin., th structura wore cor.sidered to bo 
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unacceptable. The LlOdU'ication.l which huve been incorporated in the 

design consist of rebtively ~rr.all change:, in the lineo of tho 

torebody forw..ird of the inui.ke~, a reductiun in Cl'08s-sectional ure~ 

at the forv.1rd i:ortion of t.he entry ducts bj' thinning tho out.bo..ird lips 

of tho intake;; and an incrc..1.so of cross-oectional are;i at. the a.ft.erbody 

b;7 adding a fairinJ or tail cono bewoon tho jet exhausts. These 

codliications l.:.i.ve tho orroct of ..:.:nx>0t.hin3 out to eo .. o extent 

u.nduhtlonn in the slor,o of tho arw distribution forw-<.l.l'd of the wing 

and of reducing the slope of tho area distribution aft of the winJ. 

Tne roduction in profile drag coerticiont as a re:;ult of tbeso 

oodific~tions is e~tima.t,od by Avro Aircraft Ltd. to be in the region of J5 

to 40 1)8rcent at M = 1.5. 

In apr~inJ this method for clllcule.ti.-rig 2ero 11ft \4Ve dr.1g 

aover...1 uncertainties arise. or these tho most proainent &re: 

(a) Uncertainties duo to the presence of large internal nows 

(b) Uncertainties duo to rus~lu{:o croiw-sectlonal iihape Wld to 

v~ loc.1tion. 

These unccrtaintie sug.;;est i.. nu.abor of venuos for 

thooretical. <lnd expcrilllental re::earch. Sinco, bovover, infon:iutlon 

frot:1 wind twmel ..nd free flight i:odel tests on the exterrol. dr.ii of 

tho CF-105 1;.1 nov becoming av..i.ili,.blo, uncortaintie 1n the othods 

of e::;t:1.nnt.ion aro of lose ii:ir:ortz.nce than hitherto and thorofore it is 

not i,rop:ised to discus3 tr.oac further 1n ttu.s refOrt. 

3.1.2 Ire,;.:t,t;;e..1t o.f' intQr;.J,l~ 

Intuke and eneino ducting ai.rr-..mi:;eoeut:i for tho CF-105 with 

J75 engines ure oketched 1n Fi{,l'\ll"e 1. The rropertie1.1 of the proposed 

convergent oxhzn.wt nozzle a.nd cylindrical cJoctor nre show in 

Figura 2. 
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It is understood t.ha t u oimilar arr..1ngem.en t is J;ropoaed for 

the Pm) engino inst..illation. 

In tl,a ea. e of' tl.e J75 install• tlon a section of he by-1 ii;s 

duct uurroundin._. the en,i1oe i::; oc led off fro::i the ejector nozzle ... nd 

a _portion of the by-1 ~: .. ir is diverted thr;,u,j1 this rc.,ion for fu 1 

ven tin~ 1-urpooos s ho\,:n in Figure 1. 

[',election b/ , vro ircr-...i't Ltd. of the type of int.J.kc, duct 

and L.,- ss s.,rstec r;roposed was be.sod 011 a nur.iber of consideration 

whicn •re now ::: - -rizod . 

.3.1..2.1 lx,t; 1!;01 

b. v:..riu lo .4re.1 inlet is c:iq.ectod to be cootly in veit>ht. 

t ti,o d ..iii,ll co. wt .ich nuober of M = 1.5, the proponed intake .. nu 
by- ss combiilation i s ex ,acted to bo 11 htor and to result. in only iJ. 

s::iall roduct ion in rfomll.l'lco . hence u fixed rwnp h...v1n:; a. 12 do"ree 

rwap .-..r12le has been chosen us t e JCOat ppropri" for eh nwber t.wean 

k = 1,5 and 2.0. 

By ullowin"' fuselage boundary l 1iyor t ir to p:i 3 u."lder the 

rump it is l-.oi,~d to void roduction of µ-essuro recovery in t-.dV; ce 

of tn r shock system. The blood to the I t wee. n...,or i:3 to bo 

01>0rat.ed nt ju t bolov chokin"' i:.:.eii n ovs at hie.t• s1.oeda 1n order 

to roduco the l--oas1bilit; of shock ves movinJ fan, rd und thickenlntl 

the boundar y layer ov~r the r ~· ~~ction on the nu::~ 1~~ l!' is 

im:orpor .... ted .. n a µ-ocuution inst buz~ Nsult ine; froc so.1,..il'...t..lon 

lift of t.ho r...mp nurr.ul shock nt ,o higho~t l eh nu.-wera (M = 1.7J and 

... ovo) • 
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,,voidance of b'.llZ in o.lso one of tho ~ re..1 oru; 1'01• 

incorj,JOr.itin;: the e:i..;ine by-p..:ss nyoteo, :.inco at eh n or:.'! bovo 

lt = 1.5 t tls illo\lJ ·1.he tl.inic.u::i n:.,.a• now ratio t t .o int..ii(o to be-

1.ncru r::ad. Tl.e i::-..:d.t:u:l an,:. of tLe bJ-paoa io such th t the int.:.ke it1 

j1.1.-:;t cho cd t l = 1.5 in tho str..:.tos1;1.oro. 

3.1.2.2 Lll~ti.D.! 

The duct fro~ the inlet to tho en..,ina incro.:iseo in are~ 

frozn 5.6 sq.ft. (for the, J75 install.ution) ~t tho int.uko to 7 oq.ft . 

at di...tonce down .. tro::m of 9 ft. It 1a thc::i of circular Goction 

and con.;tu:.,t di...u:ietor for tho r· inin., 22 rt.. to the co::1pro!loor . 

Ur.der ue;.. level et.. tic conditions .it oillw.ry r.ltin uction 

in the duct. is function of intake ,_re.:., docrwsi~ quite r ... pidly with 

incre,1.:ia of _,,. 1 .o intll ·o .. re1 U.'i.S solect.od fr-,.:,::1 structural 

con .. 1derat1ons b;;.:~oo on this ~so {4.28 lb. r ::iq.in. duct. auction 

for un intc.ke ..iro..1. of 5.6 sq.rt.). Estim.:lto:s bJ ,wro ,..ircr..1ft L--..d. 

indlc:..te toot the tow.l thrust lonse:t due to ramp ehocb, duct skin 

friction, s1-lllu1,.a dr .. g and :llentu::a lo:..s 1n b. -p::.i;s ro in!ler,,...itive 

to intake ro:;. ovor the r.;U\;o 5.1 to 5.7 sq.ft. 

J.1. 2.3 13,;,:-;½,, 40d eject.Qt 

As shown 1n Figure l, by-pa o flo\l io controllod bi ,ills c.:t 

a i'lu.,h inW.e t.1.round the duct fonurd of the cot1pro~sor. At 1;1c.l-i 

OU1nbers below M =- l.5 it is inter.cod to have the glllo only p;,irtit.:.lly 

open i..t a fixed net1.in,g to provide t!ufficicnt 1r for o -1ne cooling • 

. t Jl'.ich zru.':!bor:l cbovo M == 1.5 the Cills are to be full~ open. In 

c.dclition to tLe cffoct. on 1ntnko condition:; aJ.re....dy noted, t.te by-;nes 
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ic oxr,actcd to illl~rove ~re~~ure recovery st t.ho comfre~sor fdco by 

re::i.oviu :ill the duct bou.·1,t .. ry 1 yer nir und to reduce intake $pillage 

drc;ll!,• 

pi of the by-f6 o nir i1:1 ucco!llplishecl b/ u. cylindricul 

ejector encloainJ t ,o convereent e:xb.iust no:.:do. Esti::ute.s of 

ejector pcrfor--.;i..mce ..ire b....sod on exporiz:;.ont c.irricd out on v.:.rious 

oJector_ coni'i,,.'l.11' ... tionn tested at tl,o Lewi Luoor...1.tor_y of the l t;; 

und rel-()rted, for cxwnple, in Rofcru:-1ce 2. 

The object of tho ejector ~ystea is to r,u::ip the required 

runount of coolin.., or by-_pasf; u.ir with tho xninir.utl loss or prefor ... bly 

guin in thrust. ver r:iost of tho i;pood r-J.1l[!O und i:articularly with 

afterburner lit., u galn in thru:st is chi.11:od. ,e an er..mple, for the 

de.,ign coml:nt condition of = 1.5 at 50,000 ft. l.1.th :u't.erburnor on 

calcul. tions by vru 1,:1.l-craft Ltd. show an increa ... o in ~ros~ thru~ t 

c...-,.,;iuntin,,. to 9 .7 percent co::ii-ured with an en.:;1ne without the eJector. 

If t.his fi,;uro fo ,..ccept.od nd nllov...nce is u:ie for the :u:::entu:i clr-a., 

of the "ir ::\ol.lllo'Wod in tho two c;...sos {82.9 lb. p)r bOO. throu,::h the 

en,..ine cmd 9.2 lb. })Br :;ec. thro .,h the by-pi,.so), 1.m ... ppreciable c in 

in not thru.51, i:i -lso t'i:J--ront. 

n ~ddit.ion...l fuctor to bo considerod. 1.~ e~tir...::.tin.3 the 

ov Nil rol .. tion .. ,.ip bot.w.:m U.ru:..t nd <lr for tr.e F-lu5 i u tho 

innuonce of tho Jut on i.he 1-re::1~ure diatribution und hor.co th dr..i.(! 

or t .o ufterbod.,. ~..eriments, alt,o cUTlod out by tho } .. l;A, on ... n 

..xiull.r ti .etric bod/ and reported in Roferonce J hi..ve show th.:.t ut 

su~r conic J.'.act 1.u:zbers 11d t hiJh nozzle prensure ratios thu offoct of 

u jot ireuin;; fro:..1 wnvercent nozue T!UY be favourable in upproci!'bly 

reducing uft.orbody dra·• (e .. 10 to 20 percent reductio in bod. lir-.11:1) . 
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The riso of iro~si.ll"c ovor the rea.r of too bod1 tmder th :co 

circu:iew.ncos, ui.d henco tlio roduction in dr.:.1g, is explained b:;r 

pressure tr:i.."l!.n.bnion forw-..rd 1,,1ithin t.bo boundar.;, h.yer frota the fo.:.>t 

of t.to s.1ock vllich for.:is ut tho bc:.se of t.ho b::>dy. 11s a ro!.ul,_ of the 

.. dverso proszuro r.Jdient the buunda.ry lu.,yer thickons and the ehock, 

occurrin~ where tile flow around the body is forced to change direction 

b., ., .o presence of the oxh.i.twt jet, tends to split uml fan out forw;u-ct 

-lonJ the body. This effect, ~ the r osultinJ ittprov~nt in dr..i.g, 

are more lJ..lrkod us nozzle pro3s1.1re ratios uro incrO!lsed. Some im1-:rovament 

in .. r ... erbody dra.., w1:1 w.so noted ut suboonic lbch nwbers &.nd hi(;h 

:p..""Os:..m-c r(.Ltioz in the t ~ ex,::eril:lcnt.s. 

Conditions no..ir tho exhaust nozzlos of the CF-105 a.re 

consider ... bly wro co plic...tod th.:ln thoso of the ~rimental 

arr-J.110 ement referred to nbovo . The presence of two 110z7.J.es, e.:-.ch 

t~vin; both prlraary and necoud ry .flows r.nd eeparatod by a fairin.; which 

is not o.xially s;::irriotric, ia oufficiont to m~ko est:1::;atos u.~corta.in. 

Under deai.;n comoo.t conditionn, howevor , the v.JJ.u~ of tho priuci.r1 nnd 

socond..ry pre;:.suro r.~tios (7.12 tmd 2.85 rearectivel.,) :,-uggest that 

possible gaino \Mud ,101.. be lur.30. 

To provide oore specific infomation on int.eri.l.ct.ion effects, 

wind tunnel tests on the C.F-105 boely with exhu.ust. flows simul..itoo 

are nece3~ur;. 

J.2 Te.,t J.n2,;r...,-.::;e 

t.1,'el';;i.ll dr.::.:I ce...ourozlC."lts ut M:1.c!:; mx:bori; up to H = l.2J 

h,.v w.re-dy boon thde di.u•in_. tests in ttc Cornell \dnd tu..--mel. 

So e further rosuro..aents ut zero 11ft end :..t 1"..lch nu:::::bers up to 
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M = 2 h;;.vo been llw.do in the H.t.E. high speed wind tunnel. In ndd1t1on 

drag d,..ta frou freo flight tlOdol firlrlgs are now boco::u.ng e.v.iilnble. 

Intornu.l nows, present during tboao tests, are not representative 

of ~ctu_.l conditions wi:t-~ en3ines r,mJrlng. A correction procedure 1s 

therefore applied b; .vro Ai..""Cr~rt Ltd. to take accoW1t of theDe de. rtures. 

It is interoat1nJ to note that a;pro::dr.atcly t.ha oc:oo value of the tero 

lift dr.ig at oupcrsonic spoods, before correction for intert'.al flovs, 

WJ.5 obu..inecl by nll three oodol test flicilltic.i. At M = 1.5 thi:=.l 

uncorrected valuo of CDc, 1s si:,proximutely .026 for the aircraft without 

le.:i.dinJ edge droop. 

So e oxperi!r.ental confim:.tion or the uro.l r.:.ethod of calc.'Ule.ting 

'W:;.I.V8 drag 15 reported by l..vro ,.ircr-art Ltd. fI'OI!l the ro ... ults obwinod 

b.1 .ffring tw "crude" freo n1eht JilOdols. Those t:odclii waro uaod 

for checking tele:.:iotr-J techniques on the free fii&ht r~e w:ld only 

rou,:;:hly reem.bled the CF-105. ,groement between calculated VcLve drug 

at M = l.5 nd that estimated from total dr ... g lllOl&aur eats, corrected 

for skin friction a.nd base drag is cls.ilned to be within appro:xil:l11tely 

10 percent. It is not known in det..ll 'Whut corrections for interml 

flows vero nppliod in this comparioon. 

AdeqUflto expori::lental 1nfomat1on on intake~ entr,1 duct 

chari ... cter.1st1co :ihould rez:ult from teats at present pltmue<l on a 

fusel.uI;;e und int..:i.ko l:lOdol to be toutod in the 1;;,_,,. wind tumid · t 

Cleveland und on Q ::iomc\thfJ.t simllar nodal now beinJ tested in the N.,.E. 

10 in. x 10 in. tunnel. It 1a understood alao th:l.t. test.a or u l/12 secue 

l:!Odol of t!ie ejector u.."ldor static coooition are p~od usinJ a r.1& 

u.t l.obel. 
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It upi-,o .. rs then tt· t t .. o Cljor g~p 1n oxperimont...'\J. 

infor:::ution to 1..u i,ort esti.'"lll.t.o:. of dr3.tt (or tJU'l.Ult) vill be confinod 

to th ch.!m .• ctoristics of tho by-µ..so, eject.or ,nd rterbody undor 

fllcht condition~. 

It io, therefore, cuceo .. ted • t wind-tunnel tostn in \t.1ich 

these conditions ro suitably roprcsentod should be conaidorod. 

4.0 ~LBlhfl Y ,,!;ffi 

Tho F-105 is o.n example of ., current trend in tho dosi..;n 

or r.igh spoed -1ircr.:i.1't tow.1rds tho use of winu:1 of low nt et ratio r.nd 

tho concentr- .. 1on of tno gro ter p..rt or tho r.s. closo to t,e lon•itudim.l 

uxis of th fu~oluGO• 

no a ro::ult or eulcul1";>1.ion.,. nd oxperiJ:lent.n c..rried out by the 

!'AC •• a;,d other 1.0 atudy tM stnbilit. of aircrc.1.ft havin~ this type or 

~onfigur..1tion, soue of tho di.f'ricultio~ likely to be encounter in providin[; 

tiar .. ct..oi:y ot...bilHy c.rnr..1cteristic ure nou uite generall1 ap1;rociv.tod. 

, ere a hi..;h dJ.,.-reo of ~veop h...ck is lco 1ncorpo~ ted into the v1n.,, u!l 

in the c.. o of i..t,e CF-l 5, th follovfa.,, tondencie i:n., be CXJ,Cct.ed to 

11.p ,..r: 

(a) Unloadino o! th win., tips ltt coder-to nve:1 of attack c.'I.US1ll., 

pitch-up und a reduction of d,.mpin[!-in.-roll JJI'ior to the stnll. 

(b) h a1gh VI.U.UO or dihedral effectiveness falling off r.piclly at luree 

u11tlo of utt...ck s ~ result of tip unlo,din. 

(c) raluction in t.,e effoc:tivenoss or the vertical tail t th 

l:,rcor un.,.lc:; of tt.:..ck ro.sultil'lu in a reduction in diroctioil.;Ll 

swbility ~ c.::.used by crsion of tl,o vortic.;;l tail in tbe 

\cl<e or tl,o l.r1n.,. and fuael11i;o. 
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(d) J. reduction 1n dlrect..ion.:1l etabilit,v with incre11sin3 Mach nurnbQr flt 

super:;.;onic sl)Oeds resultinJ fro~ the decreace vith tbch rnl.1llber of 

vertical tall lift curve elope. 

(e) Strong inorti.u cou~ betwen t.l o l.J.tcral. nd lon.:;itudin....l oode:, 

or iiotion rasultinJ .f'ror:i t.be concentration of ss in tho f'u5olage. 

This ll:llss distribution civoei ri~e to moncm.s of inertia which nre uch 

lower and alll,--ul.ur velocities which tlUCh higher about the roll ax1 

than about the pitch nnd y..w axes of the nircr-..u"t nd hence 

nocensitatos the retention or ull the Ciftocwd couplin8 tenn:l I,,roviously 

ne~oct..ed 1n t.ho dyn...Llic oq t.ions or t:ot..ion. 

Tta effects of tho fmt threo of those tendencieo are or 

,x.rU1:K>unt iiJPJrtunOO at sub::;onic npeod whore t.ho l.ar._:o.,t anJles or attack 

ure likel., to bo rooct.oJ, but y also be lli,;nifiC,.:lllt at transonic .md 

• hi..:;her epeod:, whore d1rect1onaJ. at=i.bllity is docraas~I with increase ot 

M: eh nur.:.ber. Inertial couplinJ offocts uro imr,ort..nt over tho entire 

• 

Ao noted, tho nbovo are eh .J.cterbtic or nircr--...f't configurations 

oimilar to that or the CF-105 und e .a µ-imo rousoo for dii'ficult., in 

cquately tab111zin3 flUCh ~ircraft. The probl 1 COI!lplicated, liouover, 

by tw f'urt.h r f <ctors. The first 1 tho effect of eh:;t.ic distortions 

vhich mJ txXlli'.:, eignif1 ntly the V'..1luot1 of t:.. e.erodynac.ic deri v.1 ti vos 

CJ.t the high value:. or ~n:u:uc pre suro encountered over a. lArt,'O pirt of tho 

flight envelope. Tho :iocooo is the o► :..entiul difficulty encountered in 

determining the i.4'eci:io innuence or individu.:11 otnbility dcriv;..t.1ve on 

tho bel .... viour of tho a.ircr ... ft, ~ ticularly 1n r:w10ouvren invol~ both 

le. r.:i.l und lon._.1tudinal notions. This difficulty 1 a con::;equonco of th 
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incra.i.sed complexity of tho dynamic equ..itions result.in..; i'roo rotontion 

of ti,o coupl~ tems ,md exc..'Ul'sions into u r-n.;o of lifting surf.lee nn._:les 

of ~ t u,ck boJOnd the v:..lidi ty of line:irized ttScUi:iption:i . 

Thus, while tiic existence of a stability problem, such us 

a directioilll diverJoi,co, my bo recogru..-... blo from tl:,o o:ic:.:.ndnation of 

deriv.:. tives determined frora model tosts ..nd modific:;.tions to the aircr.1.ft 

fuvour .. bly affoctinJ the dcrivailve::i r.i.,., bo oxr:ected to produce 1 

imfsl'Ovemont., c.n ns!\esi;ment of U.e adequacy of t o il:,in;;: quali tio~ of tho 

... ircr-ft, p::i.rticularly in caaus B'U3l,iQCted of bcinJ l!i,;il'&irnl um durinJ 

co:::bincd tlll100Uvros, requires an ovtlU;.ttion of the d;rna::iic equ..tions 

with all itlpori.ant torm.3 raw.ined. For this JJ'.J.rp:>te electr-.;mic sil::ulut.ion 

fci.cilities nre cssentLl • 

&:sentLlly all wind tunnel stabllit/ .rld control investi:,ution.3 

on tl:o CF-105 to d..to h.i.ve boen carried out ut the Cornall , eron...uUe;.;.1 

l.abor ... tort. 

s.n exr...1.uru tion of model 

confic;ur~tions is iiven in Figures 3 and 4. 

It 'Will be noted tb~t results arc confined to the l'.ach 

nu:J.bcr r....n,_;e bet\le:m 0 .5 t:..nd 1.23. Tho cnrller te3ts \lere carried out.. 

usinJ a r::odol of . OJ sei..le. later ..eato have bocn !:l..'lde uni."'lJ 'l .04 

c~le nx..el. 

Iop:irumt wdii'ications carriod out, on tho configw;-'1tion 
d t.l d~ 

au .;., •••• t f the tests wera as follo\13: 

(a) I'h.in winJ of J percent thicknos /cnord oodi.fiod to incorp:>r.ite 

3/4 percont chord nc;;,--ativa cwnber • 
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(b) t:egatively c.iJnberod win;! 1ncr0(:lsod in tJ.icJ,-.nos:i to 3;. percent 

chord. Ducts modified nnd shock r;...i::ps incorporated. 

(c) W~ t10d1fioo to incorfOrc.te a 5 percent chord notch at the 

outbo ... rd truns,.(>rt Joint J.!ld u 10 percent chord lo.~din& odbc 

m..'tcn..,ion outbo· rd of thia :,t.ition. 

(d) VerticJJ. tail incro....sed in by 15 percent. 

(e) ,,ro rule oodii'icut1on5 to the fusol.uea 1ncoriX)r;i.ted. 

(r) .Positive camber or d.1-oop ndded to the wL-i;; lC1d.i.nJ ed.;e, 

i:,rkarily outbo~rd of the notch. 

In thee rlier configurations it wo found tl:ut a pitching 

mo:::ont non-llnoarity existed cuueing 1:.itch up at tlodera:Le !l.!1Jlos of 

attuck &t rJ.gh sub~on1c speod::i u.nd indicatinJ unloacU.nc ut t.he tip. 

Tiiis ..tppo:.rs to ruvo boon cured by the addition or ... notch plus a wing 

le.lding edge extension. The co::ibin,...tion cbo on ms re..,'tll"ded ru; the best 

or several te!.!tod. 

nlso present in the (l..irllor tests v..is .... directional non­

llnoirity shoving up 1n tho yawinJ t'JOlllOOt versus sidesllp a.nJle 

opood:l where very much mro unft1.vour .. ble value:; of were pre.::;cnt 

"t tho sa!:le time u tor.dency to buff'ot 'l,J....S mwpoct.od .i.t 

ooi::.e ?-'l<.Lch n".Jebera from inspection of pressure i:ie.i!':uremcmts indicat~ 

sepu.r,ition nO-'ll' the tr.:i.iling odgo on Uio outboard wing panels. 

t1s u r.ioo,u::; or improving buffet cbnra.cteriatics positivo 

car.:iber or droop was added to the loadin3 edgo. This h1d the unoxi:,ectod 

effect of reooving moat. or tho non-llne1rity in C~ a.nd npoorontly 
'P 

resulted in 0000 t,ener .. l improvc:::.ant on tho gnitude of this par.J:::eter. 



• 

- 2l -

0:41~(;Milr,IP1')1;twl~~-

r1tchin.:; end d1roc ... 1o char cterl ties boforo ur-.d tcr tho 

v.i.ricw r.:odiricatior.n to tho ving .. ro illu.:;tr .. ,ted 1..-. FieU-,""O 5. 

t s .;anic spoods tlia lJ1nd mol rosults 1nd1C-ite ~~ 

.o cor: ponent duo to tritl, rosul tine 

frora le.1dinJ cd..."tO droop ..ncl p, oarint; ~o a nhift of the Cn vor.-w 

Ct polar to the r1eht. It is not cla:ir that tb1a trend io continuod 

at ... upcr on1c .. peoo • .. 1 a 1.2.3, the host tosl. lhch nl.Cber, 

tl, is verJ littl difforonce in dr-, no u result or the cod1fici;.t.ion 

d bonce it is quito possiblo ~t dr~", L ill excludir control 

dl.•.ig, .., s.llGhtly h1 or .e cot.ib.lt condition or M = 1.5 • 

Dircct1on..1 ill ty t.rond.. with angle of ti. t. ck i..nd wi U1 

eh Ill.lOber are 1llu..itri.4t.od 1n leuro 6 . e curves refer to th 

earlier configur .... tioll3 o t e c.bsoluto val.U!:! re now incorrect 

nd v.tlua;; of at subsonic ani traruionic opeod tor .,m.,J.1. 

o ... or s1denlip ~ much r.ore !1vour-.... blo than t:bown. With these 

excoption:J t:io trer ir,d1c ... tod repro tativo. 

It will oo noticed thnt u. ? = l.2 • >0:re c. very lt.r e 

roduction in 

spoed t 50, 

with incre.ioi: , ,mgle or tt.:i.ck. At ouperson1c 

rt.. the rc;quirod angle of t ck 1norea .. es by vor-; 

roUJhly l de.,,rco per •ii ' tro v-...J.ue;; or from 2 to 4 do., ee 1n level 

n1c, t. It is to bo cxpocted thoro.foro tho.t direction.:.i.l tnbil1 y 

v1ll docrea:.se apr,reci£.bl.y in tt.trnin.; night at thoso "poods 1n addition 

to f ... llln._; off t. tho h nele of ttack rc;quirod for l .nding. 



• 
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'Ibo rodu.ct.1on in direct1oml atabllity with !-' .. eh m.obcr t 

u1..er~nic pecds 1u oxtr ... polatad fi'Ot:1 the st ra:;ul ut = l.2J b 

cc:..binir..J the osti:uted contributiona of th vertic..u t...il undo tho 

aircr.ift wit.b t..111 off. ·~t.11:utos or the fo r contribution re lo e 

llkoly to 1n error tbar1 uee of tne l.-.ttor, oince vort.ic.il 1:.'.lil 

nt:roctivene., is priiil. rlly function or the illt curv :ilope or that 

sur!'.i.ce for vnich t.beru 1:l 4l re:iooruble 

und tt:ooro ic.J. inrom..tJ.on. s i not tbo cru:;o for 1e ... 1rcr.J.i't. with 

tail off. The contribution 1'ror:1 th1 .;0uroo 1a taken to cli:.ng vory 

lltUo 'Jith incre....c or >heh nutlber bove H:: l.Z,. Since it tmplituda 

15 quito 1 e, ( -.0016), oc:ill errors could hive a significant 

effect on tho over-J.l.l value of for tr.e 1rcri.l.ft. 

erefore, until mdol te::it infol'Wition on th1o directional 

st.:.billty 

uos of a 1. uparsonic peed:. hould bo ro..,"f1I"dod u tonta t1 ve. 

It should be noted here th.i. t thoro 1a 

or ..,,eroo;;o..mic c ntru t codor ... tely hiO) llrt coefficients nt 

cub"onic peods coincidin.., 'With t! 

proch.La 

ndenc,1 to pitch up. ,vulliolo 

a n ... tive i:unoeuvre wri,in 

in tho l.iilldin caoo. This requiros further invoriti:; tion. ---4.2 +J+.. ,tic ircr➔fi..(;:m;,3ctod,q1J,c.;;, 

tic corroc ioru:. to o dol'iv-tivos hnve 

by ,vro ,,ircraft Ltd. b;r ~~s1ne tr,e st.1.ffnetls proportio.. of the 

llft.1.o,g tiurfu.cos (vin_; nnd vartiCill. wil) in tor.ll!l or .1.tricos or 

infiuor.ce coefficient , s1.1t-ierinposing upon th ... o oitl.Uar i:::ntr1cos for 

t e aerodynamic lo..dinJ. 



The mothods used aro pro .. entod 1n number of 1..vro publications 

by t.kin, \hod\l..lrd, McKillop and Tbc,mann. 

Too r.::athod or det.eminin· air load:s !us also boon prg:iented 1n 

the P.rocoodin.; of the Seoond Co.r .... dian Syi:iposiun on ...erod;rnwnicu, 

Fe!:lru.:iry, 1954. 

The mgnitud of the ostitlo.tcd effect or elc.stioit1 on fin 

illt slo1~ 1:i illustratod by the typicnl. results shown 1n Fi{.'Ul"e 7. 

Values of the der1V'.it1ves obt:lined during wind tunnel txldel 

tosts correctod tor aero-olu6t1c effects and plotted nu functions 

of ?.:i.ch nui:.bor, altitude und nori:til. accolerot1orus are cont.J.1n in 

v ... rioU!l ,i vro public;:. tions. Ih tn in th16 fom for tho aircru!t 

configuro.t1on with drooped le..id.ing odt;oe uro not all yet L.V.lilable. 

Sowe prell1:1i.no.ry estim.,te:i for th1u contigurotion are bhown in Figure 8. 

It vill be ijOOn tro::n tho ~plo given 1n Figure 7 that 

uoro-olaotic et"i"ecta co.use clll appreciable reduction in fin lift slope, 

and henco in , nt high vuluoa or d.ynAl;lic 1Jrossure. At the do9ign 

cotl>nt condition this reduction eoounts to 5 or 6 porcoot, but incrooso., 

to fro::,. 15 to 20 porcent, at al.tita.:lo ne..lr the tropop;i.use and to 

JO 1.ercont at the n..x1J:rur.l att.:linablo speeds (close to M = l) t 

ocn level. 

Since neeutive or ovon lov positivo valuos of , u. 

indicated 1n Figure 8, mny bo expected to c~te s. severo problet:1 in 

t..:.Lhilizat1on, requiring Gomo form of augi:ieutation, efforts to itlprovt1 

dlrection:.u ntAbillty aro cl rly desir~ble. Th o lllieht very well inclooe 

c.n at i)t to incr • o tin stU'fnc:30. It 500015 !X)G ible that the uma.ll 

increaue in dr.i.c and wo1ght to be oxpoct.od frotl a.n i."lcrea.so in fin 



t.hicknes:i to about 5 percont chord ~uld be quite tolor.;..ble 1n view 

of the rosultin,J increi.1.se 1n stiffne:ia. Furthomoro it apf,&'.ll'o 

posaible thut a ero:iter !'in rigidity could be obtnined by~; 

tho root structure down into the control boar.,. or the fu:iel.age. 

4.J b.l,1[7,i®t..::1t1ou or ste.MJii.. 

, e. result of the roductio~ 1n r.erodJ,nwc dwnping with 

incre:ise or alt.1.tudo 1t ha.a becooo .oce:u,ar:, on :rn.ny curront .1ircr..u't 

to utilize properly phased control ootions to eupplo ent the naturaJ. 

d.lmpin& char~ctorl~tics in order to obtain 5nUsr~ctory dyn...uaic qu:i.lit1ea. 

Up to t.li• pro:iont tie.e, hovevor, 1n conventional aircraft, such ey tCCIS 

h:lve t;Ol"led U-.o purpoce of improv1n.,. the cocl>at offoctivoness rather 

tl)(Ul being eosentif;.l to tbo safety of the uil'cr.irt. In other wor1fo 

failure or the stubilltJ nu.::; nts.tion eyatom h:i.s not comprol:11.aed t .e 

aa!'ety or the drcr.:irt. 

With the C -105 ruri., nitunUon 1eos . 

Preliminary si.'tl'tll.a.tor studies of tho sttibil.1.t:, of the CF-105, 

carriod out by Avro ircrutt Ltd. and by tho 1: •• E., indicate that 

undor lll'-llY circumstencoo tho r..ircra.f't without l1llY form of stability 

O.U&Jentation cannot bo controlled by the pilot. The mst uorio'lW 

region ot difficulty iD at high ! eh numbers whero los:i of stability 

is likely to result in a vory rapid diverience and imcdi!l.to :itruct.u.""al 

failure. 

These otudio wre c:..rriod out ~ing the earlier valuon or 

tho d riwtivon Wld were or u restrictivQ n~t~ since only three 

dezreos of freodo:n voro roprcsented. 
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Soc.o itltlrovei::ont in the l:.. ter-.i.l ch:ll".!Cterutics ho.a 

ur.doubtedly resulted fror:i recont modific:.i.tion:i. ~:;;i·~s::;;::;:!'l0Wvein"''m.s 

Tho i:;ro!:ant extent of the ro.:;ioru; 1u .:hi.eh tho tJ.rcr~t Clinnot be 
l. ,tvl Ii{ v 

controllocl !Jl th pilot., v.i1111N.r.or1u, 1a not cloar. i,ropcr se::u.icnt 

can onJ.., bo obt.J.nod by solv , the equntiom: of ootion in a.t lo..i.st 

rive degrees or i'roodo.~ with corr et V.'.llues or all the doriv: Uv and 

inertias instirted. Thie hru. not boen po:.siblc to date b C'.i.ll.'.lo: 

(u.) limy oi' t.he doriv tivos, purticull:.rly the rot.:lry derivatives, 
.:J"+ +-r- I, 

h.:..vo ~ · 100asurod over the full ro..'lge of }-heh nu:::bor 

und ut..'.lo or utt.ack . tt the 5410 titlo ostfmnte3 of 11000 

of t.houe dcrivat1vo3 a.ro vori unceriain. 

(b) ,.doquxt.o oloct.ror.1.c oomp'.1ilns r. cilltie:;; for i::3ulAtion 
b.tt11o 11"'1 r "l(l c4 ,- .~,. I 

studio;; luvo Mi J•• . up. 

In pito of t.hia, tho oxi:: t.ence of r ~ions 1 1 'Whl.ca 

nircro.ft without nu.;mont-.tion is Ul',controll!.ble i:s al:aost certain 

(c • ..,. when s::.os throUc;h zero) o.nd therefore the followinJ 

al torn.ci ti ve cou:-sea of .o.ction are possible: 

( .. ) Le:i.ve t.~o aircr...f't conf1i_.'1.lr ... tion fixed .i.:ld J:l.'\ke uce of so:: 

fom of st.i.bility t.u.t,:.ent.;..tion ::,y:., to cn .. ur tmt there 

is no poaJ1bil1t.y of a r-pid divor~~mco or of :itructur...l 

failure nd th:J.t all 013cil1ntiona nre udfXlU \ tcly cl-l:::pad. 

(b) .:'.ltor tho config-..u-:,.tio:i ::u!fic1ently to olltrl.!l..to the 

poll.,ibillty of n e-:ttustrophic divergence but nrt1.f1cii:..lly 

uu,;nont tho r.aturul da: pin,:;. 
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(c) Provide so.tiefactory ch1r cteriat1c 'Without mplo;rin.l n 

systera of au.::,nentr:.tion t. all. This would undoubtedly require 

m--~Jor chan~es in configw.·~tion. 

Tho courc;o of act.ion t present ooin,,. followd by vro 1rC1'11ft 

Ltd. u the fir.;t or tho ubove. It io felt b7 tho fim that Qllj,. 

confi.t,ur..i. tion clAi,i;;ea, other th...n thoso u.lre;:.dy incorpor,.... , sufficiently 

effoctivo to Mturall;f e.void diVert,unca would unduly pensllzo i:,erfo.rcnnco 

nnd that tho 1nvest1 .1tion of t.uch clli.Ul~es wuld rc.sult in prohibitive 

dol..iy:.. in tha proer~u:ime. Com .. 1.dor..ible ertort is there.fore beine nppliod 

to the dovoloµ::.ent, of :rnitable at.ability ~u., ~ntution oy13tom. 

, cot or roq,uirOt>.onts for this Sft llrul recuntly be draw:i 

up for the purpoi;e of oub-contr ... o~ to develop:iont. Tnese requirc::cnts 

U1'9 oontainod 1n an Avro 1ntcrrul document "RequirOl:lent::. for Cr'-105 

Daopin.,, Systm" d;:.ted l61-hy 1955. 

n excerpt froci, these requirements, do cribir-,1 tho .function 

to be performed by the :iystcin, is uttact.«l as Appendix '> 1 to th1!:: 

rctx)rt. 

It will be t een fro-:. the requirooo."lts that it 1a intcridod 

to supplement tho nor::ul au;_;i::ientation syotec wit.h an eoerJCllCJ' uys t.c 

about ~ Y--V axis . In tbo event of failure of the .fon::ier syo it 111 

prof,O:.od to have the Onl.81\,ency :.)<aV u.xia auei.;entation oys cut 1n 

automatically. In this v-... ., it is felt t.w. the probubilhy of le a 

of control as a result of fillur& of the a.ug::ie.utution ayste:n c..n b:, 

i;r...u:le at lCJ.:.t na i;;u.,.l,l A:l that. roaultin.J fr0t1 failure of other co poncnte, 

:.uch 5 tho hydraulic powrod control sy:it.En. As a further procaution 
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it is propo~cd t.o usa Mt,'tl Uc ~plifier::i in tllo e::orJO?lC,'f au,_;::.ontu.tion 

c,yr. • It ::.oould ,l:;o ba noted t.iu.t un ac!dition..l i'unction o:f U.o 

au_;::ientdtion o to::a 1:. t.o provide for tur.:i cooi·dination (1.o., to llm1t 

oido:ilip) . 

Rira .. retfh 2 ot th1a report rofer~ to the q.,c,cifico.tion for 

W1 intozratod electronic system for tho CF-J.05 :d.rcr"'ft. is 

cpecification rfX!uire::: th t the aircr,ift :mull bo c.:lp::ible of 

i:,crfomin.'.; cerwin i\lnct,ion:; cithor thro~. i;;,r..n,u'.4l control by the pilot 

or auto tic...,.lly. Those rw.c ions are O.:lcribod .:i.s: 

C.,) Interc\1pt 

(b) i.ttnck 

(c) Return to t....so • 

.1 ut.o::.:i tic perform.mce or t.he:Je funcdono i;;e.:::.n::: t.l-.at tho ircrai't. 

control 230 to:n is o per.;1 ted directly in respon e to Gi..:;nAls (e. . , froo 

,. I r u.dar or fro::::i U:e .,rour~}, without t.! o intervention of tJ pilot. 

w:iore n coso~J cOOl)Ul.ationo on input. ::iignili ure curried out by a 

ccntr.11 coo.puter in "the uircruft and ~r th n .fed to tllo fllt,ht control 

cyst-cm. Juitdble provision £or feed b: ck 1::: rociuirod in order to clo~e 

tho control loop. 

When tho aircr.:.ft 1:J flown 1n this lfll'l!lor, commando tl.l'O 

auto tic.:illy tr_..ni;;zutted to the fiying controlo throuwi ::iet of 

:.ervo::s which 1n ,;urn operJ.to tho n.'i.in hydraulic.: Jttck v.:.lvea. 'l'hcso 

1;ervo:1 are 1n pu.r--.1llol with " diract, e cmnical .11. 1_.ge , bo+~vcen the 

jack v-.:ilvez. tLo p11o.,•s euntrol column ruid ruddor 1,-'0<lals a.."ld 

!l.I'e .eroforo refcrrod to ua the y,.rol.lol crvo. 

Control operut1on..; r«iuirod to o.~t o.ircr'..u't. ot.Abillty 

and <Lmpi~ ch ... r ... cteri1Jtics uro tro.n::l:11.ttod to th hydr ... ullc j .. c 



v.ilves throu__;h a c;opar..i.te f:Ot. of i.;ervos reforrod to ao the difforenti.ll 

eervos. It ill intor:.dod to foed to tl:o o eorvoa t."io noco.:isury i'wlctioni; 

co ;utod from tho output. o1,_,rml.D .i"ro:l v..iriou.:i Uieh"t consirio alwonta. 

In the nor..nl. .. ~tution ta:i i t 1s }lroposod to tl/l.ke uso or . 

fncilitioo provided by t.½o contr-'..J. co::iputar for Ul1a purpo .. u. It 1n 

proposed to provide a !l8pa.%'3, CO?:lputer for tho .. cone; aysteci. 

To illwtra.to tho relntionship bet.woo the UJ:)enwtion 

·yt1 tool ..nd oth1:1r control ooe1p:monti. n Bketch of t.ho elevator control 

uy:3too is given in F1guro 9. 

Thiu di!l.grA:1 w.c.o ehoi.r.J tlio w:> tlOdos or control ( "ooch:>Ui.c:.J. 

m...nu..l. • ru¥i "eloctrirul. c.;.nu:.i.l") v...U...blo to thi, id.lot. 

In studyin._, tha atllbllity of tho ircra.ft a.lone it 1s nece:.iiary 

to know tho woight nnd ir.ortie.:; o.ncl to m.vo a oo::lploto set or tho olastic 

deriv.;.tivoa over tho expected range or opor.1tinJ condit.iorw. To carry out 

A sil!l1lAr study for tho lXlrpOb~ of designinJ u uit...blo a~tation 

5ystc,n tho !ollo'Wi.rl8 additional inton:uUon is requirild: 

(a) Th tr-... ni;fcr i'unctioru; relatin.; the in;xit n."ld output of all 

censin~; ola:ionta. 

(b) 'I.ha tr..mi.fer !'u."lctions for t.h dU'fore:nt.1. l eorvoa in tho 

i;y_tem. 

(c) The tr--.ws!er i'wlctions relating tho input to t.be hydr.iulic Jack 

to control donoction !or nll contl-o • 

It the variow aerodynamic darivati are .functiono of Mach 

ni...lbor, ct,n..i:uc pro:iPuro, Wl3le or a.ttack, etc., th n the o tunctiorui 

tlll:!t be roproducod to ::i ou!'!'iciently close p;;ro::d.mtion so that tho 

correct value ti.ro nlv..ys pplioo in :::olving the control equ...tions 



tor the complete system. 'Where variations in apood 11.ro rolntivoly 

C?!Ull it my bo pcmindble to asau:no that t.he deriv.:.,tivos uro 

1ndopei1dont of l~ch nucllcr ...iid dynru:iic prascu.."'O over this ern.·ill. r;mzo. 

J,t the tioo or witinJ it. is undorstood thnt the t.r...nsfer 

1'u."1ct1ons for the hydr ullc Jncks h .. vo been det.erud.ncd by /..vr,., rtircr.ift 

Ltd. It is not known whethor simil.a.r fut.a. ru.vo been obta,ined for tho 

other <.,'o::lponents or whether s t.udie:i are proceoding on tho b.:i£is of 

c.sswod characteristics. As notod a.rller e1rnulntor wrk to cbte 

h:la boen nocossarily rostrictod. lbwvor, prollr:wnry l"J..'13 have 

been carried out on tho B.E. J' .c. GiI:lulr:.tor a t Halton on &..•,ping 

nat"WOrka with tho lol]flitudin:11 und l ator-.u. oodo:1 uncouplod. 

lbdifico.tion of this oquiµoont to fJOr.dt studies of nu.,::uontod 

oys~ in !ivo degrooo of .froedom ill nov in prooo:is. 

It 15 propoead initially to sit:ulato o.ircrllft Wld compon nt 

characteristics eloctronicaJ.ly, but to gradtully replaco tbo 

simulation of Jacka and aorvos with the actual components. For thio 

pu..,;,o:.ie i'ull scale control rigs nre beirJa uo:.iooibled. 

Tho above in n brier su::lO"..lry of the i;;.p~ch ndopted Ly 

Avro .i.ircraft Ltd. to tho problem of ensuring oallifu.ctory stability 

cllar.lctorietics for tlie CF-105. The follo~ comento nre ti.!-do: 

(a) Tho de:Jign of n stnbllit:, au.; ant:.tion ayst/40 i'or the C1'~-lC5 

io not a str.:ught.torwurd task. 

In addition to dtllnping the ~hort poriod osc1llntiono about all 

threo axes it will be nocessary to provide stability by 

artificial :::.e-m in t.~e Dutch Roll ,md spiral t:Odoo for 

tnny combimtionn of V.ach nurlbe.r, alt.itudo ar.e lo:1d .f'acto1•. 
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I.11 t ,a lnndinJ cas it i f.OS$1blo e.bo UAt 0000 U...]lemtation 

of ctat.io lon..;itudirJU e,t3bilit/ vill be ruquirod. 

(b) vidod lW'-4Ja tllllt Ul.O llnit.a of control cffoctivc. s1> nr 

not ~pproc1cl.od, vhich docs not C..JJµlar to be tho c.,.oo at. fN:JOnt, 

tbo dovoloµno."lt 01' euch ,l,L uysta:l ::hould be posi.ible. Tlio 

involved e.ro, howover, only part!All:, uncovored. 

T i1s iu WC-.lUSO cuch &ta, viculurly on the doriv ... tive .. , 

o • till cld.."lJ a.nd bec...wsa si:::uJA tor :. tudios of the 

oo::.ploto syo 1u rivo or mre doJrOOs or f'roedotl h:lve not 

yot ut.nrtod. ,t tho ::!011t, tl,eroforo, no roo.11:itic w.ses=i t 

of the tir.'le end offort in.'Ol.'l."od 1n dovolor,in.:: u t.iafactory 

O.UJnontation oyi; Cilll bo rxi.da. 

(c) Wind tu; nel tests t present schoou.led a.re expectod to c."'Ctend 

• exiatine eh~ on dorivativos up to a ?heh nu:!lber of at lo::i.et 

M = 2. Deca:uso uncort..unty io ut cted to c · t1n...te::i of mny 

other deriv:i.tiv , pnrticu]...rly tho rot..ry doriv.::.tivo;;, tto 

• 

i;oc.sibllity of "'1.lr - thooe in tho \.'ir.d twm l should b 

exmined. 

(d) Doct.u::io tho 1u-esenco of nor.-llnoo.ritioa add to Ulo <-'Ot.liilexitJ 

of the probl~ of atabll1z...tion, n effort should bo n.de clurinz 

£Ul !'uturo wind-tunnel to:s s to trnco tt vource !l1ld if i:,o:isible 

to find ffi!l or raoo~ u.n7 pereistont 1.0 llne.Jritie.s. 

(o) The oost s1cnific.mt 1Iilpll!'ic.1tion or tho st...bllity robl 

'WUld re:;ul.t i"ro:i its roducUon to ~ <i.ttor of i;iorol.J a.u._;x,nt.J.ne 

the ::.a tur-..i.l dm iuJ of ai ulroady po:.;1 ti voly dtinpod o c1lla tion 

ll.l'ld of pruvid.L.'l.3 turn co-ordizution f..i.clliti • I continued 

progr~e w1 th this nd in vieu c:irriod out in ~el \Ji th 
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wind-tunnel and sil:nllator ::itudio:i ulre::tdy pl.annod ap;)OOr:l 

to be wrrt\ntod at l0t1.st a::; un insur.mco gainst unexpected 

dol.a or even falluro in tho devolopnont of tho propo:iud 

augmentation s75te:n. 

(f) In considerin; ethoda 0£ increaving the directioool. stability 

of the .. ircrutt it is ugeolitud that ut lOOl.lt the followinJ 

should bo considered: 

{i) l-!oEi."ls of roducin.:,: tho advur~o contribution or tho 

fuSCil1f,'.0 to 

(ii) Iucreise of fin fitif.f'l:1ess. 

(ili) The, uddiUon of an end plate to tho fin to 1ncroa$O 

fin lift curve slope. (Posaibly ccompanied by an 

in<.,Tense of tin tip chord). 

Cs) Finally it should be room.bared th:.1t. tho ircr.i!'t \olill bo 

requirod to oper-..i.to lder 11Uto.r.:i.tic control durinl; certain 

p1 :.;_:,i or tho cor.i.b:lt trl.tl ion. When flown 1c thi.:; 'W;ly nr..d 

notab~ during th attack, quite violent wr.oeuvros cuy be 

cormndoc.1. The turn co-orduu1.ion r .. oilitio (cin1n1"'ltion 

or ddo.:ilip), roll r: te '1nd no.mal accelera.tion llrJ.tin,_. 

devices to bo provided by tM stability a.~t.:i.t.ion sy:rtOi:l 

a.re here o:::sontia.l. Pl'obleoo a:rnocio.tod with thin lllOd.o 

of control havo ns yot rocoived llttl.a 11ttontJ.on. Cpcm .• tion 

under ut.o:utJ.c control io also lo to study U!lin.: 

elect:rordc ii:::ulz.tor oquiµnent ao reported, .for ~?lo, 1n 

Roforenco 4. Early 1.uitiAtion ot such studies ... pl.18'U-s 

dosir.:..blo once it io cle.:.u- that n rassonable solution to the 

_proble.:i ~ ntabili~tion ha:z boon found. 



Tho l't.Xluircttente of R.C. .F. Specification I ir-7-5 for ~n 

1ntogratod eloctronic systooi for the CF-105 ro 1:11.m::1:1.rized fa Appendix 'D' 

to this roµ:irt. 

Too closest ap~-ch to thili epocification ter.dorod to date is 

the prop:n,.tl put fot'\t-rd by tho l!u,Jle 1d.rcra.ft Coqxmy. Thin propoaal ie 

based on nnd i::i very d.rrlJ.ar to the Hu,ehes HXJ.179 systo::i no'lol U!"iier dovoloµ;icnt 

ror tho U.S. ,.F. for instul.l,:.~tion in tJ10 Convru.r F-102 sin;jl.o pkce interceptor. 

1 block diaer~ o! the MXll79 cystett 1u shovn in ~'1.ll'e lO. 

The iiughes flight test progr~ for tho MXll79 sy .... tecl for 

the F-102 (\ircra.ft i:,; :.ibown in Figure ll. 

M:?.jor dif'!'o.ronoos botwen tho R.C.A.F. specification cllld t! o 

MXll79 yntom urii:.e from the !'ollowina: 

• (:.) the ..ddition of .:i navif;Z:ltor/aI operator 1n uddition to the pilot, 

(b) the requirement for true bro::i.dcast control opor ... tion, 

• 

(c) ch.w.gea in certain l'lf.A:>Ci!'ic cot1pono..,ts Cr.otnbly in o.r:nai:ient, r r, 

navi&Ation nod lor.din,1 aids). 

It ia understood that tho devolop:ie."lt of e. systcc. £01· the 

CF-105 h..s not y t etarted since difi'erencos still exist botweon pror,osals by 

the l?u,;hos r.ircraft Compmy c.r.d n.c.A.F. opocification:::. 

Sotio p:-obloi:m arisinJ froo the pro1,osed ~t ir.stallations 

tor tbo CF..J.05 e.re horo des,:ribed. 

(a) To nvaid the posdbilit thf.l.t infra rod hOllllnc miss~ !ired in 

e-uvo \lill brook lock Vith the t:.rcet .:.nd ho:uo on ono a.not.her, it 

is prop::rned to launch FdJ.con!I at u LJ!lO.ll ~e to one another 

(2} doe;rees) w-,d. to l:.l'l3le them down to avoid d:m;;;or of coll.1s1on 

with tho 1'\l!lola&o. Sp:...rrov l'Aiasiloa uro to bo riwlo .fired am 
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hcnc for .. o .. o only doi.tM---rd ~ Ui µ,opo.::od . 

:::.:.e:1t.J with vho irl.i~ in the oxtondcd po..d.tion 

incre;100 11e lo;J.(fa on tho J.."l.uncher. 

r-oooibilit;, of J.Ar,,o aido l cud.'l i o! µ-,rticulnr concern in 

st:ross •• tho launcher. ll::itor:ntion 01, Uloae lo.l.tls 1 .... :i t.liercfore 

boon sou_;ht durlne rocont ui:ld tumiel tc::ita :.. t the Cornell 

1,eroruutic.u Luborotory. 

(b) 1.Aunchcr lo d:. ru.d albO t.t,e woight und ~iw or U. ir..,t.:.uJ..aUon 

Are likely to bo roduood 1.t' rail lonuth cun be koi,'t cl'.ort, or 

prof r..1.bl;:, roducoo to zero. Tto l,Os..,ibillt3 of doinc thi:.. dcr.e1~t: 

u;on th erroct of r ... il 1 ::th on t. .. o .1.u..ch tr joctory ~ tic 

a.n..,"'Ulnr uncl 11.ne ... r dio1u.o.cecento \/hi.eh c..m bo tolcr.;.tcd. Tte 

probl(C or dote~ t.ho tlin.itru.1t r,111 l th por::llesiblo is 

bcina oi.udied 6il;lultar.eously vi.th that of J.....uz1chcr lo...d::: usi,,e 

· ta obtnix.od rra:i t.b Cornell uir.d-tur.nal to~ts. 

The OJCi)OI'Jn.)nta.l tochniquo c..doptod ia u.-sentiully th3 aiJ.L'lo an .at 

u.:.o:l by , •• E. for t.ho V v t, Glove ~ur.cher invostiga.tioru:1. 

{c) During the l.L.unchine c.c.qucnco it i., propo .. od to open and close 

tho m1m:iilo buy door-.s only tor i,eriods required to extend ..i.d 

retract the launchcrn. 1.he doors will be clo.sod dui-in3 i'irinu. 

nuctu ting door lo:1ds lu".d ot.hor undosir-.,.ble err c:w ra~ult!DJ fro:n 

r.11 :.iilo bay buffetiru iuay occur. Door hin.;o oooent:J and hly 

:;iJ.rO., have :;:e:ieured dur wir.d-t.ur.::ol te ... t.:.. 

(d) &1:urrow II ruvi in1'ra...red Lo-.4:i_; !'...,le.on i:.dm:;il '"" pro.. t proposod 

r..:iquire to bo loc!coei on tho t!.r,:,,ut prior to l..U."l" •• Thi ie likely 

to involve i.. dolay 1n tclll e.x:t.oildod pouition of ... t leant 1 t)e<:Ond 
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Mel po!l~ibly .2 ::ocond:.i bol'oro the tli- ilc:i .. firl..--d. The ei'foct 

of such deleyo on cr..ut be!.•.wioux·, p: rt.1c.."Ul. rly nbout U1e j.,_,.., 

...zld pitch i,.xo:, roquires invo .. t ic;ation. 

Too lock-on requirc:ieut ::.o imposes a t ... ctic .1 liuitr.:.~n on the 

cllroctio.1 of i!.pµ-o .... ch to the> t.:.r,.."et ince tho lonr-, \lide f1.U,olnee 

no:::u .forw'-1.l'd of c.nd e.bov U:o ni..,2ilc cro.: te... u lnr~a blind aro.:i.. 

Intorcoptiou etu.tlio an rcqt:.ired to a:.:..J:3t:. t!.d.!l probl • 

,..n intorc:.;tin.; po::ioib!.lity bein~ corusiderod by I vro .ircrn.ft, 

Ltd. iu ths.t of a.. eui-suoocrJcd l:tl.tlillc in:t.ullation. 1:e:.-e the llli::siloJ 

morel:, roco:;sod into tho .f'usclti.go. t. schoc.'lC b bein,'.! ir:vo3t.ie.:1ted 

1n which zoro 10..,et.1 launcher:: ro rot..<tted into tho extended ponition b tl1e 

thrust or the nindle cot.or u.nd \dthdr~.w i"rom the mi slle llli;"S and retracted 

by a rot.urn e;pr~. ,, woi;;ht roduct.ion of ut least '700 or 800 lb. has been 

- ootm .. ted for 1...1 ini.t.,.~.tion or thi.t; type. 

• 

P.o&..ct i::.otor i.;_;.rtltion clooo to t. a a.ircri.u't txi.'l and mie,Jilo 

coolln,; G likely to 1iremmt problc:,.s vith u ocl. er thia kind. lfoverthele=i• 

the pcrt.ent.1:ll. reduction in ,mij:lt "ld cooplorlt.:, ld t.he a.vo1tl.'UlCO or lur,::o 

intor.r.ol atov.i.ge P}XlCtt roquirut1e.it:i of!or pow1·1'ul aclv«ntage5 . It 13 

:ru.;gostod t..'ut investi:;.-.tiorus of tM design of un tem:itive nm:.nent 

syots:i ..J.o:i.3 the:io lli.1os ahould bo eivcn olor.e attention. 

7.0 0!1CLU;l.,lU.!JLlDt. tl..1.J 

s rovio'J or t.he i,r()5 nt ato.tu3 or tho c -105 interceptor 

proJoct lo...dM to t..~e followi."l,; conclusions nd ~~com::ond~tion~: 

(a) Incorporation into the 'i. C ••• F. ,.,pec1f1Ctlt1ons or u requir~ nt for 

t'WO part1cul .. cnJ,100.s of lnr~ siz nnd c. {:O."laroU3 zchodula of 

tdllto.ry equip;;ent h.,.s 11 ces:iitated lnro, 8lld heav-J ircraft • 

~ gr..i.duru. u;iw . .i.rcl revision or .:..my co:n.pono it 1,,10Ieht e tiz:ut • 
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tna ro..ulted i.'l co tinu:u. rieo or 

Thi::; mey wcpectcd to roc."uco tho coilin,.; ti.nd t.~o a. vnil..blo 

lood tuctor at th do.Ji._,., col'Jb.1.t condition or H ::: 1.5 at 

50,000 i't. lloll(~h e .. tim:1to;1 o;.., on roce1,t infonution on dr:1' 

.i.od t.~t indic:.te wi ... wilablc loo.cl tl.lctor \11.tl, l',UJ on,;ine:.i 

.- belov th 2 g ~uira:l-nt. 

A tl:crou.;h W'ld ir.deporilor,t chock or now r.erfom...noo e..it.im::.tos 

~ntJ.y boir. • cad3 bJ 1.vro -.1rcra1't Ltd. 1o ur.;cntJ.y ra:iuired. 

lU➔ ~ ,...l;b;..!. ~..w.rk ... ehoulcLbo. -~ '2~ "Q:0.U 

~,:, llwL12,y.Jb,QJl. " 

(b) E.:ititntoo or £ contributiona to drag arc u."'lccrt:,11n. Wind-tmmol 

mid froo flight rcdel toata nlroady carriod out or pl.Annod will r,rovido 

mro roliuble data. Aircra.ft porfortnnce is, hovover, quite depondont 

upon the contributions to dr.1g ..nd Uiru2t. of tho oz,.gine b~s:i, ejector 

nozzlo wxl cftorbody comb~tion. Vind tu: l to to or t.ld!l croup of 

cot?pOn " .. :ro not t, preswt "' • l~ x:e~ :.Q 

r.o~;;.llu.litz_or~~-Qllt.J,11ch 

~ · -~n::t..,.. vro . .i.rqa,tt J.td.. 

(c) In 1t:J initial co11.figura,tion tho stAbillt;r ~ctoristic or the 

uircriu't were dominntod by throe adve1·:.10 off\lCts: 

(1) Pitch up u.t mdei•.:i.to lli't coe..."ficient t. 

~-onic spood:l 

(ii) Dir ctioool. in£itnbility at~ ~El.l or .,1de3J.ip 

~t t.-ubwnic spoodu 

(111) Diroct.ior..:u. inst...bility at all 4Ul310.:s or aid lip nt 

:.uporson1c opoods. 



s c. rooult or incorpora.tinJ a wing le'\dil'lJ edr,o extondon Mel 

not.eh, nc1d1n,.-; l~ edt;e droop or p::>sitivo e;.;.tlbor, incroa ins 

v rtical Wl are: Wld r;,odli".}'in3 i'usol-ge sh:J.pe, coruidor-.iblo 

itlproVOtlOUt ~ boon obt:.dned. 

l!on-J.i,nQ.:irity in bna boon lar6cly el1m1mtod, tho ~tudtJ 

or incroi:wed at ell spoods and pitc.}i up recluc(Jd. 

'lbe;.;o fD.vourable tronds, howver, aro not :suffioient to ensure that 

the aircraft c:m bo contx-olled by the pilot at all probable operating 

conditions. To avoid tho poaaibllity, pnrticularly at h1eh oupcnionic 

peod::i o.nd 1n tnooeuvring flight, or a. diwr.;onco ro ultin.3 in 

otructural f.:i.lluro, ro::10 i'urthor inproveccnt is n,quired • 

. te~tively u. oyotal for ~Un the stability r.:uat be provided 

\lhich utilizes control cot.ions to artif1c1A.Uy adjust tho v..uues 

or the rodyna.mic otll'foa"s derivntives. 

(d) The Cl'-105 i£i further clurocterbed by low &.e~c dll::lpin& 

... bout all three umai . l'h1u ill of loss consequcnc.t to Aircrutt safety 

th1.n to the widanco or o cillAtioru, p...rticul~ly under autocat.ic 

control. -cain itlprovec:ient 1a required oithor by ch.113 in 

confiu"'1lnltion, \lhicb wuld coru.1nly have to be large, or by 

utllizing control ootiooo to artiricially &djust tho v-..iluoa or the 

~c d.A!p.1ng dcrivativoo. 

(e) It 1s propoood by , vro Aircr:l!'t Ltd. to incorporate un a.ugiaantation 

oynt«:l 1n \l:hich the object1voo of both (c) und (d) are t1at Wld 

which 1n add1 tion providoa tor turn co-ordin.."\t1on thro~ the 

tdnitli.z;.i.t.ion or aidoolip. Dy cupplano:.tinci th1a ayo with an 
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ctlOl",;ency yutcm eff ct.ive about the yav nxia only, util.izinJ 

m.i.znotic noplil'iara and i;'Witched in autoointioolly 1n tho evo.,t 

of failure or tbo r.orlll-'.l.l nyotetn, reliability o. high ns the. of 

othor ossentilal COJ!liX)llenta auch ns tho hj-clruulic poworod cont.ro , 

1o mq,ectod. 

1'bG problCICW involvod in the dovelo;,ment or such n Wil are only 

p..rt1elly uncovw:'ed t:.lld there.fore in the \.ll"1tor' op1nion, no realistic 

ssesmont of tho time and e.tfort requirou 1s po,::;ihle at prooent. 

(f) In order to t:.horou.;hl.y stud,Y probl of ot.'lbility, 1ntormat.1on 

on th a~c dcriva:t.ivos srould bo as colllpleto and accurato 

po:,eiblo. ~~~.i;:tun.t~ ~ ~ 

~~~rl.i; xcw::t.A.orJ..m:t~iS,_J,u...r9,g:m;Qended 

~t ~,_bllit,y ot:. ma, . urJ.ae..: ll~~ nhould...ml 

.Q."®':lin. • 

(g) Comp,.i.rcd with the tuok undortaken, the devolo~nt or a oyatru for 

t..'le purpo1:1e only of au.:;mentin.; dr.mpiog v.nd l:11ni.mi~ nide.lip is 

rela ivwy atr-.d htrorw::i.rd. Simpllfic:ition or the problet1 to thi:; 

extent, bowvor, nooe:,sitate:l that 1n o.ll other respects tho 

inherent otablli ty charactorist1cs of the drcrart st..ould bo 

satiBfactory. turther ef'f'ort with this objoctive, carried out 

in _p..ir-illel 'With wind-tunnel teats and silnul..ltor atudies alrencl,y 

pl..:mr.od, np to be w::u.T.mtcd at l t tw n insur...nce .... t-ainst 

~ted delayB or even failure 1n tho devalof&ll81lt ot tho 

proposod au.,:icntnt.ion eyetom. 

An 1nveetigat1on of tb.18 kind may not be 1'ully cotltpdtible with the 

14"0gr..zm:ie aJ.r0,.1d,y in haul or pla.nnod t 1.vro Airarai't Ltd. ln..~ 



CQ.dific,.1tion., @d ;,itrul tor ;i,tt¥Iies oft.bi oUecta or. thn;;ie 

m<lifications on the at.~b1Uty clwra,cter1a~~r1t 

Jd,.tt42ut au. ;;.en~~d...129...llt~ ~h'1.l!... , 

(h) ... o probl or .... de:iuately sta.bllizinJ the ..d.rcra.ft is critical 

and th reforo of ~~J.ate importnnce. RoLted to ·tho eolution of 

:.:t...bility probl , but o! lo3ecr ur(!ency, is the bemviour of the 

ircraft uod r uuto tic control particularly during tho attu.ck 

ly invosti&,!ation of variow attack t=Jnoouvreo is 

required, U3fne elect.."'Onic CO!:lputer equi t, to detcmine the 

r. ture or tho problo.na involved. 

(i) Since it 1e roost probable thnt Sparrow II and iofr.1-red hot:rl.nJ 

Falcon lllissilos t lock on bei'oro launch, tho blind a.re;.l created 

by the proso.."lco of the i'twela.go nose y iitpose a cerlous tactical 

lioitation durinJ an attack. A otudy of repro..,ontative attack 

cu::.es is roquired to deteroino wl~etr. r t,..is is ... o. 

(j) \Jeight estimates for electronic equi~ent and ~t installations 

for the C:P-105 ... re nov between 50 end 100 porcont f,NO.tor than the 

ricureu recor;cended in setting Up tha require::lent:3 for the aircraft . 

:'.fort uiruxl at reducinJ tho weigh or tha.;e .ui.d ot er oolllpOnent:­

is therefore iwot jootified. In this rospeot tho sch e for s«ni 

external stow of unumont. beinJ elven sooo ttention by Avro 

A1rcr.dt. Ltd., is pro::..ioin;: ar.d ppa.:irs to wrrnnt at..""Or er 

consideration. 

~ ~lJ.p.hle tl~s c;re avaU.a.2lg U. i!l.. tt.<;.Qa;:;c:odS¥i 

~t, or e~c.t~EU:frn.ce deficiqncio~ 

.@rn.~m___to_ :the R. .. ,F, 
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It 1o uu.;co,tod U.:i.t the R.C.A.P. coru:iidor tho wtitut1on 

t tu1 0-4rly elate or .:..n extrcx.1e procr,ir.i:w lwvinJ the !ollowin.J objoctivoo: 

(1) 'l'o reviow equipment. nnd rwr.iont apocific.:i.tions for t.he 

purpose of rejecting all but tho mst cesontinl 1te:ns 

of > rmitti.~ t:e.l!.ures \lhich o likely to re:rult 1n 

upprociubl wight aaving. 

(11) To encouraGc the evolution by the aircr.u't manufacturer 

of llltonut1vo and lichtor scho;;1eu for the installntion 

of equipount 11."ld (U"jj.,(J;lont • 
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FIG. 3 

TEST CO RNEL L MACH NO 
AN D AND CONFIGURATION P U RP O SE 

DATE REFERENCE R. N. 

SER I E S I WA 78 0 - 003 · 5 0- 123 81 C l WI W2 L ONG S + C TE STS 

SE PT. 195 3 AA89 1-WI 1·2 3- I 84 X 106 
V1 P5 EFFE CT S O F CAMBER 

SER1E S II WA 8 0 8 - 003 
LATE R AL S+ C TE S T S . WIN G PRE S SURE 

5 0 - 1·23 82 C 2 W3 V2 DISTRIB UTION S EFFE CT S OF 
APR . 195 4 A A 907- WI 1 23-1· 84Xl06 

Rs Ss Ss2 T INCREA S ED WING t/c MISCEL L ANEO US 

SE RI ES ID WA 808 - 013 50 - I· 2 3 82 C2 C3 W3 E FF E C T S OF M OD IFI CATI ON S TO CANOPY, 

I 23 - 184X 10
6 ADD ITI ON OF DORSAL FIN AN D FAIRING 

JU NE 1954 AA907 - W2 V2 Rs D FD S INTAKES ON DIRE CTI ONA L STAB - - - -- ~ 

SERIE S Ill: WA 8 0 8 -023 50 8 2 83 C3 W3 W4 LO W SPE ED T ESTS ON WIN G NO TCHES 

J UL Y 19 54 12 3 and 6 22 x 1d W5 w6 v2 "5 TI EFFE CTS OF HI GH a ON s + c 

SER I E S 'SI: WA 808-03 3 5 0 - I 23 B2 B4 C2 w3 w 7 EFFE CT S OF VARIOUS COMB INA TIONS' OF 
123-184X 106 

Ws W9 Vz Rs TI 
NOTCHES A ND L E. EXT E N SION S 

O CT. 1954 and 5 76 X 106 L'ON GIT UD IN AL A ND LATERA L S + C 

NOTCHE S • T E STS. AILE RON C P T ESTS . 
NA 5, 6 5, 7 5, 8 SHOR T INVE S TI GAT ION USING 

Ns 75, 8 , 85 , 9 DI FF E RE N T PL AN FOR MS 

SER IES I 
WA 844 · 0 03 · 95 and 1·20 8 5 C3 WO NB EFFE CT S OF MI SS I L E S ON AIRCRAFT 

PHASE m CHAR A C TE RI ST ICS. MI SS IL E S EXTENDED, 
MAR. 1955 ( ·04 SCAL E ) V3 Rs 

DOO RS OPEN A ND CLOS ED. 
PLU S 
FAL CO N A ND 
SPARROW MI SSIL~ 

SERIES I WA84 4 - C03 9 5 and I 2 0 85 C3 WO Na FOR CE S AN D MOME NT S ON MI SSI L E S 
PHA SE 1[ ( ·0 4 SCA LE) PRIO R T O L AUN C H 
MAR 1955 V3 Rs ARMAMENT BAY PRE S SU RE S 

PL U S DOO R HIN GE MOMENTS 
FA LCON AND 

SPARROW M1 SSIL~ 

SE RIES II WA 844 -00 3 · 9 5 and 120 85 C3 WO NB FOR CE S AN D MOMENTS ON MISSI LE S 
PH A SE Ill ( ·0 4 SC A L E ) FOR TRA J E CTORY PURPOS ES. 4 OR 5 
APR. 1955 v 3 RB L ON GIT UD INAL STATIONS, 3 VALUES OF - PL US MI S SIL E I NC IDEN CE AN D 3 VAL UES OF 

FAL CO N AN D MI SS I L E YAW AT EA CH AIR CRAFT 

SPARR OW MISSILE2] ANG L E OF AT T A CK 

·50- 1 2 3 8 1 VI WI EIO INITIALLY T O TE ST EF FEC T S OF 
N OT DROO P ON B UFFE T TEN DE N CI ES ( 0 4 SCAL E ) N5 Bz JUNE 19 5 5 KN O W N LIITER TO DETERM IN E EFFE CTS ON 

PL U S VARI OUS S + C , PA R TICULAR L Y ON DIRE CTI ONA L 
L . E . DROO P CHAR ACT ERl <; TIC S 

CONFIGUR ATI ONS 

SUMMARY OF CORNELL WIN D TUNNEL RE SULTS 
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SYMBOL DESCRIPTION 

B OD Y 

B1 ORI GIN AL BO DY INCLUDING DUCTS 

B2 B1 WITH MODIFIED DUCTS 

B3 B2 WITH MODIFIED ROUNDED NOSE 

B4 B2 WITH LONGER NOSE OF SIMILAR SHAPE 

CANOPY 

C ORIGINAL CANOPY 

C2 C1 IN N EW POSITION 

C NEW L AR GER CAN OPY 

WING 

W1 3% UN CA MBE R E D WING WITH CO NTROLS 

W2 3% CAMBERED WIN G - NO C ON TR OLS 

W3 3!.. % 
2 CAMBERE D WIN G WITH CONTROLS 

W4 w 3 PL US 6 ~ 0/o NOTCH (A SE RIE S) 

W5 w3 PLUS 8% NOTCH (A SERI E S) 

w6 w 3 PL J S 10% NOTCH (A S ERIE S) 

W7 w3 PLUS 5% L . E EXTENSION 

W9 w 3 PL US 8% L E EXTE NSION 

W9 w3 PLUS 10~~ L E EXTENSION 

- -
SYMBOL DESCRI PTION 

VERT TAIL 

V1 ORI GIN AL ONE- PIECE FIN AN D RUDDER 

V2 FIN WITH RUDDER + RU DD ER BALANCE 

MI SC ELLAN EOUS 

PS SHOCK PLATES 

Rs SHOCK RA"1P 

T1 FUSELAGE T ANK 

SB1 F US ELAGE BRAKES 

SB2 FIN BRAKES 

FD FAIRED DUCTS 

s SEALE D GAPS 

NB. I- NOTCHES ON WINGS W7 ,w8 AN D w9 INDICAT E D BY N 

FOLLO WED BY SUBSCRI P T A OR B , DEN OTING SERIES, 

FOLLO WED BY NOTCH DEPTH IN PERCEN T . 

N 8 2- SYMBOLS APPR OPRIATE TO 1955 T E STS NOT K~OWN 

PRECIS ELY BUT THE FOLLOWING DEFINITIONS ARE 

PROBABLE 

V3 

E IO 

N5 

B5 

v 2 WITH 15 % AREA I NCREA SE 

10 % L . E EXTEN SIO N 

5 % NOTCH 

B4 WITH AREA RULE MO DS 

CORNELL WIND T UNNEL MODEL CONFIGURATIONS. EXP L ANATION OF SYMBOLS 

"T'I 

G) 

~ 
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I 

A - 31° % CAMBERED WI NG 

8- A WITH 5 % NOTCH AN D 

10 % EXTENSION 

e 8 IIITII L E l\11:00,-

-4 0 

FIG . 5 

M , 9 0 

4 0 B 
a 

a) EFFECT OF WING MODIFICATIONS ON PITCH - UP 
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WING WI THOUT DROOP 
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