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SP.t,Cf. FLIGHT 

Bell X-I 

T HE UNITED STATES has seen Russia 
slowly dose the wide ak-power gap 

that once separate(1 the twO nat ions. Mil i­
tary experts 1I0W agree that in many areas 
lhe Soviets arc <Iuantinlti\"e l)' ahead of us, 
and as far as quality goes they a rc catching 
up rap idly. 

To offset any chattenge to our aerial 
supremacy, the Un ited StalCS has embarked 
011 an ambitious experimental research air· 
eraft program th:lt , it is hoped, witt insu re 
the mailllena ncc of leadership in superior 
quality a irpla nes and missiles in the years 
to come. 

i\hny of the exotic spaceships of the 
science-fiction world were prefixed by the 
letter X; today many of the astOnishing re­
se:lrch missiles and pl:lnes being developed 
by American tcchnology have the same in· 
trod uctory Iclter. The X-series is our pre­
"iew of tomorrow's aeria l wcaponr)'. 

The idea for seui ng up a research series 
of :Ii rcraft bcgan d uring the course of 
\':'orld \\7ar It , bu t work was no t t)Cgun 
seriulls ly until the end of hostilities in 
19'15 . T he Air Force, Navy, and National 
Advisory Conuninee for Aerona utics 

Bell X-III 

remarkable x-craft 

By Fr e d e ri ck I. Ordway, III 

"'n.p. e •• dent 

9ue •• 1 •• Ironeulic. co.poretion 

(NACA ) coocei"ed of, aod ha"e conti nued 
development on, an ad "anced series of re· 
seMch vehietes. 

t)(:t:lils, from few to rather complete, arc 

available on more than a do~en X-craft. 
\X'e fi nd that thcre arc three t)'pes of veh i· 

clcs that ha\'e been gi"en the X.designation: 
(I) manned rocket ai rplanes, (2) manned 

turbojel airplanes, and (3) unmllnned mis­
siles. Rather than tfy to look at them 

in numer iC'.!.1 order (X- I, X ·2, X·3, X·4, etc.) 
it should be more in teresti ng to th ink of 
them by caICgory. Since the most exci ting 
frontie rs of flight 'Ire usu:tll y :tssocialcu 
wi th man :LS well as speed and altitude, 
leI us look at what has been (lone with our 
pilOted rocket airplanes. 

The l.icll X·I was the first a irplanc in 
the world (Q reach supersonic speeds in 
Ic,-ei fl ighl, crossing whut W:lS known as 
Ihe "sound barrier" in October of 19-1"7. 
T his WIIS an c"cnt of tremendous il1lpor. 
ranee to the aeronautical sciences, :md was 
accomplished by designi ng and fl)' ing :l 
rocket.prOI)C!led ;,i rplane tha t was ~ Imost 

lilenl ll)' a m:lnn(.-d m issile. The pl:Lne was 

lJeff X-Ib /jell X·2 
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driven by a powerful Reaction Motors 
GOOQ·pound thrust rocker engine operating 
on liquid oxygen and alcohol. It provided 
milir;u·y and induslrial aeronautical reo 
searchers with invaluable data about tbe 
then.virtual1y.unknown regions of high. 
speed flight, and data derh'ed from rhe 
program were fed into later combat air· 
p lane design. 

A modification of the early model was 
the X·IA. five feet longer thall its prede. 
cessor. After thorough teHing in 1952 
and 1953, this I:.rget plane amazed the 
world by tt;lve!! ing ,I( 2V2 t imes the speed 
of sound, or 1,650 miles per hour, in Dc· 
cemlJcr of 1953. In another flight it 
reacht.'d :1 record altinuJe of 90,000 feet, 
which liter:, lIy brought ma n to the fron· 
tiers of sl).lce. \'I:' hile the X·I cou ld only 
sUSI:dn PQwered flight for 2V2 minutes, 
the X·tA could en joy four minutes of full 
power since it ca rried considerably more 
fuel. 

An X·1 11 was bui lt and specially instru' 
mented for resc<Ltch on high speed frictio n 
he:lling. As the myMeries of the sound 
harrier were dispelled, thosc of the " thermal 
barrier" wNe explored. All of thesc X·I 
ai rplanes were nornlally air·l,.unched from 
specially adapted bomber.t)·pc four.engine 
airplnnes. Th is ('nil bled the X.plant'li to 
util i:,.e their precious fuel on ly for the re· 
scarch purposes (or which they were de· 
signl.'d. without wa~ting ill. )' for take·off 
and cli mb to Hlti tude. The planes can and 
Imve. howc,'er, wkcn off from the g round 
under Iheir own powcr. 

It is imercsting to know that the X·IA 
:md D plunes weigh about 16,000 pounds 
and arc crammed with 1,000 pounds of in. 
strulllentation to record the variety of tests 
that the pian(.'s \U1dergo at the outer reaches 
of the tLlmosphere and at extreme ,·elocities. 

NOt al[ ai rplanes of the X·I series were 
successful. X·I Number 3 was destroyed 
during a fuel opcralion, a modified X·IA 
exploded in 1955, and a model D of the 
series also WaJ destroyed. 

It is "'1.'11 known that air in motion 
possesses kinetic energy. Now if we de· 

space iournal 

cide to bring to a halt rapidly.moving air, 
the ene rgy contained in it 1I1L1St be con· 
ye rted soUlehow, and we find that we end 
up with heat and pressure energy. A simple 
equation tel ls aeronautical.design engineers 
and ilerodynamidsts what the tCIllpt:'taturc 
rise will bc of :m object encountering a 
rllpidly.mov ing air Slfealll. As ai rplanes 
and missiles roar through the utmosphcre at 
e\·er.;ncre:,sing speeds more and more 
,"elocity energy is convc rted in to hcat. 
\'\Ihlle some of this heat is cond ucted 
through wh:1! is called the boundary layer 
and while, especially at extreme altitude, 
some is radiated out the air frame , much 
has to be absorbed . 

Specially prepared timniu m, stainless 
steels. ilnd ceramics are used to prOlOCt the 
aircraft from th is heut. Moreover, each 
craf! hilS a cerrain heat capaCit )'; bur " ircraft 
designers knew that sooner o r lau~ r re· 
frigeration syStems would ha,·c to be in. 
corporated if man anJ materiHls were to 
sut\·i,·e the "thermal barrier." 

It is ohvious th:1! the denscr the atmos. 
phere the more acme the heat problem be­
COUles. To study the thermal phenomenon 
propedy, greal speeds and high.alt itude 
mpability arc necessary. If we were to fly 
tOO low a t tOO high a velocit)" we would 
burn up like a meteor. Man ht.s found 
trmt if he w,mts to go substantiall y funer 
than he does today he mUSt gCt be)'ond the 
thick anllospheric blnnket ilnd into the 
rnrefled upper le,·cls. 

Till.' X·2, :mOfher Hell- Air Porce­
NAC.t\ rocket rescMch nirplane, w:.~ spe· 
c ifica lly designed to explore this thermal 
barrier. In J ul), of lasl year il had reached 
a top speed of thrcc limes the speed of 
sound or ahout 2,200 miles pcr hour. To 
get th is eX1C1I periormllilce a Curliss-\\ltight 
liquid.propellilnl rock"t engine. de"eloping 
15,000 pounds of thrust , w .• s u!ICd. Perhaps 
e,"en more astounding than the 5p'-'Cd pro­
duced was the record altitude flight of 
126,000 fCCt , o r nearl)' 21 miles straight up. 

The powerful rocket engine a llowed 
dam 10 be gained of airplane l)('rformance 
at high angles of :Llmck. When spee<ls 
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of .Mach 2 to 3 are reached, the tempera­

ture of the skin may r ise from 250 0 P to 

650 ' F at high alt itudes. Designers have 
therefore fitted the X-2 with t'emperature· 

resistant glass and a heat-insubted cabin 

to provide protection for the pilot. Further­

more, special alto),s were used in critical 
parts of the plane. In else of airpbme 

malfunction, the elbin could be ejected and 

parachute· lowered to an ah itude where 
the pilot could separate and complete the 
(lcscent with his own parach \lte. 

One of the X-2's exploded a nd was in­
tcmionall), jettisoned fro m its mother 
launching aircraft in May 1953. The last 
X -2 crashed because of stability prohlems, 
killing the pilot, Capt. M. Apt. So the X·2 
progr;lm is officiall)' over. 

T o carr)' on the work st:Lrted b)' the X- I 
and X-2 ;lirplanes (as well :.s the rocket­
powl.'red Nav)' D-5S8-2. not a part of the 
X.program), one o ther manned rocket craft 
is being developed, dle X·lS. The Bel! 
X _I E witt be used for .Mach 2 research 
until these new pl;lnes are ready. Its (ust 
flight occurred in June of this )'ear. 

Details are shaping up about the North 
American X-IS , which is sponsored by the 
Air Force, N avy and NACA. it will in­
\·estigate the unknown velocity regions at 
five, six, or more times the velocity of 
sound, and il" will p robe 100 miles above the 
su r f;,ce of our planet. IFe ellll almost COI/.­

shier the X-15 as II IIMlmed stUlcesbi/J, alUl 
it will t1rob"bly be Ibis progressioll Ollt­
wards illl)eiocit}, Iwd "di:Jt"'lce Irolll tbe 
eartb" that will bring /IS to lull·fledged 
IIUII/lled spflCe fligbt . 

\'(Ie S'IW that the old X-I planes produced 
6,000 pounds of thrust, white the X-2 built 
up 2 V2 times that; as much power as put 
Out by a typical Navy cruiser. T he X-IS's 
rocket engine, to be built by Reaction Mo­
tors of New Jersey, will release 60,000 
pounds of thrust, :lnd will fire from 1 to 3 

minutes. 

Despite this enormous amount of power, 
despite the fact that the a irplane is designed 
to explore areas where no man has yet been, 

and despite the fact that frictio n heat gen­
erated may rise 10 ISOO Df to 2500° F, the 
plane is considered quite safe. Dependi ng on 
the c ircumsta nces, the p ilot, in case of a mis­
hap, will have a 90 to 100 per cent survival 
chanl·e. The airph10e has been carefu!!y 
designed from the human engineer ing poi nt 
of vicw, with :,erome<!ical scientists of the 
Air Force ;1Od Navy cooperating closely 
with the manufacturer. It will be heavil)' 
inst rumented to record conditions of re­
e n try from sp.Ke into (he earth's aUllos, 
p here, heating, st;lbility ,It high speeds and 
a1cimJes, and comro!' The X_IS wi!! be 
the first, {fUe hypersonic boosted glider. 
The initial flight test is expected in 1958. 

Although less spectacular, high I)' im­
port'lm work is bei ng, ;'nd has been, ac­
complished by rurboiet-powered research 
a irc raft such as the X-3, x·4, X-S, X-l3, 
X-1 4 and X-lS. A!! manned , these planes 
have probed a v<Lriety of aeronautical un­
knowns, :md results are rapidly :lnd effi· 
ciently being "ploughed back" into in­

dustry. 

DOllglas X-J 
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The X-3 has often b<.-en referred to as 
the " Flying Pencil" ix'Causc of its long 
(nearly 67 feet), thin shape. Powered by 
tWO ' Xlestinghousc jets. it produces 14,000 
pounds of th rust and lands at a brisk 215 
miles per hour. The wing loading (a term 
dcnoti ng thc gross weight of the airplane 
divided by thc a rea prcsented by its wings) 
is somc 200 pounds for cach square foot, a 

"ery unusua l figure. 

This m i(l·w ing airplane carries 1,200 
pounds of research instru mcntation a nd a 
rcf r igen ltion system for cool ing the cock­
pit and instruments. An imcresting fact 
is th:or it uses somc of its fuel to circulate 
in the nose arca fo r cooling. The a irplane 
was designed to tCSt out slIStll;lIed, \'ery 
high speed flight. and was a joint Air Force, 
N:lvy and NACA projecl. Much of the 
craft was madc of lilanilllll. 

Norlbrop X-4 

T he Northrop X -4 :H1J Bell X-5 repre­
sent a d ilTerent sort of airplanc in that they 
arc not prim:! rily designed for speed and 
altitudc testing. Thc x -4 is charactcrized 
by a tailless configuration wilh swept wings, 
being pattcrned after thc well-known "fly_ 
ing wing" design. Ele\'ons on the Iraili ng 
edge of the wing act us uilerons and ele,'a­
tors. It is u SllIa ll plane, weighing only 
7,000 pounds (11\d measuri ng less th:1II 27 
fccI long. Much valuable information has 
been gained on sUlb il ity ,md {light char­
ucteristics from th is a irplane in rhe sub­
sonic speed region. 

space journal 

Meanwhile, the X- 5 is :! plane featuring 
a variable sweep wing; that is, t he back­
ward 51(.nl of the wings can be :tdjustcd 
durillg flight . W h ilc landing and taki ng· 
off the sweep is about 20 degrl'e5, and in 
fli g ht it can be positioned b:lck to ~ de­
grees. The wing·sctting mechanism is 
coupled 10 an a pparatus thaI immediately 
compensates for the shift in the center 
of g ravity of the IO,OOO-I'ouod ai rplane as 
the wi ngs arc changed. T he usc of swept­
back wings bOlh delays and reduces tran­
sonic elTects, but the exact degree of swccp 
is often a problem. AsSO(:;ated widl 5W(,'CP, 

howe"er, is a number of <Iiffie"!ti,, such 
as the thickening of Ihe so·callcd hound:lry 
In)'c r ncar the tips. flow \'clocitics along the 
wing, necessity of large anglcs of aWlCk at 
high lift. and d ynamic stabi lit y. Thc X·5 
was designed to im·cstigare the aerod)·namic 
cfTecu of swccpback and change of sweep­
back. Two airplanes ha"e crashed in thc 

leu program. 

'Xle now turn ((I anothc r type of turbojet­
powered research airpl:.ne known :IS the 
V'\'OL {meaning Verlica l T (lkc'off (' n<l 
Landing) , represented by the X·I3, X.1 4, 
and X·lS. All t hree planes ha"e come into 

Bell X-5 

; 
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the news vcry recently, and all three ofTer 
different approaches 10 the same end. 

The X- 13 is pop u lar ly knowo as the 
Verl i jcf, and its approach 10 vertical take­
off is very d i rcc~: SCI the plane in a l u il­

downward, nose-upward posit ion, a nd lake 
otT. It is launched from a trailer bed 
which is hydraulically r:l ised infO the ven i­
Cli position . The plane hangs from a 
hook on a stretched albIc, and when ready 
10 fly builds up power from its Ro lls.Royce 
Avon e ngine ulltil thc thrust (,,,",eros Ihe 
weight of t hc :lirplanc. In April the first 
" mulSit ion" flight was made when the plane 
, ·cTli(.-ally look nIT, "conven ed" 10 the hori­
zontal position. flew at a rcspccrabl)' high 
speed, again con vened and nmdc a ve rt ical 
lan<l ing. A jet reaction CIl,l[Tot system is 
e mployed during periods of rising, lower. 
ing o r JUSt ho."ering; the pi lot del1ectS the 
jet exhaust by thrOllle control. Onl y 24 
fect long. the plane has Jirectionall)·-con­
trolled bleed jets on the wingrips, and excel­
tern performance character istics (good 
climb. m"neu\'Cr"bility, etc.). The Air 
I;o r«:, Na\·y. and N ACA have "II supported 
the program at one stage or anmher, al· 
though Ihe Air Force supports the x·n 
as such. 

RY"'I Verlijet X·13 

A SUI'(,rson ic VTOL lighter has reporl(,'(!' 
Iy been des igncd based on the X · 13 which, 
it is claimed, could climb to 15,000 ft'Ct d uro 
ing the ti me II cOIH'cmional fighter is be· 
coming airborne. Th is and o ther VTO l.s 
will probably re\'0Iutioni7.c the concept of 
aerial warfare in tha t no ebborate (and 
vulnerable) land ing fields and carriers will 
be necessary. Gi.·e the VTOI. a littlc sp;\ce 
in the b;\ck )';\rd lind thllt is all it :lsks. 

The sh rouds of mili!;,ry sccreg' have o nly 
JUSt been lifted from the Uell X·14 which 
might be call(,'([ a hori 7.0ntal VT OL. lis 
two Armstrong·Siddeley ASV. S Vipcr jet 
engines produce hot disch:lrge gases wh ich 
are di.·erred downward dur ing take-off 10 

push the a irpiline upw:trds. The total 

IJell X·14 

thruSI is 3.500 pou nds. 
the exhauu gases arc 

As the plane rises, 
di rected by special 

vanes more and more rearward and hori· 
zonml fl ight can commence. Three com· 
p ressed ai r jets arc used to comrol a!litude 
when the plane hovers. The pl:'ne has 
a lready completed preliminary f1 ig hl lests 
both con\'emionally and under VTOI. con· 
ditions. 

T he fina l X·VTO t plane lIbout wh ich we 
know sollll'lh ing i5 H iller Helicopters' lilt· 
wing X. IS, which feature s four turboprop 
engines, with twO COunter-rotating propel. 
lers. This approach [0 Ihe VTOt a.rt 
relies o n tilti ng Ihe wings fro m the hori· 
zonlal 10 the vert ica. l posi tio n and allowing 
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the ClIrboprops to literally screw the plane 
up into (he air. Small turbojets in {he tail 
provide comrol dur ing hovering operations. 
This p lane will prob;tbly be used to nans­
port troopS anJ supplies to and from arcas 
where no airfields arc av:,iJablc. J{eportS 
arc tim! it (:UIl rno \'c along rather rapidly. 

H iller X-J8 

Wre now come TO the third and hml\ 

category in our su r vey of the X-sedcs, Ufl­

ma nn('d missiles, the X-7, X - tO "oJ X-17. 
[Oleh is powered by " different type of 
engine; each has ils own specific rC5Cilfc h 

purpose. Lockheed has twO, the X-7 al1<1 
X·17, and North Arncriclo one, the X-IO. 
A 11 :ITe c"lled {cst veh ides. 

The X-7 is powered by two ramjet co­
gines, being what is called a (CSt bed for 
the type of power pl;ont that propels the 
Boman: intercepter missile. The missile 
has heen under development a nd test fOT 
approximately ten ),ears and will continue 
at leaS[ one more. It is usu:lll)' air-launched 
and boosted by :l rocket engine to accelerate 
the missile to the point where (he ramjets, 
which need ra m :lir 10 sustain their opem­
lion, C:ln take over. 

Unlike most missiles, X·7 is not expend­
able, and Gm be parachute. recovered for 
continued use and evaluation. It ohen 
lands nose fu st on a nose spike. 
tra nsmitted to the surfacc by a 
mcu y system. 

Dat;L arc 
radio telc-

The X-17 is a more a mbitious rocket, 
being a three-st"ge affair, 40 feet long. 
Normally, the rocket will take off and fly 

space iOlKnal 

through thc atmosphere into sp:lce (ap­
proximately 200 miles) then tilt and , with 
m otors still fi r ing, emcr the earth's atmos­
phere at fiftccn times the spccJ of sou nd. 
All this is done to test re ·entT), problems 

Lock/)«etl X-7 

and the vit;d nose-cone aspect of the forth­

coming intercontinental ilnd intermediate­

range b .. llistic missi les. On one flight, 

whcn the tilt ing mechanism did not func­

tion, the missile flcw to an altitude of more 

t han 600 miles and a r,mge of more than 

700 m iles. During flights in April and 

July speeds of 9,000 miles per hour were 

reported and later confirmed. 

.i\fore than 20 of thc G·wn . solid.propelled 
rockets havc been fired from the Air Force 
M issile Test Center, most with good re­
sults. \Vhi le the findings TO d ate have bccn 
i,pplieJ by thc Air Forl'e to its Atlas, T itan 
and Thor b"I!istic missile projects, the 
Navy may coorinue to fly the X - 17 as a 
test vchicle for its submari ne-based Polaris 
l R.BM . 

\Vhere"s the X·7 and X-17 use ramjc[s 
and rockets resp<.-ct i\'ely, the X·lO is pro­
vided with twO wrbojet engines. It is a 
test vehicle for the rt.-cent!y-cancelled Nava­
ho XSM-64A imercontinental-range cruise 
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m issile, nnd it is e mployed 10 check out 
nerodynnmic problems, electronic com­
ponents, :md gu idance features. Flight test­
ing of the X·tO has been successfully CO Ill ­

ple ted according 10 the A ir !'orce. It has a 
lnnding gear nnd can be recovered after 
fli ght fo r re-use, offering a great saving in 
money. Na"aho, the end product, was to 

ha\'c been I>owcroo b)' Tam jets and boostoo 
by three 120.000'pound li(IU id rockeu. 

ila"ing brieR)' lookoo at t hese spectllcular 
X-crnh , we mn)' ask: "" 'l?hat next? 'Vhat 
w ill happen 10 to 15 years hence?" Th e 
Air Force has IIlreally predicted lIIt1l11lt!d 
rocket tI;rcrlljt flJillg tit um times the speeli 
oj SQI/lld u'i/hill tI~is lime perimi. If the 
X·15 re~chcs 100 milcs, a laler X·plane, 
which may then be calletl a spaceship, may 
re:tch 500 m iles, 1.000 miles, or more. T he 
I>opu iur dist inct ion bctwo:."en airplanes and 
missiles 1Il1ly fude as they blend imo tomor· 
row's space "chides. !I1ilitary pial/lien 
lire alread), Ihillkiug oj Ih e possibility 01 
II'ars jOl/ghl ill the s/,(f(e slI rromulilig tbe 
e"rlb 11111/ ils Jlilllospberic bl'lIIkel. 

,\ t the $,'I me t ime our cruis<', interceptor, 
:lIld ball istic mi ssi le progr~ms w il! become 
highly sophisticated. 'Ind again, if peace 
conti nues, techniques c\'oh'oo could lead 
to rockct nnd ramjet·propelled commercial 
air liners ('drr)' ing passengers at thous.'Inds 
of miles per hour at the Olller fr inges of 
the uimosphere fi nd, of course, spaceships. 
Tbere seems lillie doubt Ibtlt b~llisli~ mis· 
siles <llId rOcitel ~irpllllles u·HI be lII~ted 

IlIIII del'eloped ;1110 lIIalllled r ebides IbaJ 
will 0118 lilly re'lch tbe 1110011. 

l..ockheed X·1 7 
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