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Introduction 

It is sixty pears since the first symbolic shovels full d earth were lifted 
above the soil of Langley Field to signal the start of construction of 
the first m a r c h  laboratory for the National Advisory Committee for 
Aeronautics. 
Those shovels d \'irginia ground symbolized Illore than the constrvc- 
tior. of a resea~.ch laboratory. They were tangible proof that this coun- 
try was deternli~red to build an aeronairtical research cstablishment 
second to uone in the world, aimed at wgnining and then maintain- 
ing the lead In aero~lautics which had becn given to America by 
Orville and \Vilbur \\.right I e s  than 14 years More. 
In mid-1917, .411lerica had been s t  war for three months. in a conflict 
which \\.as to we the airplane grow fro111 a scientific curiosity and a 
fportsman's plaything to an effective weapon of war. 
But when war broke out iu 1914, the Uni~cd States was last on 
the list of world p o ~ e r s  quippcvi with 111ilita1-y artcraft. ru1rnir.g a 
poor fifth hh ind  France, Germany, Russia and Grtat Britain. 
Not only the tangible evidence of aeronautical p q ~ r - s s  was la~ting. 
The other powers had seen the \,allre of aeronautical research l ab ra -  
tories and facilities as early as 1866. In that year, the Aemoautical 
Society of Great Britain was fornled to stialulate research and cs- 
periment, and to interrhnbrge the infonnation gained. Herbert \Venham 
and Horstio Phillips, ~ne~.lt>ers of that Society, invented wind turlnels 
soon after 1870. 
France had major i~lstallations: Gustave Eiffel's privately owned wind 
tunnels at the foot of the Eitft.1 Tower and at Atrtei~il: the Anny's 
ael-onat~tical laboratory at Chalais-hler~don: and the Iustitt~t Aero- 
tc-chniquc de St.-Cyr. Ger~nany had laboratories at C.ottingen LTni- 
-:e.sity and at the technical collcgcs of Aacheu :i~ld Rcrlin: the govern- 
ment operatcd a laboratory at Adkrshof, and iudustry was well-equipped 
with resea~rh facilities. Italy and Russia had aeronautical laboratories 
long beforc the United Statrs took the step. 
National concern nlounted as Inore and lnore scientifically prorr~ine~~t 
Americans discovered tile woefr~l position of this couutri. in aeronau- 
tical research. In 191 I ,  it was suggested that the Smithsonian Insti- 
tution, earlier tile slrpporter of Samuel Pierpont Langley's pioneeri:lg 
\vork, be given rt-spo~lsibility for an acronautical laboratory. Objec- 
tions by both thc \Var and Navy 1)epartments were infl~~cntial in 
Lilli~lg the idea for the ti111e being. 
But the S~i~ithso~lia~l pressed its case, and t)y thc follo\ving year appeared 
to havc uirt initial srlccess. President \\'illia~n Howard Taft appointed 
a 19-~uan c o ~ ~ ~ ~ ~ l i s s i o u  to consider tllr o~gailizatio~l, scopr and costs 
of SLICII a I,1l)or3tory, and to rcport its findings, along with its 
~cco~n~rlcndations, to the Congress. 
.An adnlinistrativr oversisht killed this approach: thr appoint~!lents 
had l)rc~l 111adr solcry by 1':esidcntial action, without the traditiorral 
advicc and consc~lt fro111 the Senate. The legislation which was 
proposed to at~thoricc thc laboratory failed to gct ~~naoi~notrs consrnt. 
Thc S~l~ithsonian dccidrd to t ~ y  it alone, and rcopcned I.anglcy's 
laboratoi-y. Onc of the tint tasks was a s~uvcy of ~najor research and 
cspcrinlr~\tal facilities abroad. 
The rcport which came out of that sumcy showed clearly the dangerous 
gap 1.1etwccn the statr of arro~lar~tical tcch~!oiogy in Et~ropc and 
in thc Unitcd Stntcs. Once again, the S ~ ~ ~ i t h w t ~ i a ~ ~  dccidrd to aliproach 
the Co~lgrcss, and on Fc1)ruary 1,  \!)I .5, dclivcrcd to tllc Spt-akcr 
of the Iior~se of Kcprcscntatives a statculcnt which said, in part: 



"A National Advisory Coounittw for Aerouautics cannot fail tt; be 
of inestimal~le scn4ce i~: the de\~elopmcnt of the art of aviation in 
A~llerica . . . The aeronautical committee sl~o\~ltl advise in relation 
to the \s.ork of the g~\~ernment in aero~latitics and the coordination of 
the activities of governmental and private labra tor ig  in which ques- 
tions concerned with the study of the problems of aeronai~tics can 
be experi~nentall) in\rrstigated." 
That statel~imt lwce~ne a joint resoluti~*l of Congress and was added 
as a rider to thr Xaval App~.opriations .'.ct approved March 3, 1915. 
The Act establishccl an Advisory Co~n~ilittre for Aeronautics (The 
word "Sational" was to tx addtd later at the filst Committee meeting), 
detailed its organization, apportioned its .-lenrknllip. and descrikd 
its general task in words which nrcd no i~nprovenrent today: 
". . . it shall be the duty of the .4dvisor\. C:o~ilmittee for Aeronautics 
to supcwisr and d i n ~ t  the scientific study of the problems of flight, 
with a vi~\v to their practical solution, and to dcterniim the probletl~s 
which should bc ruperinlentall y attacked, and to discuss their sohi- 
tion and their application to practical questi01;s. In the event of a 
lalmratop or !al)or3tories, either in whole or ill part, being placed 
under the dircvltio~r of thc com~~littt-e, the conlmittcc. ulay direct and 
conduct mearch and espcrirnent in aaunatitics in such laboratory or 
labor3tories." 
The first Cv~nmittee appoiutalrnts \vew nladc by President \\'oodmw 
\Vilson on .April 2, 1915, and tllc f i s t  firll Co~llnlittec a l t~ t ing  was 
held April 23. 
Among the early projects c o ~ ~ ~ p l e t d  by the Esr-cl~tive Co~~t~nit tee of 
NAC.4 was a facilitirs sitwry of industry, govcrnlllent and univc-rsi- 
ties. Out of that work, S:\C.A concluded that it \vot~ld q u i r c  both a 
laboratory and a flight-test facilit\ , t'lc fornler for ~llodel work and 
csprrimcnt. and the lattcr to work with fi~ll-scale prollems. \Vith 
fort-sight the Co~:lnlittrc 1-erogniztv1 that I)~~ilding and equippiilg these 
facilities or~ght to be a gradual anct continuing process. so t11,it the 
laboratory corild stay abreast cf dcvrlop~uctlts In tccll~iology. 
l)uri~lg i9lti. SAC.\ callrd a 111t-cting of aircraft and r~lyirlc 111ant1- 
factlurrs to discuss the problc~ns allti p .ogress iu airplsnc cnginr dcsign 
and drvrlopn~cnt. That ~ i l ~ t i n g  itas the first of Inany to come, and 
it initiated thc close \vorkiny rt*lationships- !)c.t\vcc~l thr sovernu~crlt 
laboratory and private industry which have existed cvcr sitlce. 
hlcantime, the Sc-crctary of \Vnr hadl,crn told I)y Congrcss to sun.ry 
available ~nilitary rcscwations to find one suital)le for an acro~latltical 
espcri~nental station, or to rt~01111llcnd a ne\v sitr, if no esisti~ig 
site wcrr suitable. The . A ~ I I I ~  appoi~ltcd an ofliccr board which srlc~tcd 
a site a fcw ulilcs north of Ha~npton, \'i~yi~lia. 
It h~lfillcd the rrquircnlents of thc svarcll: It \vns flat Innti. fronting 
011 \vatt*r SO t113t trst Hiqhts cot~ld 1)c ~ ~ l a d c  over 110th I:lrld :111d \\ .~tcr. 
It was cast of thr Alississippi and sot~th of the hlason-1)i~on line, 
where \vcntht-r was gr~lcrnlly good for fl!inq. It was nu farthcr than 
12 11ouw by train frol~l \Vasllington, I). C .  It was not so closr to all 

I unprotrctcd coastal ilrtUa as to l)c sul?jrct to attack or possible capture 
! in the cvt-rlt of war. 
; :\ spc~ci;ll S:\C;l s u l x o ~ ~ l ~ ~ ~ i t t c r  ~vc~r t  tllmugll ;I sinlil;lr srarcll for its 
: o\\.il cspcri111~11trtl station sitc, ; I I I ~  conclt~clrd tllnt thc .-!nuy's cl\oicr 

1 \\.;IS a wise onr. 'Tllr s111~onl11littt.c rrco11111lr11dcd that thr Ar111y 
; l)uy tllc sitr nortll of H;lolpton as ;I tcst a ~ r n  for joint :Ir~ny, Snvy 
I and S.\C:\ rsprrinlrnts. 
I 

'That sitc W ~ S  to I)t~corl~c 1.anglcy Ficltl, 1ia111rd aftcr Sa~llucl Pit-rpont 
1,anglcy. S:\C:\ (which i l l  I!):i8 1)ccanlc tllr ur~clrt~s of the National 
Arro~la~ltics and Spacc ..\d~ninistration) tvould Ijuild its first test 
ccntcr thcrc., but nritlict. the .4rrtiy nor thc Snvy \vo\ild usc it for 
espcrir~irntnl ~vork. 'I'hc : \ ~ I I I ~  would c.stt~!,lisll its tcst awn ; ~ t  AlrCtndi 
I:icltl, 11c:lr I)a\-to~i, Ollie; t l~c Xavy, t~rit-t~tc*cI to\v.~~.tl ~ s t s  of s~~;~pI;~n~*s,  
\vor~id n~ovr its cspcriulc~ltal work across tllc watcr to Sorfolk, \'i~gi~lia. 
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Langlty R~scmch Center, born dununng the first 
Il'orld Fl'ar, saw the shaping o f  the framework 
of decades to come during i t s f i s t  ten years o f  
lift. 
The ular had introduced day and night bombing. 
It had spurred the developmrnt o f  hontb sights, 
automatic pilots, radio rommtmi~.ation and nazi- 
gation aids, seIf-sealing fuel tanks and pilotless 
uirffaft. 
Within three months ajter the Ar~~aisticc, com- 
mercial nciation started in Germany r~bhrn 
Deutschr Lufirrtdcrci began its passenger- 
canying service. That year also had sten the 
Jirst daily commercial ~ i r  service started, zrith 
Jights between London and Paris. The first 
international ;iassengrrjights front thr Z.'. S.  

,Follotced fn 1.920; hr 1925, rrgular air freight 
sercice ita~' bezn established brh#!ren Chicago 
and Detroit. Tlte new transport industry be(-umc 
subject to i t s jrs t  reguloto~v legislation, the .4ir 
Commme Act, signed into lazo in 1926 by 
Resident Calvin Coolidge. 
Recordfights by the score shotcrd the way toward 
the f uture routine accomplishmrnts o f  citlil and 
militarj. aoiation. The Atlantic war crossed,fist 
ly a Cr. S. .Naz!y C~trtiss NC-l.fl)ing boat, 
and then, non-stop, hy Britain's Capt. John 
Alcock and Lt. Arthur t i:  Brotcn in 1919. 
Four years later, the first non-stop transcontinen- 
ta l  crossing o f  the Zhitrd States bv air ulas 
made by Lts. 0. G. Ke lb  and 3. -4. ilfacreaa'y. 
I n  192#, tzco offour .4rn!y Douglas arnphtbious 
biplanes completed * nund-thr-~oorldj<~ht, 
another.first in aniation history. During the 
26,350-miIeJlipht, thcy.Percl thejrst  trans- 
Pact* crossing and 11trJirc.t tvcstbound ,Worth 
Atlantic crossing. 
But the ntost-remembnrd achirt~rmcnt o f  the 
post-{car -wars riqas fhr solo crossing cf thr 
Atlantic br Charlrs .l. Lindhrrgit. His 
histor)~-making,fiiglrI dreri! ri~orld-rciiclc crttcntion 
to fhr potrntial o f  flit airplonr, and gaztr an 
impctrrr to arliation that no othrr singlr frat 
since f l r ~  H iigltt brothers' ,first /light etvr has 
ma tcltrci. 
Otltn drrrlo~nirnts drrrin,~ tlratfirfirs~ drcadr pointed 
thr cc.q!l torc*~rd fltr., lrftlre of arjiation. :i Curtis, 
JJV-4 rcas rrmoir$ ccn!m/lm in thc air.from 
another ,7Jv-4; the Sper!~ ~170-stabifi<ed auto- 
pilot r0a.c. surcrssful~~ ttstrd. Ir~arrrssiblr part3 
of .Alaska rrrre mapprdjrom tlw air; a Harciaiian 
forest zclas /)/anted fronl tlre air; clorrrf-string 
c.rpnint~nts hrgan. 

Tarzet battleships were sunk by homhing; piped, 
midair refuclitrg was demonstrated. .4n all-metal, 
smooth-surfaced wing tctas built in Gnmanv br 
Rohrbaih, the progenitor o f  the stressrd-skin 
structwes rtihich are standard t+r. 
And in middy sfparated pmts ?f the z~orld. Dr. 
Robert H. Goddard suc~essfulr de~~eloped and 

firrd liquid-fttellrd rocket motors, the Germun 
Soc-iet v* Space Trattel ( r ircin f.m Raum- 
rcht~chrt) uaas organizrd, and thr Russ ia  

government rstablishrd a Central Committrc. fnr 
the St* o f  RocA-et R ~ p d s i n ~ .  
Thr problems* . k g  thr airplane dtsigner in thf 
rarly post-zi~arpcars rcert dt@cult. The strutted 
and zoire-braced biplanr had high drag, and a 
low I$t-dmg ratio. It had poor propeller m- 
.fornranre, and an rngine--or rnginep-of loup 
horsepouw and doubtful reliabilio. 
.iddtd to this .c.rri thr ~ o ~ l p l t t t  luck o f  any 
mrans to control the landing ~perd and thr approac'l 
angle. thr luck o f  kcotc~ledge o f  gusts and maneu- 
uning loads, and sfnbi!itv ond handftng clrarar- 
trristics that r*aried from arcrptablr tr. dangerous. 
It i s  remarkable tltat any aviation prqtess 
rcas  mad^. 
But i t  rr!as. Thr  list o f  technological i~trmvalions 
o f  t.5i.r dtradr is imprrssive. 
It i?rcludes the decelopmrnt o f  a reltablr, air- 
cooled rngiw; cantilerltrrd dt~1'ign; thc use o f  
metal in structures; the concrpt of fri-motorrd 
aircraft: the r.rperimental tcsr o f  superchargr:s; 
thr trend to thc monoplant: and the drt~tlopmect 
o f  limitrd blind.flving equipmext . 
This zcas tlte form of th~ f i r s t  decade at Ldngkry. 
It was a t enpar  poiod o f  startling grorctit.for 
the airplane, out of it5 role as a rct&rd ulc&on 
o f  roar and into neui.jobs for the military and 
a roidr ran.sy o f  commcrc;al snricrs. 
But thr grorc7tlt /it:! been more accidental than 
plannn!. Drsignt,~ .\ zcorkcd tcitlt a pauci!v qf 
riata and filled the gaps zcith thrir orrn rsprri- 
t n n  ot thr rxpcrirtur o f  otltas. It rcas a decade 
of rmpirical ,z'rrvlopment, of lucAy--- and, too 
often, unlucAj--solutions :o the manifold 
problems of nirplanr design. 
It zuould be tltc aim o f  N.4C.I's nett1 aeronauti- 
cal rrsearc.h laboratorj~ at I.anglty &Id to - .  

rrducc thr zlemtnt ofruck in airplant dtsign, to 
rrplare it with a i~ody o f  carrftll!y drarloped 
xirntiJir dnto, and to point the tclqy to improved 
air/rlane design roncrpts. 
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?+ \ 
In tbe heat of July 191 7, excnvation began 1; \ 
at Langley Field for the first m a w h  
labrator). to be built for the Sational \ 
Advisory Commincc for Aeronautics. 

\ 
' \  

Lanyley had becn autbariztd as the site for I 
I\FACA"S experimental air station just the 
month kfore, and a contract had btcn 

1 
'1 

let for construction to the J. G. White 
Eraginmrinq Gorp., of New York Citq. 
Estimated cwt of ?he laboratory was 

1 
s80,m. ! 

- h 
By h r m m k r  19 1 7, after surwys; of exist- I 
 in^ industw and airfields to dctcrminc the 
st& of aviation in the United Statis, 
NACA authorized the prepamtion of plans 
and sptcification.: for its first wind tunnel. 
It was to be like the pionturinq wind tunnel 
devclopcd by Grlstave Eiffrl, with a test 
scction about five fect in diarnctcr and an 
insert which could be used to rducc the 
working area to a erossscctian with a tw* 
and-ane-half foot diameter. 
Work k ~ a n  on the tunnel in the spring of 
19 19, and it was ready for operation one 
y a s  later. 
By then, NACA had propose$ a national 

1. Iwo aviation policy, and among its rtcornmcn- 
JN-IIM t d n m  dations was one that mearch bt expanded 
bcrum ~pnd tm, 1919. at the Landc). Iabmton. IVACA also 

2. Spew hi-I M-ger 0ffew-d thr use of ;+s experienced personnel 
wm tvaluatcd in flight and it; nmv lacilities to universities and 

and in the pmplter industry in order to foster aeronautical 
i - ~ ~ ~ a r c h  tunnel. m a r c h  and experimental work otrtside of 

~wtrnrnent laboratorier 

The ncw wind tunnel was opetatcd for the 
first time at the formal: dedication of the 
Laneley Memorial Aeronautical Lalmra- 
tory, now the Langley Rcseasch Center, 
9n June 11, 1920. Visitors to the lah saw a 
small btick-andxoncrrte building, frorn 
which sproutd two bcllahapcd s d a c n  
open at the ends. This was the wind tunnel 
and the test building. 

The test bui1din~ was about ten by fourteen 
icrt in floor dimensions, and i t  s t d  a h i c  
23 feet high. Thmu~h thr center of the 
building ran the cylindrical test section in 
which test mdcls \r+ere sll~pendcd on wircs. 
Belorv the test section v,ric cbnirs whew 
cncinren a t  and r c ~ d  ltht balancc anns af 
ordinay w e i ~ h  scales which had hrrn 
modifred to mcasttre the loads on the modtl 
during the test. 

T h e  tunnel co~dd produce a test scction 
speed as high as I20 mph., l~elievud to k 
the fastest urreiul test spccd shcn attainal~lr 
in the rvotld. Fwhrr ,  it ayparcntiy had 
excellent flow characaristics, conlpartd to 
its cor~tcrnpumrics, and what were tcsmcd 
"tatiskictcrry means for rncasuring the forcm 
on rnodcls at thc hi~hcst velmitiw." 



a 

! 
\Vithin six months or so, the Cmmitttc 

1 auth0rIz.d eonsen~ction of a mend wi~ld 
. tunnel, a c o m p d - a i r  unit dcsisncd to 

m m t  for the scale effcet which produced 
difkrcnccs between tndcl and full-scalp 
data. PIans wcrc approved one year iatcr 

. and construction was authorfzd. 
I The tunncl wa3 ddgnec! to run at p m -  

sum as high as 2Q atmospheres (about 300 
psi.), and the test section was to have a 

' five-foot diameter. 
The c o v p d - a i r  tuand, later to be 
dcsignatd the \ ariabledcnity tunnel, ww 
operated first at the annual mttlting of the 

I full NACA Cornmitt* on October 19, 
y 1922. Iucidentally, thcrc was not enough 
' 

clmtrical power available at Langlq to run 
' both it and Ttinnd So. 1 concurrently. 
' The Cornmitt- must have k n  i m p d  ' with the growth and statue of the Canglcy 

t3horatory at the time of the 1922 meet- 
" ing. It now was made up of six units: 

Thc m a r c h  laboratory building, which 
' includcd administrative and drafting officcs, 

machine and wdworking shops, and 
photographic and instntmentation labs; 

' 
twa acdynarnic laboraturfcs, each con- 
taining a wind tunnd; two c n ~ i n c  dyna- 
mometer laboratories, one of which was in 

' 

a pcnnanent building whilc tlbc other was 
in a converted hanpar; and an airplane 
hangar on the flying field. 
Test equipment incIuded an automatic 
balance and a high-pressure manometer 
for the variablc-rlrnsity trinnel, and a spc- 
cia1 wire balance, lor the first wind tunnel, 

suitable for making tcsm of biplane and 
triplant mdt l s .  
Thew test technique and faeilitim wert 
aimed at mcasurcrncnts af the aerodynamic 
chamcteristia of existing aim& and 
their components, to devise cmicepts to 
i ~ n p m e  t how charactcristim. 
But wind tunntls weren't the only ta t  
twhniqz~cs available to t k  Langlq cngi- 
necn. \%'ithi11 the scconc? year of Lnnglcy's 
existence, work had started on the dtvelop- 
menr of instruments fur flight-test work, 
lie that measuwrntnts could bt made on 
full-scale airplanes and cortelatcd with 
data oSraincd ~ ~ I I U  models in wind tunnels. 
That first instnimentation p w n m  callrd 
for ways to Ineasuw entjne torque ancr 
rprn., propeller thrust, airplane sped and 
anp;lc d attack. Knowledge of :hew param- 
eters of a full-scalc airplane would both 
supplement and cornplmtent data taken 
dur in~  wind tt~nnel rests. 

This tw-prond appmach to the pmblm 
of aemnamies-by mdel  tests and by full- 
scale flight tesk--establishd the interde- 
pendence of these two teat discipline early 
at Landq. Emphasis on that dual ap- 
pmach has been strong cvtr since, and is 
one of the foundation stcnm of Langley 
m a r c h  poiic!. rday. 
By mid-191 9, with constmetion of the first 
wind tunncl underway at Langlq, re- 
%arch was authorixrd for thp ficst NACA 
flight tests with fittl-scalc airplanes. Thc 
purpose of the tests was to cotnpatc in- 
f l i~hr data with wind tunnel data for the 





when rhc fint s!.stcll~atic wries of takrdf 
and landillr pcrforr~~allrc tncasurr:~~rnts 
was madc at I.a~~qls?.. €)uring that yrar, 
the Navy Rurcau of :trrona~itics a s k d  
SACA to ~tndcrtakc a cornparativr st~td!. 
~f thc stabiliry. contmllal~ility and indncu- 
rerabilitv of four airplanes: Thc YE-7, thc 
hIR-3, a Rritisll SE-S.4, onc of thr most 
fiidrlv nwd plrrsuit aircraft it1 \\'orld 
I V a r  1, and 'the falnolzs Fokker I)-\' . tbc 
mainstay of thc Gcrrnan Itiiprrial Air 
Semice dlrrinq the p.alltc couHict. 
The SE-5 and a De Havilland llH-4 had 
io ind  thr 1,angicy Aicht test flcct ill l!r12. 
to raise the ~~i~t i i lwr  to wen aircraft. It1 
addition. tour more aircraft mew l ~ c i n ~  
refitted lor tmt p q r a t i ~ s  or s~lpport work: 
Thc Folikrr 1)-\'ZI. a Sienpon 23, n 
S.P.A.1). \'It, and n De Ha\.i!land 9. 

Again thc Jenns was r~wd as a zest vrhiclc 
in I!'?? ill at1 t-stctlsi\-c itrvmtiqation or 
~t~anru\.cml)ility. Thc aim  as to find a 
satinfactory definition of thc \r.ord. in a11 
acrodyt~amic waw, and to ~stalrlish ways 
of ~nrasriring it, &lore this t i~nr,  urancu- 
vcrability \\+as a suljectivr judr~ncnt t>y a 
pilot, firll or prm011al likm and rlislikrs. 
T h r  snrnc airplanc co111d I)r j i ~ d ~ t d  l i ~ h t  
on thc c ~ ~ ~ t m l s  airtl i ~ ~ a u ~ ~ ~ v c r a l l l c  I I ~  a 
mascular pilot, at~rt licavy utl thr controls 
and dueirh 1)). a Icwr I I I ~ I I .  

\\'hat \\,as 1 1 d r d  was mtir \cay of rcdnc- 
ing sulrj~rti\.ity tn cll),jrctirity, and SAC:.% 
pilats and cngitirrrs i ~ t  I.n~~qlry sct abo11t 
t i ~ d  i 11g that \\.a?+. 

They instn~incntcd thc Jcuny to mcasurc 
i t s  anvtlar velocity follorving a ~ ~ ~ o t i o t ~  of 
its controls. as a fist nppmach to dcfir~irip: 
what t~ianc~rvrrabilit!- was. 
Likc so much a l  Langlc!-'s pionceriilg work 
this carly study or ~nancu~rrabilit!. grctv 
into d ~ c  ext~nsivr fliqht racarch work 
rlnnc r day  on the handtilie q* ~litics ul 
aircraft. Thr Ejasle approach l,.d d w r  
tl~cn is valid now. 

The calibre of thc flicht-tcst xork hring 
datic at  l,an~lc?' tlcqait 111 nt:t;lct attcu~ion 
fro111 the inilitary wwicrs. I 11 t 923, thr 
Savy's Rurcnrl of :\cro~~-~utirs ratltc to 
I.anslcy \\.it11 a rrqlm: that thc I,ahoratop 
nln a .writs or tlieht rests i r ~  tllc low-sprrc! 
&tnr on its TS aircnrt, a sollt aircrnrt 
~lcvcloprd 1,). C:urtis*. Tlic Silr'y \\.as par- 
tictllarls itrtc.rpstcd in accoratc tlcttrniitia* 
tion of thy stallins sptrtl, am-l thc takeoff 
and landinq spcrrls. 
Thc .Inti!? Air Scwicc also was conccrtirul 
wir:t siir~il;~r qrtc.stiolis. Thc scwicc asktd 
SXCA in 1924 tu sirld~ thc nccclrratioi~, 
control posilion, nnclc of attack, qroi~i~d 
nril and aiwprrcl d u t i t i ~  t l ~ r  takrotT a t ~ d  
I n i ~ d i ~ ~ c  uf tiinst of rhr nirplnnrs ilirtr ill 

1, Flight mrarch. 11124: 
J N 4  Ii, Fokkrr D-VI!, 
.U R3,  DI 1-4 and Sperry 



senpice with the AAS. The list i n d u d 4  the 
Curtis. JS-6H: the Lmvis .R: \'ought YE-7; 
the 9c  Havilland DH4B; t h t  Fokktr 
SCO-4, the prototype ~f rhe C.I\' t ~ v +  
place biplanes then I n  service *:-ith m~ra l  
countries; the PL-5.4; the S.P.A.D. 1'11; 
the MR-3; tlrc Martin hiB-2, a biplane 
bomber; and thc Spc- h4cssen~cr. 
By then, Landey's flight line sported I I 
test aimraft: d u r i n ~  1 9 4  they I m e d  918 
flighn for a total of 297 hr, of flight time. 
Thc same year, the A m y  rcqucstcd a flight 
research investi~ation of the prtSStlre dis- 
tribution over the winq of a Lewis R: 
Youqht VE-7 tatldetn trainer. The senrirc 
t r a n s f e d  one of thc aircraft to Lanqlcy 
for the pmqram. 
Thc 1.E-7 sotdicrcd o t ~  through other work 
prter that test was completd, includi~tg a 
landmark prqraa~  usinq sewn diHerent 
propeller desims, aimed at detrrnlining 
the 4 x t s  of different propeller d e s i ~  on 
performance. 
Those trsts;, alonp; with tests with a scrim 
of six interchan~eal~lc win-, cach with a 
difl~rent airfoil section, 0x1 a Sperry Mes- 
snlqcr biplane, I)ecamc thr first of many 
NAC.4 cnmparati\.c tests where a system- 
atic approach w a s  used to dc\rIop a k t t e r  
iiuta4lntian or to d c s i ~ t ~  a better Cotaponcnt. 
Sophistication had co~nc hotb to flight tmt- 
itlq and \ \ .~i:~-tu~incl  t c s t i a ~  By olid-1924, 
X,\C:\ was a'dr 10 makc co~tlplrtc pres- 
stwe distril~ution suwcys. cithrr in the 
wind ti~nilrl or it1 flight, in one day of 
\rmork. Fonrrrly, such tests had rcquirrd a 
scrics of nlns over a time period as lent: as 
two mouths. 

tatcr the samc yrar, NACA repolred a 
fi~rthcr refinerncnt in fliqhlt trstinq tmh- 
niquca. Recording iustn~rnmts h?d been 
d m ~ b p r d ,  the Cornmittcc said, to tnakt a 
continuous record of pressurc distribltion, 
acc~luralions, and othcr paraltlrters dtirin~ 
flight tcsts of aircralt. 

During 3 925, the fl i~ht-tcst proaraln con- 
t i n u d  ro ~ m w ,  and there SVCW 19 aircraft 
in various pham of test work at Langley. 
They made a total of 626 f i ~ h t r  during thr 
year, and lo~qcd 245 hr. of fli3ht timc. 
An e i l ~ i ~ ~ e  research laboratory had ll0~11 

started arrd a dynarnomrtcr, to Iucasusr 
output and othcr pcrforrnancc dam 011 air- 
craft enqines, had tleen imtallcd in 15119. 
Sincc thsn I second had kcn added. 
Roth wrrc kept busy, and so wcw the 
porvcrpla~it c:i@nerrs. Early work on super- 
chatycrs, investiqatsd at I.ai~qlg- in 1924, 
Icd to consideration of supcrcliarqing to 
brvlsr engine power for high-altitude 
Im,nlwrs. and to ohralu a q d  rate or 
clirnh for interceptors. This ensine rrscasch 
laboratory l a a r  I~pcaalc the nucltla of thc 
Lewis kesrarch Center. 
One specific study was rnade to dctcrmine 
t h  : gtalility of suprrcha~ng to an 
air*< .d c n d n ~  and its cffect on tlie 
flip": perfornlancc of tlic rnsinc. 

Two nlom pionerring procrains %\.ere Se- 
gull at Laneley i t 1  1925. ?'hr first or thew 
was an attempt te sta~~dard;,?.. - I$-tunucl 
resl~lts, a neccssaq prclir J corn- 
parison of data taken f -0, Jiffcrrat 
wind-tunticl inst3 tlatio~ . -\i..i n~git~eers 
dcvelopd a series of ci-rtilar discs which 
rvcrc tested in the I . a n d ~ y  tunncl, and then 



I sent to other wind tunnels for tcst in~ under 
, the samc conditions. Thr results, when 

romparrd, affclrd a way of checkilq the 
rcsut!s or one wind tunnel a~ainst  another. 
Second of the.: early p w d ~ a s  which Icd 

1 the way was the I q i n n i r . ~  of thr mcasure- 
1 mtnt of larldinq loads, cvcu r a b y  a t~~ajor 

efiort at Lanqlr~ latloratory. Rut at that 
time, rhc loads \\*prc to bc mras~?rcd on 
seaplane floats, sn that the specificatieus 
for the design of float I jracin~ cotild bc 
impwed,  
On hiay 24, 1926, SACA hcld its first 
joint conferencr with rcprewntatives of the 
aircraft manufactz~rcts and operators at 
I,anelcy, I t  rvas thc fint of what \\-\.as to 
~ P C Q I I I C  a rccrlrrilrs cvcnt ar~d a Strat 
S A C 4  traditiou: the insprction tour. R t ~ t  
it went further; it prwidcd the quests I\ it11 
an oppoitrlnity to criticize current rest-arch 
and to suqqcsr new a\tcnacs the\. belic\.ed 
promisinq. 
The seceud of thesr confcrenccs. hcld thc 
~ollmvin~ ?-car, cxpandcd to iuclude 
repwsc11:ativps of cd~~cational itlstitufions 

- that targht aeronautical etiqioecriu~, and 
of trade j~urtlals h a t  p layd such an 
importarit part in thc dissemination of 
acronat~tical iufonl~ation. 
This intemhanqe of infomation Ilct\\+cer! 
industn and .V;lC.4, always o l ~ r  of the 
ltldjor ractton in directing the Coilme of thc 
Committee's rcscarch, has hmn maintail -1 
over the years sillce t h ~  fint ron11a1 i r t i i ~ t  

conrrrence in 1916. 

By that tirr~c, thc outstandinp: work of the 
Lanqlcy 1,aI)otaroy had also I~cetl mot- 

c . nizcd I I ~  fowiqu institutions. Typical of 
I that w~mnition was a rcqucst from t h ~  

Acronauticat Rcsrarch Corntnittce of Cwat 
Britaitl, tvhich askrd Lat~qlcy to rllu a 
ser; * rvirtd-tunnrl trstb on three airfoil 

& sectl, ..st incorporated in ~vinq dcsiqns on 

r three diffrrcl~t aircraft modrls. Thc rc~ t~ l t s  
wcw to Ilr uwd for cot~~pariso~i with willd- 
tunnel and fuli-xclc fliclt rcsiilts prc\-iv~taly 
ohtair~rd in Eilqland, 

One of thc marc sienifica tit dcr.clopmcr~ts 
in aemnar~tical rcscarch tu gro\v out 
of thc Lanqlc!. 1~l)orntorics had its Elrain- 
r~in:: ill r. lctter sent r o r n  the Saq's Bu~rau 
of .4cm~s11tics it1 19?6, Thr Savy hnd 
Emn con\.ii~ccd that thc a ir+-wld ctiqil~c 
war a Inow practical sohitinn to i t i  pmcrr- 
plant prot)lcnla that1 the liqt~id-cnolrrl 
porrcrpla~its fa\-orcd ljy thc .-ln;~!'. R t ~ t  
Sale): cn~inrrrs ~v\.rrc \v\.clI awnw that air- 
cmld i~~s:allatiorin had tilore rtrae ;t11r? 
w:stcd Illnlc pntcrr iu cmlinr ~ h r  ci~qiilr 
than sectned nrcmarv. ?'hc PIIL*; I ICC~ I~P- 
licved thcrc was sonlr way trr pltt a strrarn- 
ti~led coalinq arocino thc cnsilw to rcdttct- 

1. Ford truck, Huck 
srarrcr, and kair n: 
Vou~ht  VE-7, around 
1924. 
2. \Var borrry, ttlk 
German Fokkrr I$-VII 
w.u tmcd at Lan~lcy 
in 1Y22. 
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its d ~ a g  and improve its cooling perform- 
ance, and they asked Langley to investigate 
the possibilities. 
.4 similar request came out of the second 
industry-NACA meeting. Industry engi- 
neers, obviously up against the sanle p r d ~  
b a r n  the Navy faced, turned to NACA for 
help. They asked that the effect of the 
fuselage shape on cooli~ig and cowling also 
be taken into accoullt, in addition to the 
effects produced by whatever ovtirnunl 
cow-line shape the Isk3t3q *,:.as iL Ie  to 

devise. 
Model work in the one remaining wind 
tunnel-the variable-density tunnel had 
been badly damaged by fire in August 1927 
and was out of action for two years- 
wasn't the answer. The m4:dels were small, 
and were tested without propellers. Flight 
test would be too costly, and too time- 
consuming, but it looked like the only way 
possible at the time. 
The final answer was to come from the 
propeller research tunnel, a brand-new piece 
of equipment authorized two years before 
and scheduled to start operation at the end 
of 1927. Originally planned to be able to 
test full-sc~le propellers under sirnulated 
flight conditions, the tunnel also was to 
be used for the testing of fi111-scale fuselages 

or tail surfaces, or of large model wings. 1 
With its 20-ft. diameter test section, and its 
top bind velocity of 110 mph., it was not 
only che largest hind tdnnel in the world. 

f 
4 
$ 

but also the first in which the major com- 
ponents of a full-sized airplane coulcl be 
tested. 

With the avcilability of this new research 
tool, 1 zrlglcy had come of age. Its first 
tea years :>f life had been devoted largely 
to exploing and identifying the problems 
of aeronautics. 

The years had been used to develop the 
organization, to build facilities, to survey 
the industry and the operators of aircraft 
to determine what kinds of problems needed 
solutions. 

Along the way, problems were solved, and 
major .:ontributions were made to the air- 
craft dtsigns of the day. But the major 
co~~tributions of Langley during its first 
tcn years of life were made to itself and to 
the National Advisory Committee for 
Aeronautics, to their functioning and 
growth. to give them the ability to under- 
stand the problems of flight and to he 
ready to find soluti~ns to them as the need 
for those solutions grew more and more 
pressing. 

Sperry M-L Messen- 
ger was first full-scale 
airplane tested and one 

of first test programs in 
the propeller research 

tunnel, in mid-1927. , 







Tk wond decade o f  z~ork at the Lcnglty 
Memorial .4nonautical Iahoratocv bgan on 
the upsurge o f  a wzc- icaes o f  popular interest 
in aaiation. Lindhrrgh's historiial oossing o f  
the Atlantic had touchrd the imagination o f  the 
world, and ht.9 coni*ertcd srtrpti-3 into be1icc.n~. 

cha,cgc in thr appurance and pcrformarve of 
airplanrs, .jrm!r tstabli~hing their position in  
the pacing transportation ~ ~ r k s  o f  the u~orld 
and guarunttting thrir future prrdomtnancs i x  
that ficld. 

>stern :lir inaugwaftd the f i s t  rwst-to-i(wsI 
through air srrrii-r in X W ,  brtzreen nb* York 
and Los -4ngclrs. Thr Boeing 247 and t h  
Dougla, DC-I. progenitors o f  long lints of 
barports to come and oJ-rrars o f  commtrcial 
riralcy betzc*ttn thr rompanits, madr their f is t  

,flights during 1933. The folloiring-rrm, Douglas 
started zcerk on tilt DC-3, the plaiir !hat zcvas 
to m*dutioni:e air tmncfirt. It firstfizc. in 1934. 
That .wmr :car, Pan .4rnrr1c~~ s!ii!il; surzlrr 

.flrg/rts rc.ithj?ring boats across thr Par;& and 

.fdlozcrd zctth thr start o f  air maif .writ-r from 
Sun Francisco to .\fanila. In 1936, thc airlinr 
carried thtfirst pas-wngns oa its nm. trans- 
Pact$ route. IR 19:3', Pam .4m and thr British 
ranirr, I m p i c !  Airzc.ars, niade surzg .flights 
across the Atlantic. and Pan .4n1 startrd th~j irs t  
air mail snoic.c ' ,~cctrn the ('nitrd Statcs and 
Xezv <ealand. 
During thr drradr, Boting'r .ifodd 299. thr 
proto type o f  its 8 1 7  "l;'!ring I.br1rrr.c" ~ n i t s ,  
made i ts f irs t~~ight  ( 1935). In Britain, tlrt proto- 
!yp Haze-kn " Hurrrt anr"jttcv .for thr jrst tinre, 
and thejrst rrport on *adio drtcl.tion and TO;?- 

ing (radar) tc9as prrsrn, d to the British .41L 
Ddence Resrarch Comm:ttte. 

Three wars, zclhirh Ird to an increased ap/~rt- 
ciati,!. airpoctvr, trtipte.t drning this pniod. 
Japan hgan its operations .~gain,t China in 
1931; Italv drrlorrd zrclar on .4hyssieia in  1935; 
1.b Spanish Civil l1.m hgah in 1936. 
I he tragic Spanish conjict drtro other nations 
to thr fighting I(-ithin Spain's bardtrs, and garr 
them thc opportrini!). to test and drrrlop nrxl 
zcenpons nnd conctspts. Grirrnicn, Vrr stat o f  the 
Basqrir goorrnment, rcws hornbrd i.nd &:fastated 
hv Grrntan aircraft in n drmonstra;i&n of things 
to come. 

Thr decade sart. the drath of the dirigible fcl- 
lotting a strirs c:f tragic accidents to thr British 
R-101, the C!: S. .Vary's .-lrhon and .ifat-on, 
and the & m a n  t l i n h b w g .  
Some o f  the most r,tdicaI de~elopmtnts o f  the ten 
years took place in j.t propulsion. Thr .war 1928 
saw thr f is t  rm-kct-fi~~~wcd y l id t r j igL  made in  
C m a n t ,  and the putlication o f  a fundamental 
paper on jet proputsion E'mnk M'hittlc. ,Vine 
years luttr, his f is t  engjnr r.,t..r run. The RUS- 
Jions puQlished the f is t  i~olume of a ninr-tmlume 
ewyiofidia on int~rplane+a!v&ht that-year. 
In 19,319, the f i s t  k m n  uce nf~jtt-assistcd take- 
o f  toas succ~s~fu l !~  drmons;ratrd in Gnntany. 
The fdlacing~srm,  the Gerinart I-errin f m  
Ra!rmxht~ahrt rstablishrd a test n'tz in Berlin. 
and thr Gnman -4rmv O ~ d t i a ~ i r  Corps organi:ed 
its ra-kc-t rtuapon program and mornf it imto a 
test station at h.ummersdorf. 
Static. trsts of u Heinktl Hr-112, c~ncnted to 
btaflozrn icith an auxiliav r d d  mgint, m e  
made in mid-1935. and the airplan? made its 
f is t  surrrs<ful trst.flight carl)~ in  1937. It . .r 
the fortrunnrr nf latn German dzrtlo?ments in 

In 19:!?. German Armr O r d n a ~ t  optwd its 
rocket d<rrkobmtnt station at Pernrmurruu.. In 
Russia, three rarkrt !rst centers u w e  esta.5lishtd 
ntm ;\foscozc*, Lmingrad. and A-a:an. 
7 i< hiplanr rclas tire standud dr~ign zchen 
.1'.4C:t'.r I~n,glrv .\frmorial ,4rronautical Lab- 
-mtorv stmrrd its .cr,.ond drcadr ?f liG. The 
.4rmr =lir G~rps' nrztrst hotnhrr ;(.as tht C;intiss 
"Cofidor". n ticin-rrrginrci hiplanr ~c- i th~fhtd 
Iacdinx ,?tor. sfrrit bra-ing. oprn iorkpit and a 
bi$anr tail n . i~ tn~h!~ .  Its hotfr.ttjghlrr rcws 
a ~ t h r r  Crirtiss /~rodrri.t, tllr P- I srrits, pr~~gtni- 
tor o f  a long lint of Crirti,.t "fI.~rctks." It too 
;(.as a hi!~lanr. ic-ith strut hrwin.g.fi.rrd kcinding 
gear, nnd a 1iqriid-i-oolrd rngine. 

motored monoplnnr ~ o i d s ,  an all-metal Irigh- 
zcifi,ped design, ti:* Boring 80 Oiplonr.s, also tri- 
mottrrd, and rwriorrs single-rngintd dts(qns slit-ll 
as tlte Iq'okkrr i 'nizvr cnl. 
In most ?f tlrr ionirntrc.ial ~ n d  rnilitarr drsigns. 
thr basic airplanr Z(VI.T a ~trrit-bra:.& and zctirt- 
hraccd hiplanr, htiilt of zc3ood or stre1 tubing, nnd 
cozqrrn! n-itir ,fahrii.. Its inn;iing prar ions firrd; 
its rnginr, if niri~nolrd, was riniorc~lrd. 7 h r  pm- 
p r h  rc.a.t a fistd-pi;(.& tbpr. T/rr monoplanr 



1. :\rm~ Cktrtiw .\T-I.A 
w s  lirst ~iif l.tnc l i t r d  

with Nr. ..\ mwlinq: 
I !V'?H. 

? '.a .qIrv metal wtlrk- 
cw I.tlbnr~tnl N:\C.\ 

cnw l~nqs tor rarlv t n t  
imlal la~irm. 

drriqn hmi irrn r.ctahti.rIrtd, C I I ~  in mnst in- 
s t~wrr t  ar n 5 1 r ~ t - h ~ d  I?WFII. I t r  rlts(gnms 
n711 ~ ~ m r  a[ t1tt prnFfrmr  ?ffit[n and am+ 
rlortin.fr. 
Rr thr mud ?f 1hi.r m uzand s i ~ a d t ,  tht bipIaw was 
almast RI drad as 16r riado. .llilitan. ant) cant- 
m m i d  ~ra j !  i t w ~  irtlnndlr braitti* uvnlrrurtd 
mnnt?fautr. wirh 11wA 13' t rh.rbIrd q i n t ~ .  n-trw- 
tillfr lad ine  frnr . and t t v t ~ ~ y ~ ~ p ~  'l irr rlrsicn 
r t ~ d f t ~ i e  1 ~f fjrt rdtrit i!a:fiIt /:mi brrn . ~ f i d t t f  hy 
dz:.fld;pmrvl r nl laqelf r. 
- 
T1.r pnqwllrr m m r h  ttmnrl. which 2-11t 
o p r n t i n ~  iu I T27 az. the rt~d d I;trlelr\.'s 
fint d t ~ n d e ,  1man to ply  ofT its it~vvstrilmt 
i n  thr cbarlicl* 1-c8ars of thr swotid rlccadr. 
For thc tint ttir~r. an acmnar~tical lalrom- 
tow had a m r c h   itid id tanltrl I r i ~  rl~wtph, 

atttf vrr~atilr rtiorrqh. to tczct fr~ll-site air- 
craft colrtpnnmt*. 'Thrrr rr.:rs i11-1 additiullnl 
I~=iirfit: thr sralr of tmtitla \\,as ptl~sir.l!!!. 
tar:t= ruouqh w that till\- coluponrnrs 
which \r.urtltF havr I l c u b r l  nrnrlv itivisiltlr on 
the s111a!I t v i ~ l d  ~ I I I I I I C . ~  I I I U I ~ ~ I L  pmi t~ ls ly  
u d .  cur~ld IF r~nlltatrrl. 'l'lliu wa:: ro 111akr 
psiF$lr a wlullr nr\v \r-t~rE[I of test stndirs 
tllat wot~ld mrdt in rl~tailrrl rrfinc~r~rnt d 
nrmv aircr;\ft t~ cornr. 
T'hr tint p m l n  in thc pmppllrr w a r r h  
t r t ~ u i t l  was dirrctd totr-3rd thr pmblenw 
stntrul try thr .l'a\y and i ~dus tn  rarlirr: 
The trclrrtioa ill d m ~  atal i t~~pmrrr~ t -n t  in 
cmBne rtlicirt~c\- of an airctxlltd rr~qi~rr.  
The m ~ ~ l t .  after sy$tea~atic wind ~ I I ~ I I I C ~  

tcstinq. was thv cutistntctiw 31id illstalla- 
ti011 or an SXC:i-drsiqud torvlin~ 011 iI 

Curtis% .IT-5.\ advat~cr tmilzcr of r l ~ r  Ann?; 
.air Corps. 'lhr SAC:\ :\nn~tal K,.port Tor 
1!)'3! !aid that ". . . thc. tri~si~nr~tii  s p d  
tvar. incmascrl fmn~ 1 18 ro 137 tltph. This 
is quivalrnt to pmvidi~lc apprositna&l!- 
ti3 arlditiunal ha~.?;t.lwn\-rr \t-ithotrt ad~li- 

tior~al wcieht or cost .of rn*nr. Furl can- 
stl~t~ptiott, or wcieht Or s t ~ ~ c t ~ r e .  T k  
sitlclr cont t i l t~~t i t~~l  wiil rcp;r?. the ccrst d 
thr t'mpcllcr Rmarch T~u~ntl ltlnny 
t i r~~cs ."  
Thc \imriqht Z7110-1 ail--cooltd m ~ n c  which 
powrml thc AT-5.4 \\.as mzd at only 220 
ZIP.  T11c additional rgui\ralc~~t of 83 hp. 
was. a stacqrring t m t  in availal,lc tl~qinc 

N.W.4 crrcivrrl thc S YR!! C o i l i ~  Trophy 
a~v;wd for tht. drvrlop~ltcat or rhr c-aVlinq. 
Thc I'mpEly, an atimral a w a d  Tor the 
p a t m  ;ichie\.r~~ict~t itr. aviation ill the 
C'niterl Stares, was pmel:tcrl in 19311 to 
Ilr. . Jmph S. h n ~ w .  tllc-11 N:l(rA Ghainllan. 
Iq Pmidrnr I.lrrlwrt I l m e r .  
Thr drsirn nxolutlon had tm~tt. Tbr  
NilC..\ cnwEinrr was to l lffo~lrr IIW standard 
mclasrln- for air-roolrcf mdiirls, a ~ t d  was 
to 1xh ~..n~tiiit~;llEv n ~ i d  and impwerl in 
thr h~tttrr. Thr dmrtwtic n~lrlcrion i r t  -1- 

[or. othrr  it^^ t v l l r - r r  drnr cut~ld IW m i ~ r c d  

( )IW dl\-ions sioarcc of dml: \\.as rhr fix& 

pd t rc r r  of I~uilt-in I~mdtvilids. Ihc Sprrry 
hl~-sscngrr was trstcrl it1 tllr proprIlrr rr- 
warn11 tr~nnrl. and its tined Int~dinc gc3r 
was 0 1 ~ i d  to arcnllnt Ti~r nrarly trl prcvnt 
uf thr tot;tl ~ i r p 1 . 7 1 W  dmq. 'r11r-w irlcasurc- 
tncrlta ~ ~ ' C I T  thc first tr, pi~~poirit t l ~ r  mact 
arnutzlil of dm4 rnnsrrl 11y t l lr  1attdinq qcar. 
. I I I ~  tllr fimr to s h t ~  thr p-l-Tunrtanct. 
prlialtr i n c r t d  llv 110t rc.t'tmrtil~q fhc 



t t ~ o t o d  Folikrr transport I W \ V ~ - ~  Ity 
IVr iq I~ t  J-.i li'4tirI+t*i11[1 p~w~rpl ;~nts .  t:otvl- 
inq t l~m r l i v i ~ ~ t x  ~hcv  w:iwtittl, S!~I*I I~~ 

l t~ i ikv a s ~ ~ l ~ s t . ~ r ~ t i n l  i ~ n p m v ~ ~ l t - ~ ~ t  it1 1 1 1 ~  

prl.Ton~la~ict. nf Vlr. : ~ i q ~ l n ~ i r .  Rt~r  i t  didn't, 
a d  th? Iwea11 to wo11dt-r \r.hy. 
'l'hr wundt*siuq Itwl to tltc !.rlicf that ~navtw. 
lthr awk\vanl 1 ~ 1 1 ~ ~ 1 p 1 m t t  i ~ i s t i ~ l l a t i o l ~  hat1 
w t ~ ~ r t h i ~ l q  to do wit11 it. Tllr stantlard 
d t r i r ~ r  of thr prim1 was ra sappon rllr 
r t ~ i $ r i r s  a1101-c or trlmv tl~r win4  on ;4 

s i ,  ~ t t d  stnatnrc*. w l ~ t w  ~I~~I~CIIS~OIIS \VCW 

d ~ t c n t ~ i r ~ c ~ i  t ~ y  c-! c mtl~rr 11\:1n I+ any 
armi \ . t~nmic  cotisitErriltionr. 
Str~dirs ill tht. prop*llrr nwarch tt1111lt4 
-11 shotvrrl t l ~ r r r  \\.;I?: art ~ l p t i l ~ r t t l ~  pi- 
tian for c r ~ t i ~ ~ c  t~;ac~lIt% and i t  \c;~.PII'~ 

almv or IH*I.u\I. tilt- \ v i a l ~ .  ' 1 7 1 ~  u p t i ~ ~ t : ~ ~ i t  
was for thr nacrllc to In. fitinmd into tllr 
I ~ a d i t i ~  C T ~ ~ C  or tllr \vitlq; t l l r  i:~~pro\-cnlcat 
ayah  *rar rnarktu't. 
Xlcautirr~r, ?;At:;\ ha1 Inwr condrrrtint: 
s~.~tr t~~:~t i l :  i i i v w t i f ~ t i t : ~ t ~  or ~ ~ r o ~ w l h - ~ ,  OF 
airfoil s l r t i o ~ ~ s  d Ilicir-lirt tltmvk*r, of inrrr- 
Itn-ttcc- dt;~t. Iwtw~~-tl.ll rl~wI.~cc- ;111:1  in^. 
or f t ~ w l a ~  it l id tail- lVi11q till<-ts tv t - r r  dtb- 
\-elr~pcud. n11d wpl~r td  ~II it t'"18 'l'r~1r1tEcal 
Sotr. Evrl l  thr t lnc d srtr.111 fittirtcx, s11t11 
as ;r protntdin~ gawl i t i~* t .wk fillcr cap. 
conld Ilr ~ l~ ras l~nr l  : i :~c i  i ts  t'ffcct 011 
pedomwt~cc a ? i m d .  

The quiet m o l u t i a n  tvas \r-rll undcnvny. 
For thr lint tinrr, dcsiqtlc-rs cntlld It~~ild a 

; '.clean" airplane. co:onlrl wtfniatr i ts  dmq 

and pcsfonnancc mow accuratrly, and 13 
cortld m~dcrstaud thc p m i l ~ i l i r y  of a small 
chance causitq a ~i~rtjur incwlncnt in 
p x f u n ~ ~ a n c c .  
l'hr availnl~i l i ty of thc SAC.\ co\*.linq, 
pnlp :!us of i11crrasrtZ r.ffic&~cy, nlorr 
rtlicicnt airfoils, wintl. fillets, and knorvldqc 
of the ta~ruI~a!iiam or drat direr!? to 
thc cha i~a r  ill dcsiqll fmitt thc stnittd 
I~ipLoc. to thc slceb ~ t ~ o ~ ~ o l l l a ~ ; ~ .  
So lorigcr ccrt~ld a dcs ic~ l r r  a m l c  thar if 
\vas~l> tt-orth thp wriqht and coi.1plr.city 

rrtraet the larrdilrc crar All. t b w  few. 
nilrs pcr hotsr. Thc armr t~~rami t is ts  <add 
tell hit11 that t h w  mile pcr hour \cerm't 
fw, ntld that rc tnct in~  rhr Scar cotild 
tmban thc diKercncc Ivtwmn winning and 
l & n ~  a contract. 

Ercn ; . L f b r t .  thr S.%C,-l coivline had k ~ t  

tsmplcaclv der;clopd i r ~  the pmprIlrr IT- 

warch ntnnrl. N.4CI\ rcalizrrl that a ftlll- 
scale tnnnrl tmi l ld  I F  t. ~ i m ~ i t y .  ."rrplnnm 
rr.tll~ld Iw E~imcr than thc 31-ft. throat t n t  
=tion of the I'RI', 311d thr w a d  .oad OT 
ftitl-fsalr airplnae tmtin~ \\-as Fmund tu  
itrcmaw 3% w 1 1  as i n d t ~ s ~ ~  and the mili- 
tal?; rcdi7nE tllr adrantace nT alrh tmt 
\r-osk. 
T ~ F  r l r w l  for thr fr11l-wale tttnncl \ V ~ S  first 
oi~tli i lnl i n  a Ic~rcr fmm Dr. AZIICS to the 
1)iwtor ot thc H~l r ran  or thc Wttarr i .  

Co l~s tn~c t i o t~  ] w a n  i u  'lanuan.. 1!130. and 
thr t n n n ~ I  wa!: nlliciall\ d d i r a r d  a t  tltc 
sixth arinrlal conft-mtlcc i n  Slay, I?>!. 



1. L.mrl?'a MIU~IC 
drmitv ~un..cl. d a r n a M  

by fir iq l!r2i, 1\73 

phorqmphd in 3larrh. 
I%!!, w h m  r a t s  k a n  

.wain. 
2. I f  ilitzn. i r c r ~ h  of r hr 

drcadr, s h . n  durinp 
t-m in thr rt~ll-w~lc 

runnrl at I-~npllw: 
R d n s  I?\'-!I of 1!12'5. 

3. V~usht  r).lr-I. 
in 1331 thr lint mm- 

ptrtc airplane :n hc 
r-trri in thr r i~l l -aalr  

tunnrl. 



I Other m a w h  facilitie at Lanclc\+ q m v  
out of apwi fir nfiuls, Nomr m a r c h  work 
had k i ~  ~ U I I C  in 111'27 011 the pwcit t io~t  
of aimnft icing hy thcrnlal s\-stc~t~$, Srlt 
thc stud\- had k n  completed without 
Ir~rthrr actictl. Early it1 1928, the Asistant 

F Sccrrtav of Cot~tntcrcr for :\rronautics 
called a co~~fe re~~cc  of tnilitary and p a w n -  

I mcnt aqencirs, includirlq SAC.4, to study 
the c a a m  and pwmtion of k c  lorn~ation 
on airrmft. .4 fmv davs rarlicr, the Navy's 
Ruwau of ..\ernuaz~tics, frequirntly a piont~r 

- it1 dcfninq a pml~lcrt~ arca, had askrtl 
SAC.4 to drtcl.mirlc the conditions under 
which icr rornls on an aircnrt. and to 
develop some mcans of pmcntion. 
The mol t  was N.4C.sl's fimt rcftiqcratd 
\rind tlannrl, which 1-11 operations dur- 
inq 1928. I t s  air11 \\.as to srudy ice Con:ta- 
tion and pmvntion otl win- altd propel- 
1ci-s of aircraft, and its tmts p i n t d  tllc 
rvay toward the su~crrssf~~l drveloptnc~~t 
of schtmes ;o pmcnt.  or remove. ~ C P  

accrctiom. 
Thee  s:ndim w r r  into a n~aior eRmt that 
1atr.r \\-on another Collirs T~.oph\ fur an 
S.4c% scientist. I.mvi!: A. Korlcrt. who 

[ w a n  hi* SPICA r a m r  at I.sngIey, na 
~ h c  INti rmptlv "for his pioncrri~~g rc- 
stmarch and qz~idn~lcc in thr  dm~rloprnrr.~ 
and pmctiral application of n thcraral 
ic+pre\.cittioa sysi en1 For aircmrt." 
Rorlcrt cotlclu~ctd mmt of his hasic wearch 
from 1936 to :!MI, duritlq ir+hirh t in~e  he 
was in the Fliehr Kesparch Division of 
Linqlc\.. Elc t n n s f c r d  to the Alncs lahor- 
atom in 1 M, and was Cliicf of F l i ~ h t  
Kwarch at. thc 1,wis btmratory when hc 
iv\.on the Collicr Trophy. 
I n  1!P28, the Army's mpcrimental fliqht- 
t a t  facility at \\'riqht Ficld had b c p ~ n  .I 

*rim or tests to d e t ~ m i ~ i r  the spin charac- 
teristics of aimraft, 'Tlr-o \.ram latrr, L a n d 0  
had atartct: ta opcmte a fm-spin wind 
tr~nnel, in which tt1dt.l~ cot~ld tw sp~zti in 
a nraltncr sin~ulatinq thr dynamics of fitll- 
walr, fm fliqht. 
This Id to the cot~.tnictior, of a lamer 
spit1 trrnncl. with a 15-fw! thmit an J ad- 
.jztstabk airflow vctocity xo that tht .n&l 
cortd IK Iltld at olic positiolr in th.: t h m t  
and obsen.d vIsuallv :rorn ol~tsidr the 
tttnnel. 
The su tc r s  of this typc of wind tunnel Id 
SACA di~rctl\- to the IIIUW cnti~plcs fm- 
tliqht tunnrl, il n~qiur rcscar:tl tuui \r.hich 
113s givcli F~itth to a ranqc '' ':~t tcchniqnm 
~ I S L ~  with rndcls or tds\ 's  aircraft. 
T l ~ c  first or Lan~lcy'e hyd~ynar11ic.3 rmt 
tanks \\.as rotnplc~id in 133 1, tn wmc thr 
rcwarrh nmds tlir scaplarw and atn- 
phil~iobts aiwlal~r rlrsiqucm. I'hc \rind 
tutjntls \cr,~ld p m i d c  ncrod\.natt~ic Lw 
ha\-ior ri ;hc aimraft; t l ~ c  rcsr t a n k  tvorlld 
anal\-fic thc Iwl~nvinr of ~nodcls an the 
\r*ac; it1 an snaloqo~rs mannrr. 

Thc tntlk was 2.lK)Il h. loitc. n l tbou~h latcr 
rstc:~dd to L',!WRl ft.. and was uscd pri- 
111asi1v to r1ctcnt1ii:r thc prrfonnancc char- 
attcristic!: of hall shaprs. By totvinq thr 
rilrdel hull thrnl~ch thr \tnatrr irotii n stand- 
it14 start to n siti~ulattd takeoff spcrd, 
1,anqlry w i ~ ~ ~ t i s t s  cotlltl d r t ~ r t ~ ~ i ~ ~ r  thr 
liyclrtxl\~n;~,~tiF pcrfolmnr~tc of rhr 111111 and 
rtryqvst rhattty-s or itilp~~m-rlncr~rs in tlir 
basic dt..sfqn. 

T l ~ c  tow tank was ustd also for sy~tr'niatic 
rlr\.rlopn:~-nt 4 hrni tie of 111111 sii;npta. I t l  

1;ltrr ?rat> A .wco~~d tank, I ,filX1 ft.  l o u ~ ,  
\\.as tbuilt. 111 that t;lrtk, s i i ~ ~ r ~ l ; ~ t r d  forccd 
Inndillqs or1 rvatrr w ~ u l d  1% ~IOIIV with 
Iaudplnr~r il~wlrEs, nnrl still lntcr thc hfrs- 
cng , I;crt~ini 3 r d  .\pollo rvatrr-landinc 
trcltniqi~rs rvsrrlcl  Itr chcrkctl out uninc 
iiic satiw tank. 



speeds up to 500 mph. might be possible. 
Late in 1!)33, NACA outlined its needs for 
a 500-mph. wind tunnel, called then the 
"fitll-sped" tunnel, and estimated its cost 
at under a half million dollars in a letter 
to the Federal Eu~erge~cy Adnliriistration 
of Public \Vorks. Constructioli of the tun- 
riel was co~iipleted in March, 1936, and it 
began o!>erations in Septenlber that year. 
Its test section had an eight-foot diameter, 
enough to investigate large models of air- 
craft and some full-scale components. 
The eight-foot tunnel was to become a 
piolieering tuntiel in high-speed aero- 
dynamic research in this country, and was 
to be tt.e foundation of the future structure 
of Langley's brilliant work in thc high 
subsonic speed range and on into the 
tiiysteries of the transoni~ region. 
Other pioneering facilities were dcsigried 
and started dur i l l~  this second decade. 
The 19-foot oressure t~lnnel construction 
contract was awa:ded early in 1937, and 
late that year the first lo\\?-turbulence wind 
tunnel entered construction. 
The 19-ft. tunnel \\.as a leader ill propeller 
research, because it could test a full-scale 
propeller it1 a close .rpprosiniation of 
operating range. 
The low-turbulence trtlinel was to become 
the soltrce of the NAC.4 low-drag (laniinar 
flow) airfoil. 
Still closely coordinated with the aero- 
dyoarnic work at La~iglcy was the jot, of 
flight research. A new kind of aircraft 
called an autogyro had Ixrn flown in thc 
United States for the first time in 1928. 
This was the first departure fro111 the fixed 
wings oi the basic \Vright brothcrs design. 
a radical approach providing lift I)y using 
rotating wings. 
During 193 1,  Langley I,ought a Pitcairn 
PC.4-2 autogyro and started its work on 
rotary-\villa aircraft. The PCA-2 was in- 
strutiiented and tt-st-flo\v~i. It? rotor was 
tested in tlic ftlll-scale \vind ttuiric~l fol 
corl-elation I)et\vceli trlnnrl and flight tests, 

and a ~iiodel of its rotor was tested in the 
propeller research tunnel to determine 
scale effects. A caniera \\*as lnoucted on the 
hub of the rotor to photograph the blade 
behavior during flight. 
The flight tests of the PCA-2 included some 
measurements during severe mafieuvers, 
with results still applicable to the fast- 
moving helicoptxs of today. That particu- 
lar autogyro had a fixed wing surface to 
carry some of the weight of the aircraft in 
normal forward flight. The flight tests 
made at Langley included some work in 
wh~ch the incidence of the wing was varied, 
so that it carried a different proportion of 
the aircraft weight in each of a series of 
tests. These exoeriments indicated some of 
the problems ;aced today by designers of 
high-speed helicopters, who want to unload 
the rotor by using a fixed or variable wing 
surface to generate additional lift. 

This was the first major project accom- 
plished by the rotary-wing research group, 
a small unit which has been maintained 
throughout the years to specialize in the 
problems cf rotary-wing systems. 
Flight research was mzturing rapidly. Dur- 
ing 1931, a landmark report was published. 
NAC.4 Technical Report 369, titled, 
"Maneuverability Investigation of the 
F6C-3 Airplane with Special Flight Instru- 
ments", was the first published report 
which dealt with the handllng qualities of 
aircraft, a task that has occupied many 
of the Langley and other NACAi'NASA 
personnel to this day. 

In 1932, the flight research laboratory was 
officially opened. It was a separate area, 
with hangar space for aircraft, its own 
repair shop, a id  office space for the staff. 

During 1933, the forerunners of two great 
families of airliners first flew: The Boeing 
247 and the Douglas DC- I .  Roth were 
radical departrlres from their prcdccessors; 
both were all-metal, low-winged craft, 
with cowled, air-coolcd engines and rc- 
tractable landing gear. They had two 

kc in^ S R F R - I  of 1934, 
laqt of thr fixrd lantling- 

&car military aircraft. 





inside i ts cylitldcm. 
Rmin4 P-21; of tI!,:15 S:%cA W ~ I I I C C ]  10 find OII~, and itiitistcd a 

dut in~  1 1 . 1 ~  dnrlolatncnl srricb of sc.%*arc11 proera:ils 0 1 1  thr fiillila- 
work. ilr-ntds nf Ii~el irnition nntl t~ltrning. Cwsr 

down \\+as usrd to rho\\+ thr air flow pattcsr:~ 
of air a11d I I Z ~ S I ~  gast-s illside n c!.lit~drr, 
a r d  rllc 111oti011s Ivrw atupprrl Irv Iiich- 
sped cmncraa devrluprd at l,nnalry. 
Kcsearch on aircrart stnlrt i im was thv 
provincr ol  a 11~1idFt11 or rttcilwrrs at Lane- 
1r.y. Yrt o ~ l t  of tllr kVrry rnrly !(-firs crc\r a 
I>mcritilt tlint i a  sfill artivr. torlay, 3114 a 
I vasic wsrarch illstrutticfir t h;r t i s  i ; i~tallrrl  
on Ilrrtq of r~lilit;lr\ atld ri\+lliarl aircraft 
Pyinq at this lwsrilrrit. I t  starttrl as a I*-(; 
n.-.>~+rlrr. ts rilritsilrr the. vr.rticnl acre-lrra- 
~ ~ O H S  I ' X ~ C ~ ~ P I E C V ~  Ijv 311 ;~iq)liliit- f h i l i ~  in 
r o t i ~ l ~  air. I'hr ;jilt1 5\35 n q i t r i l ~ l r -  ullt*: '1.0 
rather. statistirnl ciati1 a l r t ~ ~ ~ t  air tr~rln~l.c-iirt.. 

rnqincs i:~vread of thc inore-conlrnoll tri- 
rnnlo~g.rI a:-t . \ t i ' :c i~~~~l t .  \\'ith Imh cn;rrincs 
opcra t i  llrr. pt rfortnancc was oqttsta~~di~iq. 
Hiit if c nr rtiqinc frtilcd. thr availalaIr. por\.rr 
\v,15 halvrd, instcad of \)cine reductd only 
by a third. 
The en6nr-out siti~ation hrcamc a primal). 
conccrrl of indust?, and Landey was a s k d  
in mid-1 935 --4s tilol~ths Jwfore thc 1)ouqIas 
13C-3 first Bclr.- to r\*alui~tc thc h311d tine; 
and coi~trul charactrrisrics of a twirl-rn- 
~ i ~ i r d  airplanr with onc cneiuc irlopcrahlc. 
The pwrilrtt had hccn sue~cstcd by thr 
Do~iylas Aircraft Cu. 
Other wscarch paralleled t h ~  ac.sodynamics 
and fligElt work. A new cnginr lab had 
k r l  opmcd in 1934, and Ileqan to plav an 
importfitit p;trt i l l  po~rrrplar~t dm-rlopnwnt. 
Part or the ~OJ-klaad was dirtttrrl l u ~ r w c l  
solrttion or rsistinq yroblnns. grnrrally 
asslrriated with thc coolillq or air-cmld 
rneinrs. 

But sotllc of the resrarch ~\..aa airlied at find- 
irir out the fiindnt~~rntals of d ~ r  intcrtlal 
comln~stion c l ~ ~ i n r ,  a rypc of potvcrplant 
thalt bad Itrrlr optrntiti~ lor \ rars rcithnur 
any rcal undcrstntidiliq of what r i r l ~ t  011 



its frequency and intensity, and from that 
data, to evolve criteria for desiqri of aircraft. 
Today, a sophisticated fcmi of recorder is 
installed in aircraft of all types and sizes 
and performance capabilities, fro111 single- 
engined private planes to the eight-engined 
jet bombers of Strategic Air Command. 
The wealth of data is analyzed by com- 
puter techniques, and cot:tinues to espand 
the range of man's understanding of the 
phenomena of flight. 
By the end of the second decade, the design 
of aircraft had changed for all time. 'The 
all-metal, low-winged transport ruled the 
airlanes, and its sister ships made up the 
bulk of the military air fleets. 
One of the newest military craft was the 
Boeing Model 299, prototype of the B-17 
"Flying Fortress" series, which had flown 
in mid-1935. In  its early flights it surpassed 
predictions and expectations, and Boeing 
went on record with a letter to NACA 
which said, in part: 
"Yau may recall sending us, some time 
ago, the data H hich you had obtained on 
the so-called 'balanced flap'. I t  appeared 
to give such prornisi!ig results that we 
decided to use it on our model 299 bomber. 
"\Ce were also m ~ c h  gratified to find that 
the NACA sy~ilmetrical airfoil lived up to 
our espectatio!is. I t  appears that in lddi- 
tion to thc effcctivenrss of the flap, the 
ailerons arc more effcctive, for a given area, 
than with the co~iventional airfoil. 
"So, with the use of the NACA cowl i r  
addit~on, it appears your or,;ai~ization ran 
claim a ronsitlern!)lc share in the success of 
this partictil~:. design. And \vc hope that 
you \vill continue to send us your 'hot 
dope' from ti111r to time. \Ye lean rather 
heavily on the Committee for help in 
improving our work." 
But in spite of the enthusiasm of such en- 
dorsenients of the work and co~itril)i~r. ,ns 
of NACA, a nagging fee-ling had persisted 
that nlore corrld I,e don:. Thr  possibility 

esistetl that other countries were making 
more positive contril,utions to t h e ~ r  ae&- 
nautical industries than NACA was making 
to the industry of the United States. 
The scientific challenge to the ael :\nautical 
research suprenlacy of the United States 
hac; been recognized arid was voiced 
strongly in the 193; Annual Report of the 
Committee to the Congress and the Presi- 
dent oi the United States. The  report ex- 
plaiced that, up until 1932, the laboratories 
at  Langley were unique in the world, and 
\.;ere one of the chief reasons that this 
t:ountry \\.as the technical leader in aviation. 
But since then, rnuch ~f that equipment 
had been duplicated abroad and, in soine 
cases, had Oecn bettered so that Lanyley's 
equipment \\.as no longer thc best. 
The report went on: "This condition has 
iinpresscd the Co~nniittee with the advica- 
bility of providing additional facilities 
promptly as needed for the study of prob- 
lems that are necessary to be solved, in 
order that American aircraft development, 
both military and commercial, will not fall 
behind ." 
For some tinle, the warning \vent unheeded; 
1,angley and NAC.4 continued to work 
under prcssurc, nlakirlg d o  with facilities 
and equip111~1:t that \vel.c I~eg iu~~ing  to show 
thrir age. There was no partici~lar reason 
to iniprovc tlie laboratories, Iln overw:icln~- 
ing prol~iern that couldn't be hanoled in 
the ordinary roritinc of SACA's \vorki~lg 
d,~!,. In a way. the attitude reflected the 
gcnwal Atilcric~n view toward all \vorld 
yrol)le~ns, not just the sprcific p r o l ~ l e ~ ~ ~  of 
~naintaining acro.lautica1 leadership. 
The \vat in Europe \\as far away; this 
country was I :giiininp to pull out of the 
crushing depression of the car1;- part of the 
decade. Thinas lookcd rensonal~ly good, 
and who rcall\- carrd if forrig11 sci'titists 
wcre testing rocket ruotors or drveloping 
dive bol11l)ers~ \\'hat diffcrr~~cp did a 
sl~personic wind t t ~ n ~ l r l  i n  Italy 111ake2 





World War II dominated the third decade o f  
Zangly's work. It brok( otit in Scptmber 1 9 3 ,  
and bcfcre it was conc!uded oJcialiy in Stfitem- 
ber, 1945, the shape o f  aircraft had been 
changed again. 
A handful o f  technical deuelopments caused thir 
second reuolution in aircraft derign. Sweepback, 
an aeroenamic innovation discovered almost 
simulla:eous~v by ser.rral investigators, raas ex- 
ploited in aduancedfighter and bomber projects 
by German enginms, 
Jet prop,. ion, anothcr example of parnl!el dis- 
-every and developme~t, made great strides dur- 
~g the war. The f is!  aircraft powtred hy a 
turbojet w f l o w n  in  Germany on Ai.lgust 27, 
1950; both Germnay and Britain had opera;ionul 
jet-propelled fights bgure tire war c,dcd. 
Rocket drvelopment WLV paced !y the demands o f  
war. The first German 1 =,3 (Ad)  ballj.l-tic mis- 
silc was fired unsucczssfii:!y twice in 19.f-3 b+fore 
its first succesJfd launchink- in Octottr ;hat year. 
It was to become ,pr;.aticnal as nfiEld u~capon 
less than tuJoyears later, on& a few mot~ th~  
nfln the pulse+t powtred V-:<flying bornb was 
wed to bomb Lcndori. 
Guided missile ~ a - , ~ u r e  started in  August 1943 
with the Cermcn use of radio-controlled rorkct- 
powered glide b ~ m b s  against shlps. 
Nuclear wmpuns were ioncei~~ed, developt*d, tested 
and used operat'onal[v dwing World U:n  11, 
culminating in the bombs drop' :d on Hiroshima 
and .Vagasaki. 
Missiics as defense weapons receiucd t h i r j r s t  
impelur when Project Xikc was cviginated in 
February 191.5, to strike ct high-altitudf, hil?h- 
speed bombers that would be comitrg illto setlice. 
The destrrution of war gave way to t h ~  pursuit 
o f  more peace~ul aims in aviation after the sur- 
renders in 1945. Landplane speed records were 
shatttred,Jirst 6y the British who moacd the 
mark over the 600-mph. point with Closter 
Mettors basically the same as those wed opera- 
tionally by the Royal Air Force near tI:e end o f  
the war. 
Passenger seruirc across the titlantic had begun 
in 1939 by Pan .4mtrican. A lirtle more than 
seven-years later, the British De Hai~illand .4ir- 
craft Co. rectiucd an order to build troo proto- 
W e s  o f  a four-jct passenger-carrying aircrajl 
tuhirh would herome the Comet, the uaor!d'sfrrst 
jet transport to enter schrdufed rwuice. 

The first o f  the rtseorch aircraft, Br!l's rocket- 
propelled X-1, had been conce ued nnd dedgned 
during ttlc war. If made its first powerekjight 
in Decewber, 1946, attd in Gctobcr, 1947, Air 
For~e Capt. Charles E. Yeagerfkuf it through 
the speed of sound for the .first time and pionrned 
the way info the a.p o f  supersonicfligLt. 
7he  month bgore, a serious reseanh report issued 
by the Rand Corpo;ation stated that man-made 
sateljites of the earth were complete& feasible. 
Others hod .raid essentialf~ the same thing before, 
but t h ~ y  lrad been re8nrdt-d m uisionaries at best, 
and as .rackpots at toorst. Thr Rand Corpora- 
tion toas opmting under.f2tlds al/ocated by the 
U. S. goiternment, and had made the sc . + 
~pec~Jicallyjor the new Deba, tment of Dcfcnst. 
The proncurtcement had to be taken serious!rl, r:ld 
it U'(IS, 6fter the initial spflc;!/aticm by cnthusi~str 
who saw stipernr. 5ets in the sky, giazt lenses to 
I u n  the enemy, launching site:.for atomic bombs, 
2nd (I  hod of horrible possibilities in what was 
essentially u simple j:atetn*nt that certai~ tech- 
no:~gy now appeared to be available. 
The earth sutellite wrls not to be for this decade, 
but !'te Rand report was a benchmark in maz's 
meastt-d tread to the slurs. $ow tiler; was hope 
that the technology of ~ciar cou!d be turned 15 the 
peactful development of $act. 



C-~rnman SF4F-3 
prm , pc w a ~  r n t c d  in 

thr Lanelq  lull-alr 
tunnrl lart in I !4 1% 
pmduction d r k ,  

rnditicd b?. Lane!- 
tm. rrrm F4F4 "1% rld- 

cats", 6qhrrr maimtav 
of the C'. $. ?la\- rarlv 

in \\'mid h'ar 2. 

AII &mcrtal Xavy fighrcr airplant, the 
Bmvstcr XF2A-I, was ddivcrtd to Lan~ley 
in April, 1938, for tests in the frill-scale 
wind tunnel. Sptmatically, Langlq engi- 
neers rne~surcd the drag of the airplane 
and of indiri;.dual par+;: Exhaust stacks, 
land in^ gear, rnachinw~n installation and 
the external ~ , - z  z i ~ h t .  :Vhen the). repond 
the mults of the tests, the). concluded that 
the top speed of the airplane could k in- 
creased by 3 1 mph., more than a ten 
pcmcnt irnpmemcnt i r b  pedormancc. 
This landmark test was the first in a long 
series of clcan-up proqrarns perform4 for 
thc Army Air Corps and the Xavy Bureau 
of .%cmnautics. The succm of :he tcst pro- 
gram established rhc technique as stand~rd 
for both thr Army and N a y ,  and pmduced 
useful design data applid to future airplane 
projects. 

By October 1940, 11 diffemnr airplanes had 
hcen testcd in thc full-scalc tunnel, in a 
clean-rip prwtam of un?rccnlcntcd pro- 
portion. A srbrnmav of the tests was 
published that month an an S.'ICA Ad- 
vancd Confidential Kcport, to bc circl~lated 
onlv to induatry and thc militar). Thc con- 
clusion s t ~ t d  tI.-tt ". . . the drag of many 
of thr airpla.: as dccrcawd 30 to 40 
percent by rcrnoval or =fairing of inc%- 
ciently dcdsned components. In  one caw 
thr d r a ~  \rFas halved t ~ y  this p m m .  Em- 
phasis on eomct detall desirn appears at 
present to provide creater itnmedinte possi- 

bilitiu far inc& hirh @s than 
impmrd desig of the basic elcmtnta" 
The implication of the report was dear. 
Insuficient attention to detail dcsiey was 
causinq rn~~jor performance losses. It did no 
@ to build a clean wine, with lo\%* drag 
characteristics, if t h ~  winq was dirticd by a 
rnachine-qur installation that protmdd at 
a critical juncturc. Thc machirlwn in- 
stallaticn was necessarf.; bnt so was mmi- 
mum performance of the airplane. As a 
by-prodt~ct of thm tests, desiqners hqan 
to real'zc that airplane dcsiv had to he e 
compmrniw between the theoretical ideals 
or the aerodvnamicist's dream and the 
practical values of operational rcq trimmcnts. 
/h the clean-tip promin gre\rF, so did other 
programs at tanqlty. Thc prmurc was un, 
hirher than wcr, and in I938 the Annual 
Report acain c l t d  the nr~rl Cor additional 
facilities. Structural rwarch,  the I:ornmittcc 
warn& in a Itttcr to thr Con-, p m  
dl~cerl thr createst sinrle need for nmv 
additional rquipmcnt llccausc: d increasrs 
in sirc and spccd nf aircraft. F~inher, said 
the Cnrnrnittcr. tht- intcrcsts of safcty and 
of proem< in acrona~ttics drmandrd that 
the strrlctltrm facilitirs tw ifddrd a t  the 
carliest possil~le datc. 

In  Octabcr, 1938. a Spm1171 Commitecr of 
1.4C:I was appointd to study thc nerd 
Tor facilitits and to ~nakc rccornmrndations. 
Tht Con~mittpc's k r m h c r  rcport u ~ d  
the irn~t~culiare cstahlishrncnt of anothrr 



mearch labrator). at Su~inyvalc, Califor- 
nia, plus the aupiicntation of the Latidry 
facilities I>y a s t r~~ct~rrrs  research Iat~ratory 

. and a stability wind tun~lel. 
f' Congress finally ar~tho~lzed the S~~rinyvalc ' 

station in Ak~fi~st, 1939. just days before 1 war b d c  oir. \Mth &~mpe starting to 
3 burn. ground was broken for thc new 
5 laboratory at hf affctt Field, Sunnyvale. 

A second Special Committrt, headed by 
f Charles A. Lind;w~h,  was appointed fol- 

lowing the outbr?ak of war, and within a 
F few \vetks turned in a rcport strongly 
P 
t m-on~:nc~;ding a third m a r c h  center for 
h 
: powerplarit work. The rrport .said that 

there was a serious lack of e~igine m a r s h  
; facilities in the United Statcs. ".%t thr 

presetit time. .4mrrican facilities for rc- 
. search on aircraft powerplants arc inadc- 

quate and cannot be compaml with the 
facilities for m a r c h  in other fields of 
.::i a tion." 

By mid-i 3 ~ 9 ,  =I?-ares had authorized a 
nc\\. poiverplant r e sed~h  f::;litv. Earlier 

: in 1939. ~iiont~y had I K Y ~  rcqrlcstc:! t.: 911 

estcrision of the facilities at 1.anglry as 
part of a s~~pple~ncrltal 1,udgetan rrqi~est 

: which includcd fr~nds for the Sr~nnyvale 
: lab. In Sove~nbcr. I.an,qlcy \\.as n~~thorizrd 

to take o\.rr additional ackage at Langley 
Field as thc sitr for a nc\v 16-foot hish- 
s p d  \viud trinml, the stnl~ility tunnel, the 
stntcturrs lalmratory, and supporting 
facilitics. 

'rhc stnlctum 1al)oratory was coniplctnl in 
Octolxr. 194.10, and tlir stnl)ilitv tvi~id tun- 
nel in Janr~ary. 1:M.N". nlonq \\.it11 a srcond 
towing tank for scaplal~c dcvcitq~~riclit. and 
an i~npnct I,.tsin \vhrn* hrrll loads could 1)c 
rrlcnsr~rcd during sit~~~~l.itrd \vntcr 1;indings. 

1)11riny: 194 I .  1;otll the lotv-t~~rl)ulcncc pws- 
srlrr t~~nncl  and tlir 18-ftwt high-sl)ccul . I t llll~' cx- t ~ ~ n n r l  1)r~a111t. opcr.ltion;il in I\.? . ' 
pansion. I.iitidcy capal)ilitirs had to incrrasc 
at thr sanic tirr~c that it \\.as losing staff 
~nc~irl)crs to help o~yanizr and operatr the 
t~c\v statioli at Sr~nnyvalc. rro\\- na~ilcd thr 
.i\n~cs Rcsm~rh Ccrltrr aftrr Jtwrph S. 
Arnc-s. S:\(:.\ Chairnln~l for 20 yc'lt-s. 

\\'it11 this csodt~s h3d1y O I I ~  of the way, a 
second I)cqati. Coriprrss had nt~thorizcd the 
constrr~ction of the cnginr rrscarch 1al)ora- 
tory i n  r~iid-1940, at a site ucar the Clrvc- 
land. Ohio, titu~iicipal airport. Thc new 
1al)orntop \\.as to he gcnrcd solely to the 
pml)lclns of po\vcr ge-irlation and propr~l- 
sion, fro111 tlir ft~~ldni~rc~ltnl pliysics of colir- 
t)ristion to tlir fl~glit-trstitiq. i n  irictrnrl~cr~trd 
aircr;ift, of corl~plctc po\vcrplnnt it~stallntior~s. 
Ycrsontwl for tlrc new center at C:lcvrland 
also wcrc drawn from I.anqlcv Int)orntory 

staffs. Some idea of the magnitude of the 
statling problem can LK gained by cool- 
paring eniployrnent figurcs at Landev 
before atid at t he end of the war. In 1939, 
k fow the expa~ision moves, Lan~ley had 
524 people on its rolls, of which '204 were 
professional people. At the end of the war, 
111orr than 3,200 were en~ploycd at Langley. 
During this third decade, the primary job 
at i.angky was to refine the baGc airplane 
that its earlier marc i i r s  had niadc pos- 
sible. The propcller-dri\rt-11, all-~tietal air- 
plane with a low wing, cowlcd engine, 
retractal)lc landing e a r ,  and flaps necdcd 
refincn~cnt. Engine power was on thc rise, 
and corrt.sponding i~nprovenients in air- 
planr pcrforniancr \vrw possible. But the 
airplane had to IF ddrsignrd carcftilly, 
zsprcially in detail. if riiasiuium advantage 
was to lw ~ a i ~ i c d .  

The drag tcsts on the B~-v\v*tcr SF2.4-I 
pointed thc \\:IS. .At hrst in ror~tinr pro- 
granu, and later under the prtx~.t~rrs of 
\\-artitlie dcmands, airplane attrsr airplane 
\vent throrigli thc t.nngley tu~inrls, through 
;?.a flicht rrscarch cicpartn~rnt latmratoy, 
into tit,, :pia. !-~~11ic1. in 11iocie1 and f1111-size 
fonii, 111iti1 all th.1, ,-PI;,! 1.c kno\vn a!mut 
thf aiq)tnnc \\.as ~licasitrt~i a11d ?!1~::-'f. 

At one tirnc i r i  J11ly 1!W. 78 d i tTc~~~ i t  
111odcls of ;ii~-plnnc~ \vr.rc In-i~~g i~ivcstigatrd 
by S.%CA. most of the111 at Lanpley. 
Spin trsts wcrc ~ i ~ a d c  i l l  the I,a~iglcy frcr- 
spinning tr111nc1 011 120 !l)ditT<*rcrrt nitplane 
ri~odrls. Thr at~i~osy)l~cric \vind t1111nt.1 c~.e\t.s 
tcstcd 36 ;\rniy .itid Savy aircraft ill tle- 
tnilcd studics of s "ty, control, and 
pcrforriinr~cc. 

l;m~il tlirsc. trsts calllr a \\.calth of d;ita. 
first for tlic corrt-ctio~~ of rsisti~ig ptu!)lri~~s, 
;and strond for thr ~trsipnr~s' ha11dl)oo)cs. 
Tht-sc tcsts wcrc 1):ickcd 11:. throrrticnl 
investigations and cspcri~i~ct~tal pt-cgrillrls 
that dc~vrlof)rd iiirplnnc- co~~~poncnts  to thr 
hi~hcst dc~rt-c attainaI)lc at the tilac. h s  
onr cs ; i~~~ld t~ .  i n  Jt111c 1P3H. 1-anglcy's lo\\- 
t~rrl)~~lcnct* tunnel I,egiin tcsts of nri airfoil 
\vliw c o ~ ~ t o r ~ ~ s  ditTcwd fir)~n cnrlicr dc- 
signs. 'I'hr point of i t ias i~ur~~u thickness 
was L~rthcr aft. ;111d t l ~ ( u  tr;~iling portio11 of 
tlic ;iirf~~il sho\vc.d ;II I  tdd 11-flrxcd for111. 
'I'hr I I I ~ - ~ ~ I I I ~ ~  tiriiq \\.;is ;11)o11t h:df of tlir 
lo\vc>t r\.(.r ~r.co~rlc.d for ;III ;iirfoil of thr 
S ~ I I I C  I)crrrritagc t1iick11c.s~. and the i tivesti- 
 ati ion I ) ~ c ~ I I I ~  tllr st.lrting pt?i~it of I.a~~glcy's 
dcvc.lopr~~c.rit of ;I sc.~.irs o f  lo\v-dri~g ;titfoils. 
I .css tiin11 tcvo ycars 1.ltc.r. thr British \vrrc 
to give Sortli :\llic.:.ican :\vi;ition 120 days 
to conw I I ~  with ;i tiglitc-r ~*i.c)tot\ pr ti\;rt 
~ n r t  thcir r rq~~ i r r~ i~c r~ t s .  'I'lir liglitcr 1)rcitil;c 
I f e d  1 -  "Xtusii~ug", .~l'tcr cousidrr- 



able development. I t  was one of the first 
fightem to use an NACA lowdrag airfoi:, 
developed at Langley as part of the overall 
family of laminar-flow airfoils. 
Flight research work on a variety of air- 
planes b a n  to build a backlog of corm 
lated experiences on the flying and handling 
qualities of airplanes. Early pioneering 
work a t  Langley had given pilots a new 
appreciation of flying qualities, and the 
wartime tests sharpened that appreciation. 
As performances increased, so did some of 
the flight pl-obletns. Again using the sys- 
tematic approach, Langley pilots and engi- 
neers developed n~easuable handling and 
flying qualities for aircraft, ar.#l further 
defined them in tcrnls of wind-tunnel 
measurements. 
After 19 airplanes had txen systematically 
tested in flight, Langky engineers prepared 
a stunmar?. report on the group. The report 
included suggestions for minimuin criteria 
to define a "good" aircraft from the view- 
point of ; ~ s  handling characteristics. 
That wport became the foundation of the 
extensive work to be done later by N.4CA. 
the militac- sen-ices and indiistv. -41~0, it 
\..as a spur to the writing of a nlilitaq 
specificati~n 011 handling qualities, the first 
such to be written in this country. 
Other \cork at Lanqley during the wartirile 
period incll~dcd an t-stensive s:udy of wing 
planfor111 shapes arid their effects on the 
stailing characteristics of an ailplane. 
\'ariatiow in tamr and thicklliss ratio. 
s\veeplack .rnd twist, were insestigsted ir; 
wirid ~I~IIIIC-Is. 
-4ircraft loads in nlx!~c.~lvering flight, atill 
solne~vhat of a ~i l \s tcn,  \ v t l r  ctridicd in 
flight, in the tvirid t~inncls, and I)\- tl1eot-y. 
C!?~~BCS in st3ldity and colltrol dtic to 
engine pc\vr.r, ?.>other tliisiu~dcrstood flight 
pht-no~nrnoii, \\-err. de!:!lc.a;;? iri tliyllt test 
and in the I.~nglcy tunnels. 
The SAC.\ cojsling \\.as refined further 
for a higher spccd range. .I special flush- 
riveting trchnique was drvclopcd to redrice 
the parasite drag of airplanes. 
One piirsriit plane was plag~icd 1)). a scrirs 
of in-riisht tiiil failures. 1.anglcy cnqineeis 
isolated tilc pro!)lcnl, l~elpcd sug~  ..t a 
solr~tiorl. Thc plan,: -.wn: on to Or one of 
the fonclly relnt~ln1)crrtl. lighicrs of \\'orld 
\\'ar 2. 
Anothcr .%r~ny pursuit drvrlopcd a "trtck". 
a tcrldc!lcy to stcc0c.11 its divc until it 
"tucked" pzst :tic vertical into a partially 
invrrt::d attitudr, ,~ncl troi10lr Ixqnn. \\'ind 
tu.incl tests at I.anglry i ! ~  thr cight-foot 
high-speed tunnel. arid I) \  thc manufac- 
turer, uncarthrd ttlr prol)le~il. I.aiqlcy 
sriggcstc-d thr dive--~.rrovrry flap, I~ascd 

partly on that ruperience and partly on 
some earlier test work authorized to 
develop a divc brake for airplanes. 
Over-the-water co~nbat flights, and thc. 
numbers of crews !ost in ditching on the 
water; quickened interest in a way of 
getting an airplane safely onto the water's 
surface. Langley's h?dmdynamics test 
facilities were turned to a high-priority 
program of iesting scale rnodels in sinlu- 
lated water la.ldings and recording their 
behavicr in motion pictures. 
:- $1  tle of the a~rcraft couldn't have b e ~ n  
more poorly designed for landings on water. 
Belly intakes, bomb-l;ay doors, or wheel 
wells scooped up watcr and sewed to 
somersault thr airplane. They sank, 
inverted. 
The answer was to develop some kind of 
a ditching flap that \vould counter the 
effect of the scoops and bays and wells. 
Langley work produced such a flap, but it 
was never uscd on any aircraft. The pro- 
duction changes were regarded as too 
extensive. 
An esperimental model of an Army pursuit 
plane hau weak ailerons, a design deft-ct 
that could prove dangerous in combat 
nianeuveling. Langley pilots flew the plane, 
measured its prrfoni ance; on the graund, 
engineers pondered the problems and sug- 
gested a dual approach. Fint, they doubled 
the deflection angles of the ai!eroil, which 
increased its effectivencsq. T 1t.n they 
I,alanced the ailerons aerodyna~nically, so 
that the response was lieht and qilick. 

The result was an airplnrle with doilblt-cl 
roll pe~for~nancc. and one that set nc\v 
standards by which later fighters \vtXre 
j r ~ d ~ r d .  
These \\-ere typical p~obirms faced at Langley 
duririg :he tsar ycals. It \vas the urycncy 
of war that predetcr~nined the direction of 
so nlarl!- of the SAC.\ programs. PIIost of 
then: \..rtr ;i:vlc.d at the "qr:ick fis" that 
would get at: airplairc ~ r t  "f i ! ~  rrlrrcnt 
troubles. 
Rtit most of the air tvar \\.as fo~ight with 
airplanes that had Iwcn designed bcforc cr 
early in the war, and 111a11y of these had 
drawn on 11asic SAC::\ data for thrir dc- 
signs. Secrctav of the Savy Fml:k tinos 
said in 1943: "Thr Savy's faiil~tls fighters 
---the Corsair, \ \Idcat and Hellcat arc 
possible only I)c, irisc thry are t)ascd 011 

hli:darilcritals dcvclol.cd I)! thc SAC:\. :\I1 
of thcrii usc S:\(::\ \sinr! scrtiorls, S:\CX 
cooling ntcthds, S:\C.-\ Iliqh-lift det.iccs. 
The grrat sea victories that havc I)rokclt 
Japa~~'sespatidinq <rip in the Pacific 
\vould not 1i.1vf. I)ccn possit)lc \vithout tht- 
cciitril>utions of thc S:\C:\." 



:I!: the \car ptmqmerrl, s p d r  krpt d c i n t  
up. ~IIV !~uwrlEx aiq11;lnr.s that raprritbacd 

' c o ~ n p n % i l ~ i l i t ~  tro~ll l l t-  th11~1d~;~~i7trl th r  
t~ r t~ i  fbr i~t~t!t-mt;t~~cIir~q t h i s  I I ~ \ Y  r!~:trac- 
tcristir nC I ~ i q h - q m d  Hiqht. I t  \\,as orlc 
r l l inr  to fix . I  pmlrlt-t t~ of l l iqI~-s~'(?~I fliqht 
tt.t~~purarily: i t  C(MIICI llr r!-IIC ~~tipi~-i~aIE;:, 
throueh !r-sts ill thr' I.ar1~lc.~ tnnnrls. or 
lly c.zrcfttll\ car~rrolltxl a d  irrt i tnlt~lr~lttvf 
t e t  Hirhrs. 
Rut to avoid this p m l ~ l r ~ ~ ~  fmrn t l ~ r  start 
nlcant that t l ~ p  dt-siqrlt-rs hid to 1r:tr.r a 
I~;rl;l~ d it~lronuation. ttw v r n  kittd (9 
data that N;\C>% 3rd tlw- irrdllsrn. !bad 
Iwn tar prr-~rlrcnpit-d to coltwt dturi~iq thr 
w.7r v a n .  
111 spit<- 01' tht- \vartirric work load. I.nnatc*y 
stall' nlrtlrlnhm had t x ~ r i  f h i l t k i ~ l ~  a im~ l t  
minr d tllr- prnl,lzrtl< ol  ltich-spuul tlicht, 
111 I939. ftrr csauzplr, t l ~ r  .Iirllnw Ittwan-h 
staff hnd .~ l iothrr  Itwk at t l ~ .  I*.~aic coal- 
ccps uf jr~ ~ ~ X I ~ I I I F I U I I .  :I IOII~-~I~OIVI~ prin- 
t i p l r  rhat h;td I*rit*fl\ cnlta- to l i ~ l ~ ?  in ;I 
1!'23 'l'rclruival Rri~orr p l ~ l ~ l i s h r ~ i  in+ SAC;\. 
111 this mpt~t. S;\E::\ wir-ttristr twrr not 
almw. I t1  ut l l r r  co~mtricv. trvmir contrtrr- 
parts wcrtm [tmkittz at ;~tid \ v ~ l k i i l ~  OTI the 
probIc~r~!: nl jrt prop11 \<ion. Thr. I ;t-n~iarl?: 
wcrv elm. to Ilvitrc all r s p r r i t ~ l r t r ~ a l  jrt- 
pmlwllrtl niq,lnr~c. .l'hr British had \vrEtt*a 
a s p t ~ i t i c ; ~ t i t ? i t  ft~r t hibir list. r11c. l~ . tTi :~~is 
wn. !I\ il-q ;I n ~ ~ l i t i ~ i * l ~ t : t r v  jrf-pmp~~lsicm 
schrrl~t. ill :I tc-?;.-lml aiarraf~. 

RII~ jct pmpul"on. ill I!U!\. SP('IH~Y( like ttw 
s t m v r  utllv to thr* i:~trrrr*pticr:~ prnl~lt~~l\. 
'1'liat M'JS IIV~ tht- ~ t ~ : ? j ~ r  cot!cmt d ~Ilr 
C'. 5. n~ititaw wmu.nit-m. who wrw s t n ~ ~ q l i l ~ ~  
to cc.r cr.cr? bir of r.tnar aizt t l l r i r  air- 
craft for srr:trtyir n u n s .  Rarl i l l tn t l ~ t -  

tilt3 \vmt  thr jrt  PNI)~I~S~OII mp 17s. 
hrrothcr r x a n ~ p l t ~  d h iq t t -s tml  trr:lrrh 
\+an s t a r t d  in  I?M I. wlrrtr ;I gruup Iwqan 
to tcst in thc cigl~t-loot I l i u l l - s l d  tt~m~~r.E. 
1%-orking on proyx*lt~-t rlrsi~r~a that ro l i ld  I r c  
\arc1 to titivc. 311 i*iq>hnrb at tllr I~~II- 

z ~ n l a a d - o f  sptrd of 3kb ~ t ~ p h .  Iduqlry pwr- 
wltnrl i n  this Croup \vt.w the n t c l r i ~ s  of 
1att.r work 011 !lirh-sp~rl Bo\v t11;~ was to 
rvin thc ncclrcy rwa tnortm C:lrllirt Trophies. 
\Vorhitig in the hi&-qcrd \vir\d trlnnrl \\-as 
n ~uamntcrul \Fa\. [a t~nt*;zrth thr prohlr~rls 
of attnil~irl~ hiqh spds.  Rttt iz 1 ~ 3 s  WIII~ 
one of tllr ~ I I C T ~ O C ~ F  that S.+lC;\r traditio~l- 
ally had used tu obtain dcsiqn data. Flight 
rmt!: had to st~pplmtrr t t  tflr ~ v i ~ l d  tunnel. 
atld a varirty of othcr kirlda or tcsts in 
s p r ~ b l  fatitifirs. s~ich as f lrr lm-~liyht 
~ ~ ~ n r l r i ,  had to 1w i l l t t ~n td  i t ~ t o  ;t trst 
pwrnm !n-ftltl. the ~ u c i t ~ r c ~  IlclimtY1 tlw 
data was q r d  r l ~ o t i ~ h  to providr n dksiqn 
Ihl*. 

\vhc.n a ~rit i ih sririttist Itad a i d  that runic 
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speed ". . . loonis like a barrier. . ." against 
the further development of flisht. Thc 
\cords, "sonic barrier", p a . 4  quickly into 
the literature and folklore of flisht. 
\\'as it a barrier, or ody a stnokcscmn? 
There \\.as no available \ v q  to find out. 
Some flow csperii~~cnts had k . 1  made at 
L.angley by droppink instrumented and 
highiy streanilined shapes frorii high alti- 
tudes, measuring forces and speeds and 
correlating the two to detertiline the change 
in drag and lift at the transonic e o n .  
Rut these results were not too conclusive. 
There was one ackno\.:!dged way to get 
accurate transonic design data, and that 
was fnxn flight tests of a ftrll-scale airplane, 
built specifically to !It- into and through the 
transonic region. 
I n  1W3, such an airplane was coticeived 
a t  Langley. More or Iw simdtaneously, 
others in industry and the military labs 
had k n  thinkirip a l o n ~  the sanie lines. 
The Larrqlc>- stud? expanded and, in March 
1944, \\.as presented at a scniinar attended 
by personnel fro111 the .-\niiy .Jir Force, 
the Savy and S.4C.J. S.JC.J put its weight 
behind tlie study. and proposed that a 
jet-proprlled air~11*ic lw built specifically 
for the purpose of tlight -arch i i ~  the 
transonic nyio~i. 
This was a piorieeri~iq step in aviatiori 
histor?.. It nlarlicd the iwgirining of a sys- 
tcri:atic rsploratiocl of the transonic rcqio~i 
in t l i~h t  tcsts that \vortld win world-\vide 
m p ~ t  arid wkria\vn. It I r d  also to the !atcr 
stable of rrscarch aircraft opcratcd I)y 
S:\C.\ a~ id  the ~ i i i l i t ; ~ ~ ~  in I I I ~ ~ ( ~ I I C .  prn- 
rmrns that sirpp:ird frri.da~i~crital dcsi~n 
data for yean to roriw. 

Tcx-ia\. rrscarch aircraft likr thc S-15 arc. 
Iwine rlorvri ncar tllr i~ordcrs of ttir 1111- 

k~iotvri, i n  trsts \\.hirli arc produriri~ drWcri 
data for tlie aircraft of toriiorro\v. 

This first rcwarch airpla~ic \\-as deiqr~ated 
SS-I, and rvas to Itc t ~ r ~ i l t  Ipy &ll :\irrraft 
Corp.. whcrc. 1r111ch of thc ori~irial design 
thinkitrq had take-11 form i.: 1!143. Thr roll- 
tract \\.as Ict I)! thr Air Jlatcrirl C:otl~~riarld 
carly in I!H.j. a1.d drsiqn and corlstr~~~tiori 
procccdcd. 
.At I.a~i~lcv. scientists \vc.rcs still trying othrr 
rncthods. It \\.as not so rnuch a case of 
hcdgirig Iwts as it was t r \ i~ig to dcvclop 
test twhriiqucs th:it \vo~rld sappi.-nicnt 
thnc of frrll-sc-.ilr fliqltt. arid \vhich nriqlit 
indicate. .I \vay to SO t l i i r t  was chrapcr 
th.111 co t~s t r~ l r t i~~c  a nc'o~nplrtc airplailc caach 
tirnc. 
0 1 1 ~  of tlir r~riiclrrr nppronchcs to ol~tiiirlirig 
hiqh-sl)c.cd flow \\.:is ro~rccivc~d at I.;~riqle.v 
i r r  1nid-l!1.l-+. I t  \\ns I)asrd on the. ~.sistr~wc. 

of transonic flo\r. in a stnall region over the 
upper surface of t l~c  wing of a high-speed 
3uhsonic airplane. .4 small, half-span ~ n o d d  
oi a wing shape was built and riioutited, 
perprndicttlar to the upper surface of the 
wiug and aligned with thr airfloa., near the 
point of mauimum thickness. The ailplane 
was flown into a high-speed divc, and 
transonic flow dmelcywxl over the wing. 
Instru~~~e~itatiori in the 111ou:it of the 1iiode1 
\ving nrorded the fomes and aide\\. angles 
for reduction into design data after the 
flight. 
Revisions in instrumentation, and specif- 
ically the development of radio telemctering 
techniques at Langley in 19H, prompted a 
second series of bomb-drop tests. \\'ith an 
installed telemetering package, :oms cwld 
be mcasurcd in flight and transnlitted to a 
ground station for recording and future 
data reduction. 
The problem was basically that the avail- 
able operational altitudes didn't permit 
enough velait). brrildup before impact of 
the bombs. Consequently, the data points 
never qot very much over the sonic mark, 
and didn't prove too useful. 

Of these techniques, the mast productive 
results \Yere to come from the wing-f?o\v 
method tests. They determined that 3 tkin 
wing didn't bthavr a t  all !;kc. i. thick wi:~g, 
and that its characteristics \Yere far superior 
for high-speed flight. 
Near the close of \Vorld I\-ar 11, a Langlcy 
scientist conceived the idea of wing sweep- 
back as one me thd  of obtaining higher 
fligh speeds. In c%cr. sweephack fools the 
air i:ito th.illi;cg that it is flowing over a 
\.riF thin wing. and it drlays the sudden 
drag rise arsociatd with the transonic 
region. In the supersonic spezd range, a 
s\veptback \ring ran Iw designed so that it 
lies entirrly within the shock -cave cone. 
This avoids the probkrns of rnised flow 
that \\.oold othcnvise occur. 
\\'ine s\recphack {\-as not a Langlcy inven- 
tion, Imclt~sc other scientists were \\-orking 
on the idea at al)ou~ the s.lmc tirnc. Thc 
first iritclligcnce rrports that filtered back 
to indristry and thc S 4C.4 laboratorics in 
the closing rnonths of the war sho\vcd that 
thc Gcniians had takcri agprcssivr advan- 
tagr of tht concepts uf s%vc~pback. 111 designs 
of jet-pr.opclled aircraft that --on p a p - -  
\rere suprrior to anythins under de\.elop- 
rncnt cithcr il; this co~~nt ry  or in Great 
Britain. 
Those designs srt the pattern for the post- 
war ycaa of aviation dcvrlopnient. The 
drilland was for ~riclrr spccd, hir$icr altitl~drs 
of operation, niorr t l ir~~st from turl~ojct and 
rocket engines. Rut thr SS-I had yet to 





S '  7. . . .- 

fly. Opcrationai Grrmen aircraft with 
advanrd featurn \%.err so fen.. and the 
really advanced typt.s so rxperimcnta:, 
that thcrc was no way of obtaininc much 
d i d  data fmm Aieht tests of full-scale 

Langlq had donr some mperimcntation 
with soekct-propcllcd mmodtls. laanchin9 
them from the ground in attenzpts to get 
tneaninqfid fwr-fli~hr data. This !ooked 
like- a vafid test techni~uc. and the work 
cxpandcd to a poiat \\-hcrr a !?paraw tmt 
fatilit! was mtablished at \\'ZIIOP< Island, 
L'iqinia, up the :\tlantic coast trom Lanq- 
ley. The Pi totI= .%ircr;ifi Research Di\.ision 
(PARD) rrrovcd into thr area late in Jtirjc, 
1945, and on l )ctobcr 18 launchrcl its Erst 
succesful drap mcarth vel~iclr. 
This was a rockrt-pmprllcd mdedel airctaft, 
dcsirnd to cvaluatr \ring and fiisclaqe 
shape to provide I~asic d e s i ~ n  itlfom~ation 
at transo~lic and stiprrsonic sprds. 
The test vehicles became Inore elalmratc. 
The lollorvitig June, P.4K13 launrhrd a 
contml.surface m a r c h  vrhicle which 
waluated contrallatlility in mll by drflect- 
in% the ailerons in a proprt~rt~ed rnancuvrr. 
Zl'al~op~; Station has lone outgrown that 
ori5inal tcst sitc and no\ro is sprarvld wcr 
p3rtions of thc fortncr Saval air station at 
Chincotca~~r. 111 r ~ c n t  years, \ValIops 
1%-orli has providcd tt~ajor col~tritn~tiolts to 
the hfcrc~try, Cctnitii and ;\pollo manned 
space fliqht provmrlts. in lcsts of w a p c  
systcrns and other rockct-la~~nchecl vrhiclrs. 

The tint Riqht of thc SS-l \vas appraach- 
inq, and the trst work fliqhts \rhcrc schcdulcd 
to take place at t h ~  :Inn! Air Force flicht 
trsr arca on hluroc Dry I-akc, Calif. Pro- 
qmm pcrsonnrl wrrr n~wint :  to thc arra 
for support of thc tmts, and I,anclrl; tnns- 
f c d  13 cneinccrs, in .'nltucnt specialists 
nnd tcch~lic;ll ol~smwrn to LTtiroc. Thr ttnit 
was drsicnatcd the S:lCh h l u r ~  Vlicht 

1. k i n g  R-29 lonq-ran- 
b o m t ~ r  modrl H'U tmtrd 
lor ditching charactrr- 
istics in the Lanqlry tink 
No. 2 carlv in 1946. 

2. Nary swept-wing 
malificdtion o i  Brll P-63 
was tcstrd tv L~nrlry 
late in 1947 to dr~r r -  
minr tow-sped stability 
m d  s!dlin~ charactrr- 
him. 





; Then, on Qctober 14, 1947, the wnic bar- 
rier no longr was a rnystcrv. T5e Bcll 
XS-1, piloted ?ly Air Force Capt. Charlcs 

, E. 'feagrr. tcached hIach 1.06 on its ninth 
, powem' fight, in a clear drfilonstration of 

control1zE;r flight through tht transonic 
I " *on. 
I " It was the fint of many srtpcmrlic Rights 

to come for the XS-1 (later to Lw designated 
- the X-1 and to be joined by sslster ships in 

I 
< J the same stria with impmvtd performance) 

and, later, for athcr cxperimemtal nnd 
pmductfon aircraft. I 

Y u t  it was the pioncerin~ achrarerne i t  of 
the XS-I prq-atw and the pcoplt armiattd 

I with it that was moqnized by the award 
d rke Collier Trophy for I947 to Lan~:ley*s 
John Stack, Lawrence 1). Bell of Bell P ir- 
craft, and Capt. Charlcs E. Tcager of t:it 
United States Air Force. 

I Suprmnic flight nmv is no longer uniqu-. 
IVithin a few years, aitline passengrs wirl 
be travel in^ at speeds nearly thre  times 

I 
, that rcached during the fint piercing of t te  

sanie rang. 
r 

But in 1947, the attainment of supersonic 
speed was a histor).-making culmination of 
a lonq research effort that had kgura early 

I in the war at Langlcy Licmorial Acronauti- 
cal Cabrator). (now, Lancley Research 

1 Ccntcr). It *%.as also thc first step into the 
future of a new and pionccrins a g  in 
aviation-the age of supersonic flight. 

ORlGlNAL PAQE I8 
Or POOR QUALltY 

t - S k t m  aircraft arc I 
waiting for 
at Langlcy 
typical day 
IVnr 1 I. 

fliaht rrsb 
during a 
in \\'nrld 





The fourth decade of research at Longley was 
characterized by rapid and drastic changes in 
airnaft gpes and performance, often shaped by 
the application o f  new techwologies drawn from 
JVACA expctimtc. 
In the ten years betweel 1948 and 1957, the 
speed o f  seruicejighters in the U. S. Air F m  
and Navy virtually doubled. h September 1948, 
the world speed record was rdi~ed to 670.981 
a f h  by a standard North American F-86A 

fighter. At the end of the derade, a AdcDonnell 
F-1OIA " Voodoo" blasted its way lo 1,207.6 
mhh, beating by a handsome margin the arevious 
record set by a British research aircraft, the 
Fair9 Delta 2. 
Transportation speeds increasrd also. In  1948, 
the BritishJew the world'sjrst turboprop air- 
liner, the Vickers I'iscount, and followed it mirEh 
the first flight, in the following year, o f  the 
De Hauilland Cornet, o turbojet-propelled transport. 
The Comet entered scheduled airline service with 
British Overseas dirways Cork. iti May, 1952. 
Two  years later, the bright dreams were du!led 
by tragedy and the Comet was withdrawn jiom 
service. 
The remarkable scries o f  " X  aircraft, which 
had been born during the prtuinus decade with 
the Bell XS-I,  grew into a stab!e of diverse 
W e s  to probe and analyze new problem areas. 
From the barely supersonic pnjormancc o f  the 
original X- I ,  the research series blastedJirst past 
Mach 2 and then Mach 3 speedf. 
The Jirst tentative steps toward verticcl takeoff 
and landing (VTOL)  aircraft were taken, and 
deuelopment later wus spurred partly by the out- 
standing success of the helicopttr ' the Korean 
action, and a IOU 'edge of its shortcomings. 

The "Century Serifs" o f jgh tns ,  so-called be- 
cause o j  their nun erical designations which 
started with F-IdO, luoc develr$ed andJowri 
during this decade, and set new performance 
standards. They also posed new stcbility and 
control problems, such as roll coutling and pitch- 
up, which were to plague thcir designers and 
N A C A  for solutions. 
AndJinally, in the closing months o f  the decade, 
North American Aoiation was atoarded the con- 
tract for the XB-70 bomber, an awesome aircraft 
intended t o j y  at threc times the speed o f  sound. 
The &irpIane had come fast and far in the decad~ 

between 1948 and 1957. The Berlin Airlift, 
which began in June 1948, wasflown with the 
piston-engined transfmrts left over from World 
War 2, and destgntd before then. 
The Consolidated Vultee B-36 was the standard 
bomber o f  the Air Force, a d  jet-propelled fighters 
w a s  just getting to squadrons. T h e  was a 
change in  the ojing, marked by the f i t f l ight of 
Boeing's X'B-47, a six-jet sweptwing bomber, 
which took to the air for tlicfirst time February 8, 
1949. 
But the U. S. went to zcar in Korea with left- 
over Boeing B-29 bombers, and the f i s t  '.:'I was 
made by a NortL American F-82 Twin  Mustang, 
a piston-engined fighter. 
In November 1950, the fist dogfight between jet 
aircraft seared the sky over Korea and .ret the 
pattern for future combat. 
In June 1951, the Bell X-5fiw for the f i s t  lime. 
One o f  the research aircraft, i t  tuas characterized 
by its a b i l i f ~  to change the sweep angle o f  its 
wing :nfrz'~ht. It was the precursor cf the General 
Dynamics F-111.4 jighter and the Boeing supersonic 
transport. 
Air hansportation made a tremendous impact on 
the public during the Berlin Airlift. Threeyears 
later, air passenger miles overtook Pullman $.IS- 
senger milzs traveled for thejrs t  time. The trend 
has never reversed. 
The Boeing 767 protowe, f i s t  of a long line o f  

jet transports, made itsJirstJlight July 15, 1954. 
Later, the French made a unique cotttribution 
with the. Sud Aviation Carauelle, whose rear- 
w . ~ t e d  turbojets set a sple bend. The Carauelle 
firs: .flew May 27, 1955. 
In Octobtr that year, Pun Amerir~n World tiir- 
ways c.dered 4 j j e t  transborts, 2.5 DC-8sfrom 
Douglas and 20 Boeing 707s. The first round o f  
jet orders was sparked by this move, and the jet 
race was on. 
In January 1951, the Atlas intercontinental 
bafli j t i~ missilr program wris started. It was to 
drau~ heaoily on aviat;on's scienttjc, engineering 
and organizational talents. But more than that; 
i; was to bccome the tail that wagged the dog. 
F r ~ m  a small stnrt, tlre Atfar and its descendants 
grew to dominate the aircraft i~zdustry, its erlu- 
cational svstem. its management techniques, its 
personnel movc and its funds. It cclen changed 
the name o f  thc industry to "aerospace." 



Before the decade ended, tht! unexPected hap)ened. 
On October 4. 1957, a "beep-beep-beep" signalled 
that thejrst man-mad6 satellite of the earth 
v a s  in orbit, and that it was Russian. qhutnik's 
ngnal had a mocking sound to frushattd IJ. S. 
agineers. 
The insult was rtpcated less than one month later 
by Sputnik II and a ~ctssengcr-the dog, Laika. 
Sputniks I and N triggered a chain reaction that 
i3 still mushrooming today. They affected Lanpbv 
in a way lhat re-oriented its thinking, re-ailr~~uted 
its moncy, and redirected its eJorts. And it forced 
the birth of the Xational Aeronautics and Space 
Adminishvtion in 1958. 

It was to be a long step from the first breach- 
ing of the sonic barrier to the achievement 
of sus: ,ined, efficient supel . ~ n i c  Bight, and 
nowhere was that better understood than 
at Langley. 
The Bell XS-I had flown supersonically by 
the "brute strength" method. I t  had little 
endurance. I t  had to be carried aloft by 
a mother ship to conserve the fuel which 
would have normally been used for takeoff 
and climb. I t  was powered by a rocket 
engine with . prodigious appetite for fuel. 
It was a great research airplane, but it 
would have made a terrible operational 
military or civilian aircraft. 
More practical designs had to be achieved 
and NACA mounted an attack on the 
problems of sustained supersonic flight 
along a number of salients. 
The jet engine :ad grown up and promised 
enough thrust, at oparational altitudes, to 
propel a less-radical airplane than the XS-I 
through the speed of sound. The general 
concept of the swept wing indicated that 
drag reductions were achievable, enough to 
complement the available thrust and make 
for supersonic flight. 
Some data was available on components or 
on generalized shapes that indicated trends 
but didn't solve any of the detailed design 
problerns. The questicn of how to get high 
lift out of a thin wing had not been answered. - ~fficient air inlets for supersonic speeds were 
lacking. Control systems were stiil tied to 
subsonic data obtained earlier. 
And worse, tht.12 was a realization that no 
longer was the airplane a simple linear design, 
a finished structure made up of component 
building blocks that had each been designed 
separately. The design of a sr~personic air- 
plane, and in fact, of any eficicnt high- 
speed airplane, was going to have to be al. 
integrated whole, in which each component 
interacted with every other, and none 
could be changrd without affecting the 
overall design, perhaps radically. 
This was the general statement of the prolj- 

lem that faced Langley researchers as they 
entered their fourth decade of research 
work. The supersonic age was crowding in 
on tl1c:m. Requirements for nlilitary air- 
craft were beginning to work into and 
beyond the transonic region, and new data 
had to LC obtained fast. 
Fort:~liately, the slotted-throat wind-tunnel 
techniqut iiad heen developed just a couple 
of years before, and was I; >ginning to promise 
accurate results in a region where ter t work 
had been uncertain, at  best. 
Wind tunnel facilities, always a strong por- 
tion of the Langley laboratory, were planned 
around the slottcd-throat concept. A new 
eight-foot transonic tunnel was first approved 
for constn~ction by the Research and De- 
\,elopment Board of the Department of 
Defense in May, 1949. In December of 
that year, the original eight-foot high-speed 
wind tunnel, an existing Laugley facility 
which had been converted tq a slotted- 
throat test section, ran with sustained 
transonic flow for the first time. 
One year later, the same trick was per- 
formed in the 16-ft. high-speed tunnel 
converted to a slotted throat. 
This work led directly to another Collier 
Trophy in 1951, awarded to Langley's 
,John Stack and his associates for their work 
in the conception, ;leveloptncnt and practi- 
cal applicatibn of the slotted-throat for 
transonic wind :unnels 
Continuing work by the Pilotless Aircraft 
Research Station at \Vallops Island paral- 
leled the studies in the trznso--ic tunnel 
and extended them into the supersonic 
speed range reachable with r&ket-propelled 

Slo\vlg, +he transonic region yielded to prob- 
ing and analysis. The basic problerns begari 
to be defined, and the numbers that were 
developed in tests showed where the problems 
really lay. 
The biggest difficulty in getting an  airplane 
to fly supersonically was ta grt it t'?rgugh 
the transonic region rapidly so that it 
didn't have to waste F~el in a slow 
acceleration through the Mach one range. 
The problem was that, in  the transonic 
regioi1, there \?as a sharp increase i n  drag 
coupled with a correspo~rding decrease in 
lift. Changes in lift :neant that control 
problrms might well appear. The). could 
I)e handled, if they wcre defined, under- 
stood and curbed. That lino\vledge was to 
come later. 
For the rno~nrnt, the concentrntion was on 
gettinq through the transo~~ic region. How 
could the drag I)e rcdtlcrd? 
One of Langley's scientists, Richard T. 
\Vhitco~nb, had an intuitive feeling that the 



drag rise was duc tn lthp interlcrcncc bc- 
t w n  ~rbing and fttselag. Snlnr tcsts proved, 
to his sadsf~ction, that this SO. 

scic~~tist who hnd contrilhtrd to hiqhspced 

I aerodynamics over at least a decade, spoke 
in Sw~vnl~r  1393 almnt thc "pipc flow" 
r h a ~ c t ~ r i s t i c s  of thc tranronic flow weion. 
I\'hat hc mcant was that cmss-smtio;~ arcas 
of the nmam tu6c.s -those ~vl)ulous wr- 
faccs dcfincd by a clustrr of streamlinrs in 
air flolv-didn't chanrc as thr flow passed 

' through thr transonic region. 
\Vhitco~nb thottqht about this, and hctwccn 
the insiqht fro111 Rtlsemann's collitrlents 
and soloc additiorlal trsts, hc derived thc 
area rulc, a Imic dcsistl concept which- 
in the ~vorrts or a Landrv associate-made 
sustain4 supcrsonir Mi~ht possil,lr. 
The area rulc, cnldeIy tatcd, :a!.s t11at ~ h r  
cmss-scctiou arras of an aircraft sl~oliid not 
alter rm rapid]! frntli thc fro~lt of the plane 
to thc Iiack. This ~.iini~nizes the flair. dis- 

I turllancc and tllr transonic d r a ~  riw. 
For rsamplc, thc prcscncc of a win4 on a 
fuselace add. cstm cl.ow-mtioe~ arta to thc 
airplai~c.. To ctl l~pptrsiltc Tor rhr additioilal 
~ . i n q  a i+~a ,  SO' l!r ;ma tnust Iw rcti~ovcd 
brotil ~ b c  firwla~c. Thp rcslilt is an i~~dcnta-  

I 
. . 

or "CoL r-lmt:lc" sliapc. i s  one cbarnctcris- 
tic of the cnrl?. applicatiori of thc. arca rule 
to t r a a ~ ~ ~ n i c  9iqht. 
Tcsts of the conrrpt as a dcsie~i twi I ~ i y 1 - i  

in Frll* Mary 19.32, ai~cl thcy \rncrc qttickly 
applia I to two 111iliran airrrnft: Convair's 
S F -  I (YL), which shsir.l.d tio hopc ul rcarhing 

I its low sllprauri . rlcsi~u s~ratl, and tllr 

I Gr~iiiiti~aii X1,'I I F-I, n-hict~ had, ill  tht- 

drlth airplanm Iatcr s l i d  thrott~h thr 
t~awonic region with littlc d~flicldty, alrd 
with no lnorr powcr than t,eforr. 
'Thc work was krpt undrr wraps a t  Lanpley, 
l~ecauae i t  \\-as, a qe~~ t r i t~e  brcilbthmu~h in 
atrplanc d~::icn. I: was finall) rclcased 
pr~l)licly in 1935, \r.t~en \'+'hitcam11 recrivd 
thc  Col!icr Trophy Cur 1954 Svr '*. . . dis- 
co\,rr: arid cuperil. rntal vcrificatio~b of zhc 
arm rulr, yieldillt: higher ~pccd and grcatcr 
rang- :rib thc satnr pcwrr." 
Thc work continued, alld .xtct~sicns of thc 
'transonic . m a  r d c  w t w  dp\*c.loprd lor 
dt-si~r: of supcrsorlic cnlisc aircrdt. General 
I)vnan~irf cxpcticnze with the F-102 dcrig~l 
had ~l~adt: the  cultlpany a bcliewl; ;uid 
the!' dcsi~ned their R-58 i)o~n!wr using tht 
supersonic application. It  \<.as thc first 
airplan? to 'JC dcsiqnd thc s~pcrsonic 
area n11e concept, a ~ ~ d  it mnrEc i ts first 
flight So\r,-rnbr-r 1 I, 1 956. 
Pan of the SLICC~SS of thc F 58 Imm:~tr wds 
dur to a tiny dcita-winged ai t lnt t  with a 
fighter designation: 5k'-42.4. This had ',ccn 
I)llilt as z Lghrer airplane. and assigned 
late1 to 3 rcscarch proqratt to dctcnnine 
whcrhrr or not thc clrlt;l.-$5 in@ planlor~t~ 
$\+as the correct approach to hiahspeed 
Riqh~. 
I t  was ' arrl!. aipcrsonic in a F I C L ~ )  dive, 
accorclina to one of the Air FOKF pilots who 
tcstcd the SF-32.4. Rut dive tests -ho\:rJ 
that tratisitiou tl~roi~ell t l * ~  t -ansonic reaiorl - 
into thc low SI'PCP )11ir * - .  rmaswr with the 
thi~: dclta winp ': + 't.hc~.tl~t:tIlickcr 
s\vept\vi~rc F-3b oh .. .L *,r, .:~t-\r-i.i.rcd 1.'-94. 
110th of \vliich r;.-rr capaljlr oi ~ k ~ , - ~ i n g  
thc t rans~~ric  n-rjau in a divc. o ~ , ~ ~ N U  We€ ' 
'Thc SF-92+4 larts- ioillrii thc S:\CA qroup- errpa 

' * '  - 
That croup of rcseamh airplanes, I ~ o r ~ r  dnring 

Kcwarrh airrralt 
pkonr rrrd I t i ~h l  intc thc 
supemonic ramp- and Icd 
tll* WAY t(l ' 
i i~trtrm and 



rbc pm*ious decade at Langky, in the 
rnilita? service and industrv, grew to 
o!lr of the m a t  vallzablc sourccc of aimraft 
dc~igil information mes assenlf~lrrt. 
The EeIl S-1, pwcnitor of the sellvs, had 
flown r.hm.agh the sonic spA ran= in 1947. 
A mold wsrarcb aircraft, thc strai~ht- 
\ritigcd I)ouzlas 1)-358-I Skytwak, had 
Imun its f l i ~ i i t  tcst OWrdlIl c ~ r l y  in 1347. 
and h!- =toqlat that yrar had rstaldisbcd 
a art\. u-odd s p r d  m o d  of 65!3.8 latph. 
X second 11-533 dcsiqn, the Skyrocket, was 
dm-r1opd i ~ y  1I)ortqlas Aircraft and the 
Sat:;. I t  rcartrrcd a wept winq in addition 
to a rocker p~verplant in coml~inatio:~ with 
i t s  tnflloirt. 'Tftrcc of thc s\vcptrvi.inq craft 
wcrc h i l t ,  and orlr of thcm- -mkct-p.a- 
pelled and eir-launched-lwcamr thc first 
atrralt to I~reati thc 3lach 2 rnam, 
:\r, major !rep forward was the k11 5-2 ,  
intendcd to esplofe the rct$on of dipht 
a ' x w  EU0.000 icct and np to q x ~ d s  of 
Mach 3, Ruilc of K-tnonrl and staitlless 
stccl t o  s,l:r rhr expcctrrl hca:inc ~ i o l ~ l e t t i s ,  
thc &ll N-2 was potvcrrd hy a thmttleal,lc 
m k c t  mgirle. I t  %%.as a s lort-Ii\-cd program, 
~narlicd I I ~  traric lmscs of 110th airplanm 
and two pilots. Brit in its Ilrirf rnorncn~ of 
g lo~! . ,  the airplarlc rc~chcd a peak altitude 
almve 1?6,MI!l fcct, a - ~ d  a sped Mach 
3.2. 
Rut mow thau spccd and al titudc per- 
fonnanct. was i r ~  the ~ n i t i d s  of the cngincrn 
\vho worktd with thr rcsrarch dircraft. 

The Air Forcc f~~ndrd a pmsarti oo thc 
Sord~rop-lrtiilt :i-4, a tsi!lrss airplane dr- 
sistlrd on thv prrlt~isc *hat rlin~inatiot~ of 
thc horizontal rail sr~rfacc rr-on14 rrdtlcc r h ~  

problctns assoeiatcd with lrinq.' ?il can- 
linations in the tmnmnic -ion. The air- 
plane Imalne a rrliallle test vehicle, dthonqh 
its spccd r a n q  was on the lmr- sidc of thc 
 rans sonic nyion. 
Tbcre \\+as an S-3, oriqinally conci-id to 
apIore thr prol,lcms or sustaind super- 
sonic fliqht. S d l c - n d  atid with tiny. 
strai~ht-taprpd nin~s, the 1 - 3  pmi-cd to 
Iw rind~rpo~rcrcd and ovrsloadcri. It1 spitr 
d thar, rspcricn~~d pilots kept thc airpiane 
o~rar ional  mrr a for~r-ycar span Im~n 
1932 to 1956. and s ~ c c m l c d  in obtaininq 
a~rtch data 0 1 1  thc 1wha\.ictr ol WIT thin 
witlrn in the trrrl\sonic +on. 
I'lyinq thc S-3, which was a n  aiqrlanr. 
ahow itirrtia charactrristics tvcw diffcrcllt 
fmtn a!tnwt all of iu prcdrcamts, r~ncot-c.d 
a hi~hspccd f l i ~ h t  prolllrer~ of i~icnial 
couplinq. Cn~clcly statcd, the airplanr \\.al- 
I o w d  in the air. J f  thr pilot \<antrd to 
turn the airplant in a harikcd atritt~dc, the 
11nra11al distrifmtio~r of the airplatir's rims 
--stninq out alottg rhc fttwIart, Imt mwn- 
:islty zero in a spanwisc dirwtiott-rrsrdtd 
i n  a yasvirrq tnotiot~ as \vrll, Sornrtir~im thr 
?a\\. was r\illd ~ r l d  ~tncontmllal~lr: thr fint 
version of thr Sarth :f~nrrican F-ICHl sctpcx- 
sorlic fightcr lrrokc rip in thc air froni this 
t~ncentrolla~~lr motion. 

As a sidcliqht, the pmhlern oi inrstial cow 
nlinq hat1 Ima stndid Erl rhmv and rr- 
postcvi 1)y I.an~lry in 1948. Thc repon 
lanqt~ishcd in file urrtil trottl:lc srt in. T ~ C I I  
it I)cca~nc a kcystor.~ of tl~c fliellt and 
tt~nncl-test p r q a t n s  thar rc-rrc rrtoitntrd 
on an cn.c.rpcncy Imis to solrr tllc pmhlcm. 
Thr fifth drsienatd S-airptanc was a dif- 



f c ~ n t  appro;lrb. lt \\.as llrtilt amltla thr 
concept uT a r a r i . ~ l ~ l r - s 3 r . q  it-inp r~hasr 
n~rtpluck argk rotrld 1-w c h a r ~ c d  in flichr. 
The cotlccpr \ras pmha 1y lmnl. and mr- 
tainly was advanrrd, i l l  thc 1-1nqIr:- latmm- 
tori-, d t h o t s h  thr crntvis of thC idea is 
aqrtd r d a y  and wtuailtls ~ot~trarcrsial. 

The fact i s  that I%-11 Aircnrf s r ~ i l ~ t ~ i r t ~ d  a 
pmpa~ai te the Air Fore irl 5 1 1 1 ~  I!N8 for 
3 ~ r ~ i ~ r c l t  airplanr w h w  winp n \ c p  was 
vasiabtr in fliqht. The US..\F wrnt to X.\C,.\ 
with rhc sa~rs t io t~  that the airplane Iw- 
cotlac part of rhe +joint rrsr3rrh ainraft 
pwram. S.-lC.4 arrqbrcd, rndorsnd the 
pmmm, and the S-5 k a n  to takc furnl. 
I+ow d d  i r  oridnarc? Thr rhoaehr pmhably 
otct~rrrd !O w c r a l  people \r.t~n thonqht 
almttt otlr of tl~r maiu prob1cn.s of the 
~1-cpnr.inc aircraft. The laymn was fiuc for 
hickpcrd flight. htlt it Irft mmrh to Ilr 
dcsiml at the Imr-aprrd m r E .  I l  it \rrw 
w i M r  to ran- r hr wine nr-rrp fmnr tcm 
at low spccris to t h ~  ~p~ i r l l l l rn  a r ~ l r  for 
hich spctufs, tthc pra1,lnn cottld 1w d.ol\rd. 
l n  194.5, tr-ork st Iat~elcr [ m a n  in tht fm- I .  k l l  S-1 A. kit&- om 

Rirhr r11finc1 on a sknvrd wine. pitm-orrd urn .T.\CI\ mnnr in 1953. 

a rrfliral rmterlinc. and mat in t  sn  hat 2. RrIl S-2. b m  mlt 
onr ~ r i t ~ c t i p  n~o\-td fonrad alld thr otkr h- r < . \ ~  fijw ,,- 
afr. This ctiriovt~ confiqrintion ,.. . . ex- tunrnl-trsrrl at tmtn.. 



tics up to skew . . ' 's of allout 4D d m , "  
Rml? ts  \ru*rc p * b v l  ill 'Fa~i111ka1 SOW 
: .m* 
'T\v\-o ?ram latcr. .I li~rlrl ol thc RFil S-I 
\\*as tnditicrl Tor tmts of var ia l~lc mcrp ill 
thc In i lcEm ;- I,\ !o-ff *. .?tlrl. The ex- 

&X's l ~ i c k r n n ~ l d  in iw~.arrh aim-raft drsicn, 
a11d zhr- twrk ncrlrr t t i  Intlc'tc~ i n  ttlr wind 
t t i l?~u-I~* F ~ I I I  I!Y.i to 1W7. \\.m c w ~ ~ f l i n m l  
Ety kZI ill t b  p q w l  for IIW S--3. 

'm airplatrc firs: tllr\\. Jurlr 9). l ? b - i l .  I t  
1ma111c pqn or an t-xtrtlsk r 1Iie11t-trst p r u  
mlrl \r.hich i!l\-t+iqsttd thr rtrcrki d 
n\t.cy oil p-r fun~la:~~-  alwl Y \ i r l r  qt~;.l~titr.  
'r1w srt.rrp . I I I ~ ~  was chmtm*d i n  flieht 
ttlanv tirnt-s \\ illt tlo pndr!t-ms. 

Intior to .~ t~r i  tfuririq thr S3 I(-t prwr.tlti. 
I d.~iqlcy [11111it.l$ a ncl cmt11t.r f x - i i i t i c ~  w - ~ r t -  
, I Q Y ~  *a  p~r id lc l  sti~clicx t ) i ~  IQI~UI~.I* in \\ ;II~ 

rltnt~r:<. .I? lmw s p d s  arid , ~ t  liich. rrriuq 
thr t~~lzsnalic ttt~tlir, t t r l ~ ~ l i q r ~ r .  : l t~d irt-lIim:ttt 
LC-IS of w~~ i -q>~) ; ta~  111txlr.l~ ~aqinq thr N .\I :.I 

rr .!ft f : r l : i i ~ ~ w i ~ l q  C'oq1. t\t.n. rir-vrlolrir~c 
l i l t -  Sl'ltFI'-t. a 1.1rE.11i1v u r  =r.p lichtrr fimt 
~IO~~I I  ill 31:t! l!t.YJ. ~ . , ~ t t ~ I ~ ~ v  ~ [ t - t l  ~trtn!t43 
d t l ~ v  Sl'l0l:-l ill t l tv  r r . ~ r ~ ~ > i ~ i r  I\ i r d  t r ~ t i t ~ r l  
atltl i t t  tFicF11, r l . r i i t~ tllv nrkt-I-pnlprllrtl 
tcrluiiclut- a t  P.\K I 1. \I'atltapq ld.tld. 
Thr airptznr was a fai lr~rr. wrn thrn~zh thr 
incorponriun of ~ a r i i l l l l r  a\\.rrp c o n t r i l ~ l r d  
trothit~c tcl thnt Ltiltlrr. Thcrr \vcm Ila 

w r i ~ t s  t~icc!lil1li~31 pmiJct i~s wi t t i  t h r  IIIW- 

ing \\*ins, in i t  f l i c l~ t  and nthrr l iu~ i ta t ion j  
otl tllr airplant. r ~ w l t n l  in lirzlr or no usef~ll  
clata on thc appiici~rinrr of \ ariahlc nvwp 
to n miIit,ln. n i m d t .  

T k  varhblc-mwp s t d k  continud at 
lanqfm ml\- ~1 an interim t k ~ s i s  fur a 
11r1n11wr ~ r t  rr:cm~~s. First. in thc tad: i9.% 
r l ~ r r c  \\+as 1.0 ~ i i l i t a n  nqa i rv~ i imt t  br 511s- 
ra i r l d  sra;r.--nic vds; i : ~ t c . v ~  \%as t i t i ~ i t rd  
t o  a ~ ~ l t s n n i t -  cnL* to  tamrt arras wi th  3 

s t t p e ~ n i c  dac11 w ~ t  rhc tm-qct. 
.Fcrld. tkrc was no 1011 -TmcI qxrational 
wqr~irclnctl t  to rtt i t~irnizt thc c h a m  of 
mdar drtwtion. 'Tbr abilitv of a hiqhl?= 
srt-rpr aircmft t u  ffv la%. a r d  fast. rmrn 
in sor~ic of thr tmt tliqhts of the S-.i, \\*IS 
not ?.ct to 13- put  t~ t h r  tmt: of a militan 
apphrarion. 
Rttt larcr, a military rqtrirc:ttt.nt-2\'S-I 10 

-was p m p d  that r r q t t i m l  a autaind 
s t q x w n i r  tnrix for a s r m ~ q k  I m l w r  
d f ~ ; i ~ ~ .  ltltt-r n~i l iwy:  ~tlission rqtrln-ntrn8s 
Elrcatl i1~111dr a ~..u+-tr\.rl pcnctcarion 
n l n  a i  his11 sprt.tl. Thr u r d  for short-tirlr' 
capd)ilirirr aatd frmy rdncc. it1 aircnlt 
I w c a ~ ~ ~ r  of m i i h n  ccnccrn. 
.+211 ul t l t w  con~idcrations 3 t rs ta inrd  s u p -  
wnic cnriw. Im.-lnrl prn~tmtion at hiqll 
s p d .  S'I'Oi. rapal~iliry ar~rl l o ~ c  rcrt). 
nnqc - -wpm to cua!wc latcr in drsiqns 
*taitlc w i l l?  of thr corcryts of variahlt. 
nvwp pionlmd at 1.acrcir.i. Brit for t h ~  
tr;*iniutfrr of thc dmatfr. rt-ork ~wnitrtrl at 
a lm + ick-r! d .I< ii* it!, 
Gilt l\'S-l 10 \I .~F icl ini l i l tq to r r r a t r  a 
~Imiqn 'trvdit~itnb. 111 IJW I!l.-ii ~IIC 11m1 
tlV;rc .4\-atrtd Lw a R-32 rrplacrirlcnt \r.it?~ 



thc cap~ l j i l i t y  to opcmtc f r m ~  rsieiillg mu- 
altd to IIW cxisti~~c I ~ I A ~ I I C ~ ~ ~ I I C P  f.:;lli- 

t ie .  It shcntld h.rr.c JI i i ~ i t r i ~ l ~ r r i n  ~ t l i w i u ~ I l t u l  
n l t ~ t  :cc\f .lt jr*.~.rt ri.thhl ~ ~ . ~ u t i r a l  11iilm. and 
a s v t i  thnt 4rtntIrl I T  nc Iticl? ac pwqifalr. 
S~tfn*wwic he! :: m t-r IOIIC c!iet.t~wt-. u it11 
1hr ~ c ~ l ? ~ ~ ~ l ~ i t ~ l l a l  . ~ i ~ ~ . l l ~ ~ f ~ ~ l l ~ i ~ ~ ~ ~  rcll!:f~itt;l- 

tiotls uf thr d~r..  n-~trlttd i t \  ~>mpw.~tc. fur 
~ q a n t i r  sin-raft with itlcn.tlit*li .lrld F C I I I ~ -  

plrx 'e.l~rl~rtr. 71'l~r dt-ic!trrs r%.c.lrb s c - t ~ t  l1.1cL 

10 tiltm Ar.tu i 1 1 ~  !~.7r+. .I~I<! !\3-l was 
~.r.rlrtrrcl t o  fr . . r+i f i l i~r  stotlit.~. 

Sonlf ht1!t-5c;lr1's !,nq~les~l ftlr tht- IVh-1  111 
was tit~dl\- c i i w ~ t ~ .  ant! dtt-r rnr~rl~ tr:~rail. 
lmatt~t- t 1 1 ~  SR-71) pnqfimum wi111 ,111 i t< 

,lm;stri.ttcd lxdiriral .111rl r t r l l l l i ca~  ,:nrt~Ir.urs, 
I t  cl.r:~tru.rllv I<-I mi1 to tlit* I-mrricrpr ni 2 
inixrrl rnir~itc-arlti-airrr-trt f t * ~ .  a t ~ 1  to tl~r 
n~lli~l,ll n.placl.~ti~.~:* uf tl~at 111il; rutirrtv 

111isiiqy. 



is tmcabk to a dwumcnt otjanuar). 8, 
1952, fmm Brll Aircraft Ca, who k t  k n  
b a t d  with the drsign and dcv~lopmcnt 
d thc S-1, S-? and 5 - 5  m a r c h  aircraft. 

'k document i~rl u d d  a propal for , 
tnanocd h\pctsottic rcscareh aircraft usrd 
in alpport of a p r o p i d  S.4CI.A g m i -  
which wwtd Irc fonncd to toaluatc am4 
anal!= thr I h c  problcluq of h~pcrronic 
and spacc fliqht. 
In Juw 1932, S.4cVs Cwn~uitrrt on .4cw 
dynamiu w,vl a rcdution which m- 
~nmdcd that S.4c% ~ ? t r e z ~  its p n q - a i ~ ~  
for the qx& ranye IKn*-en bIach 4 and 
Mach 10, and that it 13d; at mm hiphrs 
\~Imitie. 

1. Fint I~nelr) .  WOL d r l .  chi n~dimtnfary 
aircraft pinpoint4 pn*blcm arc= Im suboqucnt t a r  

pmsram. 
2. h t 3 i r  SW-I, tail-ritlinp VTC)L ded-prnmt 

aircraft. w= rhrrkd in Irrr-dicht rr ?girl fmn in thc 
:W hy ti(Llt. fullacalc wind tunnrl at l a n ~ l n .  

3. Flamins d o  WJS pducrd bv I amjrr propulrion 
for rctor tmtcd on the h n d ~  hrliroptrr 1-1 rowm. 

1Lf-. I C... - -  - .  - . . ' 



h n q l v  sct up a study comtrittcc to ed- 
tntt the Rcll slit er~ri;~ts and a11 accompany- 
inq ptuy-L ;,r a mclet-proprlld, variablr- 
r.*;\rcp nlanrlcd mcarth aircmft. In ad&- 
tion. two ttnmlicitCC1! pqmsals Tor aircraft 
of similar pdonnantc had tu:lrc thrutrph 
tIlc S.JIC-;I, channels. Onr \\-as lor a rw* 
s t a e  vchirlc and tht othcr was for a major 
rndifitation to the r?lb!ins SP druim. 
In %far& 1934, SACA's intrrlalmr;rtor). 
Rmarch Airplane Pa~lcl decider! t h t  a 
compictdy nrw rcw:lrch \chick \\+a the 
better ro!~tc to tn\ rl. ?he pmblml was 
rcfemd to the four S.4c4 lalmratorirj for 
detailed stt~dy of & and rquirrrrncnb. 
Ry July that >;car. the studirs had cq-stal- 

l i t 4  to tk point that two of thctla- b n q -  
Icy's and that of thc S:\C.4 Hiph S p d  
Fliqhr Sratbn 3; Edwads-coutd conrlud~ 
that a 5f ach 7 ccsrarrh airplanc \*-as ftbasi5le 
and dtsiraMt. 
Air Forcc and Sar-y wpmntat i rrs  met 
with their counterparts at SAC4 that 
n~onth and lktcnd to the pmtat io : ;  af 
rhc proposed rrstarth airplane. Fsllowi~g: 
the rnce t in~~  iirldusrn tcatns visited lan~lm 
 to disrtlss rhc p-ls in detail, 
In Octolwr 19.2. thc Cammirtct on Acro- 
dy~k;rmirs held a mcrtinc which p d u c c d  
an mdnwrncnt aT :he XAC.4 ..ap~wls. 
-4ir Fomt and Sa\y joinrd SAC4 in a 
joint t a d  af ddininq the specification. I t s  
rq!iiwmt.nts coil~cidcd qcnrmlly \vi-ith ~ h r  
mrilts of the Lnelr?. study. 

In Ckmtnlx-r 193. SAC.% madr the formal 
preentation to tflr .air Tcchniral =\d\ison. 
Pam1 d rhr Utpanmcnt of Ikfcn,pe. Thry 
a p ~ m r . d  tht idc?. spmif?-in~ that S.%c% 
shut~ld I:c thc tmk i i c d  rnanawa of the 
p-m, and that the pancl itself would 
haw rhr chance to mim prop& drsiqm 
,a hcn arhmittcrl b!- indtatt?-. 
This tva4 foliowcd by a n~cmomndtam of 
undcn!a~dintz arltunc .%ir Frcrc. Y a y  and 
X.W'.-%. rdlich mfa1)lkht-d tlic Rrscamh 
-4irpIanc Cornn~ittct. to di:rct rht proitet 
tcchnica!lv. I.virial steps to\*-nrrl a des ign 
camp-[ition ~ w r r  talicn Ikwznlwr :IC) and 
inlitations for prnp0s.d.; \vcrr wllr to indr~stp-. 

Thr pmposais, tamc in the iolto\vitlr: srtm- 
mrr. and I,? alrtrllnl; 1955 had tmir mat- 
uatcd. Sonh :l~nrric;ln :$\-iatian was 
ar\-add a contract for r h m  S- l5  air- 
craft in Jllnr I93i: Kraction Xlotars division 
of Thiokol Chen~ical C o p .  rccrird thc 
cncinc dmrloprncnt arld pnlrl:~cticln contract. 

\\'ind-lunnrl ~ntinq and tvorli on dwclop- 
nwnt of s~r~rctar;J ron~ponrnts l ~ ~ a n  in 
19.56, and was ablt to pdt i r r  rt~ntrsh rlw- 
rril data to mal,lr ronstnlcrion uf thr 
airplane ro 1-n in Stptnt~h-r 1957. 
Thc first flicht of thr f i  mt 5-15. it1 a ~OIVCT- 

I- cIEdr. \\.as ta Iw t r ~ a r l ~  it1 Jtinr 13.SP. 
SrIC.4. then SASX, did not to fly 
thc 3-13 11r.tiI aftcr it!: drlivm- to thc 
pm-tmmcnt in Xiarch I9M. 
P-mr like rhr S-15. the SR-iO atrd thr 
dr\*clnpn~c~it of srltll conreprs as tlir arc,l 
n ~ l r  mtd vfirial)!r s\v t rp  am thr npvct;~c~~l:rr 
rr idrr~cr d work donr i t 1  mmwh lafmr:~- 
torim. R u t  trhind zhw ta~icil,lr Fonr~s lay 
Innti? ~t iar~-ynrp or c.tTnrt it1 thc* paii~stalii~iq 
d c v r l y ~ r ~ ~ r t i t  o f  ystrrns ir~id cotllporlcmnrs for 
fliqhr. 
Ilrtrirrq thr ~iirllr \-ram c ~ f  thrx nirrrnft 
drvrloplrierlts. S.\C:h cns I;~vinq thr ~nnrrrd- 
work for thr. rirci~drs RC si~pt-m*tl~iic lliqht ~ t \  
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42 militant and co~nmcrcial airpianes that nifieant contributions to rhc dcvrloprncnt 
wotdd sumly follow. of tcchniqtics for prrdictinc fiutttr at 
Canfiquration strzdics, hath mncralizcd and fm"miic and ~ p c m i c  s d s -  

specific, wrm niadr in wind tunnels, de- Additiorlal contributions \\-ere made in the 
\dopcd in rhcov, a d  rvahtatcd tly fli5ht arcas of fatiwe criteria and pr: 'iction OF 
tnls with rocket-propcilccl mdtls, Fan~ilia loads on stmcalres in tliqht a;~d on the 
ol win% planforms for  hi^^ fIig1.t \CCW gmund. 

I dmlopcd, as wcrc control +tmn and WtIicoptcr work, which had b m ~ n  in 
high-lift dcviecs Tor F ~ C  thin SVFP~ surfaces. pionwrinq =flurt durinK I,andcy'5 mend 
Srlch atdynamic contribrdoru to the dmadc. and was accrlrmtcd with the avail- 
science of hiqhspnd flicht as thc 1n:c-wt ahility of the mtw test t owr  in thr next 
horizontal tail. lmated to awid pitch-up dmade, continued in thin ten-\.ear period. 
problems, and i n b a d  ailerons, which wyrc It imw1~ed Riqht tcsts oT thr t~prv machine, 
wort cffcrti\*c and lm srrrssinq than con- to gain ar. apprrciation of thrir hatidline 
vrntional wirqtip conrro1q qrrw out of the qna1i:Ls and to help defin~ rhern for thr 
m a m h  pwat . ls  ar Lnnqlcy. Thy  p\.vcw [:.mefit of riltllrr Cjmiqns. Spwial hclicopt~r 
appIied to the CPnfnrr. Srrics of fightem a id~ i l  rcections r\.rrr. dcveloprd, estrndiiie 
am0113 0 t h  aircdt .  t t~c  Llndaq~entaI work donc on airfoils !)I- 

I b n e l ~ y  in its early \vit~d-tt~nn~I 1%-ork. I n  structurrs, the t\.ork of thr tangley 
labont0l+ 'a!%t acccPrancr I ~ Y  Ib Hcljcoptcr firhilit: a mlch nut m cRCk, 
analysts of flblttm and \<bration pmblelnq. analyZd *,,d dorloprd 
Ar. acrdtrarrd cflofl k a n  early in 1955 p d i r r  it- ~h~ loadr inlp& nlsts 
whrn the 19-It. runnel was m d i f i d  to and rnanctlvers were rxplorrd in flight and 
en'''' '&5 Q' d!-n'mic flutf'r ltlodcls to in test xvOrk on mdcb and fllll-w;tlr rotors. 
made. Thc tunnel then co~rld k mn over 
a qmatct mnm of lfach ntrml~rs and Fundamcnt~I work in hypersonic arm- 

I Reynolds' Numkrs, at an altittrde ran-p dvnaniics pointld the \+ha?- towad thc S- 15 
fmm sea lmul to an quivalcnt or 95,W r~srarch aircraft p w m .  Rut it alm laid a 
fmt. solid ln~mdation for the con~ir~q programs 
Tests like thc ofie condtletd in the modi- in n~annerl space flirht and the h l t ~ ~ r c  nppti- 
fied tn.nnt-I. coupld rcith theurrtical anal?- cations of hypersonic t t c h n o l q  to cointiicr- 

I sis. cnabld Pandcy cnqineers to makc sic- cia1 tranqwrt. 



A laadinp!-!aads tr-ck l m a n  operation dur- 
ing this decade, u ~ ' n ~  a car propelled by 
a high-pressrlrt stwarn of water. The car 
cotild carry typical aircraft landing var,  
and srrbjmt them to the dynamic load 
situations enco~~ntered in aimraft Iandinm 
and arrcsted landinqs. 
The wlocity-gra\~it).-aItit11dc ('.T;H) re- 
corders, installea in man). airmft, prodt~ccd 
data that was t t d  i l l  I950 to tnakc a wol*ld- 
wide anall-sis of atmaspheric turl~olenm 
and gusto to guide aircraft designers iir 

accoirntinq for these perturbations in other- 
wise-steady fliqht rrgi ttles. 
The ffexihlc aainyr, an entireIy new concept 
of liftinq stnlcttrre, \\,as conceirwl jtist after 
the war at Landry. Patrnted in 11918 as a 
kite, the flrxiltlr \vine has gmwn irlto a re- 
~aarkal~lc r.arifly of applications whew 
liftdrar ratio: I I P ~  not rxcecd 3.0. 
This dccadc s . 1 ~  thc sophisticatrd dcvclop- 
ment of one OF the f l i~ht  rcs~archcr's most 
nscl~d tools: The flying-nr&I trchniqttc. 
This qrew all? nf earlier rvorl; in the Twr- 
spinnifii: ti~unel, whcre dynamically similar 
rrtodrls of ai~rraft rtvere forced to spin in a 
a 1~rtic.11 tunnel t a t  srctioti, and the ixhavior 
was photoqmphtd and otrscn*cd. 
Thr idea oi the frcr-qpinninq tunnrI was 
cstrapdatrd to a fwr-Richt tunnel d t ~ r i n ~  
the mid-I 930s. The trchuiqrre was one \ray 
to obtain dynamic stalliliry and co~~trol 
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I .  3ncludcd Smrctum studia m r c h  o i  
at Zanelv 

m c t h d  to mntml failurn 
ot prmurircd fwclqqcs. 

2. Ground loads on hi~h-speed 
aircsart land in^ geam 
arc chcckrd oc this 

hydraulic-jrt pmprlld carriap 
at Langlcy's Landinq Loads 
Track facility. 
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characteristics on a small-scale wrnotcly 
controIld model. By 1931 a small tz~rincl 
had heen developed which was a pilot 
model f ir  later tunnels to came. 
The m d d  work conducted in this primary 
facility led to the constntcdor, of the I2- 
fmt Free-Flight Tunncl, which started '- upcratinq at Langley in 1939. That runnel 

A l b ,  ~ h r n  rhc 
wvrld's fmtest, was 

was ustd until the early I950s, whrn an 

tat& in n d r l  Corm improved tcchniquc was dm-el@ ana 
in thc Langlcy 1ullaca)c applied in the I.angley Full-Scale Tunncl. 

tunnel in 3950. That tcehnique, using remottcentmlled, 
p o w 4  rndcls, is used to dctcmint low- '- Octhe s@ dynamic stability and conrml charac- h v a i r  F-102 btlort 

(left) and after (right) tcristies. It is primarily a quditativt evalua- 
application uf tion, and the data is in the form OF pilot 
rulr HrrC ~ i ~ h ~ - ~ ~ , d  o~inion and motion pieturn of the behavior 
Imrn thr Pilotlclls A.r- of mdels. 
~ d t  R-M~ Station Othcr Fm-flight tcchniquerr were adapted 
at \\"allop Island, Va. at Lan~ley d u l i n ~  this time period, includ- 

ing thc model airplane enthusiasts' U-con- 
tG1 ideas. 1,aag~ev's Control-Line Facility 
started operation in 1955 primarily to in- 
ereax mearch capability in studies of 
transition of LTOC aircraft. Rapid transi- 
tions from verticaI to horizontal fliqht, and 
back again, cart be made with the colatrol- 
line tmhnique. Tcsts in the Full-Sale 
Tunnel are Iimittd to wry slow transitions 
becatw it takes a long rime to ehancc the 
s p d  of thc air strcatn in the tunnel. 
Thc end of tht decade saw the k e z n i n ~  
af serious work nn hype'soaic march.  
The S-!5 pmqrarn was one manifestation 
ol  the driw to investigate rhc uppcr scaches 
of the supersonic flight e r n e  and on inta 
the hypersonic. 
In 1955 L a n ~ l w ,  along with hmes Arm- 
nautical LaLoratary, bqim to drrrlop n 
serics of high-temperature facilitim lor 
materials and structur~~ research. High- 
temprmture problems had been sinFlrd out 
as the main ba.rier to the srtcrcs.ful achievc- 
mcnt of h!.pprsonic flight, and S.4CA 
wanted to tmak down that barrier. 
At  IVaIlaps Island, l,angley was developink 
and 6rinc :nu1 tiple-stqr socket vehicles, 
aimed 3t hishct s p d s  and altitudes. On 
Aupssr 24. 1256, the division launclied suc- 
cessfully a fivr-stace, solid-pmpcllant m k e t  
vehicle. I t  reachd a spced of Mach 15, 
fat into rhc hypersonic reqion and beyin- 
ning to touch the Mach numbers that 
w o ~ ~ l d  IK encountered in ballistic m i d c  
re-entr): Mies and in the return of mcn 
fmm space. 
At thc Langlty Strticturm Rmarch Di1.i- 
sion, work I x ~ a n  dl~ring 1956 on thc arc- 
jet facilities ~vhosc abnormally high tem- 
pesatlrrcs wneratd thc rnvironincnl of 
re-entry Rieht. 'TIVO dotcn of t h ~ w  arc-jct 
facititics suE~srqumtIy wrtr tlmlopcd and 



used in rcwrirch on materials an4 structures 
for re-entn. 
During J~llv 195i, I,anelcl; enpir~eers k c a n  
studies of the 11sc of did - l i v l  rockcts to 
launch and orbit a small payload, The 
purpasc \\*as to develop an inesp~nsive 
Iaunchinr: mhiclc that could be nwd for 
ssipntific sacellitc work. 
IVhat rtsui::l finally from this work was 
the concept and dcvrluprncnt of thc Scout, 
a solid-propellant la.~nch vrhiclc that has 
becn rrsponsiblr for liftinq rilany scientific 
payloads into spacc for qovernlnetrt, private 
industr?; and Foreign govrrnmcnt space 
effurts. 
Late in 1957, Landey pmpmed the basic 
l~allistic Conn lor rc-entrl; from space that 
was latcr to beconie thr characteristic shape 
of rhe Mcrcun caparle. IVingcd and winq- 
Irss qlidrr confi~t~razions for 1nannt.d spacc- 
craft also werc proposed, and latcr ~vould 
become incorporatrd ~ I I  thc Dyna-Soar and 
the .c\pollo pmamtirs. 
This decadc startrd with the first proling 
of t h r  s~rpcl-sonir rrs io~~  11)- a n~anncd air- 
craft, I t  prnqrrssrd, rapidly, throuch mil- 

tine ruprrmnic flishts b!. m i l i t a ~  pilots in 
standard sen-ice aircraft. 
The decade drew to an end with the sudden 
awareness of the importance of space flight 
and thc use of space for exploration and 
defense. Sputnik spurred the rapid rlcvelop- 
mcnt of ideas for vehicics that could get 
men into space and return then! safcly in 
the searing heat of rccntt).. 
The aeronautical techniques developed over 
thc yearn were soon to bc plarcd in the 
senicc of a nmrm technology whose cnviron- 
~ncat  was ~ i r l m ,  whcm tvin~ed flight \\.as 
irnpossihle, where aerodynamic controls 
were uselms, and \vhcrr turbojet endnes 
could not maintain their internal tnirni~~g. 
Rut thwc aeronautical techniqucs wvcrc to 
I>ccomc arilonR the most important contri- 
button5 to the srrcccss ofmanncd spaccflish:ht, 
becallse what went into spacc had to pass 
throuqh thr atnlosphcrr on it9 way thcre. 
And M hat was to catne back frmr. space 
had to Fraveme thr atmosphere in thr f i ~ r y  
nrsh of its homc\vard \ . u y ~ c .  
LanqIcy's work was prcdcsrirrcd for thc next 
dccadc. 





7 0  comprehend aviation's rate o f t rowth  during 
:, the past decade, look back to 1958. Sputnik had 
% just been la.,nched, bat t h  world's air t ra ld  was  
i being done in piston-engined airplanes cruising at 
'.; speeds comparable to those o f  Ifrorld D'ar 2 
! fiphiets. -! 
: There m n  no ,jet transports in operational service. 
: The  gianc airliners o f  the dnp carried 7 0  passcn- 

? 
gns .  More peopir crossed t' Atlantic by ship 
than by air. 
Thcrc were no astronauts. Inhabitants o f  Earth 
hadyet to ste their own planet from a hright 

. greater than n fczc miles. 7/18 .\loon zcas stiil 
. as  far away as the Sun, in tntns o f  what rcas 

knons  about it. 
The  txploration o f  space zras bting dot~e at its 
lotcnfringes zcith sounding rocketsfied urrtical[y 
into thc upper atmosphere. .-I feu1 pionzering 
dizlers, u i t h  SPY-contai~ted breathing apparatus, 
werefindirzg the depths of the ocean to be a new 
f r~n t i e r~ for  e.rploration. 
But  by 1967, thp.jtt tran.+ort dominated the 

; utorld's airtznts, carrping as nracv as 2.0 
.: passengers at high subsonic sperds and altitudes 
4 near the ~trafos~~lrrre.  
f Ervn larger transports zctere under construction, 
j planntd to carry r ~ p  to ten tinres t l ~ e  ntinrb~r o f  
? passegers who sat in the air. ;s o f  a derade 
$ cariier. S~l /~nsonic  transkort~. ZWP bring dcsi'ntd 
3 and built, intended to crursc tlrr tcorkd's air 
3 roates at spetdsfronr trclo to thrtc fitnrs thost of 
1 c f i s t  jr ts  a n d j h m  /our to iir tirrirs as,fast 
$ as thnx  of the piston-~ngined transport.r of t tn f 
4 years curlier. ' American ond Rrission ostro~arits had orhitrd f the Earth, zcniktd in rpact. /~egorrtid nlanuo/ # labor in the arightlrrr, nirless m~lironrnmt, oad 
i* 9 photogra])hed Earth from nltifudts mrasrrrrd 
2 in hundreds o f  milts. 
3 Crnmannd sateliit~s and sbi~ct prob~.r ha(! 
d 4 landrd on the .\loon, /)/~otogra/d~.+d i(s  tinsurn 

side from luzar orbit, and s ~ r z ~ ~ ) ~ d  ,t)orrihl~ 
:fa landing sitrs for manned nrissions tufoiiorc. 8 The ocems of thr rrrrld had htgrn i ~ > i t / d  tl~t-ir 
& drtprrt strre': Ic ~ ~ ~ ~ t p r n a t i c  sri~trt$(. ~.v/t/orution. ..., 
b madr possib!e rn nrnly instances i !y the sattrc' 
: Ainds of It, hr.ulogi~s that had f td to tltr con- 
4.: 

quert of rhr crir otrd qf space. 
,T: T ~ n - > ~ r n r s  rariirr, jut propulsion and srtteptbnck 
8 
: zclings rcetrt Jortnd on c~ot~rhat aircraj, and on the 

.few jet tmnsports that were just entering ser:ice 
ulil/~ thc world's airlines. Supersonic fltqhf 
u1as the ncar!~ exclusirr proziince o f  a f ew  rnilitn!~ 
pilots, and the tirajorig o f  stipersonic flight timc 
had been loggcd at speeds zuell brlozc~ ,2fach 2. 
But gradually, thc tangible ec'irlencc of progrc.o 
b q a n  to sborc.. In October 795S,.jet /)assengrr 
seruicz tclas started across the .IVorth Atlantic 
by Britisir Orrrseas Airtcajs Cor)~., and tirat 
ymr, f i r  tlreJr.irst tirne, more pas~zt~gtrs crossed 
tire .Qtlantic by air than crossed ty ship. 
Zn l W ,  tire ApoNo project u4ns oflctal[v an- 
noun,.d, and t /~?  Echo satdlite, an irflatable 
bafloan for spac.eJlig/rt, tiqai launched succesfrtliy. 
Cch. d ian  3. Shepard, j r . ,  becamu .4rrrtricn1s 
, p r t  astronaut zuith a sub-orbital Jligltt as /)art of 
Profert dlercury in 1961. 
Four /~iiots o f  the >:- 7.5 rpsearrh airsraff rcton the 
Cuirlliu~ Tro/)l!j? for 1%:. .I1 qj. Roberl It %ite, 
L7S:1I;'; Ccfr . Forrpst Petzrsen, C XV;  nrrd tztlo 
cil~ilian pilots jronr the ,l>tional dtronatitirs ~ n d  
Space .-Idnrinistration, Scoft Crossficd and 
Joseph I 1 'alker. 
In June 1M3, President John I;. A-ennrj~r 
announcea' that the 1:nited States was p i n g  to 
develop a srr~)ersonic transport. Iti Ff:,ance and 
Crtat Britain, a Euro/itnn cottsortitrm o f  o ir t - r f i  
ttranuforturers ait t -ad~~ i~c!as hard at IL'OTA. bui/(lit~g 
(d supersonic. transport, still scl~edrrlec! to fi P ~ J T ~  

in 1968. 

O n  DPC. 17, 1.063,~jrist 60prars n f r ~ r  t/rr l l i ight  
brothzrs took to the air i? hesitantflipht ozler the 
sands of h-it!), Hawk, L o r l ; h ~ d j ~ : c  for t lrt jrst  
tirnr its nerrrst irtat;y cargo carrirr, the C- 731.4. 
Other labors at Lockheed itltrt unzteife(j tn an 
aard /)ublic rc.ltm Itre -4-11 rrcas annorinceti tor!p 
in 1964. Thilis .\loch .3 airplanr possess~d mricir 
o f  thc trchnologv that could corlttihrrtt to thc Oe- 
r8elo/)niml of a s~d]~ersoni(- transfiort, cs/~cciai!y in 
the ktrorrfedgc o f  tlrt /)robfrms of' s~rst.~inedjiglrt 
at the tri-sonic $ / i d  ichicF .',as the ,:on1 of the 
Li. S. S S T  program. 
The  .YB-70 madc itsJirst,pight, rrnen flrouglr the 
aircrafi tc.ns ohsol~te fronr thr 4~1 it rollcd art[ 
o f  thefac1ur11 into thr briqht California sunshine. 
Ttceo nircraff, zc,hich oit 'd ~ ) I ~ I c A  qf tlttir 
conccptrral cfesigns and d tr~~Io]~tnmt  zcqork to 
L.anglfv, madt firs I J?igtrfs i n  196.f: T h r  
Gnrru f  Dynamics P 11 1, a r*ariahlc-srt~tb 
figtltcr, n?rt the tri-srrrticc I *TO I, tran rbort, thc 



I n  January, 1.W7, ranfrcih for tlrr dc~~clo~mmt 
and ranstrnrfion fl a Lr, S. ntwsonir /runspurt 
tucrc nlrar(1vd to the Ifneing Cutnpvy,,for thr 
oirjramr, and to tha G r ~ r m l  Efrrrric Cn,,.for 
~ 6 r  ,!rolt~rrfilnnts. R uoa.r nn air,h!nnr i r r i f t~rd  
ororrnd flrc r o r ~ r / ~ t  o f  twrioblr arartplrork rLt hnd 
Qrtn onr of tlrr nlnjnr trclmatn~irnf ndtnnrc~ 
/Irrdofwd e y  fhc . tbtiana/ dctonnrrlirs and .C* 
Administration, it rrlnr intrnritd lo nuirr  
--onon,ir~I!~i ot tlrrrr fimrs ~ R P  + r d  aJ ~armd. 
Early in h i s  dtCat!f, Iht .fiktinnal ~tronart t ics  
on6 Spncr :ltiminis/m/ion r r ~ s ~ f i r t n r d  from rhr 
.Var!irnal .,id113 rot7 Cnrnt~li~trr .4rmttnrrri s 
and n! l~n  rrsrnrrlr orroni:dionr. 'I /!at mow tt7o.r 

R rtspo~~.rr got0cr)mrrtd tn t!rr n,/t,huwnt Rrrssian 
Itad in s/~arr. It rrint n mow that rt-orrltf rftangr 
the purr nrt,l Iht  rvlcnt ?f s/mrr rtsnlrrk nll nibrr 
thr rrqodd in tkr ,jlrars t o , f~~ l !o t i . .  ;lad, inrr~italrly, 
it also ~ c w s  t n  rhnag Ihr' /art and tl,r tvtrnt nf 
urrannv!iral' rtrra~r.h in  !h* 5 kifrrl Slnfer. 
No one action triqqctd thc csplosisr gro\rlth 
of spacc proqralns in t l~c  Unitrd 5ratr.a 
Inore than the Klissian latlnchinq of thc 
Sputnik 1. 
Hardly a ~notlth p a d  aftrt- iis srlcc~ssf~d 
url)itinq ~ h c n  frrsidcl~t Ehvi~ht  11. Eiseil- 
ho~t-er annotunced the appoilit~lrrrlt of Ilr. 
Ja~nex R. Killian, Pmidrlbt of thc h3assn- 
clttlwtts 111stit~tr of Trcl~tiolaev, arc a zprrial 
wic:~cr attt.!.wr to thc \t'hitr- NO~KC. 
This wa* follui\*rd It!. a Conqnassiuilal itr- 
vc.;tiqatiujl of tl~r L'. S. tniasilr ;11d spacc 
procrnmr and thr forutatioi~ of r.urcia2 
comrnittc.cs i , r  E loth I~olrars or C:onqrrss 
charqcd with ~ h c  respnnsit~ility Ior spzrr- 
affairs. 
Tht r\nlcritat~ Kockct Socirty and thr 
Satiwral <\carlr-tny of Scir.t~cr.s ,ioi~~crl in 
rrcor~irt~rndinq the erratin11 of a Sational 
Spacr Lstatllislii~lcnt. 
Ir. Janr~aq 1!,.51tl, thr' Prrsidrj~t's Statr of 
thr L'nioti ,~ricsss~t. to C:O~IL'~CSF tolil OF t l ~ ~  
crcatiotn of tElc ;id\.ancrd Hr.ararh Projccts 
Acrrlc?. to gatlrcr toqvthrr all of thr 
atiti-artissit.* aucl satcilitc aciir.itirs it1 tl~r 

I.atrr that nronth. tltt Scnatr Prrpat.r<l:*mq 
!tivcstiqalirrq Sr~l)co~i~iriittcr SII!JH:~~~LY~ it 

~ t ~ ~ i ~ ~ l i t ~ i c ) i ~ s  repurt tvhicl~ n~kt t !  for ~IIP c!.t8a- 
tiou of i l G  ii1dc~tc.nrlc11t sparr :\griir! and 
tllt* urqar~iza~iol~al o\'t-t.hrltll of all ii~i~rsilv 
and spar*. prac;rartls in rllr. fcpt .  of I)rlrlw*. 

that all ~lolr-~rtilitary space activitics t r  
~athrrtd toscthcr illto a c iv i l i e ,~  3pncr 
aqcilcy, mins as its ro~~~tdarion rhr Sntitwal 
Adviaoy Coitimittrt~ Inr :\t+rol~a~itics. I'rr-si- 
dr.rl~ Eiwnho\r.rr :~,~pro\'rd !liar rr.cotl\:tlcn- 

dation on h I a ~ ~ h  3, 1!138, atvl u i ~  April 2, 
1958, wnt his Iti l l  Iot* thr clnl,liah~nctlt af 
thu civilian aqelrcy to tltc Colrqr'css. 
Rctween then and July 16, Conqress de- 
veloped thr leqislatinn that was to hccome " 

the Xarional Aemllautics and Space Act of 
1958. I t  wr19 signcd into la\v Ijy President 
Eisenhower Jlrly 29, 1958. 
In part, Eixnhower's statement on the 
signin! of the bill said: 
"The present National Aclvimry Committee 
for Atronautics (NACA) with its large and 
competent staff and trvell-equipped labor- 
atories will pravide thc nucleus ' s S.4Sh . . . 
The coordination of *pace exp  ration 
responsibilities with S.4CA's raditional 
seronauticzl m a r c h  h~nctians i s  a natural 
evolution . . ." 
Eiseni~owcr rlonlinatrd Dr. T, Keith Clcnnan 
to JJP the first kdlninistrator af the rr*\tt Xa- 
tional Aeronautics and Space Xdmini3tration 
and XACA Director Dr. Huen L. Dryden 
to be zhr Ur.puty Adminizttator. Theii 
nomin~~ions were approved artd conflrrned 
by Cong:.ess; thc appointem were sworn in 
Augtat 19, atttndcd the last nlcetino: nf 
h"AC.2 two l a y s  Liter, and--on Cctoller 1- 
opn~erl the nrw agency for huincss. 
Thew ~lrradg had Iwcrr rvidencr that t l ~ r  
natural c\-ohrtinn Eiprrtho\rPrr rctcrrd to in 
!-is statcnrrni was no fiqr~rc 0.' speech. Rc- 
Forr the ratald; hrllrtlt of ShSA, nlannt~d 



mWllite progranls had I n n  ronsidcml by 
N A C  ricntists, and the work had gonr 
lar c n o ~ ~ g l l  to rreoqnizr sonlr o l  thr pro])- 
l ~ m s  of the re-entry of mannt d v~hicles 
from orhit. T h w  wlutioas h ~d bw. 
p ~ p o s c d  TIP ballistic capsu!t with he. : 
shield, thr hvpcrsonic ~lider,  and the liltinp 
b d v .  
NASA waa assigned mi>. ~isil~ility for the 
U. S. rnanncd space 1. ght pr:..yram in 
Au~ust 1958. In its fint wcek d t.uistcncr, 
NASA orpxr.izcd the Space Tit& (.mop, 
and based it at Lanql~y. It i11c luded 45 
scientists from the Langlq a11t1 Lewis 
Research Caaen. 
Many of the Lanqlc) mcmb*~s of the ?par 
Task Gro~tp staff ltcw no stran ~ c r s  to the 
problems of lnaan~d space fliqb t. B~forc 
thr Group was organized, they had de- 
veloped the concept of thr "l.it11r Joe" 'test 
vchiclr, ~vhfch hrcame a workhorn of thc 
Mcrcnn proqrani; they had sliown the 
lecsibilit!. of a ~nanncd satellitch program, 
wins rx is t i~~g  intercontl..,qtnl hallistic 
rnissilcs for launch vehicles and the t:alIistic 
rc-t m~try shape as the crew capsule. And 
the contour couch concept-lar~s uwd in 
all thr sparc uapslrlrs' crmv pm~tions-had 
been concei\*ed and built at Lau~lcy ,  and 
tested to provc irs feasiljility. 
Thry had ds-ftrd tlre pwli-~linan specifics- 
tioris for u lilt was to hecolne the hfercltry 

1. S-15 lat~nch trrhniquc 
~ * a b  inun~ip..? 3 ill thr 

wren by trn-foot w;nd 
funnel at Lar+ :lrv wirh 
one-tu-mtirth rratr 
mad..h. 

2. X-15 mdcE in Lanslcv 
auprncnic tuncrl, 



program in June 1958. \%'hen they were 
appointed to the Space Task Group in 

Langley to the space effort are snn~marized 
here because they illustrate how the basic 
knowledge of aerooautics, aeqtlired over the 
yean, evolved into solutions to the problems 
of space flight. 
More t h a ~  that, they show that Langley 
was able to make tnajor contributio~is to 
the space programs while still ~naintaininp: 
its leadership in aeronautical resei;ch. 
The handling of such diverse proFrallis as 
the responsibility for a nlassive electronic 
network for tracking a spacecraft in orbit, 
or the deselc?ment of an inflatable space 
vehicle, is a tribute to the oqanization of 
the Langley Research Center. 
These tasks were often tinder scientists who 
worked on a space problem for one week 
and then switched back to aeronautical 
tasks or to re-entry physics. The work was 
done while the entire Langley staff was 
occupied with the problerns of reorganiza- 
tioil u n d ~ r  NASA, with the pressure of 
expanding staff and taciiiiis;, and with the 
prcblen~s of co~~tracti~ig for and ti?onitoring 
or managing progranls with outside i~iu~str ia l  
contrac:ors. 

August, they were ready to ga. 
After that date, they designed the "Big Joe" 
test vehi:le, proved the feasibility of 
the ablaiive heat-shie!d. and developed 
p-ocedure trainers for the Mercury astro- 
nauts which were the foundations for the 
cotnplex silnu1ato1-s of later space flights. 
In support, Langley Research Center took 
on the responsibility for planning and 
contracting for the Mercury tracking 
network. 
Langley scientists developed supporting 
programs for manned apace flight such as 
Project Fire, which investigated the heat of 
re-entry and its effects on materials; 
Project RAM (Radio Attenuation 
Measurements) which focussed on the 
pm' lems of transmitting through the plasma 
sheath formed around a ~e-c;..tering space- 
craft; and the development of ififra-red 
sensors to tell a spacxraft which way was 
UP- 
The automatically il?flating satellite, like 
the huge Fxho balloon, was a Langley con- 
cept and development; so was the inflatable 
space vehicle, which was one approach to 
the problem of housing men in all orbiting 

The basic s~:idies of supersonic cruise air- 
craft configurations that Langley had I,ee11 
pursr~ing for sonle years began to point 

laboratory. toward two major areas early i~: this decade. 
Reentry speeds as high as Mach 26 were 
achieved in multistage rocket firings from 
the IVallops Station in a study of the prob- 
lems of that unique phase of space flight. 

First of ,hcse \\.as ;it? multi-mission aircraft, 
a concept of a design that ~vo~ild I,e eqr~ally 
efficient at high and low speeds, arid at 
high and low altitrtdes. This thit~kinq led 
ultimately to the current fonn of the The corcept of rendezvous and the staging 

of a space flight from an initial established 
orbit was studied by Langley scientists who 
established the value oi the lun~r-orbit 

variable-sweep wing. 
The other area was thc development ot' 
confiy~rations for a su?ersonic transport 

rendezvous, which is the foundation of the 
entire .4pollo program, and which made the 
Apollo program feasible with the available 
sizes of launch vehicles and crew capsules. 

whicll found application to the Boeirig 
design. 
In support of both these progams, specific 
soltitions were found to many of the per- 

More recently, the highly successful Lunar 
Orbiter series of exploration satellites, de- 

plesing prol,lerns of srlstainrd supersonic 
flight. For example. the str~dics on air inlets, 
nozzles and exhaust configurations, made signed to transmit topographic. information 

ahout tlie l~lnar surface, was conceived at 
1,angley and the development program 
managed by Langley scientists. 

in the Lanyley tunnels, have been adapted 
by industry to the designs of the latest nlili- 
tary aircraft. Base drag studies, initiated 
as part of the TFX (later F-I I I develop- Project hiercury grew into Prqicct Apollo, 

in which the first announced goal was 
simply to sustain 311 orbit around tlic carth 

m, .tt): made a major contnht~tion in the 
urag reduction program for tnat airplane. 
It took a while before the proqrams qot 
this specific, however. In the early months 
of this decade, the work on varia1)le-swccp 
was almost entirclv confined to co:n~nents. 

or the moon with a multi-man cre\r.. It was 
later expanded to tackle thc jot) of ~iianned 
lunar exploration, and Project Gemini was 
estal>lished to solve some of tl~c ~ r o l ~ l e ~ n s  of 

discu5;ions and tests on  the variable-sweep 
Swallow concept, drvelopcd in Great Britain. 

orbital rrndezsous and dockinr; that wo~lld 
characterizr the advanced pl-ases of the 
Apollo program. The Swallo\v concept was cnco~~raqrd by 

Langley personnel who were asked to 
comment, and I~ecame the initial 1,asis for 
a proposal for a joint research proqram. 

This is properly a history of aviation and 
the developrncnts and cart trit~utions of the 
NACA and of NASA :o the scirnccs of 
aeronautics. Br~t thesr contri1)utions of The 16-ft. transonic tr~nncl was to l)r uscd 



fur some tests of thp jet cxitg and othcr 
tests. featurinq a Landq-stiwtcd madif - 
cation rf thc Swallow, wcre to IK ma&. 
Candey tmk on most of thr jol, of con- 
flz4lctil3q tlic m d t l  and cand~~ctinq the 
wind tunnel pwrams. Thc dmornpmition 
pmcss or h y d m n  prros~dr tr-3s ~ r s ~ d  to 
rimrtlztr jet cffccts in thr tnnnr-1 trsts, and 
the Lavrgl~  m d r l  of thc Stthallar* i a  rc- 
t n c m t ~ ~ m l  talav as onc of rhr inoat cornplex 
cwr trstcd at the lalmrator?.. 
For various maeon c. thc Swallow ~t*ock was 
dropped in favor of a configi~rnticrt~ with 
m ~ i n m  it1 the fiisela~r, and tcsrs wrrc con- 
tinuetl ,o stiidy thc characteristics or variallle 
zmmctr)-. 
Thc trsts t i ~a t  had Iwrn madr on vnrialllr- 
nvwp ~nwlrls indicatrtl that rhry a11 sr~ f -  
f e d  imin ntaior changes i r l  stnl,ility as tlw 
wings w.crrtm slrcpt. This was ihr. rraso:r that 
t h ~  Rrll S-.i aitd f;ntt-irnan SFIOF-I 

3. Nw aslatit-e mating 
for X-15 rhanp phc's 
mEor fmm black to 
white. 

will- wrre tmnslatcrl ionvard as they 
IYC~C nwpf art. 
This war a rnerhanical comptc?rity that 
$AS:\ cnSinwm l>eiir~-Pd ttlcy rofitld do 
rr+ithol~t. arid thrir tmtinq itinid ro3casrl 
that v.11. atliotaq othrm. 
Paratlrl analrtical stl~dir.~ on span-ioadi~~q 
done at I.anclcy showed that if thc pivot 
points wcrc r~ovrrl tl~~tlward, instrad of 
kine or1 tilt. crntrrlinp. thc atal~ility varia- 
tion cnuld IH. mirrcrd coirsidcral)l)-. Somc 
rxprrilncnzs IVCFT donr 011 a model ot this 
kind of co~lfistlratiotl and rhcy pro\*c$ the 
hasic idra. I r  was to Ilr the kc). to the 
srlcccss of the varia ttlr-srvrcp idea. 
Thc orrtlluard pivot madr i t  possil~lc to 
swwp the wings ti\rouqh a Eaw atlqlr 
without any n d  for translation. Fnrthrr 
trsts sliotr~d that ai~prnonic c r ~ ~ i s t  pcr- 
f~rlnancc patcntial was practically as a d  
as rhc Iwst d~siqn-point cri~isr conftqnratintls 



dt~tl~qwd rarli~r. Mach i~t~ndwr lor SIxh 
ni~rnlwr. rhcm was lirrlc to r i m  ~ ~ I I I  

EK~\V-II I ~ P  v a T i a t v I r - ~ ~ ~ ~ q ~  aiqllanc with 
ontlwcd pivots, a ~ d  the Imt tixd-w*inq 

In mid-1959. the Sat? wae mn?ci.lcrin: an 
aircraft For a mntt~ar air patml ~ni*im?, and 
S.'rY.-t condrwtrrl a brirfi11q fur t q ,  hauy 
ofliccrs a d  flair on r he varint Jc-sweep 
confi~rrution ati~dir~ rhat had tm~l dc- 
\rlopd to that point. 'The applicd 
to 3hc l a y ~ t  of a Xacti aircraft wrizhioq 
50,011L) 11). whish was to \w capa l~ l~  DL d m u ~  
rhr combat air patrol miion-pita hi&- 
altit~tde attack. and :a-lwrl strike nlis. 
sions. The torwcpr oh rhr tniiltirnissiun 
aircraft ~ t l r d  Icitsiblt-, in thr lirpht of tl~c 
avrriIablc data on variable marep. 
Tic Satg airplane, crtcn thoiieh it was a 
paper dcsi%n had on limited wind-tunnet 
data afrd a paper cneint., shmvtd so rnuch 
prtdonnalwt. ptct~tial that i r  cmnplctrly 
oi~trlassrd any wraprl ?stem rhrt~ !win< 
biilt or pianncd. 

The bricfing was reprated for the staff of 
the Air Forcc Tactical -Sir Cmlmand Hcad- 

quart- jun acrrns Lanqlcy Edd, and 
fhr)'  ruwd that rk wnrral staff m i x -  
the same bricfing. Thi done* XN.JS:\ team 
prmcntd e n t i a l l y  rhc sjrM material in 
a scrim d briefing ta indtrstrlr.. The?- ralkcd 
to tight major acmrpacc contractors in I c n  
'than o m  month, quaint in^ thnn with the 
rampt and n~mmarizinp: rhc march. 
Mow mid-.4ngwt 1959 Zangey m i r r d  a 
Setter stating that s h r  Air Force Rearrh  
and ht loprncnt  Command wm kine 
aslid to "take a fi~rthtr mart dctaild look 
at your variable-nvep drsiql~ conccpt as a 
-blc solution to .%ir Forte ~zriwmenzs.*" 

-4 second ta:nd a!' bricfinm p~nrt~tinc some 
no\- data, was mddr to i:rdrutq k t tvwn  
.Scptemlur 1959 and Jal :!a? 1!W. firtinp: 
a Savy brififing. Idngky sricnticts pintcd 
out that thc ftlii potc~irial or the varia!4c- 
5\1*ccp dcsipn \~*uuM k t  k ~slizcd if 
thcrc twrc a co~nplctrly not- arrholan 
tnqinc around which to build thc airfrarnc. 
hrlapmcnt  work continu- 3t an MECI- 
cratcd pact, and t q n  to center on the 
rrquirrmrn~ of Tactical .4ir Comn~and for 
a fi~htcr with rxtre~itcl?- hiph pfrfunnnncr 



at Imr. aititudc and the capabilitv of ex- 
t m r l y  lone rancc. ~ a n ~ l ~  d r r k q d  a 
srricv of deign Iaymth padlclinq a similar 
dcsiw stt~dv dun? by the h i r  Fmc. Tht 
four models were compktrly drsimcd in 
dctai1 of acrdvnamic con6mrratinns; sralc 
modcls twrr I~uilt in thc La~~dcy  stops, 
trsrd at tramaic sprrds in rhc cipht-faot 
tr3rl.wnic p w t m  trinnrl. and the data 
arAd,!scd and Nwn to t k  Air Fomc at 
ICrieht Field-all in the timc d 13 days. 
It was called Projrcr Hun?-Cry, and it 
l i d  tip to its name. 
Brirfinp, a mend p b c  oi "Htiny-Cvp", 
  no re ana!!m, studits and tests fatlmsd 
rapidly. Free-fiiqht t e r s  wcrr ~nadc with a 
model of onr of the Savy confiqtntions in 
thc hlll-scalr tttnnrl. in a paccrrixkinq cx- 
prritlsnt in the d~~elopmcnt d variable- 
wep aircraft. Swcrp anqlcs rvcrr r a r i d  
fmli 25 dm. to 73 dty. dttrinq fliqht, a d  

This work, t5c r q ~ r i m c n t s  af the Sat.? 
and rhc Air Fartc. and the stadirr. cola- 
dtzctrul It!. thr ~nilita? wn-ice and i~~dtstry 
finally coalmrd in Ft - lmla~  I !Wl. Sr<rc- 
ram of Ikfc~lse Ratwrt $. 1lcSa1:lan 
s & d  that rhc req~~ircrncnts d rhc Ann?; 
thr S a q  and thc Air Force lv cmnbincd 
illto a tri-srn-ice tactical figl~tcr. 
Thr brtaikd rton- of thr TFS pmqram, as 
it was fimr callccl. ztld if< n * o l ~ ~ t i o ~ ~  into the 
E-I 1 l tichtt-r dcsiqn, has I n n  told Iwfow. 
LanqIrv's part in :he pmtpnl was played 
from thr start. in thc dwclopmrnr of thr 
conrrpt of 1-a-ariafllc-svtpp that mad? thc 
~nd~i-mission aircmtt-of which thc F-J I 1  
1.35 illrendd to IK only onc cxamplc- 
feasible. latc'r Lanqlr!- studies provided 
wfinetl dmiqn data and waE~rarions lor thc 
rnilita? and ind~istry. Finally, Lanslcy 
cncjnccrs attacked sprcific problem arc* 
in thc choscrt rlir;icn wen after prototypm 
ha4 Ewcn htlilr and flown. 
Tntr in 39.59, a tcarn from Lansicy Rcscarch 
Crnter a~mntarizerl tht. technical sratln of 
thc srtprrsonic transport in a lt*ashitletan 
Ijricfinp for I-t. Crr~. E. R. Qtin;lda, thcn 
rhc hcad of rhc Fcdcral :\riation hqcncy. 

Thr pdtlt in time of tl~e pmcntation was 
just ahcr a ra~rnd of detaitd irrirtinqs of 
rhc rnilitay and ir~dtistr)- on the potrntiat 
of thc variablr-nvccp callccpt. Thc intro- 
duction to the snprmnic tratlcport rrpott 
statrd that ". . . if thr minion involvd 
fliqht at only the drsian sup~monic speed 
and cnrsinq altitude, and if no crncqcrrcir~~ 
cwct.rmtl, iutcrcontirrnt.~l ranr:@. of catn- 
nlcrcial intrmt and i~ilportanc~ c01.11d hr 
readily achi&. 'rhc intcrrndiatc range 
throzrqh which the airplane mIrst pcrlonn 



to r u c h  its supersonic cruise speed and 
altitude and to descend therefrom, how- 
aver, i m v  problems that must be sdvtd. 
The research status as of today indicates 
that the proper solutions to the &-design 
problems can be provided through m e  
fonn of airframe variable gtometry-such 
as variable swtep--in combination with 
an advanced fan-type propulsion system. 
The present research position is that no 
fundamental problem appears with regard 
to tie offdesign conditions that cannot 
be d v e d  by concentrated mearch effort." 
This landmark report, p u b l i  later as 
N.1SA Technical Note D-433, "l%e Super- 
sanic Transport-A Technical Summary", 
went on to diiuss the pcrfonnance, noise, 
structures and materials, loads, flying quali- 
ties, runway and braking requirements, 
traffic control and operations, variable- 
geometry designs and possible areas for 
performance improvements. 
The presentation signaled the time to begin 
serious work on development and 'constnlc- 
tion of an SST. \Vithin weeks the joint 
iriAS.4-FAA program was well along, and 
within the year, the first contracts bqd been 
let for development of components for the 
power plants, pinpointed as the pacing 
proulem in the SST program. 
As in the case of the F-I 1 I ,  Langley has 
made many contributions to the develop- 
ment of the U. S. supersonic tramport. 
Langley scientists have advised on the 
milltitide of problems, conducted theoretical 
and esprrimental analyses, tested models 
in trlnnels statically and in free-flight. But 
perhaps the majorcontribution d Langley 
to the SST program \\-as its socalled SCAT 
series of configuration studies. 
SCAT-which was an acroriytn standing 
for Supersonic Commercial Air Transport- 
started with program status at Langley 
sotcetime duri~g  1962. Its purpose was to 
develop a configuration that would meet 
the uniquc reqi~irenients of a ccrnmercial 
SST over the anticipated performance 
range from takeoff tkroilgh climb, cruise, 
descent, holding and landing. One goal, for 
esarnple, was to develop a liftdrag ratio 
mach greater than that of the R-70 at 
cruise. Other aims it~cluded the ability of 
thc final config~lration to operate at off-design 
conditions econonlically and efficiently. 
The Langley studics settled down into two 
different approaches early in the program. 
One of these used a variable-swerp wing, 
and designated SCAT-1 5, it hecame one 
of the foundation stones of the entire SST 
program. 
Thr other was SCAT-4, a fixed-wing proposal 
that carcfi~lly integrated wine, fuselage, 

engine and tail into a highly-wept, cam- 
b e d  and twisted aircraft design. The 
purpoet was to minimin the wave drag due 
to lift, and this approach pmduced some 
design ideas that werc later extended to 
other aircraft schemes, but have yet to see 
application to an actual design. 

Bv eariy 1963, four SCAT geometries had 
been selected as worth pursuing further. 
They imluded the SCAT4 and SCAT-IS, 
joined by SCAT-16, another variablc- 
sweep proposal that evolved from the 
SCAT-15 work, and the SCAT-17, a fixed 
delta-winged layout with a forward canard 
surface. This latter vcmion had been 
developed at Ames Research Center. 
Industry investigation. of these four con- 
figurations, done under NASA study con- 
tracts, showed that the SC4T-16 and 
SCiT-17 had the most favorable per- 
formance. They were to become the basis 
for the two competing configurations 
dm!oped Ijy Bocing and Lockheed. 
There was a tremendous di\-idend paid by 
the SCAT and related configuration-study 
programs. Theory and es~eriment pro- 
gressed side-by-side, with continuing feed- 
back from one to the other. Gradually the 
theories were modified to allow for the 
real-tlcnv conditions. .k the aerodynamic 
efficiency of each design began to improve, 
so did the ability to predict that efficiency 
by theoretical means. 

This narrowing of the differences between 
theory and esperiment, began to yield the 
capability first, to optimize, and then, to 
predict, thc arrodynamic characteristics of 
a wide range of aircraft. 

During 1964, this ability to predict per- 
formance was dei.eloped into a computer 
program. In application to the SST designs, 
it became possible to p d i c t  the airplane 
polar diagram-a plot of the lift coetficient 
against the drag coefficient-within an 
accuracy of three percent. This aerodynamic 
revolution rnearlt that a wries of cot~figi~ra- 
tions could be investigated in a fraction of 
the time it formerly took. Small changes in 
desigli details could be worked into the 
cotnptrter program and their effects on 
overall perforrnance predicted within a 
matter of hours. It fortnerly took weeks. 

A further estension now makes it possit~le 
to use the same computerized approach to 
calculate the perforrnance of a dcflected 
airplane, that is: one that is distorted due 
to its response to the loads of rnaneuvr~ing 
or of rlnsteady flow. 
Finally, the computer progranl can he 
rnodified to produce an orltpilt which 
gcomctrically descril>es the airplane con- 





on thk unpowm+d mdpl 
of thr F-l E I. 



figuration under test That output, con- 
vert~$ to a pw~hcd t a p ,  can hc fed into 
tape-controlled machine tuoto to prcdu~cc a 
wind t~~noe l  modrl of thc confip;lrration 
study, again within a matter of hours. 
But the cltamt of acrcrdgnamic configura- 
riom with thc minimum of wave drag still 
would pdttce  a sonic b m .  Langlcy 
mrarchrrs have h a  working on that 
pml>lcm in a variety of w a p  sinec the early 
stages of the SST pmgram. 

" 
'I'heir studie haw 1mn analytical and 
nperimental, as is c~utomar)- with many 
f~ngIcy programs. kleasvmncnts wcre 
made of sonic hdMn irltensitics in fly-bys 
of supcrsooic aircraft, and the mults com- 
pared ra theor).. Tiny wind tunnel models, 
smaller than 2 tic-tack airplane, wrre huilt 
and trsted in supersonic wind tunnels at 
Tangly tc dctsmine the physical charac- 
tcristics of thc sonic Imrn and tht paramete.3 
that catlsed and changd its nature. 
Et~dnetring ingnuit? has made it p i b k  
to fly the siipersor,ic Itansport twfore it is 
eve11 built. Thc pmtc,typc Roeing 70740. 

C - ,- 

which had hen utPizrd in the p w r n  of 
I 

1mmldan.-layer control, was funher modi- 
ticd into a variable-stability airplane, w h w  
handling qualities could bc varicd to 
simulate the approach and landing charac- 

51 I 
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teeistics d the SST. Langley pilots flew the 1 
nrodificd airplane in a series of tests to 1 
wal~tate the parameters of the SST, and 
haw analyzed the data for iad~atry. 

i 
A joint air M c  Jirnulation program, 
stud~ing the pmblcms of integrating the 
suprrrwnie transport into existing air traffic 
control gstrmq has k n  undcrway for 
mcral yean. The coekpit simulator is 
located at Langlrj, and it is ticd into the 
F.4A's air traffic cm~trol simulator at thc 
National Aviation Facility Experimental 
Center, Atlantic City, N. J' 
The initial test program was planncd to 
study the h v a l  and departure operations 
of a typical SST-the SC4T-I 6 confipra- 
tion was used to establish the flight charac- 
tcristics-in and out of the John F. Kennedy 
International Airport. 
Expcticnctd, professional airiinc pilot crews 
from LTnitcd Air Lines and Tram World 
AirEina flmv thc simulated missions, work in^ 
the SST in throuqh inpoming and outbound 
flights during peak traffic conditions of 148 
operations per hour. These were pionca- 
ing fli~hts and they quickly delincatcd some 
of the irnrncdiate and long-tenn problems 
of SST operation in terninat areas. 
Tan~lq ' s  lonqirne experience in stnlcturcs 
and mattlriab play& an important part in 
the scmning and sdcction of cadidate 
matcsials for the SST. Thc standard tcch- 
niqkics of metal tcsting w e e  tzscd; apccirncns 
were heated to the opcratinp: tcmpcratum 
OF thc Mach 3 transport, s\tl~jectrd to 
cyclic or to steady-state temprrattlns, and 
tcsted at pcridic intcn~als to deternine 
the dctorierarion of physical proptrtics. 
Othrr spwimens, which had ! m n  subjeztd 
to thc he:.ir~g cyclcs typical ol  a number of 
fliehts in ,n SST, wcre chccked at m m  
temperature for fatigue properties. 
Some of thc tanql~lc). m a r c h  in subsonic 
acdynaniics i s  coricernd with the dccclop- 
rnctlt of advaned confipiration concppts 
for aircraft. This msearch could hc aimcd 
at mother tgcncration of subsonic trans- 
ports, For c~arnplc~ but w~.rld prodl~cc 
cn~isc spccds hisher than thox of cxistinq 
jct transports. For czarnplr, crtrise sprcds 
of Mach 0.98 appear thcorctically frasikr2c, 
cornpard to thr erm-cnt avcrap ctuisc 
spcrrls ncar or Just helow Mac'! 0.8. 
One major contritn~tion to s~lch a per- 
forn~ancc incrcase was thr drvcloprncnt 
of thc s~rprrrritical airfoil at the Ianglry 
Kcsearch C:cntrr. This canccpt crestmi a 
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scrim of speia2ly contourtd airfoil sccrions 
which produced a more favorable pmsurc 
distribution around the wing than had been 
possible with earlier, standardized airfoil 
sections. The impmvtd flow field dclayd 
the formation of shock waves to highrr 
flight Mach numbers, pointing thc way to 
major incwases in aircraft cruising spctds. 
Visitors to Langlry's Ficld Inspection in 
1964 were startled to scc the oriejnal 
Boeing 707-80 prototype aimraft fly past, 
almost level in the air, at the phcnomtnaUy 
lmv s p e d  of about 80 knots. Normal 
approach s p d s  on the transport arc around 
130 knots. 
The differrwec was made by a system of 
himdar).-layer control, another area or 
subsonic aerodynamic m a r c h  that Lanqlcy 
has been workinc for many years. 
Boundat-player col~trol, in onc form or 
another, has brcn amund for many ?cam 
and used, to a geatcr Or 1-r extent, in 
many applications. But boundary-layer 
control, in its mast prornisiuq appIicatiens, 
depends on the availability of large qnan- 
titics of air which are injected parallcl to 
the wing s ~ ~ r h e e  or over the leadioq d y e  of 
a flap, in ordct to maintain the Aow over 
thc sudacc and prevrnt Imundary-layer 
qarat ion and lm of lift. 
That is essmtialIy what was doric in the 

M n g  707-80 prototype. 
Air is duct& along the wing and blasted 
out of nozzle wtr the leading e d p  of 
flaps which are dcfltctcd as high as 70 
dtgms. :l secondary benefit ~wula; be- 
cause the cnqincs normally would be run 
at low power setting for the approach, and 
bccaust they must be run at hiqh powers 
for operaring the boundary-layer control 
system, there is a surplus of thrust available 
in thc approach condition. Thc Boting 
705-80 prototype ~ucd a thrust modulation 
system whtch qab-e fast and powcdul glide- 
path control, and which was hooked into 
an automatic speed-control system. 
This particular concept of hundary-layer 
control was dewloped and installed by 
Boting on the prototype airplane. The 
flight evaluations were conducted by Lang- 
Icy pilots to evaluate and determine the 
handling qualities of large aircraft working 
in a pawed-lift  regime. 
Somc Langley march, like that done far 
the supersonic transport or t ht  variable- 
sweep aircraft, paid off within a fcw years 
alter its initiation. Other research has taken 
much lonqer to makc the trtnsition from 
thc ptcof of feasibility to application. 
In this latter a e a  is the work on gust 
alleviation. In almmt any airplane, a smooth 
ridc is better than a much ride. Itn- ~ I O R  







Heat trandzfir measurcrnents and f l t r t t t t  
characteristics d the Dynadoar were other 
pmblcm areas stt~dicd at Langley. 
Work on the Dyna-Soar and the X-15, plus 
theoretical studin conducted during recent 
years, has pointed thc way for rtstarch 
on hypersonic vehicln with typical cruise 
Mach numbers of 7. At operational s p d s  
Iikc these, an aircraft would develop tcm- 
pcratirm a h c  2,000F on the nose cap 
and 1,600F an the leading cdge of the wing. 
Basic work at Lan~Ic). has concentrated in 
thrcc general arcas ol hypersonic cruise 
vehicle problms. 
First of these is the configuration study, 
whem p m p d  ahapm rot tht most tffi- 
cient flight at Mach 7 are analyzed and 
latcr tcstcd in hypcnonic wind tunnels. 
But R;vcn the extreme temperatures of 
hvf-'sonic cruise Right, unusual stnictural 
conccprr muat be devriapd to enahle the 
vthicie to a~rvive in one pice,  and to 
protect the  upa an pants from exctssi;.~ 
temperatures. 
LanqEcy has conceived sonle structural 
approaches 1.1 carry the loads, snstaiu the 
ternperaturn, home the fuel and insulete 
thc passcnvrs. ORC such *tn~ctnral concept 
uws a thermos bottk effec~. Liquid hydtpqen 

hiel is cuntaincd inside tne structutt; and 
a second struct~re. the primary load carrier, 
is concentric with the inner tank arntcture. 
The auter shell, planned to swtain the 
~ r i n ~ a y  loads at the clcv~ted ternperaturn 
to k cncounteml, is made of a nuperalloy. 
. ':* choice of materials, and the devel~p- 

,.lent of new ones for thc jab, is tb: thlrd 
area whtrt Laeglry research studi~s are 
makin5 positive contributions. 
A hypersonic ramjet endnc was built for 
Langlcy by the Garrett Corp. It wis dc- 
sisned for speeds between Mach 3 and 8, 
and was planncd aro~nd a flight-march 
promm usinq the X-I 5 as the carrier 
vehicle. But that aimraft program was ended 
before mas1 uf the rainjet tests had bcen 
done, and thc enene eventually was proven 
in principle by cold and hot suns in NASA 
pot~nd test facilities. Supersonic rolnbr ;tion 
was achicvd durinq thc tests, and thc p i - 
forrnance confitn pill :he basic engine design. 

Langlcy pi :iint s for r11c tcsign .of the 
enejnc sumufed a ~.ir.imum number of 
rnm~iny! pati3 in thc c:yiac itsclf, ar.d 
cmphad-trd the int2rnal flow and the 
acrc ,htmd.  n?mics of the cycle. Nrither 
mi-6rnurn drag nor crptimum cool in^ was 
reqt~estecl. \\'I . t t  limitations demanded 

1. Vcrtd 76 tilt-wing 
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! 
\ highly rcfiircd stnlcturc, 2nd the rcwncra- 
4 tivr intenla1 cooli~lg is also hiqhiy wfined 

1 to use a minimurn amount of the liquid 
I hydrogtn l~zel. 
' Much of the ~ionccring work .m the nmb- 
', .:ns of aerodynamically heated vehicles 
; ilas bccn donc in the nine- by sin-fo t 
: tbcnt.al ttrtictures tt*nnrl which has l~ecn 
operatine at Lanqley sincc 1958. It dupli- 
carcs the Right envimnmcnt at s~eeds up 

- to Mach 3 by rising hot air in the test 
srct:fin. 
Toward the end of this decade, a ncw 
facility was opened at Langiey to test 
str~rutural ronccpts and cotnponenrs at wry 

. high sperds and the comsponding tempera- 
tures. This eiqht-foot high-*prnperature 
stntctt~rrs t ~ t n l ~ l  is la& ~ ~ . > u & h  to checli 
the effets OF air loads and acradynnmic 
heating on rnajor pieces .sr hypersonic air- 
rraft deigns at speed? as high .IS Mach 7. 
%t the opposite end of the s p e d  spectrum 
firm she hypersonic transport  re the 
V/STOL aircraft and helicopters. A major 

I propln  at h n g l q  ir! recent years has 

I been the evaluation of handling qz~alitits 
of the wide variety of these aircraft. Tcst 
vehicles and prodiicrion aircraft alike have 
bccn assigned to the flight line at La,-t;! .l*, 

\The11 thr tri-scnicr trailsport rcqnirement 
wax initiated, Lan~ley 1nor~t3 into the srrp- 
part wo~l i  for thc aircraft devclopmrnt. 
Part of Q~at  work included fw-flight tests 

lnstrurnentcd and flown through a *rim 
ai tent prnprarns that gave new info~mation 
an the way t h w  aircraft hew. 
In V/STOL, orle of La: Bey's contribu- 
tions has k n  the concept of the tilt-wing 
layout which cvohtd into the tr i-setvice 
V/STOL transport, tBe XC-342.4. 
The Grit flying mde l  of the tilt-wiqg con- 
cept, plus tcst rwrk uonc with modejs in 
the I ?-Sac low-awa! wind tunnel dernon- 
stratcd partial ~casibilir; of the conccpt, 
confirmed that it cauld hover and cauld 
make the transitian between vertical and 
horizontal Right nodes. 
The work broke into three phascs: Illinti 
tanne! s:odics nn a snlall scale with a variety 
of configurations; lam-scale rcsearA with 
big sladcls in such tunntl, as the m e  40- 
x 80-ic. ttrnnel, and flight investigations ia 
prototype or researchip raF. 
Thc flight test proqraT on the Vtrtd 76, 
which was evaluated xtensiveIy and modi- 
fid at tangle?, dwumcnted the handling 
qualities, the approach and hwer phases 
of f;iqh+ 'this I,.-wiqg aircraft. 





with s onc-ninth scair lnorlrl. flown Zw 
mnotr rot~tml in tht I.aldvy EI?IE-scalr 
tunnrl. Co~nll?rte tral~aitiul~s rvrw trtadc 
rroun Imvcrilw to rt~nvaurl Iliqht i l l  Bc 
ttt:lar2 to ctlrrk t l~c pcrlun~i;l~cr of rhr 
rcal nirplanc. 
I111rhl~ thr mnlr tir~lc pried. Ianglrv \%as 
t ~ t i n g  tllr cmwrpt ol  thr tilrinq-tll~rt t y v  
of \'I'(lIA aircraft. latrr c~c.lnplitirtt 1ty 
ttw Rrll S-22:\ dcvl-!opd for thr Sa\.?*. 
I)tt~cr \-I'OI, ~t.or!i \v.ls donr 1111 tlw C;F. ' 
Kyat1 S\'-:?;t C~II-~II-W~~~S \'TOIa aimraft, 
to drtrnllit~c. ttlc t * i l i r t s  of tut~nrl walls and 
other rcstrailitr on tl~r Iwr-flt~Ir~ pcrfimnarlre 
of rbc n~orlrlr. 
SXSA's rolwtbrn with thr rntstinr prnl>lrri~s 
of aiwr.11r 01n.r.1ti1111s ha5 psmIt~M1 111ajor 
ct~~it.'l~t~tiot~r. to t l ~ r  siktv ~ 3 f  Hight. Thr 
phre~ori~rnat~ of t i t r  I r.dnlpl,~llit~q utl \crt 
nlrlwat r. nntl roads \\.;IF li~st I~II~IVZCII 3rd 
w;lll: 3 t t ~ c l  A t  1 <allc!t-v. 3tItI i ts  t l ; l l l ~ k * r $  \vt-rch 
tirst rlrwrifml to rtlr ;lirr.r.ih :~tid al~tnlt~orivc 
it~ch~strii% i t 3  ?ipiS:l l~tti\lit-~~tit~~w. 



m n t  of the aimraft irrstmmc~tation 
a\.ailsblc to tiirn. "rhc rnair~tcnarlcc d a 
constant and contmllrd flinht path is an 
almlurt nwmit\~ i l l  bad ~veather and night 
flyielq, Imth point-t-point and in thc 
Irnniaal arca. 
As thr traKi mix at airprts tman to 
itlclt~dt larwr a d  lalpcr jct aircraft, as well 
as anall, ~ t i ~ t r - ~ ~ ~ t j n d  5r light twin- 
rneincd 5x-s t!~r prolllc~n of wake. 
hrrb~rlrncr camr to the fore. A l a w  and 
hravy aircraft, taking dT or landinq, leave- 
1~hind it il~visil~lc strcalwrs of tr~rbulrnt 
flow, swirling in vorticrr with r t rc r~~ th  
tnmlyh to avrrtunl ;! Iiqhtrr &craft. Thc 
hatarrl is otniors Thc itlstn~n~cntrd study 
of tlicsr wakes E ~ a t a  at Ianqlry during 
this drcatlc. mid 11ns sitlcc Imn cxpandcd 
to oti~rr cmrcrs with pattic~rlar capahilirirs 
to dc:rct, mrasrltx- nl~d analyze this probltrn. 

Anothcr t d d  problem h p o d  by dush 
on the  run^ ~ y ,  which can extend the takmff 
nm q u i d .  to thr point wher  attllal 
liftoff is  impwsible within the dirncruions 
d the Ionget runways. Lanalcy studin 
of thr slush pmblrrn Icd to the current 
practice of refusing takeoffs on rrrnwa?r 
with more than onehalf inch of slush. 
This d~cadc saw the cmcmncc or some 
ncw pmb!trru--like wake turbderrcc- 
tint had not cxistcd hfow, and the dt- 
vclopment of sornc nc\v coraccpts--such as 
thc s~~pcrcrizical rving-that wcw slated to 
affmt aircraft dc\.ciopmcnt for years to 
cornc. The prcscmt of SASA mwatrlr 
siiwd almost c\.ct)r\.hcrr in the muttue 
apcrationa of airerait, in the dcvclopmental 
fligtlt tests of cxperimmtal pmtotypq or in 
thc desip stages of n m  appmaches to the 
fmnticrs of flight. 

1. Smotr rlcfie- rmcx 
Buw path urn this 

lanql? m d t l  of a 
Irppemmir cnliur aimaft 

in low+-rped trarr. 

1. Nanh Ammican 
SR-:(l drrvtopmrnt 

program WA* s i ~ p p ~ r d  
with wind-tunnrl rrrtr 
dmc in manv Ianqtrv 

hcit i t ie .  







The decade hud bepn  with thee programs for 
f S U @ X O ~ ~ E  h.n~pO~tS ~Ctit ' tb U M ~ ~ T W ~ V .  In ik 

< Unittd States. contract orcards had brm made to 
' Bwing and General FJcctric in A/ ril 1 . W f m  

airfante a ~ d  powerplant derelopmr ! and con- 
; struction. Bet within afcro -yeurs, it ufas r~idcnt 

that the state of the aeronautical art was not up 
to Building an economical and mvironmntal!~ 
acceptable S S T  with a substantial prformancc 
margin ocer thr rompling drsipns. Thr l r.q. S S T  
u u s  dclayrd for one rrdcjign cn-ir and then 
tmninatcd in .\larch 1971 br the .!hate's 
refusal to ~ o t c  any more mon~r for its con!inuing 
dmc1o)ment. 

: Thc .4n$o-Frrnch Gru-orde had brrn rollcd out at 
thc rnd of 1467, undjrs',@zu in .\farrh 1W9. 
Scrricc hr British .4irzcav.r and .J?r Franc-r Argon in 
January i976. 
Russia dc~*cfoped its SST a/on,o lints that zvtrr 
similar to those of !.$IN Conrorde. .4fter a l o z ~  and 
hidden gestation, thr Russians took thr Tu-1l-J 
to the 1973 Paris .-!ir Short.. In riczc of thousands, 
the Tu-1J-l brokt up in midair and rrashrd into a 
French oilla~r. The blow zcas a Bitter oni. but in 
Dzcmbrr 1.97.5 the Rrissiclns Brgan loutr-proring 
trials brtwrrn .\foa.mt- and .-limn -414, a routine 
stcp in thr serr~ic.r trslin,g of lkrir nrzi! rirqil 

:: tran~ports. 

f Thr OPEC cov.?trirs qlundrr~pled thr price d 
t crud( oil~from thrir zcvll.~ late in 1973. and thr 
: grrat mngv trisis bgan. It cliaqrd the dtrtcti~n 

of aeroaautical rcsearcli lhrorrphoul thr roortl. 

The drcade had urn thtfisttplghts kv the 
Russian T u - l a  and the Anglo-French Concorde 
s u ~ s o n i c  transport.c, and thr tt~idr-bodied 
Boting 747, .\lcDonncll Douglas DC-10, and 
the Lockherd 7011. Four nrztq L.'S/ightcr tp/ks- 
thc Crumman F-Id, .\lrDon7rII Ilouglas F-15, 
Gmnal  I)ynamics 2-F-16 and .Vorihrop t-F-17- 
ma& thrir initial sortirr in!o tk arr. 'rhr 
Rorkzcrlf Intrrnational B-1 strattgir honlbn and 
thc Boring EJ.4 airbornc rcurning and control 
aircrof f i s t  fi* in  thrsr .rrars. So did thc 
Aldcnnr:I Doug!as IT-1:i .I:I~: Rwing 1-C-Id, 
both adrancrd car80 aircrajt trsing ~ i t - r r ~ d  lift 
.yjtrms t h t  w r d  niuch to thr rrscarch d the 
:\ktional .Jrronautics and S@.r .-ldministration. 
:tnd thr. A-a& rn(ft~/ icith jhc Spurr. Shsttlr 
Entcrpri~f~ftring ,for the firrt time -.+- 1977. 



W i t h  rnaay kinds al rutcrnal and i n t r r t t d  
prmam for spacc p r g m s  act in^ on NASA, 
sotllr d~scn.ch: c o ~ l c l ~ ~ d r d  that arlditio~~al 
rtltphasis should tw giw-11 to arm~litt~ticak 

I I 
m a r c h .  
An afl icial pPdt canlc fmn~ thr Lrnitcd 
Starw Srtlatr in -Jatltmn. lm, in its K e p o ~  
NO. '357, :lrr,lnautirnE Rt.wprch d n d  Dtrrlnp 
n~mt Polit~r. Spo~wtrd  I ly thr .Sma tc Tatti- 
t t l i t t ~  011 A~m~tallticaI and Spac~ Scitncc;., 
i t  canlc 110 ttlc cotlcltzrion that S:\SA sh~orrld 
incrrasc its arronalttical rlbrt. 
Thc Scnatr Cammittc*. recommr.~dc$ that 
particthar attcntiut~ I w  paid to tllr drrrlup- 
r:iental ptasc d aimaft p w l n s .  at~d that 
N.4S.-\ sl~or~ld rxfr~td its rwarrh pmcralrls 
thrortqh ppruf-ofcorwcpt tmtinq st1 thxt 
aimraft dmigut-rs wot~ld have a I n ~ r r  
~II~III~K.~ OC sit11~ta1lti;~tc- ' optiut~s ; i v ~ i l ; l i ~ l ~ .  

Fnrthrr, i t  ~woimt~~t~dtu l  that NAS:\ 
impruvc. rhr. itttrrual sculls of arm~~~luaics 
by raising the pr0pr;ItH i l~ t iv iv  to a trlajor 
of Iicc 1m-c-I. 
Thew arc thm b m d  arras of X.4S.4 
intrrtst in armnnutical dcvrlop- 
nicnt atid t~~ t inq .  Thr first is in tonccpts, 
whrw rhc ft~rlndamcntal consideratiom of 
aircraft layota and gmmrtry are first met. 
Thc mond is drsiqn, lchcrt ~ n g n r c r s  ttaw 
to dctmniltr which stntcturai approach to 
t m ,  or which inlcts to install. Thcn, Ilrcal~se 
K.-IS:\ docs not htiild airplane  thcw is  a 



gap in the agency's work on any spccitic; 
p-rn while the airplane is k i n g  built 
and placed in dperatiorl. Then NASA comes 
back into the pictu~,  s t ~ ! i n g  im third arra 
of inttmt: aircdt operations* 
NASA applied a four-iold approach to the 
m1utian of aercnzutical prohlcrns: T h e  
retical andysis, wind-tunnrl tests, simulation, 
and 3ight march.  During this dmadc, 
NASA's atmnartticd mcarrh and dcvclop 
mcnt w;u done at four of its restarch 
centem primarily: Lariglev, Amrs, Zcwis 
and Dqdcn (the latter had bcen named 
originally thc Flight Rmarch Ccntcr). 
L a n ~ l q  and PIrncs nwrkcd an the broad 
pmblerns of arronatrticd rcscarch and 
dmelopmtnt; Landey concentrating on 
long haul and .\me, on short had aimraft 
t rchno lq;  Lewis sprcializcd in power- 
plant studics and ttst ins and Dqdrn 
rrmaind primarily a flight m a r c h  center. 
This decade a h  raw a f~lrthcr shih away 
from the traditional S.4C.4 mrthd of 
rnana*np: march and dwclopmrnt. SAC.4 
did almost all of its atmtiautical m a t c h  
with its onan pcopjt, in its ow11 facititics, 
with input from i ts advisoty comtnittm. 
\\'hen it k a m c  SAS.4, and \%*as li~nitcd in 
its capabilities to dn-dop and constnlct 
such massiw items as spacecraft launch 
\.chicles, it turncd to thc aerospace industry 
for help. Outside contraczs dominated the 

apace program, and gradtlatly twk m r  an 
increasing aha* of the aeronautical pro- 
grams m wcll. 
One of ShSA's major projmts at the s t ~ r t  
of this deradc was support of the DOT 
s ~ t p e m t ~ i e  transport pm>qnm. Chayed with 
maintain in^ thr trshnolegicd s~~prrioritv 
of IT. S. airrraft designs, N.qS.4 had k n  
\vorking on the problem for sm-cral !ran, 
dc\.eloping configi~ratioru and studying 
their performance. 
A scrim of dcsiw had k n  carried thmu~h 
the preliminary phast, and two basic SC;\T 
(Supctsuoic Com:clcwial Air Tramport) 
configurations k a t n c  the keystones of two 
coaqxrin!: transport studics dflelopctl by 
indust? 
The &in$ Company study was chrwn by 
the DO r, contracts \vrre a~vardd and then, 
in 1971, the program was tmninatcd by the 
refusal of the Scnate to votc any ~nom tirnds. 
The pmblcm in 1971 was that the trchnol- 
o q  base didn't mrn capable of producing 
a strprrsorlic transport desi511 that ti ould 
hare cotnpctitivc rcono~nicak pcrfonnatlcr. 
Conetrn with i ls  noisc rvas another factor, 
as was its potential far attnwphcric potltt- 
tion. So thr fiit~da~nental reason for thc 
failure of the SST p-rn in 197 1 ~ 3 5  its 
tmhnolqicd shortcomings. 
Rut t m h n d q  increases with time, and 
Conqrrs~ rrromizril that n ~ p m n i c  trans- 



SCAT 1 SF, k c  shorm port m a r r h  ouqht to IF kept alive aarld 
in wind-tunnel model health!.. It probably wo~dd pa? nfi at some 

form in the -~lrf time in the fi~ttur \with a S P C O ~ I ~ -  

tmnic is ~nr ra t ion  SST that co~lld Iw a potr*crful 
of mmt do*'o@ contender on t l ~ c  world market. 

candidate configurations 
for a Future SST. So dlrring the ttvo vr-?rs after the termina- 

tion ot the pmg-racn, eovernrnrnt ft~nrlinq 
was channrlpd into sotlic of the critical 
rtsenrch propatns, particularly in thc 
fields of noise and matrrials research. Rut 
more was ncded. In Jnly 1979. N.4S.4 
received qwernmcnt rncortrawmcnt and 
fmding to emhark on a prmram of trwamh 
on suprmic aircraft. A year lat~r,  this 
tmamc the SCAR (Supcmnic Cnlisc 
Aimah Research) protcram, plannd to 
dm-clop a trchnalq  haw that worlld lw 
~rsehrl lo v ~ i d c  dmisiona srgliwd for F r ~ t r ~ r ~  
supersonic aircraft, both m i t i t a ~  attd civil. 
Ry thr. rnd of thilr drcadc, a hasdinc SST 
concept had I~er t i  Edcntificd, and st.:dv 
traills \*,?re tmsy drvrlapinr: and rrf ini i~q 
i t s  characteristics. Thc i>asr!inr was thc 
SCAT I .?F, an arm\\=winscd con fim~rat inn 
dc\.clopctl SOIIIC van rarlicr dttriiq F.*711qIry 
stlldits lor thr first rcslind of SST work. 
Thr lV57  .*;ST dt5qiqit ronrrpt shorvrtl t~~;tior 
i~nprovr~~lcmlts over its I!IJI fnrrlrnrs: a :%I) 
prrc:nt iinprm.~mcnt iu lift draq ratio in 



both the transonic and supersonic eqions: 
a reduction in structllral weight of 10 
percent and of'structtlral cost of 30 per- 
cent; endnes that will k 25 pcrront 
lighter, will bum 30 pcrccnt less ftrel at 
strhonic speeds, and havc noise traits 
acceptablc hv existing criteria. 
One of the bam'm to new aircraft dcvelop- 
ment is the cost of manufactnrin~. Tra- 
ditionally, airplanes havc heen LitiI* from 
many thoosandi ol little pieces, ~raduail y 
joined inta l a r ~ r  pieces, arld finally formed 
into a single aircraft. The rntiltiple handling, 
the fusstness of the detail work, and the 
numbers d pieca have alI contr i l l~~td  to 
the cost. Pmd~tctbli erlginccrs have 
J o n d  for an airplane which could he cast 
in a few Iarp chunks. 
Their ideal airplane may ncvcr he realized. 
But sot~lc of thc rnanttfactltrinl: trchnola.~ 
dweloprd duriug thc SCAR proqratn corn0 
fairly close. Gtiprrplastic fanning, which 
molds large shcrts of rnetal at hiqh tempera- 
tures into cornplcn cantouts, has wolved 
as one way of heating thr hiqh cost of 
rnantdacturing. Ft protniscs to Ilc one of the 
major dwc1oprt1rnt.s in aimrah strttctl~ral 
desi~n and manufactrtrinq, and i ts  tlsc on 
atis firtllrr ~tlprrnonic aircraft will rc$ ucc 

manufacturing c m .  
Another rtnlctural approach is the he of 
cornpmitc materials, a departure fmm the % @ 
tshditbnal a!umint~m, stainless steel and 
titar~iirrn alloys used in aircraft. Composites 
are pkastics, generally, streti$henrd with 
fibers or materials such as boron or graphite. 
These ca?tposites are light for their 
strenqth, atld can be fabricated in smaIl or 
law structures. They have k e n  use$ in 
spacecraft, and an: k i n g  test& as secondary 
stnlctlires on in-s-mice aircraft. .%me 
composite .spoilem far example, have been 
installd on 27 twin-jct transports flying 
with short-natd airlines. Othcr pieces, such 
as fairing, or a cornplrtu n~ddcs assembly, 
havc llecrl installed on ~~~~~~~~~t aircraft 
and are I)einq tested througll 1on~-time 
exposure ta the airline environment. 
As onr rcsult of the 1973 fuel crisis, NASA 
redirectsd i t s  transport tcchnolov proqram 
toward resemh on enew-elticicnt aircraft, 
alld on the study of altprnate fuels. 
Fuel constimptian is, of cotlrse, the pre- 
dominating factor. Early in  th~s dwade, tile 
airlines apcnt perhaps 20 pctcrnt 01' their 
direct oprrarinq dollan on fir!. By thc end 
or the dccadc, that prrcrtltakv had .n;-rc 
than dottlllcul. So it was logic r l  ro rnakr t h ~  



first attack on the e n ~ n c .  But other factors 
detcrminc fucl censu~nptiol~ as well. 
Airplane drag, lor one. Airframe wci~ht, 
for another. Any p w a m  that considers 
fuel ca~~s\~rnnption has to look far beyond 
the cn*ne. And that is the pilrpase of 
NASA's Aircraft Ellcrgy ERicie~lcy (ACEE) 
Program. 
Early studits show that tbc advanced 
engines powering the transports of the 
1970s were vmry cficient in burnins jet 
fr~rls. Advancin~ enzi~ir technology holds 
promise of at best a five to ten pcrcent 
rrduction in fucl co~~surnption. 
A significant saving-pcrhaps 15 to 20 
percent-could hr achimcd by developing 
a new gc~eration of turboprop curines and 
their associated propellers. 
Conrpmite structures, with their improt-4 
stwngth wciprht ratios, offer 5a;ains lxtween 
ten and 13 percent. Acrodyna~nic imprmc- 
ments, another ten to 20 percent. Latninar 
Rmv cantrot-vhirh cquates to a major 
drag rcd~tction-offers a gain of 20 to 40 
prrcent in aircraft efficiency. 
Tltese individrral gains can lw integrated in 
a s iu~le  design that oKcrs a potential reduc- 
tion of 50 perce:lt in the fuel cons!rrnption 
of an advancd transport type. 
NAS.4 is  purs~titi~ tE~dt goal, with work 
beit~g done primarily at the I.angley and 
Lewis Kescarch Centerr. 
Enginr colnponcnt devcloament, for 
exanrple, and thc study of 11crv cnqir~~  
types, arc Icitlg dorlc and monito~+cd at 
1.cwis. 1,aminar flow colrtrol. cor\lpositcls, 
arid thc concepts tar rr~esgy-elficintt 
transports ate Flcir~q str1dil.d at Lanelry. 
Indrrstry ia  irlvolrcr~ in all of thmr s~rbiccts, 
throiiqh stud\. 0: devr.lop~i~ctlt co~ltradts, 
st~pplrmcntin~ thc SASh rescarch and 
carryins i t  into clrr~lporrerlts and full-scalc 
tPst 5tn1ctuTCs. 

The cnergy-eficicnt aircraft program is too 
young to tppnn final restrlts in this decade; 
it is  pIanned to develop llasic configuration 
choices by 1980. 
Some near-ttn applications are available 
that could bs added t~ rxistinq transport 
aircraft designs eithcr as a retrofitted 
modification or as a production-Iinc 
impm~incnt .  
They include a hiqh asprct ratio mpcr- 
critical wing, which ~vot~td prodrtcc major 
irnprcn-cments in thr lift draq ratio, a 
gavcrrtinq factor in thc ccanorny or crtriae 
flight. It'inqlets, srnall aerdynarnic s~~rfaccs 
atided ap\vard and aft b o ~ n  thc w i n ~ t  ips, 
orer drar: m l ~ ~ c t i o n  in  crltisr a11d clirnt~ing 
Right. 

new high-lift devices, active control: systcrna 
all show both near- and far-tcnn potential 
for improving the fuel consumption of 
aimraft. 
Experimentation to rcduce the naisc of jet 
engines has bccn ttlldcr way almost as 
lcli~g as there havz k n  jet engines. During 
this decade, the emphasis wa3 on corn- 
munity noise, the wund pduecd  by an 
aimraft taking off or landing. 
In 1974, Langlty opened its Aircraft Noise 
Reduction Lalwmtow, to erme as a fmal 
point for wise mcanu and !c lcad M S A  
and industrial reseamh programs in a gen- 
eral attack on aircraft noise. Part of its 
planned pro,gram is: fundatncntal research 
to understand hew noisc is generated and 
hmv it can be measured. Anather major 
portion of research will be turncd to\vard 
the understanding of human reactions to 
noise. The third research capability of this 
laboratory will be thc development of 
techniql~cs for noix reductiorl. 

Meantime, work on quiet engincs had been 
a ccnter of attention at Lewis. &ginning 
in 1966, that Center had bccn workinq with 
industn and in its own rngne lal~ora~~rics 
to develop an engine with a noise kvtl from 
15 to 20 FSdB (Pcrccived Soise Dccibclr) 
below the Ierqels of the engines powering 
the lory-range transports then operatiol~al. 
Out of this and 0 t h ~ ~  S A S h  work hake 
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mmc the quiet nacelle program, a retm 

1 O t t a b l c  modification c-.pablt of mincing 75 
engine noism substantially, and the quiet 
engine, a major dcvclop&tnt contradt 

- rnanagtd by h i s .  
I Digitd Ry-by-wire b one technique that I 

may find application in advanced transport 
aircraft, as well as in military aircraft. 
Fly-by-wire save  wight and mplm;ty in 
any airplane, and-in miiitary types- 
affcn thr extra advantage of king Im 
susceptible to weapon damage. 
NASA's first approach to the fly-by-wile 
control systrrn was made on its spacmraft, 
and an ApolEa system later was adapted to 
a Ibught F-8 test aircraft in a fliqht 
m a r c h  program at the Dryden FEi~ht 
Rtsrarch Center. 
Laminar-flow cont~vl systetns start with a 
wing that is slotted or pcrloratrd around 
its surface. By slrckin~ air into these slots or 
holes, the airflow wcr the wina i p  krpt 
smooth and the formation of turbuirnce is  
delayed or even elirninatcd. CansquentIy, 
drag due to turbulence is ned~~ccd toward 
the vanishing point. 
'fie adtpanta<ges are obviotis, ~ n d  a few 
minutes' reflection s h o ~ ~ s  rhr disadvantages. 
Marruifacttuing a wins fill! of tinv slots or 
l*olcs is one. Simply kerping; thr sIots and 
hrllcs clean is another. NASA's Fryden Ftiqht 
Re.:tarch Center conducted a Aight program 

I. T.cadingsdsdqc slou 
were ~ n e  system of flow 
control ccaluatcd on this 
l i ~ h t  t w i n a ~ i n c d  gm- 
era1 aviation aircraft 
t a t 4  in the Zanglcy 
fullacale tunnel. 

2. T h e  advanced tech- 
nology l i ~ h t  twin aimah 
in one of its ta t  visa, 
with win~!cts at the t i p  
and im wing and body 
tultcd Br flow \.isualira- 
tion. Tlrc runnel is the 
lull-scale facility at L s n ~ -  
t r j  Rntrrch Cmtcr. 



with its JeiStar aircraft to study ways of 
keeping 1 typical laminar-flow wing section 
clean and free of bugs. 
These disadvantages look as if they can be 
katen, and the potential for gain is so 
great that laminar-flow sctemes ma;. yet 
see service on production aircraft later this 
century. 
But some predictions forecast that the end 
of this century will correspond with the 
end of the oil reserves. What then? There 
are other fuels, of course, and liquid 
hydrogen is one of them. It is clean- 
burning, high-efficiency fuel, sukable for 
aircraft use. 11% drawbacks are two: Its 
bulk, because of its light specific weight. 
and a generation conditioned by the tie9 
crash cf the Hindenburg dirigible. 
Yet NASA was the world's largest user of 
liquid hydrogen during the space probram, 
and did not have a single accident at- 
tribldtable to the fuel. Studies at Langley 
and Lewis Research C:~iitere have concluded 
that llydrogen is feasible as an aircraft fuel, 
that it is at least as safe as conventionai 
jct fuels, and that the required hardware 
for aircraft fuel systems also seenis within 
rezc h. 
The limiting factor ;il air transportation is 
the traffic capacity of the systern. That's a 
truism for any form of transportation, hut it 
is especially emphasized by the nature of 
the air traffic control system that has been 
so painst~kingly developed over the years. 
\Yith rare exceptions, every airplane must 
approach its destination along a single 
defined path, at a constant descent angle, 
and with a niinirnum spacing of several 
miles between itself and the one ahead 
and belii~ J. 
Under instrument flight rules, the capacity 
of the system decreases ta less than half of 
the capability when visual flight rules apply. 
The additional delays due to weather- 
sr~ch as waiting in a holding pattern for 
cleat ance to land-ar t expensive. They 
have been estimated to cost the airlines of 
the United States 8150 rnillion each year, 
and to waste 400 rnillion gallons of fuel 
each year. 
To increase the capacity of the traffic system, 
something has to be done about the terminal 
Prea. Parallel runways have been suggested, 
and are in use at a very few airports. But 
otherwise, the restrictioris of 2 sinqle entry 
path, a common glid: path, and a minitnun1 
separation remain as limiting factors. 
The reason for t'le separation in distance is 
the vortex pro111c.n. Any airplane, operating 
at the high lift states required for landings 
and, to a lesser extent, takeoffs, produces a 
trailing strearn of two invisible vortices, 

one from each wingtip. The vortices ale 
powerful, and persistent. 'They can remairl 
near their p ~ r n t  of generation for several 
minutes, and they are strmg enough to 
seize a lighter airplane and roll it completely . 
over. 
Anything that will reduce the strength of 
tip vortices will help t1.e traffic proLlem by , 

permitting a smaller separation between 
aircraft on final approach. 
Several XASA iesearch centen have been I 

working on -:~rious portions of this problcm. 
Marshall Space Flight Center, because of 
its expertise in spaceflight iastrumentation, 
was able to contribute in the development of 
new instruments to detect and monitor 
trailing vortices. Ames Research Center 
scientists studied ways t I reduce the in- 
tensity of the vortex at its source, breaking 
it up bv some external aerod;~namic surface 
like a spoiler or flap, or by injecting air or 
exhaust into the swirling flow. 
Both Lat~gley *nd Dryden centers worked 
on flight analysis of the vortex, trying to 
i~nders~and its generation A~iechanis~n, and 
to get solrle n~mbvrs for the strength of tile 
vortices creatcd by different airplatles iuider 
differer?t load allc f: ht conditi~ns. 
Although N4SA had el-peritnented with 
many different techniqr~es for approach and 
landing at airports, thrre had not been 
any single program that attenlpted to 
combine as many of the elelnents as 
possible. But in 1973, ?\lrZSA's 1,angley 
Research Cetite:- acquired a sophisticated 
and versatile research :on1 to begin a de- 
tailed and systerndtic approach to the 
combined problems of the terminal area. 
The Terrninal Configured Vehicle (TCV) 
is a Boeilig 737 twin-jet transpor:, which 
has been equipped with a second cockpit 
inside its spacious Imdy, and crmnmed 
with electronic imtri~mcntation. The TCV 
program has a simply stated goal: To 
uncover technclogy that will i~ilprove 
operations in terrni a1 areas. 
1,angley is working closely with the Federal 
Aviation Administratio11 on this program, I 

because of FAF.'s . :sponsibility for overall 
developmen: and operation of thc national 
air traffic control system. Specifically, one 
airn of the program is to use the systems 
that are being developed I)y FAA foi what 1; is known as the Upgraded 3rd Generation 
Air Traflic Control System. 
The oper?tional goal of that system's 
dcvelopnlent i~ to e~ub le  aircraft to land 
at a terminal on parallel runways spaced 
2,500 feet apart (half of the current standard 
separation) witn a 40-seco~~d tinie separa- 
tion between successive aircraft. They t 

shodd intersect the final approach glide 



1. Display OF the dec- 
tmlic ~ttitudr d i m o r  
indE Fiat  (EADt 1 in the 
tcrmilral confirurca 
vehicle smndcockpit t 
super~mpcml an a runway 
pmtntation by low linht 
1-4 :elmision to shc t the 

accuracy d appmach 
flying by the EADI. 
2. The arcond cockpit of 
thc trminal canti~urrri 
vehicle i s  rued for flight 
cc.~rrul of thc p w t d m .  
To the standard cockpit 
pm-ntation~ :t ad A 

special displays and 
tl.xtmnic aids, drvcloped 
h r  the prqrarn. At tile 

Y center oi pilot's and co. 
L a. -Q4-$ . pilot1. pan.], the ' 8.*2* - 

clcctmn~r attitude i:m- 
tor indjriton and the 
clcCtl -rr... 1: arimntal 
sitrtatlon indicaton. 



air ahcad ah ia flap system 
for lift mgmmtalioec. 

2. With Raps fullv de 
Brcteu, th- DITC,'N.Q.A 
r u p m r o r  H 104 m r c h  

airplaric hot& n do*- 
flight p c .  

path I .5 na\:tical ntilrs from thc run\tay 
threshold. and tv01116 tlsc p~ uqrarnrr~d 
hiqhsprrd t~~i+noff~ : . clear tht. ru~\\r-ay 

All of these dimensions am considcrahIy 
lrss ~ h r l  tlm in the air tratk  
control systet~. and-if achic\-ed-\vould 
incwaw r'lc czpacity of thc s!.stcm several 
t i m ~  over. 
Thc second cwtpit in the TC\' is she con- 
trol center for all d i t s  rcstarch Riqhts. It 
inclttdcs a11 r l f  thc latmt de-rloprnrnts in 
pilot dispIs?.+, qnerated s ~ c h  adv b\ccrI 
trafKc control systems as thr MLS (Mic- 
r\.atTr landin:: %?.stern), a prerisc and 
vcaatilc glide for Landings in instnlrntnt 
wedther. l'hc normal cockpit of thc 737 is  
used f>y two saf+ pilots. 
Dnrin~: the TCi- p m a t n ,  one IF the most 
important phasm \%-as a dcrnonsrration made 
darirlq Illay, 1976, to thc .%11-\\'eather 
dperatiuns Pan4 of thc 1st-mationsl Civil 
Avi3tiotl Orpanization. ' l l t t  dcrnor.stration, 
?.l1c in cwprration 4 t h  the F:\A. reat1zrr.d 
the wtcm advrlnccrl 1)). the 'lT~iitcd .r "t a t 5  
as an intct,**tion :! standard lor %liermvavc 
Landin4 Sys; 15. 

Irntrad of thc rrat~al appmachcc thc TC\' 

can-inr, descendinq apr ~ h c s  foIlo\s-r.in~ 
:he guidancc prm iaed ie XIicmwave 
Landitlo: S.-sterns (hIL5). t t  madc rhc 
transition4 from .hat dcsccnt to a short, 
straiqht final approach ouIy three miles lone, 
and thm landtcl, minq thc hIIS qnipmcnt 
for wiidancc thmrr~t~oat thc landinq. 
As an addrrf. Imt tin\\-antrd. factor at thc 
deinonnwtion, thrw tvcn. wwre .rr.ind 
coeditio~~s at t ~ ~ c  airport, rrstdrinr: irl tail- 
rvint; and c m ~ i n d  cornponrnts as ~wll  as 
\vr.ind shcar of hiqh irltcnsity. 
Thc 4~manaration rwut snlmrhly and 
impr:ssir.tly. h s  an additiorlsl IwnrCi! tllr 
run-in$ descent and shnn approach trrcann 
that 111ttch qrcatrr cvnfnol occr noiw can hc 
obtaind in thc trm~illal arra. Futtirr 
transports shotrid Irr aldc to r ~ ~ a k e  thrir 
Irtdmcns iardc: p~tidancc irotr~ thc X?LS 
m-cr amah tvhcrc tht  noiw proI)lcru ivat~ld 
not Iw so WVPTC, a~ id  lhrn I)r $~~i-trrI o1.t~ a 
short final 11 irh tnir~itrl~ttil ~wiw r x p i ~ r r  to 
I hr sr~~sitirc arras I ~ lorv .  
>AS:\ rnrinr~m, in thr tilid Iqb7iils, had 
Ixwrn a pWrar.1 to sttidy ~mrvrrrd l i f t .  
z r s i t i ~  tllr cnrrqy of the irt raf~al~st  or 
othrr .wrtt-cm rn crtm;ltr a Eiftir~e forcr that 
mttld tr addrd to that of thi. rvitlc. This 
rombit~rcf littinq s\stc-ra~ rnighf innkr i; 



lw~qil1lt. 1 4 %  ,tt-tiithv~. s110rt. or CTCII w r t  it-31. 
2aktbt~lJ's ;IIAI~ 1,tttdiilcs. 

t ) t ~ t  \vat to this rt aa ta c!ilrr.t thr jct 
c.ah.~rtst .rc.tliwr cm!r I.ii*l d' t.\rrn~.ll 11;tp 
rysrtvrl. 'l'lhr- r.:l<irics (MI B!awt ic.1 fr.ltlsjjclrt< 

rvt*rcm crbilrt.uic.rttlv Itr. l t tr l  ill tleltlvrrvii~l: 

~~;~rt-ltn. .111i[ I!I.I~ i11*1,il1,1t io11 It-111 itst-lf IU 

tlltb t l r  r-lopti~t-lit nC .rrr r.rtt.rrr;~ll\ l r l c n r  11 

flap *\ qtvtti for !~tl\t l-wt! l i i t .  E,~rl\ w ~ r k  t111 

tl':~t t\ pr '  c d  sislvt~t n .IS + l , l~t '  at I ,II~+$-v 
:lud .Ittit.;. i i ~ i t r r :  a writ% ~ 1 '  \ \ i t \<  t-trrntit.l 

**awl -15 ill thr \ -t- l l - i~ix~rt~~~it-n*~:l f.bt.i!:tit~ 
.at Iwlth rrrltt+m. 

k ~ t h  forms of fhps hz\.r si~rcr  Iwn applld 
to *hr two cnnrrr~dcfi ill tl~r :\~r Forrr 
.k4vmic t~  3tdi11tn Sl'\X, 'rranstwn 
(:fXlST\ c o ~ t l ~ ~ ~ t i f i o t l .  TIlr hw; ,c YC-I 4 
Ir.:.tlrw twin n i d n r *  ;illtF an nvrvnrlp 
lbln\%*tl fIa1*. 'rlhc h1~-~1,1111\~-~! I I ~ I \ \ ~ ~ . ~ s  YC-I 5 

tliosc rnt? are Iw i~ l t :  fcd ImcL to X.4S.4 for 
cot~firo~?lriua of thc I l lsic t l t ~ i a ~ t  data dc- 
vc!o!icd frcrtn itroticl tcsts ~ : i r !  at~al~+i*. 
11:na fin111 tllr . \ \ l%T I-nwr;ttn a1111 the 
S \N:\ . \ t ~ t f i  Qrir! kht1rtE1.1uI Rm.;ln.li 
. \ i ~ r , t f t  pnyrai11 wi l i  provit\tm pt-iw-~-rcd-lift 
i n k r t ~ ~ : l t i u t ~  ft-r rtlsl~rr c iv i l  ~v.tlupufit 

:!iw-;tfc drsi~lh. 

;\nothrr sn-stem for p r v c n r l  lilt iq thc 
auplnrlltor \;.inarm a CU~ICFP~ rhxi was first 
ztlldiml itrid thctt t e t ~ r l  ' r ~  t l ic  ;\tries \rind 
t t ~ t i ~ ~ r i s ,  311d t i t tdlv lu1i1f i t l m  a n ~ t d i t i d  
tfc I la\.~l!arrrt <:-b:\ Rulr.11o nircrah. 'I'llt. 
drvrlq,lirt-lrt prtwtatlr \VXF a jo~*-t . ,-TI~III - 
Ery thc (:anatli.~rt ~tn'crilttlrrlt, S:\S:t. a11.1 
i l~dr~nt r im on ! w t l ~  sidm 0 T  t l ~ r  :mrrlrr. 
Fir ftlr nllcnltrrror \ v i n~ .  3 wparatr icl 
r t i~:  . ~11tnpq ail' t l ~ n ~ l ~ g h  tilt- intcl ior  of 
tht- . ~ - i e i ~  AIICI t11t{1 3 sl t~t  :lh~-.~tI (if t I tr \v i t~q 
Ilap. 'I'llr t.~st-trrcwiof .rir iorl:tt't-s 3nn :~dtli- 
1it11i:ll , ~ i r  lltl\v t o  1a1111tildv ! I l ta  c f l t ~ t  ~111 t 1 1 ~  
tl.tli. 'l'lir !I 411 Cr.ttrr.Irr.i lift ht. t u r~ t i nc  thr 
air I h s t  t i t 1 ~  ;~s\*,~r,l. t - n - . \ r ~ ~ ~ g  a liftib~c h-cc  

as it tftm 91 

*t7Iit. (14bt a n c t n t - ~ ~ t t ~  \-~;ZI< t1iqh1 m a r c h  
IW~.III ill S a y ~ ~ t ~ l - l t ~ r r  I't72. mll l t l  \vaq c-,>1t1- 

 ti^. ttx1 111 1'17.1. t'ht. r t *cu l fs  11.1s r Far-orttr 

!l.lri .rf tli-h t t~fr i lnfrrcv l%.wr h r  tlir hirt l lvr 
t - ~ p ! t t i t . ~ [ i t ~ ~ ~  t t f  ~~tv\vrvt-t! lift svs~vtt~s. 



Much of NASA'? work on ptd lilt 
WFcmS is applicable to the dm~Iopment of 
short-had transports. Because they arc 
m t e d  to operate fmtn sn~aller airports 
nearrr city or i ~ h a n  ccstcn, noisc and other 
pollution arc major comidcrations. 
I n  spite of the widespread t t  of hrlicoptcrs- 
rllc militan. opcratts: aht l t  1O,W and civil 
opcratur; fib nearly 5,000 more in the L'nitcd 
Starts a l a n ~ t h c y  are not c f i i snt  vrhicles 
for 'transportation. 
nrausc t h q  ~ e m  dc~cloped ptimarily to 
Iift things vertically Over short ranges, little 
attention had tmn paid to making them 
acrody~lamicaliy rlcan and of lmv drag. 
They vibrate, and they are complex. 
Low eff~icne)., hiqh d r a ~ ,  vibration and 
complrsit). tnnslate into hich pttrchasc and 
-ration costs. Soise is another problcrn 
area. lnrtrumer~t approaches, tabing 
adrantagt of the unique flieht capabilities 
of the helicopter, can't k donr i ~ c z d ,  the 
approach is flown as if the helicopter were 
a Gxcd-wing airp!ant. 
Langley Rc5tarch Center has bcm working 
on rotar?.-winp aircraft m a m h  for elm* zo 
50 years and has made a number of conmi- 
hutions to impm~t  t\lcir cficiency and 
their safety. 
.9 simple malification tc the tip contour 
of a helicopter roror hladc prodwed major 
ductions in the cruise p v c r  q u i d  

and in the noist lmrl. Conventional 
rotor blades have rcctanrplar rips which 
generate stronq vorticts as they rotate. The 
vortices Reneratc noise and drag. Lanzlty 
marchers dwised an wee tip-an q y c  
takes ib name fm~n an architech~ral 
molding shaped like an rIoriptcd letter 
"S"'-which red~~ccs thc strrngth of the tip 
vottcx subna~tially. 
The tip was t a t d  on the Langlq 
whirl tmyr and in Ri~ht  on an otherwise 
standard Btrl VII-IH helicopter. Two 
major maEts came fmn thc tip. First, 
the l m ~ l  fliqht rri-'w power was nducad 
l?y ahmt 1t1I1 horstpowcr, comspondinq 
to a I ?  to 220 pcmcnt impro\~ment. Second, 
the ncar-ficld 30-w leve! dropped by almost 
7 dB. 
b r i n g  chi drwde LanqIn mamhcrs 
wvem ~vorking n-ith a warn of Army 
mwarchcrs and s~~ppartinq personnel fmm 
the Arm!. Air 3iohility Resc~rch and 
Dc\rclopmcnt Lalxrratoy, oqanized as a 
Dircctomte at  Lanqtey. :\lrnost all of the 
ShSA hclicopttr prograrn zt LancIry is a 
joint effort, jointly It~udrd. hy th.: Army 
and S.JIS.4, I'his coml)ind emort has Itd 
to such tnajor dr\.rlopmrnu w tn k-otot 
S~sttms Rmarch :\ircraft (KSRA:. 
Two R8R:'r vehiclt.t; \.ere built and 
t m t d  ty the Sikorsky Aircraft Division of 
Vnited Aircraft Carp. Thc first or t l w t  was 



wtll into itr 4iqhr marc11 phaw at S.4S:Vs 81 
i\'allops Flight Center i l l  rnid- I 977. 
Two RSRh's w m  huiIt n q  cornpo~r~lrl 
hrlicopttrs with wt~~ovablr rvirq* staljilizcr 
and ar~xiliaq jct mqil~ps;. 'n.q r l s t .  rxistitlc 
r o w  systnns, po\t-crphnts and drivm to 
achieve wonmn!. rind t h q  arc the fint 
hclicopfrrs to 1w ~ ~ C S ~ S I I P I ~  h01n the start 
with an clnr-rycncy twapr s\+stnn for the 
cm\\-. 
The adaptation of romp~~tcrizcd stmctural 
analysis has k n  one of thr nlajor knrf iu 
to industry im XNSA m a r c h .  
KXSTR.%h, wl~ich is the arrolqm for one 
of SAS.4'3 analysit pmgrarns, has been a 
part cf the revolr~rion in desiyn methods 
that has s 1 q t  thro~yk the arruspace 
industn; during the dccade. 
S;wc hn<fcv took ovtr ~nzlnawrncnt or 
the S:\STR\S prowam i* 111711. the 
ccntcr has rmked tr-ith-a~ucnq others- 
the hclicoptrs manufacturers in thrir 
wirlrain~ xiw of the trrhniqttc. It is now 
the I~atic stnictaral atlalyds tml in thc 
hclicgtcr indlcrrq, m ~ d  all of :L rom- 
panic5 use i t  fur , i z i r r ~  thri: stnlctum and 
analyzing stn:ctr~ral d?-t;anlics. kt11 
RSKh \*t*hiclcs, for r.i;mlplc, were artalyzrd 
11silz9 S 4STRXS. 
FLEXSTAB i!: anorhtbr S.aS:\ eompr~tcr- 
rlmrlopcd p ~ r a m  to ywdirt acrtlrlastic 
effwth. .4n aircraft is f ril~lr: it responds 

2. An oqcc tip un thc 
nbrnr Illadc Irwsb like 
thi-. It  drrnurutratd 
mliicrrl cnliqr pawrr 
rrquirnl anal prodrtcrrl 
st#lnt.~ntiallv IR< noise 
in rhmr cmtr in HiqE~t at 

f he f ant-@-\- mq7r:ttdt 

Center 

A Thr XW-I2 pxprri- 
mmtrl vtrtical takmfT 
tiqlitm a~ntirr dtvrlq>p- 
mmt fur tllr Nmy )..a< 
Ilrtwn in ~ncalr! fimn in 
fr-t l ieht in t l ~ r  IancIr?. 
C ~ I I I - W ~ A I E  tiinnrl. Tmts 
naluatrr l  ~llr I~lrr  -clmt? 
lultzvitir t>f IIIC ,t irrrd~~ 



to lads  by knding, :,.vistir~q or 0thcnr.if.c 
yieldinq, scmditllrs iavisilrly. surnttitncs 
\-cry visibly. \Ivhcn it drflccts, i t  tiics 
diffccrcntly f r i l n ~  thr \r*.rr. that riqid 
wind-tunnrl tnodrls and cornputatioml 
n~rthocls prcdict. I t s  t l t?;f l~i l i ty i t ]  

flight-its a c r t i i - I  makr unc 
or tirorc control at~rbccs uwtibm. or impose 
an uwtatal ~tmss  on  otrc sfnlctural ~ncnrlit :. 
FLEBST.4R has lwcn uwd to sol\*e thost 
pmMcllts in 1*1311\ 01 t l l r  IICW gc~~cra t io l l  or 
~nilitary aircraft. 

Sh*i:\ snpcrcritical arrodynatnic trthnalogy 
is lnithr appIiCd to t l ~ r  I~C-FPCC~ clld of ~tlr 
fliqht prdr rtiInilcr nsrinw of ~ I I C ~ ~ I !  

ariat:on ai r~~ lsnrs .  as wrll ns to thr 
hi&-spr cd aivr,dt. ;\ rprcinf WI-icu of xirf l ,~?r 
zv2s dr.vclt>i~cd at  t.,Iriglrr' rb.trific,~tl! t : ~  

riar,-r tb~q- rrqt~iri-itit~t~ts of cq-i1:-,.,1 ;n,i.ipitm 

I i t  c i t  i :  f t . ~  
G~II~T:! , i v ~ , t t i ~ i ~  ( ~ l " \ ~ i ~ i - o r i ~ l * ~ .  1ht.v II~IU 

11;1vt- a ricu uc~i~~rriclatur.t- ! bast-tl utr y)t+rrl, 
rilnqcb, tltbsiqn lift C W I ! ~  1r11k ~-~~~I I~ ICI .  .I~ICI 
prrcrrtt OF tldckl~ce:, cl~rirtt latio. 

I.id~t ilir~rart iiccidrat!: rcr~i l t .  too oftrn, 
frwn an ~mpt;~n~rrrl r1ltt-y itltn il ptnll nt~r !  
~ ~ I I I ,  'I'JIc stall 'sptil ~ ~ r ~ l ~ l t . ~ t  i.: I~c~~IE 1drkl~i1 
in a III~III twr t ~ f  I \ I ~ < ,  ~wit tq ft~!I-walr 
i1istrtt111~1i1t-tl airrr,~rt, q t i l i - t h ~ ~ ~ r l r l  tiatu!r!s 

1. 3l i I ir;~ry rq1:Ipntmt 
hanp f~urn t l i t  ianclrmidr 
of this mudcl or 3 anOC(iAm~ 
F-l I t  vari.~l~~c+rcornrtrv 
lighrcr in Lancley 1tud1.r 
of rr.arT to incrrxic tl:e 
\\,r tpml r:*p?city of tlw 
aiwr~tt.  

21. Ftl..-scale, rndio- 
runtrulltd, and ?In- 
tuqnr: muJrlr sf tltc 
Gnrrnm.ag &ncrican 
~ra intr  arc k i n r  ctrldit*l 
in a *rim OC SM!~ 

rrsrarrh pqrarrs  P: 

h ~ : w .  

tatcd at Latlglcv, and mdiwontrolled 
rttod~l~. 
Lanqlt? is Enrcstieatiac thc ~ r a ~ ! : ~ ~ ~ u r t I i i n ~ ~  
of a r ~ l ~ l t # l l c r  of light t\%'i!:- a t ~ d  singir- 
cncind aircrav;t, ~ttntlc availalilr to tllc 
Ccr~rcr 3t lor\. cmt Ivy tlmc rt~ant~factttrcrs, 
for tl~i!: rr.sc;~srh. F1111y irxrtr11n1c2tcd 
a i d  with nn thmpo~ t r .  phic d ~ ~ t v i a i c s  
sttappcd rn t t~c  s-..rs. thr planes are hoisted 
aim-r .I cotlcrr~c pat1 i w d  drnpycd ili a 
v~ricty  nf n.titr~dcs and loa-lirlg cotlditions. 
Ilichspr d ~ u n t i o ~ r  l)icturcs artrl othc* 
instr.,nriltatiori ~ n o ~ i i r n r  rhc crash, mcaatlrc 
111 \rav t l ~ r  airplar~r af~sorhs tile cr~crqy of 
i11r imprt .  and dctrmritlc ~rhct21t.r thc 
crasll \r-o~ild h w r  Iwcn 3 c ~ ~ r r  i;-?11lc nnc. 
Scw s a t  deiqaa and mtmitrt svsrrttrs \\+crc 
onc rirrly nutc t~u l t  of this call tinuinq 
I.andry rrsrnrch proerani. 
\ l ' i~ l i~ - t~ l t l l l c l  111m1~Is IIZST If-'IS ilfn pro\-rd 
tElcir Ibrtsic 1.a11tr. Ptrt ns ti*~.hl~cllnrv ad- 
vanrcd. n r ~ t l  as it i lrrnrt~c. wortm i ~ ~ i p o n a ~ ~ t  
to hnvr pn*.isr. data Itum n itirf :1111t1rls for 
t i i r r t t  ll:r in  hrll-wirlc tlcaicta. sol +rh n! tlic 
~ r ~ i i t o r  t!r;~\clinck!: oi ~r . i r i d - t~ i i ~ t  ,I.[ tc~t: 
i ~ r t a m r  nlnjr,~. otirs, and s r i ~ n ~ l l l i r r ~  hlocks 
trr flirt trrr ~wocn-sq. 

-rqbIc i l ru l~  \ ~ ~ . t t l  %\..I< I ~ C V ~ I I  )lrr< III~I?~! bt-r P ~ I + ~ . c ~ ,  

;1 kc+! I .~ctur  i r i  . ~ l t  1% iilrl-t11ntrr.l t 4 - c t i ! l ~  t l r , ~ ~  



it~\.olvr.s w lcri-clown rllodcls. Rqnolds 
mrtnlwr h .I  di~nr.asionlc~ fastor that is 
r~serl ro c.~t~lparc f lrw \-irni1aririt.s twtwwn 
thc tliodrl arlrl tIlr f11l1-izr airpjanc, 
Partkrli.~ 1v fur rrstinq in thc transonic 
speed mr~g"r. 110th Kcyt~olcls narntm- and 
hIach nutnilrr l~lltst 11r thc samr vsl11c3 for 
thc rualcl arrd for rl~c fdl-sralc airplarle. 
Full.scalr rr*ind trr11nc2s h:wc Iwcn Imilt, but 

3. Spin model of the 
Gsurnman E:\J*d clrc- 
trnnir wadam airrmff 
drmmrtratn iW rccowry 
trchniqun in thr f ~ n c t c y  
spin tunnel, one of two 
in rhr: ~ F C C  world. 

they optratr. at lowrr sprt~luls that1 transonic. & n t d  <atcn&\.rly and 
1'Elr puwcr qr~ircri to drive t't~rr; at \&th dummia s~rapprd 
trai~roriic \ \ . O I I ~ ~  1.r tot:!!:; i:nprac- in its srn13, is drtrllprd to 

real. f Srhrr tcthuiq~~rg bnvc thrir lii~~itatio~ls. crash under contmllrd 

Ertt 011c fc;tsil,lc altrrnativr i s  to rrrll~cc thc condifiOnr jn a Lanqlcv 

rcnipcraturt or thr worlri~tg nltrlirtu~ in thc inv"'i4a'ia" 
crashworrt~inms. tr~titirl. and this i s  tllc approach chosctl in 

rht tlrsicn or I.anrIrv's ncwcst wind-tlmucl. 
thr Satinnal Tratizoriic Faci!ity (STF). 
nc NTF rr311 operate with nilmen gas, - .  
coolcd ro a r-rr). low \vr.orkin~ tcrnpcratnrr. 
I t  \vi:l kx aaIllc to operate i l l  a r a n v  that 
will prmIrlcr hrll-wa1c Rc!*nolds nurn1)rrs 
for tcste ot a widc variety oi aircraft model 
types at subsonic and transonic spccds. 
Thc Difl crcntial bfancr~vcring Simul3tor 

1 (DIfl;) is a ~tniy~lr  trwarch aid for rhc 
study of thc prohlcms OF colni~at lrrt vcrr, 
fiql~rt-n. At I ,anclr)-, pilot a h  pilot has 
sat irr  tllc I)X:S c , ~ k p i t a ,  RIIC? actcd as 



I. A Crams 510, popular 
l i h t  twin-mpinrd aircraft 
with private and blain- 
0-, b mak~ntcd in the 

-Icy *L by Wh. 
wind tunnel lor 

Waluatlon. 

thmat or frirndly fiqhter, nrirlinr thrm~ph 
projrcted sky and qround patterns in thr 
dugfightinp dance. Fmtn t11csc sirnr~lazd 
combats has come much basic data ~ U I  the 
dmclopment of nmc qer. .-tati~n% or fishress. 
DhiS is a pair of spheres. rach 40 feet in 
diameter, each hol~sinc a c ~ k p i t  and a 
prqjrction systcrn that remiitcis observers of 
a planetarium. Thr pmjcctor displays the 
Iom of the taqet airplanc and it alsc 
proi~cts a spI~crical envimnnwni, with sky, 
Earth Icatuw and the Sun for visaal 
rcfcrtncc. 
AIP d this qrripm~nt fcrds a r'i$tal rom- 
plitcr which d m  thc rcaF \\.ark of monitor- 
irrg v-hat rach pilot is doinr: arrd alrcrinq 
thc t a p e t  irna~cs accrordinglp 
'ihr s r m ~ l t  is a Imath-takinq rcpliration of 
the real sitltatior~. and one ill which rvrn 

2. T lr  YF-lt;, anred vrtcralls tind thcnrsd\+m hartl-prrd. r h c  
air comht tiah!tr+ was D3iS can rlw two pil0t4, ~ a c h  flyinq ont 
flmr.~ in ~ ~ l ~ l  funn in aircrali; or it car rxrrciw sc~1131y ollr pilot, 

'hrLar'~fr~frbtFacalc Ryit~qaqail~stapw-proqsar~rrr~cdthrm! 
tunnel. aircraft or ii~issilc. 

Such a sin~l~latnr alsn c;il rnrily d ~ t p l i r a c  
spnw vchitlr rrtldrs\.o~~s. I t  cnti Irr ~ t s : d  to 
r\mahwcr crlrrciit aircr.~h acairlst prt~p(~srrl 
i ~ ~ ~ p r o v ~ ~ ~ w n t s .  nr atyii~iqt ;I i ~ v w  a i ~ l  
dilfcrcnt drsicr~. It  can E3r 11~crl :n ~ t 1 1 i i ~  thr 



variety ot ticw or 111wlifid .~pr.uarh and 
Ial~rFinq systci~is Tor llad wcat llcr operations. 
n ~ d  ta cspcrirncc the rrratic I~cjia-ior of a 
law I~c~licoptcr liftill< ;I I)itlky carqo into 
thc air at thc cnd of a caldc slitlr in qi~sty 
\vi t~ds. 
Simulators continn:: to he dwclop& for 
sprcialiaccl and ~cnrralizrrl stt~dirs. The\- 
h a w  paid off thcir drvrlolitncnt costs :tiany 
tit~lcs ovrr it1 li\*cs savtul, In aircraft not p l ~ t  
fit risk, and in tGc c?rplor,ltinu or tirw fliql~t 
tcchniqrlcs. 
Z diff m n t  kind of sirnalatioli shottld :IP 

mcnti~ncd l~rrc, altl1011r;h it oill!- arrived 
ill advnncr.: . ~ l ra  iorit1 ' ~ t  tllc tild of this 
dwadt. Pro~ra~rrr~Ictl  proprrly, n c n i ~ ~ p u t c r  
can :cwc a< an arrrdyi~airric ni~ti~tl.~tor. 
ntntlinq sn l~~r io t t~  nr :hr clas&-nl rqi~atiorlc 
and p r~-~r~ i t i i i q  I r ~ 4 1 l t s  i 11 r~pid-lirr- S ~ ~ I I ~ I I C C .  

1)uritir t l~r  l!~t;l)s, i t  was l r r ~ s s i t d r  to siinl~lstc 
i ~ y  coi:~pii t t~ r . i lc~tlat i~~ti  t11r lift c!istri!~ntiot~ 
arid r.ortr?r t l r ; , ~  aroiir~ri :I \s*iri~ or otl~rr 
g c o ~ i ~ r l r k  silrf ! i t 9 .  n?- nt~x~ibt it)7.-1, ct)~iqt:ltcr 
tcclinolo~v and rnp,~city Ii;itl rvtllvrtl s r l  [lint 
t l~rrc stitdics m~ilil Ilr rulbnt~drtl t o  iilclridr 
transotlir ~ t l r t  Ilypt-rwi~ic Ilnw fic*ltl~. 'I'tirsc 
Ilnw ~iriil~l.~tit~tis nr'r 1110rtS ; ~ t + ~ i t r , ~ t t ~  tl~nti 

it~tl-ti~~l~ic-I !thstc, I I~Y-,IIIW tl~vrv ;triq i i o ~ ~ c  
of tlir. r1u1nc.l liiiiitntir~i~~ of \c:11E rlIi.;.rt~, 

3. 'lllr fliSht simulator h r  
adrancd aircraft ar 
:\ma Ka'nlrh Cmtcr 
has LK.m ~ 3 - d  in accidrnt 
in\rstie.rtions. militam 
aircraft dr\*rlopmmr, anti 
r\aluatic~n of tllr spitre 
qhr~ttlr I l y i n ~  qualitirs. 

1. A hrary loqistin air- 
craft rnodrl undrr 1-1 in 
thc I ~ n q I q  ft~ll-scale 
wind tunnel. 



1. 86 support interfennet, and Reynolds numbera. 
ab extend these simulations to thrrt- 
dimensional value in "re& ' air, will require 
about 40 times the unit rrinputer capacity 
that t~iStK1 in 1977. Srr NASA is proposing 
a new facility: to bc completed in 1981, 

i which will haye the single-computer capacity 
needed F .: thrce-dimcnsional d u t  ions of 

I the flow equations. 
That kind of a computcr eomplex, when it 
cornea on line, will serve also to increase 
the efftcicncy of wind-tunnel testing; it \r.ifl 
rcducc the amount of that testing by 

rrdtdng ti:e number of confiquntion 
,{ 

variables. ,4 
A whole b m : c  could be written a h a  the 
space shuttle, YXSA'S r **-zblt spacecraft 
that will p m  a i;l$r ;act it1 low-~mt 

1 
space rxploration and pet;.l~s-trar*el. 
Spacccnft, as such, am kyonrr he scope 
of this treatment of aemnaaticat n ~earch. 
Btzt there is one arta that the shutt c shares 
in common with Inany of the acronatltical 
rrseanrh vehicle ~~~entio~lcd in thee pages. , 
The nhutffe corncs back to Earth and lands, 
more or less like a conventional airplane. 
Ctsj, I~rause ic descends at a \*cry sttrp 
glide-pat11 angle, and it is ~ z n p o \ r ~ c d  
dktring its approach to the land in^. 
At the cnd of this dccadc, the space shuttle 
itself--the first of !he series, narncd the 
bmEt~rerprise"-had c c o ~ p l e t d  its flight I 

m a r c h  p ~ m m  at SASh's Ilryden Flight I 
R~search Centcr. It had hecn flow.. as a I 

captive aircraft, strut-mounted to a 111di- % 

fid k i n ?  747 transport. Tbn _ Fiiqllts 
werc to dctcnni~lc the characteristics of the , 

combination, uwd to launch the shr?ttle on 
some aeccssary. flight rmarch to find i ts 
perfort~~al~cc :IS a po\v~rlc~< ~lidrr.  I t  was 
snccrahrlly carricrl ;loft on thc 747 t~rotl~cr 
platlt and rclcarrd, to r~iahc its O\\-II wnay to 
thr lengtl l~ rtlrnvay utl thr dry lakr i d  
\vh~rc so tnany rd its prcdecewore had 
Inndcd. 



SASA's confidrncc in the flying qtzalities of 
the shr~ttle i s  t~a& laxply an thc cstengive 
experience with a lonr line of wwarch 
aircraft, l le~inni~rp with the tiny rocket- 
pawrred &I1 S-l of ?I) ycals carlier, attd 
exretldd throuqh t the flixht rrsearch pro- 
~ m l s  on littinq M i e s  conducted earlicr 
in this decadc. 
Last of these was the S-24B, thc final con- 
fiquration ob aiw of the thrrc origirlal 
liftirlc bodies ttutd in thr proqraln. I t  was 
Iniilt for a s f e s t ~ ~ ~ u r  or tlic low-spctd f ly i~lq 
qr~alitirs v l  a hyprna~~ic liftirly I ) d y .  
TypicaIly, the S-24R landcd alter an a:- 
pmach a l o n ~  a glide path 24 dqrers 
below thc horizon. As nrmt normal aircraft 
approaches arc flown ,it a ylide path slo;)e 
of three degrees below the horizotl, it is 
apparent that the S-248 glidtd like thr 
pro\rerbial brick, ~ i t h  cigi~t times as steep 
a glide angle. 
The S-24B made 33 successful fliqhts befow 
the p-rn wzs cornplcted in 1975. 
The 199th and last fliyht or SAS.4"s S-15 
wxarch aircraft was made Oetobcr 24, 
1968. nurinq the ten years that thc thrcc 
examples of this research aircraft flcrs-, they 
pro\*cd thc feasibility of tltanncd space 
flight, esrendcd thc hrdcrs  o l  nlaorcd 
fliqht to the edqe of space and well into thc 
byprrsonic sprcd ranqc, anrl carricd 
rcwaxh instruments to sr~stai~tcd heiqlits 

3 

vertical takmff and land- 
ine 16earrh aircraft still 
is acrirr in N:Gh pro- 
gram v:ork. 

3. On a hack itrcrt at 
Amn Hmcarch I.aborn- 
tow, wind-tanncl modcIs 
s l  thr spact s h ~ ~ t t t c  and 
the quirt short-l~aul rr- 
scerch aircralt pax- on 
rhcir way to tc3t programs. 



1.RscX-15rrs~arch 
whiclc in iu b d  form, 

with M ablative coating, 
rcduecd windshield area, 
and auxiIiary rocket fuel 
and oxidizer tanks for nn 
cztmaion of its pabm- 

ance wll into the hypcr- 
m;c specd range. 

and spttds that had not bctn reached before 
by manned aircraft. 
The p-m wsls marred by a fatal crash 
in late 1967, and from then on i t s  pact 
dowed. Budgetary problems finally temi- 
nated thc X-15 program, one of the major 
contributrons of NASA flight research to the 
future of aeronautics. 
The X-15 program, which ended at the 
kginninq of this dccladc, had mmc 
sirnilariticts to the shuztk pmgrarn, which is 
just starting at the end of this decade. Both 
craft are hybrid dcsignq combining the 
charactcristits of airplane and spacecraft. 
Both were developed to extend our knowl- 
~ J e c  to new borders. The X-15 nretchcd the 
bounds of conventional flight lntu the 
realm of space, pioneering flight techniques 
and ciystcrns. The shtittle wilt do a similar 
jab, bringing to space explarat:gn thc 
capabilities of a reuwiilble spacecraft with a 
huge and useful payload. 
Each of these pioneering vehicles will 
influence the design of aircraft and space- 
craft to come. The X-15 looks a Iittlc dated 
in 1977, when compared to the space 
shuttle. The space shuttle itxielf will look a 
!ittlt old-fashioned tram the vantage point 
' 1987 

A decade apart in time, they demonstrate 
the pacc of technolw set hy the National 
Aeronautics and Space Administration. 

2. Thc  T a c t  shuttk, part 
airplane, pan spaaecratt, 
in model form ready lor 
testing in rhc Amts full- 

scale wind runnel. 



Epilogue 

Sixty years is not a very long time in the recorded span of history. 
Many of today's top-level managers of the aerospace industly were 
born at about the time that the National Advisory Committee for 
Aeronautics was born, and they have grown up together. 
In their childhood, they watched the rare airplane that buzzed over- 
head, maybe dropping leaflets or a daredevil suspended beneath a 
gaudy parachute. They went out to the fairgrounds and saw aerial 
acrobatics, or--in the ultimate thrill-took a ride over their home 
town for five do l l~n .  
In thcir teens, they bung around the airports, envyine the suave pilots 
with leathe. jachets who flew the biplanes a;ld the neb, light mono- 
planer, that held the pro.nise of a plane in every garage. They washed 
airplanss, wiped windshields, poured gasoline in exchange for a ride 
or for instruction. 
They went to work in the fledgling industry, or to college to sttidy the 
initial complexities of calculus so that they could someday design an 
airplane. 
ht?r:; of them went to war in the airplanes they had helped to develop, 
in ,tie way or another, and too many of them died in those same 
ai ;craft. 
111 the postwar years, they rtruggled with the visions of any postwar 
dreamer, iroping that at least sonie of the dreams would be realized. 
And that has happened. In their lifetime, the speed of airplanes has 
gone from less than 100 mile; pzr hour to more than 4,000 miles per 
hour. During their years, they have seen revolution after technical 
revolutic~~: jet propulsion, rocket flight, sweepback, variable sweep, 
supersonic flight, rotary-winged aircraft, vertical flight, gl~ided missiles, 
manned spacefiight, exploration of the Moon and the planets. 
Tn their lifetime, the land masses and the oceans have shrunk to be 
measured no!. in hours instead of thousands of [riles; to be spanned 
dilring a meal and a nap, instead of d.lring a wt:ek of steaming or a 
tedious day of throbbing flight. 
And in the few months remaining be'- :en the tine this is being -written, 
and the time it is read, other aviation marks will be set. Records will be 
hroken and re-broken. New designs will take tangible form in the 
svlid structures of jigs and fixtures on factory floors. 
The extrapolations of aeronautical knowledge will continue to make 
possible the exploration of space. 
These things will happen, because thc thrust of dsvelopment in avia- 
tion is upward into new regions of flight, and outward into new markets 

-?plications for the baslc pri~~ciples of flight. 
Those principles have been developed over the years by successive 
generations of scientists and engin1:ers: p.'  ' and mechanics, scholar1 j 
tbiilkers and backyard tinkerers--even by ,101s and frauds. Thc 
airplane today is the sun1 of many parts. 
One of the largest is the experience of years of aeronautical research. 
Sixty years ago, me - r;.iscd shovels of earth to symbolize the start of 
constrt~ction of the first Federally funded l a t ~ o ~  atory for ,ieronautical 
rrsparch in the United States. 
Later, other men lifted the first samplirigs of the lunar surface in the 
start of scientific exploration of the hloon, an extension of research 
begun at 1,angley and carried on throughout NASA. 
Frorn the Moon, the Apollo astronauts lookcd hack and saw their Earth. 
But they looked ahcad and-with the rnen who turnrd the warn1 \'irginia 
earth thosc sisty !.cars ago-tney saw the stz!.: closer now1. 
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