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On Fi g. 11 t he increa ses in t hrust a nd ccnsurn- tion with 

r ehe c- t &re plotted , E:.nd it i s sugge&t ed tha t if t hese a rs- u sed with 

Fi g . 8 a good fL s t 6. pµ r oximE t ion to t he l,rue er for~ n ce ·wi l l be 

obtained. 

¥;"h en t he design i s finr.;.lly c.gr cec on a more de t ailed s et 

o f c:.3. l cul &. tions , t E,kin g: a c coun t of Lri~ t i cn of sp~c i f ic hea ts , u sing 

L'!ore data , L:r.d 6. ce l cul .s.t i-ni; :!:,c:: chine , sl:1 ::..-ulci •e r.i ~o..e to produ ce c. 

fin ~l perfor:n.ance pr edicti on. 

GENEF~l, CON CLUSIONS 

( l} Wi th t he ex cep t i on of t h e heigtt of t .he last stage com-

pres ser bl qde , the present des ign appears to be a er o-

dync.ci. cel l ~ sa tisfact or y . The t ur·ti n e a s drR,m t,oulci 

be bproved by l engt hening t he t l adas s =e 151. 

( 2) To get t he propo"'ed t h rus t , t he m;_, s s flow rms t be i n­

cr e2sed by Rome 10% ( s?ec . thrust 51/1 s/14/ s ec) 

In p :r t this mc1 y r e ,, u i :re l enethened bl t!des , 1:n.1.t it is 

inc 

modated by an increa se i n Ha ch nu:nber on t o t he f ir s t 

s t age compre s sor bl Dde . 

( 5) The perforD.l.2.n ce a t h igh .fligh t speeds i s ,cod . In t he 

tropopau s e r ehe2t i s effect ive . 

D. L. Hordell. 
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1. INTRODUCTION 

- --·-- -· - - ·--· - - .. . ---,.,;-·.?",_"> 

7Z, /17' - s3/e,s 

Tt ~ ll .f ~~~ .. •-~ :1g ~·:np', forn1·ed by CC·V?ring- thH eng 'ine i .s the r:. '1~].~ d t -.: Z:u3 tJ>? 
rr~!.n 5.. mt l."!.. 8~~r{:p)~ir:e. t ';~ a t C.!i.iJ be dr~-~1-·.gned. r 0tmd f \ t :~.:1-bc,~j ':) t ~.c ;;- ·i n :-~ 

At :it 3 ·t:1r:P.-r- t io·n it Y.:: .... s·s.e: ! d ·that t.b ~ ar~,.:i-:)r t.?::-:ent oct: l d !""~3\...cJ. "', ~.:1 H , . .. ~, 

+ \...._ l 4 1)'-v- / .:"'-r..,...;.~ O '.,... iOA .,..n•.t~ o•"' A "n c •t'· ,j. f....~ .c..rJ 1h ;1 ';,:tri ~""+· . . f' ry ?"' 1 ',n. ?-r ·p~: ;'"'\ •. • ~ .>., ,_·, . . t _-,·r'-. -, f :. _ ... _·· ._· , 
1,,·, ; l •-· -$ V / .. ..;, ~, ~ .. ..., ::;....~-. .::.i.. ... ~ <-~ ,1,. ~ i., ~._, ,i.. 1.~ • ,_,. • .., G..,. ' , - ..., • , ..,. • . .; -, .. - . _ . v _. ,,, .. _ , "· _ .. 

.... rt ( j ·:: ; C +h .-"l" t /.~f.a. ·' :Yh• ..,.. o t' ~r,, o'~ •1 h r"' d " ·,. ,""1 l }-- / ~ '.. •'.'0 :: ·.'1 .·''·· ~' ' ,:-'1,.1,,~•tt -!_ ~ 1. 1·.: ';" ·'·· ... .... \_,;. ' • "" -• ,. •- • •- r 'JI Uj ; ,;; ' • ~ ' -~.-;,..;..t,_ ,~ v .. .... ,., -~I ' .. ~·✓ -• • ,.., ..... ~ -,/ _ - ~ . • = --• ~ .T ~· , .- _ .... -- • .~ ~ 

c t' f' :J..:1ri L:1:;di:-, g .11.n d s ~1 ·p.:~r-:~·:,r :.i ,"! e:_ ; ~!~:t \.u:~J. l =! !),:J ~c s ~\ '.:1: ~ ~::. t-,~ ~~ 3 ➔-Hr r':' ~ -1 '.) ; ~ .. _~~·· 

xr-, \1 11:) 5_ - -p! i. e:c! ·tt :; ~ ... ·t"t:~~ se f:.;:.1"!"6 8 C:) n-~d ~~ ~) : ) r-, r . r~ :1t." '--~ by· ~J 5 ~ ·-:~-~- ~:- :"' :•~ 

p :. ~J ;l •• ":: ;J"'"'~) ~h~ e ➔ng- j:v?, t)f ~Jety or d. i ~H! :":.r ~ff ii:.i~ r;.! ~1' :.)~! rr-~J ;~~-r. ~{<:" ::: t .' t ::.,: :.J.-:: ·-:. J , 

~~j_ tt'.otrt ·~~~htta t ~ 

Th~ eng1:1~ e ;3~2Jn.t ·!.!tlly tnv ; 1~1e3 a larg~ d: .31:1cJt8r- r~~•:;r f l:.rJ :--., ~: e-.~~:-?. :-;; ! t :; :- ~t;, 

\li _;.-1.d i:19~ .. ~-s.d cf axial ly· v it'-1 H nol ... 1. t' i ~ert :5.a abf::~.1.t t. of tt'".1. A i.:. of t .h P ~.i~c-': ~-i 
a i r-c·~af t, I t ·.1as al. JO s a_ggf3 sted t.h.s..t t r.:.s r'"J"':'~c~ ':./f} tl~. J :rr r~ .. ,_f'~ :~>~ h'.! ?,v :r f:)P:~f~,,... 

~con:lc. sta.b1.1iz.-3. ti.o:i 9.nd per-I: i t t}: ,1 ce nt :r-~ of gr a~: :. t ~r t c ~oe i .:. t"i! n : :1,: i_: 1,~ ~-: :: 
t he ~11•·Jtng aircr<"1ft eve!'l f o r subsonic. f1igbtil t hat-. f3 t •J 3t:(-" r ~1:'"1~lt :,.:';~.a t 

1,rr)1J.ld t"Je 3 T:o r:":; les3ly un.sta.h le cond.i tion in thE? Et 1)!1t3 n c e. /Jf t . h~ GYr0r" :"!. 0r ~~ i.· 

Af'+ 13r i!o:me ~on~31·1~:r-~-:.11~:: ::,tnd~v it. :i~ s~:11 -gaf ,! ~-=--[t t ; ~ ·H·.~11 ;·.:e ~)t; •J;,;J:.t·· l~ ~-c~ 
~: ; .. .:;;11.1~ ~ S~" .. ~ ~ ~ t~:...,~ :1 t ~/~rcn tal area i '"l°ttc ,-::if ~bt)~1 ·t ·)•:,o 1·r· : . /~ : ; . ft .. (:. ·~ d ~ 
--- • ~- ~ 't ~-=-- ~ ~ ;: t 1

1 , ., ;::. { _ .. , "l~· .,... 8 +~ , ..... of' n. h .··••q ,t., ~ r,. ~ ,... /t , .... ~•r ~;.... o ~"') ! "1, , -. ... , . ~ . '.:. ). · 
• .• ,, , . .- • • , 1 . ,. ,,.. _ ,,, . .., ..., ._ • . \• ,- , .... V ,·~ •'";1,l.,J· ,; -,.J..:.., l .t . I \..,. ..,. • .~ -. . .;l,. • ,•,r- .., ,.,.._ ..., J A ·:.... ., ·-. •.; .__: J ., . ~ 1 ... - .,_'." f- ~"..,:: t 

( .:-~1 :: r,_ :r;t --: -~·r : .: : .. . ~ncy ~ ~ t: t ~ boo3 t t,! ·.c .. -:e f .: .:r~1r- ~:..::; ~r: !°?•~-C l_:) .. ,:~:1c: r -r· 5 

... !!'ld J .. 
2-~" l' :'J_b ., \..rt tr: d•~V(!l,:•r ~e~~, r)~ •. : : ,--:; '°. :-:i : ~e .. 3~t U :3 .i 'i~ [? ~ 9 t Xf; 1~ :~: -(~··~ ,,n::~: :· Ji~/- ;i;:~,·\ 

-,"',:-: n~~tr.-P,. :---e~1,: -:1 t ~ .. 7g t,.o fl "'✓ ~-~r ~~,,~~-: ... ~ ~ ~ t~mt .:~r t-l t.~~: ... e- j !~ ~.trt'.t ht='.~I .. 5 r: t.:- r· ~? .~ ~:.:je,.; :.;i.;_:. :::-e 
po.:n:'.l) l ~ ., 



!n t.~e first (31!' -~.C .. l) cc,r1rl ·3t.e -S!'.f....! •l~. 5.:-;·r1::! l~ . .-. ~ -: · t . ~ ·-) r ; rt~'~ ::lRt up 
an~ t~.'? r:¥8 tho<l of at.tacking t!'-.~ prob f. ,:!!! .i .1 (int: li:"'ed ~;,nd i :1 t~~ :~-:'t~ ... :r: "i 
~::: . ~'~. 2) n\l!r.t~ricnl sclut".cns arP- !')r~:1t:,nt,ed • .A.fr:~c"":,:".. ;r;.£:.i~ _jP.~"iV~;r. _tv!~ ::..; 

·~.:r:;:. :13Ad CJnd ·,a..r- '1 ed c~g~ a 1,,1id 8 ra.:-i;;e t•.:i ~t t~d:r ~.h~-.: ".'-- :~ff-~~ ... ~ :{-~c:-: 

! :1 
s t :id~rl~1g 

♦' \~ ;:e 

th~ 

and 

t~:~~ (S .. -Y,,. 4) !]. .3.i:r.~1 :: r1 ~~r: :1 :~!-=--"' ; q_ ,..:~ ';. .. = ? -'~r•-~1 ,_5~ P-~. 
va,·~ous- m<1c.~s i:.r:er:enc: ,:>ntl~ -:)f' C':'1." ·"',ot\·.·? r-, 'h:.~~·:-!-••. : 

(,i) :. nutation, a. gyro.~c,:,p~c csdllaticn ;,;\-.::er. ~.:, "."e<i c: '"'.r: : .b ; __ ,., 

'1t1~fed at or1i.n8ry o~ hiJh for,.:ard sr€eds an,] t:;,f v~r-y 3m:11 l ~~r1 i ~ .. ~!~ t:­

at glov 3~ed. 

r,:ton. 

( ,1) Tvo vnr"! :Jl~v :iub:, ~ -ier.~P.'?, one vr..'!"y ,_,:CJ..; , : ) v :~~ ;. ·"'"";';" . -:''.:>:: 
;;l ,· 1,1 di ·1~!"::ence is :10 ·,~ry 1lc'I.' t.h~ •. it .13 :~Jr.Mt~r~ ".:. 

.e. .t"c:U!'tr. !"~ pcr-r. { s. -;..: . 1 ~ .~eA.13 ~xc:J :.:.s: ?I:!-'.? ·.;' t ': • nr... --: ·-· ·: ·_;,' .'.':' ':. ~ 
,.::~~ .1.11 .•-:".',J. c,n or :11.1ta.t. inn 9...~~ .1 :':i: .. ~1 

.. ·:i :~qt i . t : .:~ ~.mr;'.'~ s ~t l.,~ -r r:. :~:~:: _; • .p 1~. 

n;;":.stion •""': .qp~:-~cinbl~ ma;:ml tude !n t~~ :l't;tlc c.~•.:=i-~ .. 

F~n~lly ~ report by o~. G. aull s~nvin~ th~ r~~ron~~ ~- ~~~~ 

inn1.1t f,m~t.!cn.s evrt1 1J."1tE:-d on an qnalog cor:pute-:- i::i ri,e:12nt~ ti . ':'~~· ~.,:, 
ro.~nlt.s •1~!'~ ~htain'old wHh a.:; in'18!18?"!•jentl~r ~:;t.i;:;.r. :<3c: ~~•. _;,. d-:• :·:h,,t : 1, ~:J 

ard :o1hov go'Yl !:l.gr!te~_,,nt ,..,it~ t,!--1'! ~oncl 11!J~On~ (')f the :,ec,mc1 r.-~r:..;,..t. . ".°'h":' 
!"):r■ :.n~ir,e.1 d1:1rivat1v~s are ~~a:l.n Vllrie~ cr:f:•r 11 '.fida -:-~n "'.~, a!:J t . ... •• ~r­

effects cr,nftrmed. 

Tvc notes on contrfjl a..r-~ al .~!; ~"v~a.:J.~b:r! ( 3. X.~. :; a.:-.. d ~.). T1·;-= 
f1 . .,.st i,3 a brj13f axa:r.inc.t~cn of rates of roll i;t ~~1!}er~0ntc 3r.,,.,.J e.,,,t ·,r1 
t~~- ~ec("in~ ocntrcl 'lng1Ps f~!" t.11rn~ to •r'!::-1011::i •~• -'°~~ <>,: 01 ·1 -nt·• --: . T'•1e 
:P'.H"On!'.e t,, t'u~ly crr;s~"l<:l ccr.tr,--.}3 ·-tH.h ·rn!"ion'3 <W10·1.,t,; n f ri.., ,: ,,_• i ·, <:> ,~. ·'.t : <'..' 

m~r::rin h~s ~1 ~-:' been t--~X~lT'-~-~~ {~ f ,·~,- ~':'~J·..1 ea:; -'>;-'; - ... '· ·=~ ~---~ -~~::· :=; r· --ril; "':" .. : •:.: -~ :4 . 

~-.I.. 11 c:-n~:~ b .'?.c ~:P an;:--lPs ( cou:1tH~-~1ct.~ •-::n a,{' 1 "~!":.: , re ~-': •-' ~"'1.: ~ ·!:S:· 

me ~qi n •.tre-:-: :'i+C'":i::-J :)l:'CC.t"l9 q•.,: te l.1,2'.e b'.J. t :t':. -; l,;-1 t.'.' CJe~:t 
? b .: 1:1 o 

A r:-H,"!"r.r!!l"~urn on tt' D 0,:::1: ~i(1!". ?.t: !~~!'C ' . 
9 i. t~:t!t-:.cn. 

, 
... 



,. 
l 
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---· 

3t~~➔ ~~nt o: ~ !ea~'8 Inv9et~gAtt0n 
C.o~ Ce.~A:ia ~1,7. ,:. ?~~.:~:·<~f. ~.:-J: J~..;•.-L cck .:in -t•- -~ 

1. TSCHTTTCAL EVA!UAT!ON 

J. 5 S'I'RE.S,.S AUALYSIS 

The l:i.B.in emphasis in stressing has been placed on t~~ rotor 
l\ssembly and ma.in body structure as being the components haY:nis the ;:r~&te,3t 
beaP>i ng on accurate ..,iehgt estilr..ation am! affect on engine ~r1'0rrr~:1ce" The 
rctor ls <lealt with in a. ccmrrehen~i~'e re!'Ort (Stress 1) whi~h e..-e.lu:=te!'l th~ 
:;t.ress?.s a~d ra.diA.1 deflect:lon-s dt.:.e to centd si:ugal f~rc~s ar,,~ i:v~;1:.:m~:.~ t,,r.p~ 
tH'"r ~,u~e r~r~d!ant. It -~l3o incluces a. theoreticl'!.l amil v·s:" a,..d nur,e-r-~ -~al 
aalcul~tinns to detarmine the deflections, out of the o1an~ of rotation. - ~~~ 
tc· :r.~1;0,,_u,...~. A r11!~ of ir.e. .. ,oeu;--re cf cnP- !"A.G !.An :JP.t" secon-:: h.?.;; b-?E r: 'i:, :-_:r;_,,:: 

l::1 ~":1!:e nn.m-?!"i,~&l cal .~i~lat:!.on:3. A. detailed 3t:1::y fSt.-:-es3 3) of t;...,.,, rr, t.·'.­
C'F'qr~.~;;-3 .9.nd bea~1_nl',,. r~i l ~tresde:> }1es bPen carri~d ~) 11~- ·~-~-: ~!i.d •J T"S-? .. ~ ~? 
the 3.R;den Cc;por1-t.tion (n:Jikers of -pr-~ci3lon bal1 bS::F:":""~:ic-~!- rt~ h.~.~ -~-:,~er: 
~ 1~0--n that ar. average bearing life in excess of 6500 hcurs is ob•,a1~2-.i:)'.,.•. 

The main body structure report (Stress 2) shc'.Js th.;- dt?t'lBctlon o:" 
the r~bs at critical eniine stations and stresses un~e~ max1mtm ~nr!n~ 
.,!"~ssur9s. Work i.s be1ng ca.rri~d on at pres~~t. on th"' ,;,ffect c,f e3 r lor..ds 
''.',n r-ib !"l.r.d sldil strf"sse~. Ho, .. ·ev~r, sine"! th~se 1of!,is a:"", a.t t~e me,•,~. 
c~iy '!.bcut lot of the engine our:.t.ing loeds. 'it is a~r,icir,ats,'1 tr,,.• :.--.,,, .• 
"'·:l:! h,1ve little et"fect on the 3tre.ngth of the 3t:'uctur':'!. A. nr,::;~i~•.1;~,r:,· 
in·:est1;_rat.ion s1:01.:ed that th-? air load :iist~ibution fcllo'!.led v"!r:r ,:lc~e ly 
t~' :: •,:e.i;::-r.t d.ist:-ib11t 'ion so tree large bend!ng ~oments founrt ,!:, ccn·,e:it ir:;;1.d 
'.;:i:1f ,3t:::-uct:1r':!s a.:-P. net, prPslc'nt in this aircraft. 

FT"~l:.:ninar~, wc~J,- h':!s al30 been -'!one on th.:i t'-.1rbir..A a.::c: ~-:r.:r·-:-~ .-:3,,z­
bl~di:1t;, and t,i-,e ~tres3es and deflection of the unc.ercarri.s.e~ dt,e t.0 i'lL:'-,t 
~~f l~ntf~g lo~rls, 

,. • 'IT.ST TUG 

~-1 FREE FLIG~T MODEL 

A :./10 sc:ale ri:,o:resent"ltiv~ n-"P,r-t"rP.e !'U.:,ht, r-::,.rr.cte--::n~.~,-:-:-:\ ~o.-l,,l 
i..~:r 111 ~e~ses cf freedo~ exce-".:'ti:1g s:desl!.p ar.d fc,.,..,,r,_:-,::: •1-'!l,:ir.:_•_.,.' h.a:1 
::e.,;,r. rr,11d•,q 'Uld qua:1"Hati 'Te a3sessment3 of the ccntr~l r-?~~cn.:;E' ~i.rd ,:ts.r~ct­
,;,-:-:i !.'t"ic hs.v!'l been C'irr:~d out en a rig, rncunt.ir:.g th<:> .:no!el in fr,-:nt 0f a 
n:0t,or car. It prcvec easily ccntr~l1£1.ble •.:it.ha le.!"fe m•~itti~•.;: iL'-l,~:n. Th~ 
c'.:::1trcls \.lerA cros~ed through oryO a.r.,i Ii rePrf?saint~tti•:e 7;:rr i) 1,;a:.1 r-0~·.:,5_! b:, 
rr:>:> rL'1'.'i cf t.rc ~""-9.ll 1'1,,ctr~c ,.,ctor3 in trf' :::co•,-:el. Th~::: ~=-.,"'.t c.':'.'1 •!~:<l·· b~ 
r 1:': :n ::i .3J~C'-' ~r-P~~ w~n~ tt1n:"'i~1. on.'! :::c~.!~ ... it~d rr.ct.i~ .. ttn~ t~~.:.. . .; :-: '!"J•·: c~=~~~ ~"'o~ 
f::"<?,;-.-!,:m tn 9:ir:iesl1::i. ?hcto,;rac1-2 ar-,1 in-:1.ud2d ·.r:':h t"'.: :, :--.c~e. 



St.fl.terr.er.~ of <\ 

1. A l/ll1- scale model om.itt~!lt! th•J a:r i.nta..1<~ but s1.r::u:!..c:1+,tn:7 t~A 

rednh,~ra1 _jP,t flo,,, 'with air from ,'.l. '3tatic tn.'.'l~; ,.,,:Ith r~r>,..t•s8n'tJJ.,.5,e c::,ni:r -.:-, l 
.:i·::-t"Aceg. A nreJ.irnina::--, olan for :,rt.a.tic tt,3ts '.lith ::_h:, r.:c•.:81 is c :~;:~.a~::~,~ 
~n a. for::'.al r~po-:-t (·.-1,h: · 1). Th.is !'.!oiel i~ j•.13t fini1"',w:i :uid r·~aG .' f'n~ ~-es-!-in;". 
:::ho~o_s'rdf'l-:9 are included ·1d th tha l'e'"'Or-t,. 

? .. A l:/1c SC t~le ~ ~l:.1..;,~ i-CC:OJ .3~ .. a:·,ll,~!.:. i:"l~ bc-:."-1 .:.r:t,.:1 '·:-·2- G.. ~>~ ·; ·:~, ~":.,:, .; :1 

_t~ -~t l~ -~_, ·;~:-t~,1 b:r 9.. :;c..ccn·.1 r+3~or-~ ( ~ .. ·,/r~ 3 ~ •..; ·j ~,~, ,-:irq~"':. ·1.~:::- .:.. Th .:. : ;;--: ,-:-, '•:~: - ;· .. -r 

3. A 1/40 scale ½ plan~ ir.odal W'.:th the j~t t'l:,·; s.'..r::t.:l"'t~~ ~.a:,: t:ee': 
~-~-sjgned fer a 10" x 10" ,(JU!:1:!'rS~?'l .:c -~u~k-thiOU,€:'.: 'tt:.:.'1::~1.. T~-~ 5~~. •'"':o•_.,." ! ~: 
::drr>ule.t~d by a:, air .flo'.1 snd aga..!.n ~b~ i;.ta.v~ i3 om;.~t~:~. At .c;:_,c1 ::?!"it.1'!. 
3~~le it ~snot felt to be w~rt~~hil9 in ~nv CR~-. A ~lAn fer t~~•~ ~it~ 

• ,f ...l .,_ 1 ~ • tY".: - , n -,--.,..+ ; • ~ /'r •. \ • h .,: • ~.i: .. . 3 :::01.1~;. ~3 ~O"'-Terl:!'1J.. O~! a ~; . .t:·c .. ~ 1-•v. ,, ~~ _, i ._J.; !J:,'.:, . u:-n-... :··. ·;.:.;. 

,:: :1 .!, 

:6(';) 

4. 3 E~lG I!fE DETAILS 

T\lc simple te3ts ;..:~ich. a.i--~ i~rc:--t:.. .•~•"' t.:- t~>~ e-:; t~:::i i~ 

combinat.icn rip:'. The r-ir; con3ists nf' " :3 ft. ,i~3_:r:9•.,c>~ 
r-rm by a."1 electr:i-.:: r::otor. 

Th~ outer rim of ~he d~s~ ~u~~ 

r'1t0.,.. .~!1d i~ u:1~ ::~ qg :1 :-11.r.1--:~~ :',':',-. ~ 

·~10:3-?ly t.h~ tru"3 1.Ji):-ki:1:_: c;')ndit!on::; ,J _f :1 rr::~ ~~-9 ~ , '-. ,4 -~-~•r i:'.' --~~ -?; .··~ !..-. ·:!:".t :--- -~~ -_:)_ 

·.i:.l.l he !'.'Ut in an insul!:tf3C ch:1mcer, ,. .. ;er. Ctt'1 t,.~ <.:_! c,nt::-01 :~:~ "lf. ,~-., ', "?' '.''.<~'":_­

tu;-e3 at \.lhich the rclle:r- .-ill wc:--k in jifft-3rfi:·-:-i: :· ·;:('.":t :"!':,nd'. r. :c,n•, 

The fr()nt fac~ ()f t~e c1.:.'3~ ig 113,-,.d :o~ t1~•-:'r:· , ·-, ;-i -:~:-·qd ~,.,A. >c: ,-, • 
t~e ongine ccmpressn~. This s~~l ccns i sts of B t~i~ ~e•ql ~1~~a ~~7•~~ i 

~~e:itl-.P.r edge vhich ma:nt1:1.ins a r3~a1l gg_n. 1..tit.'---. t}: -~ .;"\~;, ... ·:j_~:,.: .. _ '1.:- .:~ ._ :_ .... ~ ... I ~~:• 

1.1:.t.h the ro+,or. A. srecl9.i ch::imber t..-> w!-1ic'1 t.~".! t~;,1t ~-?11: -ir. ··• ::r" rt~tr, -;.·,;~ 

c:qn be o:--es~•;:1?io.d and the rate of le,a;,: u3 \.lo:?ll. ,,c'. me~:1r1-'1::.~3: ! .. r<c'::on {·,=: 
a f'..l:ict1on of deflection) ;.r:!.ll b-9 :rr:ea,31rr,~c:. P-;:otocrarh::3 r::f 7,''.'"'.· .. • :·~ ---: -.,.: ~, +: ,,. 
3'!al.i as3P-::1hl~d a!"'e incluc~d .ri :t th:3 n,::it ,? . 



-,f ~~,:.. .. ~. J , ?oA Ctt~R.~-3 :1 .r. ~~1 • ?r .-"! t~ :;t ~ .~;~ C ":.1t.i. (l ·.:-i' ,-,n ~t. :1 re ··.1 2 1 :; ; ·r-:~'1!:. 
.- ··-• ·· · '- "' · ,', - "' 1.,, ·=-"""• ' • .. ·- - • • ,. . . . .. .. ,., ..... ,_, . _. .. - •··· ...,...._~ ...... _ ~·· - •• • 

1. . • 1 .. RES:::ARCH TE3TWG {contin~ed) 

._,:th the edg"! of the j'.:!t on one side. (The so-called Coa~cfa eft'Pct) ~ 
Sini:-~ control of thru.:St fc:-ces l3 .9, cardinal ri:iature of this rlP- .~iv1 
tests a!"e b9ing cRrr:3.~ ou+, to investigate thfg. extrem~ly s:!rnr:,11':' r-i4 thod 
of control. Depending on the r"'inlt5 the po3sible application to this 
r.~cject ~ill be considered. 

It seem."! l!kely that no 9i1ch suita"::lle %1~plicat:ton of thi~ 
r"1'" i ndr:,l9 ha~ "lr.i .s~n before an·~ t.h,3re .i.<1 not a~ far a~ :i --, ~nc~ P..n7 
~~,~~~o...~~ic 0\!:1;~ -Ji' te:i~.~ o~ .t~~ ~ff'.i~ Jenc:.r nt::r on ' \lh~t.11,~r t~•~ d~f1.~Gtto;1~ 
~~ n•od~c e<l ea, t~ r~adily ccn t ~a1:~1. 

J-om<?. vnr-y rrel!..mi~!l!"'V' s ;-,-_:ilJ. 9~a'!.e _,e .s+::.==.g h.~ts tee:1 c1,1"ti .-d <mt 
·.1s.!.ng er! ,9.fr jet issuine- f:r-orn a :1.l.ot .q,rc:~d 1t 6 '1 rH!W:~ter di.~k a~d ctein~ct.ad 
,~::-cu:,d a O. 3' rs.diu:3. Photographs of a bal~nce riJ? ( l,{hlch d~rnon:1 i'.rA ttH 

,q_ hrge ground effect) · and a rotating ~!"YD rlg er~ in.,l'..ided vi t.h a br !."': 
110-f:e of tbe inter~atin~ but :i:ostly qu.1111tat:1 •re r~3 1~l t~ ~o r~r obt..ain,:,d. 
I+. sPter:is well wo:-t:i'.Jhi1~ to P-xpan:i a.r.ci inc.-ea!l~ the· scd~ of t!'":'::'se t-e:;.t~. 

¥ ... i~ ns.t1.,u-_qJ_ly ass'.!lt-9<1 by r..o:;t oeor:!.q r::a~ing: e fi::-s t e~:d:-:?..~.1-,.: r-.f t d..: 
·~0:nc~ that ~P~3 US~ or t ~~ ohvJ!c~: s1~~ or t~~ en?ine ::- c ~~~ lt t~v ~1~~: 
-~ 3~~~~~U3 engin°~r1n~ ~rr~rt t? ~ln~ ~-~~3 a~~ ccsting =illi0~ ~ or 1~: -~r~ 

1
.() ... ;""'C!l~-:~!. Tn flt'! :it 'tf!~rt tc r .!;1:. ~~ir.:"~~ in per~rPct ·~v,~ sinG t ,-:; {?:~~h .'\ .~: ·:.: 

•.\-~ bn~~~ :3~:n~:--.\ ici.t~--- -.,n : ;!h :. :=; a l:!':ii- .. _,- ;.~, , - ':".~'~ ~~1.ch :"iu~t. be ~.,.r1.~c•e.J .!~n 
:· :..1 t - .-~n ~gt.ltl'.P. f'..-3 o.f tJ:e cc.:.;~, ·~ft :· .. ~ i_ :◄ ~~~t: :ie:1:f..;n~d ~:-: .'.1 .~~.:> ·:A_ :, 1:r?.f-~ 

- - ~r~~"~ i~ ;~~~t det~!1. 

·_; ~-~~ ~~~t e3t.itta~e is !1f'!C~~1:-1rll:· •;~ ; 7 1. :!.::.i•.ed in :1~ ·:'l!":'•'? 1in•:q :L t r- .9 .,. !'1 ::-. t. 
:·?.r, b•1an no;;sfl::lP- tn !!t !l r.:,a:!.i::Jt~c :. i ~a of th~ co~t of t.h?. 1.1:-,olP. ~~rc;lA. n~ 
:;:r of tl-:e t~st ri,u~P. anti t"'acilit i e .1 :1ec9g<Jar7 n:ir of co·..;!'"3P 1.."i U it be 
,.~~9'..bln. t0 ~stiJM.te the inevitetl,~ riev'-'l:,:,:,mi2nt co~~- ~r~v~.:-t :"~1e ?'3 it 
: ._-:,,.,•er- ,q thP. who}.4> unit 9.s ::i":! .:;:.g""."'d 3.r,,:: b••C :\1JcH~ 1-: i:1 1"'rS-Pl:,- <n9.,~P 11n ,,.,! .. 

i: .'):1:rs.ct.r1r•~ q~ :,y,·,1:lt~ons to ~1n;~~i :1~~ri n: ~~i'l winf;~, tt~ ~roll:!.,.., y !!"1~.~ec; .1. c:-~­
~1d.c,r,..h.l~ iln!'S~r .• 

;"':n,., ,~,1~;~ cr•.Jotetlon (t~~ J. Brocl<..h-:):l:3~ Engineeri.,g Co. (S.>3r-iri'l Lir-.tte:i) 
;.~~ •!' f • ~ t.h~ gt.r~.~:!n~ !'"!~ire frJr- C r'!'r:"'"!"'~~:3<J!" 'blad!r!? ~t!41!1 :-ell~~. f-!.;;._ti3~ nt 
, .. . ~. ·: t : ~u~ 10(1 f't., J-3~:-t:-. ?' ~J!"-:J .. ~~ ! :: .l~ J 3 tha:1 2J tt bJarit!. 

- ~: :; ~---t,:; ::-~~ :,l' ~.h.c ~~es~~t .. 1.e ·:;:i:"-~ p:'.""("),:·..:.~~·~. ~ a.3 rr:u~~ ~~, .. ;fJr -~S i~ ~---- -,-. •, r ~ •• -1~.t by 

; -.•}.:~~ ,:~"' t ;~;-; e .. y' ... ~ ,~~:rrc.~~t '1!"~:~:~ :-, ~ ~ .. \ ·~-~ t: \: 0t.; 1~. cl~s~, .. . 1~.._..~,, -~,r ~.:-.. ~~e 



-'.r--

.i:-, :-"_;~., -~ ~i. ,, ~ ',_·, \ ; ' . 
. , --.. _ ,: .. -· . -

:''i""~:1 :zr; ,-t i:1f ~ri•~",ciuc~,1:jn r~ ~r~.lre i.3 c :.;~t-:R~tf::'J ,,,;ith ~ f!r:: BJ~!~:a.r.e 
c f '.~;r:~.: r--f "';() fc,r th~ pr-0~13~\i er:1.i:i~ RS ;'l cn~--~ff Job of wh :t -:h only. 
-~L?-'"',Or)0 is 1,,tcJU;' ar.o m~t8r.l.81 co.~t. _q,,,1 i1011. ,:-i,10 L• ,'\ h":\8V'"1 CC";'lt~n;_ 

:•?7'.c.'-' r:.Ho•.;qnce. Hor-. tbm a.!"ything els~ this or0po3a.J rerr.:3s~nts s.!' 

;,(f.,,:-~, tc cut cto·.m on th~ ris1.!1? cc,sts Y!-.1ch ':l!'°O ~c:ning to be .tn~v!t­
·,_t:] 7 '11~t:•,~inted 1,,d.~,h tco-l~v~l ~~!"fc,;:-;:,,.:,.:-:~e • 

... 7 -.~ _..-; r ~~J ' _-::- -~ >~ ~L :: t1 :(;=~ ~1.z.., "";.~_,:i 1 ?, .:.~i :~-~u : '3d ,__-ttl: t_/-1 .-: =-~~~--:- ~ Ti.:i ;_1. ·1 ·~¥=:- .... _:-_.~- ~ 

t ~ :~- ~ r~ -: _;, ;.:-~ :: h ,: ~1t~!' :\ ... :·~ -• ] "',.. ... -~~.. ri !.!. ~ .~ 9;-e -'.:t ~-!!1~ 1.y b(·-1 ted t O'(.P t} !~-r-:· ;.i ~ -:• ·.1:v: 

~ . .., •• -;"',--.+_.:or. It t ·, env.is&f•"d th~=.~. thig bre~'kdo;m can be 1:i:ade a !'F,lq, t '.'.,. ,!:/ 
::it::?]P, s~r-Y'.tcin::: OPP.ration_. :'he ~ngine And f1v~::. cell douf:1:nt i:.; t! ,:,5 
". ~;•~ ;-.,r~~-"' 1.1nt~ anri Ul thP. r.ij::J·n~ t~e (:T"Q.'-,/ CC'mfA.::-t~~~t 'l ,: !':'..tt ... ,.L Th " 
"r.~.,_\:-'! ,3i-:e,_~_ .,11'11~ under,~t1rdfl!!~ co::11:,1.et.A the ,'3:)ti•'!m},ly ::;ut to th,, ~'"~':•in.:; 
r1 r:i'. 

,.: .. :"12~t7;p~ ~k~t,~h ·I :-J nts,J inG ·l u;J~(l ~·:·:ich J llu3:'::,r9..te3 :1 ~:~Lt~i .'3 t ::.:~to.;.7,' J : .. - r·:t 

1~:11 ::e~~::.~-~-:~i r ~ C(~nJi.:;ti.ns- or 1l ~\~:!.dr:ir-~1 -.➔ ·?'~~:- (th,"? l'3t"",J :-e't.r::a .. -·:!"#:.~:;z ~; -,._-_;k 

t ·.~ .. }-' -=\ .~; ... '1+.1='"~.l 1.a~ _:,,ft~ldinal ~s.r:.., 1-aa-v'lng th8 '-iint; tir:,:t= f~9'3 :c1r f .:.r: -=3.~:C. 
-~ .:.,~!d•:,~ ~ •-·: ~,~ ... ~! ~-~t !~~~RP..~!. rr~e mc,~1:. .,.... .. ~car~ ~,'"!hL·~~f•5 !'-~:- .: (;~ ~: 1:=:~ ~ ~ .. :.i , ... " .. ' •": -=-

-:-- 1 ... ~ ; ;, , -: , ... :1 ..,:- .'1_ ·: 1.,1bl ~ ~ 

7. It 4. ~ ~ F·:i":abl~ sbtN? tn fly a"ll cli:"ret.&:ls int<: thP :1:i;-;~1,..., 
" -""''."r': . ne .:'-; :!, c:, C"R,~ ~eer. d•):1~ ;:r.".!c. q-:.:.·1~:1g 5. t •:ert:i.cril tR. ;':E>-cff' '!!'°:. '' 

:::_r; .· ;~r :,. ,:_vt',:· <_;rJ,.htl~z,q_~.:.on :{r.d ""~c<>r,t1 o n.'.1l ~!"fOr:'.'.B~ce. 

7"~~ .r:~"('i- .it.O?r, .i~ t.o b11i!d a:;•~ :1roim ~.r.ls endi:e-. Littl➔ ·1-i_ri- 1:e L-:- ,ro.en 

~n .c,tt_.~r!"t '.-:· t.c te ,1t it P.~ s;;:n}l 9C9.l~; it i'.3 'i'.lt> ,1+,~~~r. b1e- W!"1"t::rJ;- !"'.ll,:':1 

·N· " , .. ~ .-' ':':;e ~ ,1•J~•ri, h7 bull-'."i:ig at~"·::'° t ~~:1> inc;tc•1r:~ of in th<! -:-e,~•..:.i::-·.:d 

'-• 



-JJ -
S t ~t em~~ t of a Ye~r•~ r~~~~~i~~•~ on 

-r- t:·~•:11 A. V._ !---~o~ C.;.~ad r! V .i:- .. 0 . ?rc:;.ct 4n i. ! ()'.:t l c r....,k or. 

At t~~ sB.!~1 .. 3 : :.r:.~ the b6's~t a1T.s.n t:;uC""~~n1~ s for c~nt.~~-~-~, ·u.n -·~erc :=!r· ~-~~ ·:~~ ~r:r_: 
-~ :i ~-'.!.y.,. a.11c eY.ha.ust sy:"'te1:1:'i - ,._l~ich arq Bbout alJ t1-:it• . .!..:1 left l)f •\.: :.­

ePr-e:pl~.ne • 3r.r.>1.1l,i be r·urt:h1::r stL·:Ji-;,>d 1 a~-:i the vsr!ot i:J "•:?s:::: AI'~'lo '°'f "',s 

Ct.i.rr1""c on •Jith as quickl:,r '!S possibl~ .. 

!t ~"'P.DlS righ~ to desiz!l the f-ir~t a.ircri:o.!'t of such e nn.·:'?. l frr~ . :I:' tr.i5 

-'l.3 Ji rPsearch jcb. It h?-:, delibe!'Rt.el;r been kept sm.:i.11 w1 t h t:-::.s .:.-:-1 
:r-J.rd R.l °:r.ongh t.'he ~~-:e of the cc:mp~esscr bl1-1din[ in~' cqti:><3 ... ~ '". -: !.:·1 th'. . .c 
s: :: ~ :he '?.f1.g-1ne i~ ~~nller tha!'l tn~ optinnU'Tl f'cT' th~ l~yQttt. . A.~q _:.7' :!. : { -~ 

rr•i r: t.,:d out in ti-P. !>e?;fini:- !'e;e-:-1.: th<: t .!n !'l t~rcer- ~i'..ei t 1:e er:g' ;.I? rl-":'.' i-,~ 

J-~<:-.:~ C'!""tU~? -,~d fer onm~~es~icn :4+.:.o - t~.~t i~ lt TI".8 :"" be r,09,.:-J_ ::.1:"' !. -:·) 

~--•: ... "'.""'? r:_:-i ~ t.h~ prt!"lc·::r.1~: tl(,·o11· ... : ~-:? -~ d:.r ~,e~ s : f":r.-_ ( ~;.i -1 r:: :<!1'3':~~--;:; r~c. .~~; t~· ry_ :1. :,r :d 

r·_,1_\~ ~.! , I 1. -=?:if th cf. t~ A 1:-"!::"l f:' ~:. r> . Ft;e .; ca fi~t •:-:.i. \:.y 1.J-!_ l "l. i..n"-':-~,, ~~i? :-1 -~ ::'c·~• .:.: : .:.1t~~ 

,~c ~ ~I f-' l iriear d i. ;-:--:r.:nsion bu~. Q'\""~~P.1 .1. ~- )..; :•t1~~r ,/ ·◄~ ~ -:rr"' ""- =-~-•.i o ':-':~ ~-'. ,j 1::"; · r i ( ) . •. ::..;-.,_ :~ 

:-.c: ~zr: ~ct.ad t c r~ 11. li~~:s:7:,. '!'r'P- r::i~ .. !t~!·:-,· r--:,ln '.;r·, : :~h t~:<; •J·:--:--. r: c:-•· :~:~­
~-:- .1:'t Cl\".! g,ccc::ir,l!~h mus t not riov ~·:"::- b'" lo~t ~-• ~~t et' •1,..,,4 t r.- • S" ' • . .::ib '. ~ i •:.­
,,f th8 1ay,:iut (or l\r:talllent a.nd radar' in~ta.11,~tion oug1-,t to 'b~ c~n~.: ~t:r"rl. 

"'h~ r,~ol:"Osed 1d::-craft coull ... ~_thcut -iif'f1~ulty ~!':6 ._,..1_~.h Utt> ~-~:.,?et on 
r,:: .,.for":'.!'.~;::e bP 8!"r.ied Yith fcur of: th~ l.-i.tP.c,t. U.3. ½.v. 20 tnrl'.. ~~,,:,en. 
v 1. t~ '.:9L"l 1itving-r~d~r, q::n !\ lsrf"e flalvo (2C-0~ of r.;" ~:PKA .'l.t::-- t.( -•. •:,-, 

~·::~ ~ -? •~ .. ~ltti ~~ -C\~.P\!r.F:nt 1..t¥'?. ~.\-'i .!.~ (t.'--io ~.n?~A.11 ~~. ·\. r:-~. 9!:~11 J ~ ;,~ :_ ...... : -: --, ."'t 

~·: ·.c; n ~7-X' i."c • . 1~~3 -!U'e DI: lh. euc!'"., -:-~c 1'.r,::t.1 1.5 l~. ~ac'h. 1 i•. ':!. ;-:,,,.,,, ,, .~ • 
tr,r, t, vh;; t '.le he. Vf'I ccns idered R mtr.1.:nW!' si ::e 1-~ a hacpy or.e !' .. ,-..., : r.'-" 
f' :•".tcr ·11..,~pc,:nt. ,\1-::err.a.t~vel:,.-. it l'J 9t~gg15 _9t,ed tn,.•. i::u i ·.•~-~ ::-: L~ ---~i -' e , 
-~ ,•1"."• ,.. t r. : t.an~e ? .. 'tl~!':'n!..~) ea~ :-)Cs~!.!:l? ~.e 3t.0 1.Jf',rl in ::,: .. ._ 1.!!T~~ ~~t?..~r: :-~_:,.::.: r~ 
'~" · .o 11!1::",:m!t.1:m box:~9 and :-ock'?t.~. Dr-R_•.1!:-:1s :'Jho'. .. ·':; :.· t.\~-~ .,•; ~~:•j •; ... ~,i 
~,. ~., •.1i.:..J 'l t.i.<,n3 ar? ev-'i i -l .<:,t-1 f' . J\3 11 tr-3ns nnic-s11ri~r,rn.r..ic !, 1::·-:-.,::-r ~ •· :,!", :? 
-.~ ~--t. rr:nx:!..mtllil d .im~r1 -9~:. '1?"I ; ~~(l h~ '.·~n.:.:: ·-1Rr;a., _T_,~al 1.1.!1~7.nc a;,;-~ t~,~~t=1 - r::fr -:1 -~: ~ :: ... ? ~ 

t ' ... ..: '! ,\.;""'c~af~. ~rcu1 r1 h!.•1of'a )l!:. ~x~~_tr.r:: . .: c:.•n'll 1.:t.:~~t·:-. !:o_~·t ~~--~:. --~ h -~ :·1c . .z. : .. 1- ·~-~ 

-: .. . ·--.:n !l 1.1: 1~~~ -~~!''••h:~~. :~ c,-,J l~: '. ~ t: ~ ~,, ~~Ices-f':.e~. ,..-~•.•,-.. ~, '::-",~ \~ .. , ~ ~ r ·:~..; ._.,.,.._ ....... 

~ -; .... ~ ~!l-ir: ... ,:1~~. r1.:r"ths?~:·:,_"')-f:?. 1_ !0;"' :;C-·('.f ~ r. 0 ssu~e ., i~ ! ~ -~~-.d : ,·! ·.'; <-:_
1~V'-'. ... ,:·:.-~ ; 7 

-~ i -~:~ • b~ ~~ ~ .1 t h?. -t fL---i rt ~ :c r~""t. t ~· ~ ~- Cfl~ ~11'+: •~1o~.,!~ ci ~,:o~i ~ -:! ;;~ ... :- ~.,... ~ c :1_ r: ..r:: ~-: ~ ~ c ~ .. 
,_ ... J ':"''"t, v rr: 1nu:'.'"!\AY t"uP.] to~ brr:-u,.,.h~, ~lonr in a bov, ~r "?t'~.-"!r '.'l 'f-rc(:" .-: 11 

':>nrl ~n;;-; . F~, t'Ar~:d.nr , ext~:r!':al t;::}·.s ~r~Jnot exc1'...: •''."'r1, r;..- "!X-::.~~·r•.::._:.-·)rr,i;. 

':.<:i .-:""' for i?1crea.3ei::J c0t1bat ra!"se• 

'='~:-ia.11y. it i3 obviou~ trst. it wc::uJ.r; b~ ve~7 ni~e t.-, re."l.k~ R er":.·~ •-h"'~ 
1.1'.".uid ta1c~•cf!' flllt. It i'3 cl13a:-l:r ooss:l.ble tn ac~iev-e thi" by !!',•_1_d:i.,7 
•t~a o;- t~"' ~o-cal lee: C•-:lf .• __..,.fa, ,,,ffar.t; ~l°' '! l ·p•gP. ?,!"r-.un.:i ':lff~ct n.:1 s_..,d 9-: ,~:i 
1,d t~ it reinforce~ this ch:m. Tl:a oct.e:-itiali ties P.".'lr m~Ar.~ !',, '!" ..,,..,.,._. 
~rr-llJn.; 1•1ch an ai.:-craft rerrsin to be '.Jl''?"ked ,.,ut.. !t. ~Al'\~:- t,;.,., .. t·~fl 

" :m:=:t ~ckin~ 11 of t.r'.c' j"!t by :nt::-,)(~:1c:i:: 17. air •it. i. ts le•,.:, D".'"~SS' ' !!"0 
~~- '"' ... L ~ a 

:~~~.,-c-~~chanism ,..hi eh ~AY hr:.ve c c•;ll .3 i !·~erc:-tbl~ ?Ci;;~ib~ 1 it t?.5. 
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