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THE BEST COPIES OBTAINABLE ARE
INCLUDED IN THE REPRODUCTION
OF THE FILE. PAGES INCLUDED
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PROVIDED. THESE ARE THE BEST
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liahed by the Cmgreu in 1015 as
the government's aeronautical re-
search agency. "The smabling act
specifically charges the KACA with
“‘study of the problems of flight with

To this end the Committee operates
its own research laboratories, eo-
ordinates the fundaments] research
programs pf other agencies and en-
coursges §n6 supports research in
M scientific oducationa] institu-
tions. ‘Boch & scope of activity is
made poulh!e ‘by the siructure of

OF THE NAEA

2END g - »

The ‘National Advisory Come
mittee for Aeronautics was estab-

1 view lo thelir practical solution.’”

-

o qﬂf

v . ut-g w ﬂwrﬂﬁﬁ'\!«ﬁf“'ﬂff

7 Yhe main Commitise of the
NWACA consists of 15 members ap-

-poinied by the President, They in-

clude two representstives each of
the offices in charge of military and
naval aviation, two representatives
of the Civil Aeronantics Authority,

one representative each of the

Smithsonlan Instifution, the U, 8
Weather Bureau, the Nationsl Bu-~ .

.reay of Btandards, together with six
. sdditional persons who are “‘ac-

quainted with the needs of aeronsu-
tical science, either civil or mill-
fary, or skilled in aeronautical en-
gincering or its allied eciences.”

" “Thege huar six serve for terms of

r e

Rt
Qi-m‘t‘n‘vw .

five yoars. “The representatives ol 3

B ,.r.!
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enied by & system of uemm'l%?: -
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The Ames Aeromutical Laboratory of the NACA 15 locatsd on' the Navy' s Motfett Field, mear Ban Francisco, Calll, The h.5~
mwry s chiefly devoted tohuh npeod urodymmica ard has the hrgesl nnd ome o! the mun wind tunnels io the world, -
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government agencies serve while in
olfice. All members serve as mtls
wlthout oompensu

l'he mtn Commlttee is .upple- <

_oommittees and subcommitiees 4o

_prepare and recommend (o the main reda

.E\u.i'r F

-Committee the programs .of .de-
~wearch Lo be conducted in thelr re~ o3
spective special fields. - In Mdman, v;-l;

~ these subcommittees agnist $n po-7%

ordinating research programs and T v

act as mediums of exchange of ideas =

and {nformation ‘among ;umupl ﬁm,
carned wllh nmuon. C
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The strengthof the 'ubﬂ ‘)nn-
1. system lies in the fact Its
members are selected from every
brasch of aviation and aliled inter-
est:.  Owustanding technical men
from a variety of aviation manufac-
turing companies; from sducational
snd scjentific institutions; from the
smilitary establishments, the com-
- mercial operators, and other gov-
" ernmental aeronautical agencies,
sre  eecrulted tor svboommitise

. pervice;
- Administration of Commlttee
* desearch activities 1is earried out
by a Director of Research, who with
© Wir immediite ataff In Washington
econtrols the operations of the
NACA's three principal research
‘laboralories and awards research
conlracts outside the Ccmmmee 5

3 J,-»vm tacilities.

Originai and Iargest iaboratory

" . " 43 the Langley Memoria) Aeronauti~

<2l Laboratory at Langley Field,
pear Hampton, Virginia. Research
eonducted here fnvolvex wirtually
' gvery phase of aerodynamics, hy-

C ':"l'be WACA is 'emstmuy n-

Propuision Research uboan of the NACA

TR OPi SRPYAE- SO VT SRR S

L]

drodynamics, al creaft structure
and aircraft load . A flight station
for pilotless aircraft al Wallops Is-
1and on the Virginia Coast ls oper-
ated in conjunction with the u.ngley
Laboratory. -

The Ames Aeronautical ub-
oratoryon the Navy's Moffett Field,
‘south of 8an Francisco, Callfornta,
is concerned primarily with high-
speed aerodynamics and has the
iargest and someof the hstelt vind
.tunnels in the world.

The l‘ught Propulsion Research
Laboratory is located at Cieveland

Alrport, Ohio. The work here cov- -

ers all problems of alreraft propul-
wion, including the special super-

sonic serodynamic problems con-_

.mled with high-speed prop\nslon

panding its efforts to let resesrch
eontracts with universities and other
organizations having suitable equip-
ment. By so doing, effective use of
other ressarch facllities is made,
guplication of equipment is avoided,

md better dilinum of lcleutlﬂc
manpower is achieved. K

- Moreover, by training ten in
ouiside groups in the special think-
fng and technique of advanced re-
mearch work the depleled reserve
of trained persomnt]l is being re-
plenighed. This is one of the prime
objectives of contract research, for
the war #id ssrious damage to ad-
"wanced training programs. In exe-
euting research contracts, univer-
sities introduce graduate and under -
graduate students to the challenging

and exacting requirements ol ad-

wanced research, giving them goppor-

Sunity to develop their upubmuu Y A

in unt dlrectlon._

P *‘»«w\.’ -

“The product o! research ln all
‘these laboratories is an NACA teche |
~, mical report containing datailed and ...
‘mecurate information on the ixwnand -
-principles governing design, ©r the *~

wee of aircraft, or the behavior o
gases and nuterlals onder 3 variety

“iof conditions. They are distributed -

ass government service o design.
| er8, mnhetnnrs andopenm d

Lae \,f‘ "*{‘g-&-b,a. if
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is situsted at the meucwmmmﬁoﬁ éuo.aumm .
openung problems such &8 aircraft u.ndm(inemu
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The MACA Pllotless Alrcraft Research station is jocated
of ssrodyramics and control &t very high speeds in free flight,

airerafl, and lo technical and scien-
tific Ubraries throughout the coun-

In choosing an airfoll, for ex-
ample, & designer can consult the
compiled characteristics of airioils
and select the type best sulted to his
purpose. From the accumulated re-

search reports on stability and con-:

trol, he can design stability and good
handling qualities into an airpiane,
The same is true ol power planis,
siructures, propeliers, and all afr-
crafl components. Information pro-
vided extends toproblems of opera-
tion, such as icing in flight, loads
sustained 1a flight, and landing, and
even to emergentcy Mtching of jand-
planes M S G vt
"The NACA is an important in-
tegra t of the air -power siruc-
ture of the United States, Closely
N illied with the manuacturing, eivil
S operations, and military function,
its contribution of fundamental re-
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o0 the Virginia seacoast..It was stablizhed io stady problems .=
and is operated in conjunction with the Langley Latorstory. -

wearch s practically snique. Buch

.research isessentially & function of
the Government, because of its rel-

atively low cost when the results
- are available to all for application’
‘%o design and operation of aircraft,

“Moreover, -fundamental ‘scientific

" gesearch s dependent on an atmos~

‘phere of freedom from immediate

_-arith the other sciences, wntil gro= o

‘Ziopportunity “1s ~afforded for ‘wide =3

specific goals and time tables, {ree-

dom to discass and exchange idoas,

and {reedom from tontrols and re-

strictions. The laws of physics are |

discovered more readily by ares
exploration rather than by pursult
-of spectfic objectives ieading to im-
mediate profit. The discovery of

aow knowledge, which is the prime -~
. objective of NACA research, flour- .
.ishes only in an atmosphers of
-~ greatest freedom and signals each

{mportant

advance in the asronauti-~
calart, - . -

- =

‘As seronautical science ad-
wances tonew fields of higher speeds

- P - -

higher altitudes, its problems

-quipment in the world for the soli-

JF
- R .

- -

R

. . W Ty
S~ - el

1 LE et

become more and more in‘lerwoven_ et

fzvolves nuclear physicssad
Aeroéymmics is concerned with the PR
laws of thermodymamics. n this 1 ~

and deeply probing tieid, e

3
“ranging wtudies that kave become a AR
challenge accepted by some of the "= o
best minds in the country. | ' _
2% BRI e T T L
The laboratories of the NACA .
provide the scientists who havecho- - -
_sen Lo work there with the finesi 0.

-e

4 .

T )
R

" tion of their problems. in many Ty

fields of study, individual equipment =+
is planned and devised by the engle_sow....
neersthemselves, and ample latitude <3277~
is afforded for creative ingenuity.
 Even the larger Mems of squipment; it

T,

. such as the wind tunnels, have besa . "

- evolved in this way through NA

e
[, T

experience with research aceds. =
The iaboralories are maintajned to '~
provide dependable knowledge #a- - -.-
available from other sources. {
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Tasic research in a broad dy-

" mamic field such x5 asronautics is

an cver-expanding activity, The

function of the NACA is {p probe .

areasz ol the unknown for new knowl-
edpe of the phenomena of flight. Up-

. onestablishment of each new bridge- .
*head, the organization must explot

and develop knowledge to the point

of practica) application by the in.

dustry, the military, and civil oper-
ating groups. Frequently, the de-

‘welopment of new knowledge resull-
* 4ng ‘in new aviation performance ex-
" poses a new unknown area which

.must be explored,

ANI] l DULS

"RESEARCH

‘Many research problems tave
Been withus for a long time ‘and re«

quire unfelenting effort for contine’

ued progress. Solution of some’ lead

to new ones such as the difficulties

involved intransonic and supersonic
fiight, which are a5 strange and
meaningiul as those attendant spon

the first mghldm : oo

NACA research lucllitles have
grown apace with the new and ex-

panding areasof research. Because

of the time differential betweenbas-
fc research and ultimate successful
davelopxnmt the nnr Tesearch

+

i T

equipment yeflects the #hape of
“things to come. .And yet, the older -
equipment rarely becomes obsolete
because 8o long &s afrcrafl must °
‘wtart from rest and return safely to
rest; so long as the need exists for
better amall persona) aircrafl, for , |
Aarge transport sireraft and for ol

La

pergonic machines, research squip- -

ment spanning the entire yange of
yperformance amd sige is required to
qpente at full upncity : T

MF,““qM;;¢W~

Hnthe tolloving pages arebrief-
ly described the xreas of resexrch
med in by the NACA, and the -

SR gt ‘-_.‘..._.,‘
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equt-ent of exploration, Im |

R sive s the array of physical “ye-
f1 search equipment may be, the pri-
mary fool of any research organi-
gation §s brain power. From the
ereative thinking of the curious mind
evolves the incisive recognition of
the research problem and the de-
sign of exploratory equipment. The
NACA bhas succeeded in atiracting
to s employ many of the {inest
sciertific and mechanical minds in
the world. * By virtue of the various

shaled the outstanding talent of aero-
nautical America, The following
pages describe the problems against
which this talent is deployed and the
tools for the task. ) ‘

¥For convenience of description,
the arcas of NACA research are
roughly divided as foliows: .

“Aerodynamice . .
Hydrodynamics
Propulsion ’
Adrcralt Loads

'Alrframe Construction and

~ Materials :
Operating Problems
. Physical Research
‘Flight and Pilotless

- .Aerpdynamics

. e rapidly increasing speed of
miiftary airerafi and the prospec~
tive use of high-speed flying mis-

el
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A dynamically scaled
crafl Rleaelrch

commiltees there has been mar- .

siles have placed great emphasis on

e . A AIRARALL Y A5

MR R Wt R b
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airplane modsl being launc
Station. Information {8 o

- An unl-ﬂm tnrho{ot sagioe is prepared for investigation under sccurately um-_w
_ ulated opersting conditions {n the Altitude Wind mumman_cmmm. i

solution of the problems o high-

- apeed flight. Wartime development

sesulted in military aircraft capable

- of level flight at speeds exceeding

$50 mph. At such speeds, certain
Aaerodynamic phenomena associated
-writh compression shock and the at-
tendant airflow peparation appeared
to impose seriocus limitations to any
"{urther performance improvement.
New aerodynamic techniques for de-

--laying the flight speedat which shock

_occurs, and for minimizing the ad-
verse sffects of shock when it does
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. ... aigh speed appears to demand radi- - .
—oally different configurations Irom “"3)?3&

i.- i the lower apesd iregion o
" flight in which eommercial 4rans-" = .
airplanes now opers -

e e TR .
T oT: .}‘" > '-':"'\?'."";1:!'.'-'&-:\*---'1--—« ~re

LR v Tage ) v by T ey ﬁ_,g;’oﬂ

hed at tha NACA's Pilotiess Ale- -
btained Wvrough telemetering and tracking.

oteur, logether with new and more - :
powerful types & propulsion “Bys~
sems now avallable, will permit sub-
stantial increases of speed. Ybe '
high-speed airplanes of the near fu. "%
ture will {ly faster than the speed of '

BY i WL R S

‘Extensive “investigations ¢ =
.wings and other airplane ecompo- -
aents are being conducted in wind ,.\
“tunnels and in flight to perfect known “* 0.
methods, such as planform varia-
flons and boundary-iayer -comtrol, - '
- for alieviating siock losses. Bet- - .
. ter wnderstanding of the mechanics ="
" .'of shock waves must be ol
. - through fundamentat and theoretical ~
stodies. Inasmuch as flight at very

-l

s-those ased for elow spesd Flght,
. means of satisfactorily flying such
_ gonfigurations at the low speeds re-
’ quired for landing and take-off-are RO
" being studied. - ... T

.

s ‘. -

& T

and cargo

“ate. further increases in speed upl =™

- sange and further raduction inopere 2o

-

serodyramic refinement.” Bystom+ """
atic investigation of the tompliete o\
range of airfolls permitting exten--
sive laminar flow §s being conducled
in low-turbulence wind tunnels and -
in flight (o correlate and evaluate
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-the various airfoll characteristics. -
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. ane greally-&ncreaaed demands
R "On compressors to furnish alr st .
higher pressures and larger vol-
umes entails energetic research to
achieve best performance in the
most compact units. Turhines to
drive large comprescors and pro-
pellers fnvolve stringent yoqulre=
ments of blade efticiency, strength 3
and resistance to Kgh temperature, |
Bearch for new materiais “with in-
eressed resistance to high tempere
stures and stresses i8 demanded for
searly every component of new prO-
sulsion systems. L. T
" ¥he presence of farge owi~ -
pressors and sarbines revolving at
high speeds emphasizes the need for
better understanding of Iriction, and
-for knowledge that will lead to more
efficient bearing gurfaces and ma- -
terials. .

- e walue mnd importance o
. theoretical research in aeronaitics °F
e . _ . ) --unmlbeover-empmsine_d. Healthy -
. .~ JKeystone of resenrch {a men and their 1d=85. Through cooperutive pffort and ex- -growth ol any selence depends on
. gppange of ideas they determine how 1o get Lhe information desired on any problem. qxperiment and theory keeping pace’

. : . o .+ . -with each other. “The “sclence o
YThe possibilities of largegains {from anless means are found to speed up -geronavtics is becoming increas-
. _theuseof boundary-layer control for _ - ihe burning Process. Corollary to  ingly complex and theory must be
_peducing drag and increasing maxi- combustion research is the study of _.gncouraged to-keep gace with and &
i gnum 1Lt have been merely touched —new fuels Lo meet the new require- o guide experiment. ‘Every branch
" «pon, and must be completely in- ‘ments. Highspeeds demand fuels of of theoretical ‘physics @y be in-
i westigated theoretically and experi- grealer énergy content, With both -wolved to some degret-in any pro-
T 7 amentally. in wind tunnels and dn.  fet engines and rocketis, range ts gram of theoretical research n !
. Siight. Furiher fundamental theo- . limited because of high feel con- aeronautics. As 8 general #ule, o
W N vetical and experimentsl studies of sumpiion in velation to thrust re- "~ #very fundamental experime :
. poundary layer &re in process be- ceived. Thermodynamic study is -groject is associated with & theo--
gause the mechanics of transition ~necessary to provide the values re- . petical project. in view of the con-’ -
5" 4rom laminar lo turbuient flow are  quired toevaluate the heal processes . ‘siderable extensign of experimental A
527 ot kmown, and the mechanics of in new propuision systems ‘and for _faciilties, an expansion '
faionn separationof turbulent flowsare not -calculztion of performance.. - = <o dbesl work 15 mwwﬁ .
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el There hasbeena greater chaage o

3" n the character of propulsion re< I eI 3
* pearch in recent years than in any ~* .7 e
7 branch of seropautics. Buccessiul - L
SRR types of power plants have o=
1247 pened the Wy to néw combinations “~".
aETT ok Adeas. .These new possibilities,
| ﬁ__: whilc greallyldvtncingo\trtblmiea.
1 T wbring with them new and difficull ..

ST, problemB. v T S a

I o sow B8 - I - i
B3 _fft Y tjombustion in ‘the  continuous,
".;.:.'".‘;':',-apen‘ ycle of jel engines presents
| 7F = ‘new phenomena to be investigated.
| RIS The §ombustion process is comptt-

..o, cated DY ihe presence of high-speed . o S ] pll
¥ o airdireams capable of hindering NACA sciontists devised &n etncient, five-tiade goared propaller asd an engios
T —~gombustion and reducing efficiency  muffler for this L5 to demonsirsts the possibilities of sfective sotss reduction,
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SUB

Subsonic aerodynamics is basic
and is an essential field of research
for man-carrying aircraft through-
ot thc entire gpeed range. Buch
study includes investigation of all

shapes. In & systematic program,
the work involves development of
theory, progresses to experimenta)
verification and development in spe~
clilized wind tunnelsand is then ex-

tended 1o larger scale in full-scale
f and pressure tunnels. Also included
in this work 5 study pertaining to
drag, boundary-iayer ocontrol and

interference of ajrplane components
in combination.- >

vy e m
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The 40 by so-rou Tunne]
Uy 8ix 6,000 hp motors.,
> -— '.._f_o...-.a - -

e o 2, e
[PLES L 5 ] trdL T,

kinds of airfolis and aerodynamic .

ol Ames 18 the largest wind tunnel in the world. B
2 wi)] accommodate atrcraft and modals of 70 fool

1}
i

CAERODYNAMICS -

BSONIC AERODYNAMICS

:. ' in ﬁ-esenung serodynamic re-
search methods, it should be atated

.

that flight research s one of  the
This applies to°

most important.
‘every branch of the subject, but es-
pecially to high-speed study of com-
Plete atreraft combinations, For
this reason, -flight research and its
special branches are treated in a
‘separate section entitled “Flight
and Pliotleas Afrcraft’’ ip. 4,
rather than repeated averywhere i
Applies. L S
The NACA has ploneered the
decsignand use of full-scale tunneis. -

. The 30-by IOJ‘o'ot_Tml'u the
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“Margest ever planned when #i wxs
-compieted .in 1031. 3t bas boen ex.- =
oéeded in size only by the” 40. by
90-Foot Tunnel at the Ames Lab- -
oratory. The two tunnels are used
for large-scale drag investigations,
ry-layer tontrol studies, and . .
are particularly valuble for fnves- =¥
- tigating stability and control, fnthe -~ .
speed range, of large-scxle
wings and shapes designed for high-
Speed and supersonic flight. vores
“these tunnels full-gized Arplaneg 7
€an be studied with engines operat. <> . .
ing, whether powered by reciprocat-- -

ing engine and ropeller or gas furs - . b
nine Inst'nlhtm?a. AR ST e s R
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The 40- by 80-Foot T ';
t} ‘largest in the world and e N
us 4 to study airplanes and wing
pavnls up 1o T0 feet in span. The
enlire structure covers an area of
eight acres. The largest part of the
- alr pagsage, ahead of the test sec-
tion, smeasures 132 feet high by 172
_{eet witle. In completing a circult of
Ahe tunnel, the air ~- 24,000,000 cu-
bic feet, weighing about 800 tons --
travels mearly hall & mile. All the
tunnel controls, as weli as those for
-the airplane engines, are installed
4n the balance house direcuy under
the test asction.
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- Swo.Dimensional Low-Turbulence
’ res5ure Junne

'fhe NACA has developed many

, ]
o '!"Th -
. el W bl
specialized wind tunnels for partic-

.. -glar purposes. Some of these are mnnmmwu this m-ueo-mmu nttheunglqubnnmy..

- pressure tunnels, in which the ‘el-" "It permits study of large-scale wing Iorrnltnd atrcratt nt speeds wp o 1mmn."-*

Jective lule of models can be in- . i S T e s e e *_ &
o ' L - ~yullScale Tunnels ~ '—‘-‘_}' T -“"&-“%?«jj_"‘“’f'??@?"f?f 5‘*}
The 40- by 80-Foot Tunnel - Ames . 1‘he 30- by GO-Foot Tunnel - Langley . RS ¢

" Test Seclion = o = '« = « = 40 x B0 1t,, oval, ¢losed ““Test Section + = a'n & = --*wﬂn n.,val tp.n ;, :
's‘”ed .--..---'.-.-o-.-'-’wmﬂl med acnt-'o--?oafcnpnlzomw 4
.. Pwer_-"---o-_-;---'v.-.--'o-- ”.mhp ' Merb*------"O-*-‘.‘--amhp
‘ o .PIeESUTE « = = = = = = = = = = & = = Atmospheric 'Preuure v-----—-------ttmospherlc

s [ S

- R - . . . . . . .

et R R . S s "'—"3“""“* ----crusdbyﬂnmomtwhedr i
’ ' - . density is increzsed above normal

.-_““":"‘”**%_ pressure. Others are two-dimen. c:
I Bt -.#ional tonnels of wery Sow twrbu- Fad
MM-":-— - -m chu bw‘tmm,“ 'ﬁ. E
o combination of the two ina pres.
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I 'l'he tvo-ﬂmenﬂml ‘luw-tlr- X
.- bulence tunnels of the NACA at |
- ‘Langley ¥ield are ol particular tm.’ “-“r*
- ‘portance, since they made possible -
-;-the experimental and practical We.
“walopment of the NACA urlu o
faminar Tow, “tow-drag ai ‘*‘fi
Practical application of such nlrtolll ‘
‘1o ajrerall was the result of eonthu
ged work in these tannels 1o eru»
ate conditions such as suriace roqh
_mess and deformation that woilld bl -

oot presma 'rumei at uncley prwlda: npoads up w 200 mph nnd pres— and the Low-Turbulence Preasm
] ?u.:el.u: o z-m ntmolphem lt 18 used for study of airfolls andcompiete modals, “Tunne! In 1041, I'hey are used pri-
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n: Iy lorairfoll researchanh_r.dv
of I: zh ltit devices and control sur-
facs - wnder {inely~controlled condi-
tion -,

“The 19-Foot ;rélsure Tunnel
and the 12.Foot low-Turbulence

research on airfoiis to the study of
complele wings at  high Reynolds
svmhers, Theyare well adapted for
study and improvement of compiete
win;: characteristics, the develop-

-devices, and evaluation of improve-
ment of stability, control, and per-

planes in the design stage.

A unique feature of the 12-Foot
Tunncl at Ames is that by partially
evacuating the tunnel, ‘dnvestiga-

aonlc Mach nmbers

o

. 1- by 10-Foot Tunnels

.

" “The gize and speed of these tun-
nels makes them well suited -to a-
wide variety of general aerodynamic
and conirol studies. The correc-
tions for data from theae tunnels.
have been so well established that
excellent agreement is ohtained be-

curate predictions of handling qual-
ities of a design ean be made. ‘In
addition, -they are well suited for
fundamental research on such prob-
iems as high-lifi devices, control
surface hinge moments, and the .
boundary h.yar. -

odel of XB-1 reddy for control tnves-’
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Presdure Tunnel are used to extend -

ment of high lift and lateral econtrol -

formance eharlcterlstlcs of atr- -

tions' can be taken wp lohigh sub-_

tween tunnel and flight results. Ac-
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s " Bome of the NACA's outstanding
----- " dwork has been in attacking the spec-

Bal problems of asrodynamics near

‘!he speed of sound, Transonic prob-
dems arose many years ago in con-

o nection with the high tip speeds of
' -propellers. -Later, aircraft speeds

and the NACA concentrated on the

attendant problems, Now, with su-

. “personic flight in the offing, explor-

< . --ation of the transonic aerodynamics

_ tield ranks high among the NACA's
. uunrch pro}ecta. ‘

Unique remrch methods hve

-zﬂdeovelopod hythellACAtnthe'

UL R N

t:a;:,u. g;{; ;4&%3 y
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~ieraft sections of this book. - gy
. 4ntered the transonic speed region, . -

-.-~h'i",-.
. '3..'

o achied el SR E S

il Tl il S e
ks f:,‘?",',r'*"_;““"ﬁ" el e ‘1"""1 R MQ“““-‘""-JP‘*M ‘!‘MBW

R -lhﬂ-q‘ H

Thoroeom e g

transonic field. “The wing-flow in-
westigations and use of rockel pow-

ared and freely-falling bodies with
telemetering are outstanding exam-
ples, and are described. more fully
wnder the Flight ‘and Pllotless Mr-

Wwind tunnels .of umnueled
accuracy and efficiency have been

‘designed by the NACA for fts high- -

speed research. At this time, 4t is

possible to span the transonic apeed

. region by the wind-tunnel method, .
and the data have proved to be re- [~
diable. Followingare the NACA tun-
nls used in hi;h-lpood nmrch

-;z-n.

Kol e

FG

ﬁﬁcﬂ!d lhe hrcer high-lpeod tunnels in lhtl 10-Foot ‘rmnel at the Amat Labor-
llon lt is vowerad twa 27.003 bp momr nnd prmﬂdas Spesds up W0 880 mph.
oy . JaArs -f_‘g‘-@--f-._, re At ‘n#h%w
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. “aas the first latge tunnel &0 anter ..
B “Ahe transonic range. ‘&t hay provid- gr‘
‘*"“‘”"“f “.9d reliable @ata wp to ‘wearly the >

wwa.h&r smuoch of the design information -
ac..mﬁ“""—ﬂ?““w 4n the transonic reseaich air..

g .,a.a.

% eomplex field and the need for the- | a‘”

.. theory necessarylo explain the phé

‘.‘ 3
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. A wide mletyo!nsnrchu’
confucted §n these tunnels on the Y iB
high-speed characteristics of wir-"¢
. folls, propellers, air inlets, intermal . .
"fNow arrangements for jet.propul- -~
.ﬂon systems and other llrplm

Ew v—u-.-:‘-»-—--r.én w:r-‘ - s 1‘-
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Plenzare mderny to lncruu .
4he power of the Langley 16-Foot
“Tunnel from 16,000 to 40,000 horse- -4
‘power and provide for speedi great. i*.
-gr than the speed of sound. 2
7 ™ in the smaller tunnels lnvuﬂ-
puuns are conducted on the funda-
menta.l nature of compressible !hvl

“The 8-Foot Tunnel &t Langley -

-gpeed of sound and is responsible.: ¥

Tnulmlc urodmm!el ~ll a,

_-ory Is great. Most of our knowledge ’
“at present is purely the result of -

“ rexperiment. We do not yet know all -
that happens mor srhy. -There ds
<ghalienging opportunity ia this fleld
_ for developing the mathematics and

“sbmena encouniered gsd o m E'*:
-um axperiment, . ; -'r;,xr..;,_ LT

i i il .
-
3y

l new plece-of equlpment uwed
In thls field {5 a Bell eleciric com~ -
puter to provide (ast, sccurate an- -
gwers in the numericu nolution d
‘complex problems. "~ - -
fr"a*- i ,:;_
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Analyses based on tnformation
mow avallable indicate that man-

- garrying supersonic {light is poasi-

‘Bie with propulsion units of the gas
“turbine and ram=-jet types #t thelr
present slage of development. This
possibility has opened up » great -
.mew field of serodynamics. Rather

" “than simpliiying or eliminating old

*-problems, ¥t has added a host o

wew ones. To the old probiems of

Jow -speed stabllity and control there

are added the transonic and super-
Sonic problems, entailing whole new -

. -. sreas of vesearch on alrfolls, wing -

P At

"Aﬁ“‘l‘"‘

“and body forms and propumm_

i y T L 3 Lot .
- el T R e e T b e e = it D g, il

‘To aid in the quest for knowi-
edge aboul supersonic flight, the
‘NACA has designed and built anum-
“ber of supersonic wind tunneis -~
about 14 -- ranging in sise froms
"few inches to the 6- by 8-{foot glant
at the Cleveland Laboratory. In
conjunction with the rocket, free-
‘falling body and wing-flow tech-
iques for spamning the transonic
sone, NACA facilities now cover the
entire speed range from low sub-

sonic speeds op to’ 4 5 ttmes lhe "
T A -personic wind tunel design.

-peedo(m

" Although present -theories of

;nuperluuc flowsare fairly well es-
tablished, a great deal of experi-
-.ment remains to be done to contirm

. thetheory. Added knowledye isnec~.
“gnsary on eonditions of large dis- -

turbances, where present theory
' .foes nol apply. Extensiop and con-

~~firmation of the theory is meeded '
. for the design of any type of luper- A

sonic atrerait.

. ‘Other problems not mpllble
10 theoretical treaiment are bound-
ary layers and their #fiteraction

) th shock wave formation insuper-

* sonic flows; effects of scale orRey- °. Hi:

) -lolds number flow ol rarelied gases

" fut this can be ireated thooreuclll)' “This batlary o! mmomoterl regisiers the preuures over arfokl ind modal sur-
T tmces in ond of the supersonictunnais at t.horunupropu.ldonn(;mrehuoonm
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- 4n pelation to aerodynamics at ex- -

Muu in relation (o the pilot and
_the airplane structure i important,
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- --;-tremely high nititudes, Gealing with .. l
‘72" particle mechanics a8 contrasted -
" +with more normal fluid flows. - .

S gt A
t:?,‘?‘-“ “Yhe problem of urodynunlc

&7

TP S
.‘.,,J,\t' -

AERODYNAMICS

‘. aceommodate

B T i e et as ol ol LR

3

T e et

- _‘; den l_,"__‘
- . R T " L
A, T L* o ;‘ 3, “'"J-.‘ A | &
B Vi x
Faa N g RRTT N =y - .'.l' f-;@ rnq l

In view of the importance of -
.stale effects at supersonic speeds,
‘supersonic tunnels even larger than

~dhe 8- by 8-Foot will be needed Lo
sulficiently . Jarge &
models without tunnel choking and
"shock wave reflection. More com-
“plete imowledge of the basic sature _J‘,
of supersonic flows is required for ;]
adequate detall design of a wvery .
-jarge supersonic wind tunnel, More ?:
“basic research will be peeded for -
‘the continned bmprovement of su- -
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In the field of airplane stability

. 'and confrol, the rapid increase in
"t ajrplane size, speed and power has
wecagsitated an increasingly delicate

" ing the flying qualities of aircraft in
order that the work of controlling

.- fhe airplane does not exceed the

-.. -pilot’s capabllities. Control forces,
Jor example,increase approximate~

adjustment of all the factors affect~

7. by 10-Foot Tunnels

Iy aB the square o“hecpeed ard as ‘n0lds nnmber and surface

the cube of the size. For geometri--

. eally similar atrplanes, doubling

“both- the size and speed would in- -
crease the control forces by a fac-
tor of sbout 32. A greater propor-
tion of the forces must consequently
be balanced either aerodynamically
~or by means of axwdliary power sys-
tems. With very large or very fast
alreraft, such a large proportion of
the forces must be balanced that
:yelatively small changes in the air

. $erces, resulting from Uttle-under=-.. -
#tood effecta of Mach uumber. Rey-
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tangular. Sides adjustable for curving flow;
. 'wanes in &ircular section for dotating flow
.n e fllto 220 to 380 mph, tccording to section size
‘“ﬁ'“”“"p"m.f ..-._.iﬁ‘.'.ﬂ...‘..-‘-‘..-. m.p‘aiﬂ‘

ltudy of stabllity and control of two- and three- ™
dlmensloml models in curved and rouu.ng The m;‘lcy ?mﬂﬂw pars" "

e i

_@ssary ranges ol Machavmber, Reys
* molds number, and airiol], eonirol,’

- -fnvestigations of stadility and control
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deflection lmd roughness mydm‘t
the nei force the pilot must handls
Ly severat hundred per cent, Asd
_ result, independent s&nd systematie
(undamenul investigations are being
conducted, stilizing the most eull-]
able wind tunnels and covering nec-

and balance shape. “These Salaare’
Dbeing coordinated snd nﬂned w:
MDight tests. _ - .. . " _._ )

A laige pact 8 the Jiboratorf

is conducted in facilities also weed
4n general aerodynamics. in nddi.
tionthere are several iacilities ;lr-
ticuhrly dutgnod ‘lor thls

-'4-

-4

..‘.

" Special mew brlnc.hes ol ﬂ- [

in transonic and ‘supersonic aero~

- dynamics. §n addition o these, ton- 2

‘ducted In the high-speed and supers’ i'

sonic tunnels, there i3 the new B -

of sdtiomstic stability ln& edﬂ
rockel
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. M speeds up to at least SO0
mph, lhe screw propeller is the
most eflicient known propulsive
device for aircraft. High efficien-
cies can be maintained for all the

fmportant ajrplane operating con- '

ditions, including take-off, elimb,
eruising, and high-speed flight. In
the laborstory, propellers have been
designed, -built, and operated that

% PROPELLERS
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e T et e

. Propeller research p-operly
begins with air{oll researchin fa-

-gilities already depcribed, such-as-
‘the two=-dimensaional and amall high-
speed funnels. Blades and complete .

propeliers are studied in the larger

bigh-sgpeed tunnels, such as the 8- .
Toot High-Speed Tunne! at Langley

and the 18-Foot Tunnels. Complete

. ._“?«"
"special facillties that permil pro- -~

. have yislded efficiencies scarcely

Jess than the theoretical maximum
aitainable. ‘Bubsonit propeller the- .
ory s regarded as adequate and
meaps exist for applying the theory
‘in practice. “The only barriers to
realization of the high theoretical
propelier efficiencies in commer-
cial applications are the Oifficult -
mechanical problems involved -0 &4
obirining & eompletely elean junc- - 3
ture between 8 wide airfoll propel- - -
Jer shank and the spinner. ¥iis
problem lies in the realm of vom-"
mercial development rather than 4p =
the field of research. A number of
special propeller research projects
related {o vibration, fcing, trailing
adge extensions, tip shape, and so
forth, remain to be worked on, and
other similar problems will arise.
The mos! imporiant basic propeiler :
research at present is that which
will extend the efficient operating R
range of propellers into the super- - §
critical Mgh-speed region. Propels ——
ler cesenrch in this direction is
procaeding along three lines; one i3 -
an attesmgpt 1o Increase the crmcal

engine installationsare investigated

1

PR .-_-;,_-_u;.: 2 dia-:kw‘w

in the 16-Foot and rull-»zctle J‘In-
“mels. These studies cover the m-w‘
ined effects of the whole sngine A= ;-5 * -
stallation, including interierenceal« "-H.hr x
fects on -the wopeller. AL ONT

oA

In addition, lbere are some

‘pellers and blade sections tomc.h Tl
tlp speodslhunthelpoedotloﬂnd

SR 'a’i-'ﬁ.«#?-f l

NN

o opd e 5"""2
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tip number by sweeping back A,
the lier blade;the second fs lo i
apply the prlnclple of low aspect
ratio; Uhe third is researchon pro- -~ - o '
. pellers for complutcly .nperlouic A um-ﬂm proponcr ot & dynamometer noununc ln ﬂn w:nq 18 m 1'-:- o
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The.helicop{er still in an early

_-are of development, has proved of

-_-:: -+ -greal value because of Its enique

......

B,

P S

- #bility to fly slowly or to hover in
4he alr and to take off and land in a
Himited space. These characteris-
tics have made it the fdeal afreraft
for many commercial applications
..and its usefulness may be expected
io increase steadily as its present
timitations are removed. However,
development of the helicopter has

- teenhandicapped by the lack of fun-
. - damental enderstanding of the asro-

gynamic and structural problems

2 ~pecuuar to rotating-wing aircraft.

., Development of the helicopter intoa
_ practical smachine with degirable
" features of performance, reliability,
and stility critically depends wpon

77 the success in loluuond themny
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compressibility problems of “high-y
speed helicopter flight are anders
going thorough -study solh ta“tl

reduce the degree of skill required
tofly it. Increasing importancewill
thereforebe attached tofundamental

knowledge of stabilily and to the and in the laboratory. ;... pe.
methods of improving and gimplify- LT S -
ing helicopter contro) systems. In ° The ‘hellcopter test tower Is 3

order o insure smooth and efficient
operation and to decrease maisten-
ance c¢osts, development of rotor
-blades af improved surface design
and uniformity of mass and aerody-
namic characteristics must be ‘car-
‘wied out, Paralleling development
of {ixed wing aireraft, the ability to
{ly at greater speeds will be de-
manded of the helicopler a5 soon a5 -
satislactory performance and han-

.specia! piece of equipment Jor iné
“vestigating rolors. 1t is a steelcone
40 feet high, with a rotor mounting)
head and provision for all conirols.
A 1,500 horsepower motor furnishes
power for rolors of .wp 10 40,000
pounds of thrust through a speed
range of 80 to 400 rpm of the rolor
o Anemometer installations 1o
side give accurate records of wind
conditions. The tower is suificient.
.dling qualities are achieved in the Iy high tb elevate the rotor above 3
low speed range. With this in mind, " the leve! of ground effect lm!aupll -4
ihe blade stalling, vlbraunn m:d eltu wadluonsdhwcrhg ol

- B pdee,
»:.4:‘;-.15—‘4'&;‘.‘» :

dunsi i gagreh have been used, s far as --JEqd

e e

é.‘_ﬁ:,.:..«-
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ppfel

:gg.«uw-:

ugw‘*““’uﬂwe condition on hovering, cruis. 7
A igh spesd, and auto.rotative -iij;
- peridrmance. The {actors underly~
'",_§ng rptor vibration and flutter need 70
 to be thoroughly undersiood. As

Y

- h established for tmpronmem o(

s "’idure 'dellgnt

Jpossible, to provide basic trdorma-
. ion applicable to all types of heli-
epoplers. However,.the need for &
. JMystematic survey of all phases of

““Selicopter flight is being attacked

#0 thal raiional design friteria can

e m nalyuc and uperlmenm

~investigation is requirsd (o delere i~

ine the effects of rolor blade'plan "

Corms, twist, airfoll section, and - ="

* ing,

% ‘uselulness of the helicopter in-

"‘a.l" .u-pv ,.v
Iy A

ereaus. mea.nl should be found to

"~

-
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. ] Mdluon to mrch in hu-mle tmmls and viu: the Belicopier 'l‘owcr, bheli- §!
ooptcrs are ltud!.d ln fNight b pere data on coatrol performance and vibration. §
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‘The greitly -increased diversity

of aircrafi power planis and the im-

mediate importance of fiightat tran-
sonic and supersonic speeds have
mulliplied the related aercodynamic

-problems inurgent need of solution.

Internal flow velocities in atreraft
ducting underwent & large wpward
revision with the advent of turbine
propelier and turbo-jet engines. As
sonic flight speeds are approached

: and exceeded, the Iamiliar patterns

ol extiernal and internal flow mre
drasiically altered. Ram-jets have
shown great potentialities as a pro~.
pulsive means for flight at super-

i of this type o( power plant has cre-

ated 2 need for aerodynamic knowl-
edge in previously usexplored {ields.

AERODYNAMICS OF
ENGINE INSTALLATION

nid e
“These developmentshave great-

. Iy emphasized the urgent need for,

immediate extensions of fundament -
al internal and external flow re-

search in order to make adequate

progrees in the design of alreraft

“power plant installations. - In addi- -

tion, serodynamic refinement of air
intakes, ducts, outlets, turbines,
combustion chambers, compres-
sors, and nozzles must be accom- -
plished if the goals of high-sSpeed
and supersonic {flight are to be re-
Alized. The need Tor fundamental
research in the field of exiernal .
fiow about bodles suitable for hous~ |

.ing power plants for high-speed and

supersonic aircraft is as critical as
the need for extensive lnternal-ﬂow

nulrdl T R R

P

L dets and dﬁ!naers in tnperlmlc_

Duct a0d talet test sstups 1n the Induction Aerodynamics Laboratory at Langley,
rrop-eu to huher mm sp.odn lnvolvos major problem.l of internal air hudunz

AL I R
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Reuarch in the Hel8 o! ln!er-

:na)] air handling is so much involved -

with propulsion thal the research ln
the two fields isalmos! inseparable.
Thic is particulariy true at super-
sontc speeds, where such propul-

- sion systems as the sam-jel are

hslcally flying ducts. Consequent-
iy this subject is attacked both tn
-merodynamics -and propuléion re-

" gearch. Bupersonic tunnels are ex- °

tensively used in the study of ducted
body shapes. ‘The laws governing
efficient combinationof duct entries
_and airplane body shape nesd to be

well established to make lhpetlmic :

alght '3 meml rnlity

-

‘;Eurly research in tnterrinl aero.

dymmu:s led to the development of
_ the radial engine cowling. ‘That work ~
has progressed through the years

"from the simple ring cowl, i~
R .«¢lent for low speeds, 4o the
.+ -l refined, high-speed cowlingy that'*.~

provide for speeds in excess of those

‘presently attained by  propellersd .
It now exterds to super- |

aircraft. It
sonic airfiows and Lhe study of ia.

wl.ndtnnnel;. U e R -
R S s.-g.ﬂﬁ.,};@’ :‘v&."*'.l\’&. ud’“ o

In addition to wperunlc tm-

ﬂls at all #ts "{aboratories, dthe .

NACA maintains a eomplete'hduc-. .
tion serodynamics laboratory, with

“facilities that provide large wolume
. airfiows over & range of pressures .,
T and velocities, ut its Langley Lab- .

oratory. “In conjunction wilh pro-

- -vn‘. --'v- .o
s..?*

saciegy .

pulsion research "facllities &f the a

Cleveland Laboratory, “increasing

opporiunity presents oell - 4n this
vital and expanding ﬂeld '
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. Use of the seaplane in the war

. . -Gemnnstrated that its speed and
- 4. yange must be increased, not only
... . by reductionof aerodynamic drag of
the hulls or {loais, but also by de-

- +welopment of improved over-all con-
figurations, snd by tncorporation ol

_ all the technological advancements
_avaliable. -In addition, the {lying
‘boat should be able to operate in the

. roughest seas likely to be encoun-
(233 dered inservice withoul being unduly
- _penalized by excess weight of struc-
ture. Provision of fundamental data
from the wind tunnejand towing tank,

" -ghe associated theoretical studies
. 'used as a guide for the experiment-
al work,and the necessary correla-

. tHions with actual seaplane operation
1o attain these objeciives form the
c research

Nute

7" 3asis of the hydrodynami

.., grogram, C
. --horderlq.cuﬂédehm
enmpromises in design aerodynam-

e

gohand in hand on such items as the
rounding of chines, fairing of steps.
.changes in proportions and varia-
tions in shape. Novel formsof hulls
.and ficats as well as tjrplane con-
© figurations are being evaluated in

" wility and water resistance. In the
tank the influence of design para-

77" mined in order ths! the require-
i . soegts. of operation in rough water .
AZ.% - may be taken into account by deve-
' . -qpryent engineers. . "

"2 I pevelopment of new forms of
o propuision will have & profound in-
w27 “fluence on the commercial and mil-

I N G

L, -
4 : . s -
rEdegd L e

i

< 240035 v 4e and hydrodynamic research must . g

.- tarms of spray, stability, controlla-

et e e A A e i ot St Vo b A
- . s

coant
. Sl i,

ftary seaplane of the future. The
intensive efiort toward very high-
speed nirplanes in the subsonic and
‘supersonic rRnges Opens wup vast
possibilities for the use of water as
& medium for take-olis and land-
ings Buch possibilities make fur-
ther hydrodynamic research on a .
large scale imperative H the best

- molutions are to be found, The hy-~

drodynamic characteristics of con-

{igurations incorporating the new

prime movers must be cbserved and
methods for investigating them at -
high take-off - and landing speeds
need to be evolved. Fundamenial .
research on the properties of plan-
tng surfaces at high Froude numbers °
and hydrofolls 31 low cavitationnum- ~
“bers is included in the program to -
provide data for estimation of the

.{orces acting st speeds well above .

those for which data are available..
The effect of sweep and dihedral on
the performance of hydrofoils is
being investigated as well a5 use of

planing surfaces or hydrofoils fo “the NACA are Socated &t Langiey
focalize the heavy water loads incl- . L e

_meters on the dynamicbebavior and |
. sccelerations in waves are deter-

. -

HYDRODYNAMICS

‘facilities for -hydrodymamic ve- '~

No. & is 1,500 fes! jong, with sposds up to

L 4~ ey

- [ L
S

{igurstions of these Miting slements
that wiil be dynamically stable, con-
froilable, and free from mutuai la-
terference should be developed by -
systematic testing at-fnd beyond the
ighest speeds available in the tanks.’

it 1

v
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" o'he NACA has evolved wnique

©omer

. by

"

search. There are two towing tanks
of a design pioneered by the NACA,

providing towing speeds of £80 and ,
80 mph. in xédition there is &a fm-"3
pact basin that accurately FRpro---
duces rough waler landings wnder
known and controlled tconditions.

" “Another overiapping branch of ‘-'
wiudy is tnvestigution of @tching
characteristics of landplanes, which
combines hydrodynamic study with
sircraft structural Yoadsand opera-
ting problems. ° Ceet

© Al hydrodynamic facilfties of -

. LR W
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Sield, Virginia.
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Towing Tank No. 1t Langley, shown bere, 18 2,500 “.Cilon'g AL i
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©oph. -

% o e

&

R el e

* X




e e

L [’
L O

.-
d
.

"f

i

1!1 -

" Applied lotds are the forces
fmposed on aireraft structures in
flicht operations including landing
and take-off. These forces have to
be known quantitatively to a high de-~
gree of accuracy (o insure against
struttural fallure under normal de-
mands and at the same time svoid
excess weight. Btructural failures
o fighter airplanes that occurred
during the war as a result of high
flight speeds and fallures of larger
types of airplanesas a result of dy-
mmic josds either in the air or
furing landing have emphasized the

on appiied loads. New airplane con-
figurations designed for supersonic
flight have introduced new problems
in evaluation of the magnitade and
distribution of applied loads, both in
gusty alr and in maneuvers, that

are to be capable of mctunl flight
without dizastrous consequences.
In the commercial field, the trend
. \oward very large sized airplanes
ka5 resulted in hsavy investments
¢ per nirplane and a consequent meed

' ‘.“‘_‘..

1: - t -

R A L avy men,

[ L. LY (P,

ared {or more intensive research .

must be solved { these new designs -

AR p
- "";“ hwu-i.t.,u. g e

o T Iomel Basin at ‘Langley ls designed to Mmulate conditions of rough water has (relﬂy ll('iod in bull .tuu a- .
. .‘n haLs br Luvuupunn of urcnes md prmum on mpllne floats and hulls, :
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iAI RCRAFT LOADS

combination with use of high strength
Alloys of relatively poor {atigue
properties as a weighl -saving meas-
ure, has pointed up the.need for in-
.vestigation of repeated loads and

other hctors that govern the !ntlgue

ife,

Facilities for remrch on aire
eraft loads are also located at the
Langley Laboratory. Implementing

. the mathematical and - theoretical
"approach,there are three inyortut

nperhntnul tacilities: .-
‘ l I

- “The Gust Tunnel is a wnique
+wrind tunnel operating in & wertical

_ plane, designed to reproduce con-

trolled and measured up and down
drafis. 'Dynamically weighted and
scaled models up to § feet in span
are catapulied through these gusts
-at gpeeds up to 100 mph. The gusts
©an be “ghaped’’, as they are in the
atmosphere, by controlled nruuon
ol the nloeuy gradiont.
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'l‘he Mrcn.!t Loads c:l.lbrltim\ -
“Section is equipped to apply loads'to -

. . complete afrplanes, inclugding the

Targest bombers, to determine char - 7
.acteristics of actwal aircraft struc- ... .
tures snder applied loads. This

.. work is closely tonnacted with flight ..
“loads research. “Aircraft Instre-
mented for {light loads research are -
subjected to measured loads in &e e
‘faboratory.” These are then edm-
dated with the readings given by the ..
_dnmtruments. In this way the loads -

. ~measured in flight canbe known ex- .. -

fnformation brought back =

be reproducod with ucun.cy ud -
-control in the Impact Basin. Tt "

\ ~oquipped with 3 wavemaker that ean

" produce waves of any cluupbmr, ,»‘ :
3 feet in height and 50 feet Srom
‘erest (o crest. Landing of & model -,
wﬂut!romthecttapunhnh-'%‘
timed so thal the landing will take
place at any pomthreuuon tothe »—=
WAve, mmmuscomtmu .
“foel wide, and modely or floats mp = -
Ao 3,400 poundsm fanded 2t i

- Hit.” Bt is used for accurate inegs.

urement of landing forcesand pres-
' sures,on Tioat and hull bottoms,amd

‘aalysis. . *’f‘"" e "
r_..m e umgﬁn-ﬁ&.'.wz %-ufwx
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- =2 - The witimate alm of aircraft
. Siructural research is twofold; to.
_decrease the weight and to increase
" reliability of the sgtructure. De-

... of engineering, because the cost of
-~ "+ &ir transportation is eritically de-
" pendent on a high ratio of payload

- to dead weight of structure.. Relia-
m.-.—ﬁ‘- &ility is imperative because aven

. -minor structural failures may be
‘fatal {o the ajrplane And all its pl.s-
T WeNgers. .

-

y=is of any structure is calculation

. _of the internal stresses caused by
'I “’fl applied loads. Existing methoda for
. -galculating the stress distribution
lpply only to simple types of struc-
-tures. “The shell type of structure

. -',:, msed for aircrait consists of an in-
‘2. tricate assembly of skin, longitudi-

. “The external shape of the structure
“%: . §g dictated by serodynamic consid-
.. erations and does not follow simple
;- .._ imathematical laws. Ailthough con-
" sjderable progress has been made
.. inthe last five years in’developing

" 4ribution 4n shells, much additionat
. work remains to be done to achieve

1

1

1‘»

1% }-;. worklon structures 4s carried on at
1*— The ley Laboralory. Testing
!

|-
i

»  eapable of exerting the great stretch-
- tng or compressive forces required
hde ‘“‘lor ltruetml ultuuat hr;e lclle

. . and-instruments developed by men -mately be predicted from lgenenl
" «of the NACA to adapt standard ma- theoryof structures anda knowledge -

crease in weight must be earried’
" 4much farther than inother branches -

* these investigations. The Immedi-  materials are met in the propulsion

" “The first step in strength ml-'

““Y-i-aen:ﬂl stringers and transverse ribs.

methods for tinding the stress dis- .

lhe degree of accuucy necuury ’ "

s equiment tncludes four ‘coachines
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COI\STRUC(?ION AND
'MATERIALS i’
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The largest machine tas a capacity Rween properties ot materials and
of more than 800 tons. “There are ‘behavior of strectures, so that the
also wide warieties of special jigs .behavior of 8 sirocture may wit- |

te

chines 10 speclal research needs. o{ the material properties. .

- One specialized NACA appara- 'Iesearchon stroctures materl- .
4us s a combined load testing ma- t!s is a specialized adjunct of aero- | -
chine capable of applying a twisting “mautical research and one for which :
Toree with efther tension or tom- - many organizations in ‘the eountry
pression. . . . are already well equipped. For this
. . ‘esson most of this work is accom-
~ “In .order Yo comduct —uperi- ~plished through research tontracts. .
mental researchon structures in an “with .properly -qualified groups,
efficient and scienlific manner, & Much sniversily research “lﬁh h
considerable amount of supporting this class. . - -
work is In progress on the propers ... - s -..Asa.s‘.;.m
ties of materials actually msed in °  “The most urgent problems in

ate purpose of this wark is 1o fur-" Zield, particularly #n relation & -~
mish detailed data for the proper -dhigh temperature. -The sesearch
evaluation of experinrenta] dats on conducted by the NACA -on this sub- - .‘
.assembled structures; the general fject is trested wnder ‘Propulsion, '~
-purpose is to improve understind- Materials and Stresses, Wehﬂl! w

'hgoft.he fundamental nhﬁmh- 'ie!mmdon”_ao _L.“;-'az;z?;a;g}';,

.‘9..? -

: e |'I :
- .‘Li |
Qe

C gt et i
The Btmtures Research ubonwry at Llnzlay is quippsd !or Itudy and Aoalynis .
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i Cleveland, Ohio.
{mdamental {nvestigation of com-

.o

" Intensive research activity in
the past few years hag resulted in a

; more rapid advancement of propul-
! slon systems that at any previous

period in aeronautical history. A

' transition from tnvestigations for
- peak development of the reciproeat~

ing engine to fundamental research

work on new high-speed propulsion
methods has been In progress. The

period has been marked by the de- .

velopment of reciprocating engines
d high power and efficiency and by
the birth and development of gas

© turbines, ram-jets, and rocket en-
L gines. Many of these achisvements

tan be traced directly to the expan-
sion of researchefiort in this coun-
try in ibe field of propulsion. )

"The NACA operates s eo;nple'te'

propulsion research laboratory in
With exception of

and detonation, propulsion -
researph s sow sntirely devoted to
new lypesof Jet-propulsion systems,
includthg rockels and turbine sys-
Wms. Facflitles are provided tore- -
produce every kind of operating con- -
fition of temperature and amtnde
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" ‘A majority of the propulsion

_research at Cleveland is conducied
.n the huge Engine Research Bulld-

ing, which contains mearly a hun-
dred atfferent research Iaboratories
devoied to the study of all elements

of afrcralt power plants. To men- -
-'tion & few, there are numerous en-
- gine, -compressor and gus turbine

-dyramometer laboratories, jet pro-
‘pulsion burner laboratories and al-
titude chambers for investigating
engine accessories at low tempera-

‘tures or air pressures. There are .-
faboratories for research on gear ~ I

and pision mechanisms, fuel and

‘Agnition systems, engine controls, ;.
~and bearings of all kinds. Btili other =
Iaboratories are devoted to funda--
. ‘mental and objective research on
.. problems of heat transfer, metal. ;.
-tombustion,

Jurgy, . lubrication,
waste heat recovery, vibration and
, Rress of engine parts and Ice fore
*.mation in engine -lnducuon lystem

The nerve center d this vut

operation is & main control room tn ¥

‘the mezzanine basement of the bulld-
hg ¥rom this small room, one
nan can dlspuch power, uoonn; ur
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ecoung n.ter. and prwue ndneod e
air pressures and temperatures
which makes it possible to ron tests -
on engines and componentis -uler
Amulated m m N&‘w“:‘

- -<Dther hcllltles Include the
Fuels and Lubricants Building, Al- t’
.titude and feing Tumel group, M
“Propulsion Btatic Test Btands -and: -
“¥ghe High Pressure Combustlon m— "&*
orl.tory for rocket lu‘ly ,

ol
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“The combustion research pro-

- gram at the Cleveiand Laboratory

. 45 directed mainly toward funda-
_ mental combustion problems of jel-

~ “propulsion engines. The rasearch

- . <program isbased on twobroad over-

‘. :all objectives: One, to obtain gen-
' eralized results and eoncluslons
about combustion that will be appli-
. cable to design, operation, and re-
At ciltited problems curresutly encoun-
tered in aircraft engines. Work of

. this sori might be considered short
o range, hithough it will continue with
constant modification as it keeps

- pace with the continually developing
"__lhlus of aircraft engines; two, to

-the eventual physical-chemical ex-
_ ‘plaration of eombustion, irrespec-
;-_#,- ~gine design. This research is long
‘ - JLANge
wm s&nowledge and the new theories that
o . permit application to new develop-
e
‘, . .two objectives are nol mutually ex-
‘r clunive; & project aimed at one will

¢
!

*tlu other.

‘-
et

iurch pertinent to specific appli-
" 4amenta) value becacse there are

- actua]l Fombustion chamber.
" ‘the work with these chambers pro-
- "~ wides o valuable background of fn-
‘formation from which to proceed

‘:«*" f«-with more bnic sudies.

ot e Am s o e =

"secure step-by-step information on
" tive of any immediate practical ap- . RS
“-glication of the information to en~ -
The intent 15 o find the pew
‘menis. It is recognized that these
" generally contribute somgthing to N
“Mach of the combastion re- |
cations is conducled with specific

" burner wnits.  This work s of lun- 5’

- ongine fhat can only be solved in the -

proble s-pertinent 1o the afrcraft
I Also, -

s O .
R Sy, L
- N +

COMBUST l ON

Facllities Jor combustion re-
search are located in the Engine
JAesearch Building at the Cleveland
Laboratory. This building is e~
Quipped with a- wide wvariety of test

_cells. An extensive air supply sys-
* tem provides large volumes of air
over a range of pressures and tem-
peratures. These conditions of al- .
titude can be separately controlled
- -and varied, permitting isolation of
- different factors that infiuence com-
bustion. Investigations made pos-
sibie by thege faéilities have pro-
wided the first definition of the lim~
#lations imposed by altitude on com -
bustion. From this it is now pos-
.sdble to explain the behavier of tur-

mua, of combustion 1 turbo-jit engine combustion chambers mau tmq hu
o combustion cmncterlntlc- of foels and Inmr mn under varied sconiitions. -
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" Another lmporhnt tool d eom
bustion research 1s the NAGA
.speed camera. This instrnment can
fecord combustion processes at the S

.-sute of 400,000 frames per second. ;3

# has been used in study of detuna-i
tion, and is being applied to study o’
—vemtlnm cycie combustion. - %'f“,.

-A new ugh-preuure eombu Iﬁ
.tion laboratory devoted to totket
. £ombustion problems 1s well aptab- 3

Yished, and is being expanded lo help ~,
sncompass the preasing mp-ob-
“dams of rocket propnulun.
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ol the fuel Now, however, the spe-

¢

e

-

Tarbo-jel, turbo-propeller, and
sam-jet engines have similar fuel
requirements, for in each type of
enrine the fuel 15 mprayed into a
qupidly moving air stream and the

ai a relatively low pressure. During
the early stages of development of
these engines, Mttle attempt was.
mad- to improve the characteristics

«lal requirements are fully recog-
aiged. .

Most jet engines are installed
in high-speed aircraft which have
wery smali fuselagesand thin wings,
greatly restricting the space avail- -
able for fue) tanks. An investigation

which will occupy less space fora
given snergy content than do con-
‘wentional fuels. Buch fuels would
sesult in grester range for existing
jet-engined aircraft, or greater
speed for pew designs. Tn the case
of ram-jet sngines designed to pro- °

PP

______

" quipment includes Spectroscopes

and

L. ]

L1
.

combustion takes place eontinuously

‘4n wnder wxy 8o find lquid feels - .

sythexis and analysis of speciai research

pel aircraft st supersonic speeds,
attatnment of long-range flight will
depend on development of fuels.giv-
ing energy releases in excess of

those possible with fuels derived

from petroleum. Here investiga-
tions must be conducted.on metallic
and other non~hydrocarbon fuels.

‘With increasing prospects Jor

“the wpe of rockel power, intennive

research is in progress on rockel

' Juels that will provide greater thrust

-and greater endurance for increaped
range. Rocket fuel research tacili-
ties are being constantly -expanded
and have already made possibie ad-
wances in this new field.

Mesearch on other engine fuels
is conducted in the Fuels and Lu-
bricants Bullding, where chemical
analysis and synthesis of new fuels

is performed in correlation with
" combustion research. The objective

is to gain basic knowledge of fuel
structure and characteristics.
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faals 1s conductad in well equipped chemistry laborsiaries. Other - -
sclron ml_cronppu,nad iz ocorrelation

Researchon foels makes exten-

- sive use of the
- try and physics.
- jpricants Bullding
quipped chemistry
oratories where
- search is conducted onaircraft fuels -
+_and lubricants. Rare fuels, anob- -
tainable commereially, are #yathet-
-4cally produced inglase-lined reac-
.-Jorsand purtfiedin three«story-high
distillation columns. “The dabora-
tories are equipped with the latest
in spectographic apparatus,an elec~
4ron microscope. capable ofr30,000
- . Miameter .magnification, ‘mpetial @=.
quipment for studying combustion
and other advanced research tools,

e

sciences of chemis-

and physics lab-
fundamental ve-

- .o
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of fusl composition with performance,

EAL

T o S e, Ry e

The Fuels and Lam-y,
contains well €~



e T e

g

a

e LT
AT
T

TP

M'Wi'.r .

e am
Ty e

T T T T

Properties of Gaaes. . i

. . The design of efficient aircrait

engines that involve the use of & gas

. ) , ) turbine as the principal source of

. The thermodynamic gesearch Ppower Or as an auxiliary, and anal-
xonducied by the NACA in relation = ysis of the performance of such en-
4o propulsion systems may be clas~ gines, depend on a knowledge of the

aificd under three headings: thermodynamic properties of the -
working fluids. . Much of the work -

Properties of Gases, concerned eoncerns calculation of the thermo-
arith basic study of thermodynamic ¢ynamic quantities involved in the
properiies of the working fluids in  steady flow processes of jet engines.
Alrcnlt cngines

“Heat 'l'nnnier, eoncerned with -

- -Aall cooling and healing problems. All problems of cuhange of

. L. . "heal between gases and materials
I . Cycle Amlyses, concerned with ‘come under the beading of heat
~evalualion of performance and ca- Iransfer. Bome of the most impor-

" .gabilities of engine types and com- tant research conducted by the

.ponenls A o NACA has been in the field of en-
‘.{:3 I3 ,--—_ . o ’ P . - -, - Lo .'H»-"?,,:u..i B
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: : ’ ). QP Y ‘ : - search efforl on .new engine
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‘rhemodymmlc resesrchinovolves accurtle mauurcmentlof hut proccna m n-
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7" gtne cooling. Batic inforthation has

@t cooling. - The immediate tains
" ing temperatures in-these engines =

e «-w’tut‘runder w“u..t;:mmrcrut engine and components de--_ -

. '_ 118 being carriedon in relation io}d ¢

it *..,..&”"P cle Aﬂlzun e

. mediate and long -range gains. Anal-
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been established on the heat trani-
{er rates of various fluids. dmpor-
tant mew branches of cooling re-
searchare turbine cooling and rock-

Jpossible through increasing qperat- "

‘are solarge that this phase of cool-
ing research, combined with we-
searchon materials, is of grut im-
.portance. .
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* Thermal ice protection of all

~ pends on knowledge of heat transfer
rates and efficient heat exchangers.
‘Design knowiedge of compacl, large
. capacity heat exchangers was a'nec-~
®EEAry prerequisite to the develop-
ment of thermal ice prevention sye-
“‘4ems now coming into use. -Contin-
_wedthermal ice prevention research

; --.' . Sl
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“and sngine ctompohents - musl be
planned in relation to probable im- - .

yses of various engine cycles aid in
defining necessary fields .ol re-. .
search. “Cycle analyses a.lno map
_the probable range of applictlion of
engine types on. the basis &l per-. -
‘formance, weight, size, and operal<
“ing characterislics. ﬁrﬂul oyalgs
Alion of &l -engine. Protenses ‘A8
‘meeded {0 delermine. .oompro-;;’
“smises necessaryin -
.ments in relation o ta!g\ll, ‘wise,”
“speed, and efficlenty. “Promise of
. advances in performance and -fucl .
- sconomy i€ 4n new combinations of
"“heat regeneration -and uhul be-
Aween turbine sages. .-, .
-—-v‘-‘&-*-:*'f'.‘ﬂ"l-?"ér
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~.mifect of non-steady flow, viscosity,
Because of -

‘Because ol the incredsed im-
portance of compressor-turbine en-
gines in the ffeld of aircraft propul-
sion systems, An urgent need exisls
for Jdundamental research on all
phises of compressar development.
While maintaining its eonventional
role with regard (o reciprocating
-engines, the compressor stands not
as an accessory but as a major in.
tegral part of either the turbo-jet or
turbo-propeller engine. In such in-
stallations the ocompressor serves
the vital function of taking in a very -
large quantity of air, compressing
1t #ficiently, and delivering it at
high pressure to the combustion
chamber and so to the turbine. A
compressor -Aurbine has therefore
greatly increased the demands made
wpon the compressor. Increases

mutt be effected in capacity, pres- -

sure ratio, efiiciency and reliability.

The developments of the past sev- - .

ara] years alone have lod {rom the

reciprocating engine compressor,
whichwas of the order of 500 horse- -
power, \0 present compressors lor -

turbo-jet or turbo-propeller engines

which ‘sbsord up to 10,000 horse- """

power, Very recent developments
have reésulted in compressors of

searly 15,000 horsepower; with (u-..-

ture expectations far surpassing
this value. Each of the gthree types

of commonly-used osompressors ‘-

{axint flow, mixed flow, and centrif- ~

agal Ilow) hln certaln jnherent ad- -

nnlagen that may be explolted in
specific installations. The NACA is
gonducting research along all three

Hines utnn &3 on some radiaally - - :

o wu.,-.,.,= i ..«M—,\..,.. [P

ey te L i Jy
fesa T TUET L

T4 The “fundamental problems of

essor design are primarily
:::Krmmic in character and are
quite complicated because of the in«
volved mnre of the flow paths, the
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and compressibility.
these inherent difficulties, preésent

theory is inadequate,and it becomes . - -

mecessary o look for new data and

. mew theories that will be capable of

- - . - - — - ~

" Facilities for mpressor re-

lmliuuon {0 oomprouor -design. “dsarchare jocated in the Engine Re----f

B S

.search Bullding al the Cleveland

!ntenalve Tesearch en all the ‘Laboratory. The central air supply

hterrelnted phases of compressor

~design and performance promises

and refrigeration systems that serve
‘the combustion and altitude ressarch |

notable fmprovements in the per- - _acilities srealsoavailabte lﬁt’com-

Jdormance of future propulsion units’
and the airplanes in which they will

. Compressor research is also
eonducted in the Engine Research

" Bullding, where study is aided by

exceptionally well-equipped test
<telis, and the large air supply that
Also serves -mmm umrch
-uts. ..

- .n

.....
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pressor sesearch. Test oells are ..
provided with dynamometers ap to
10,000 horsepower in capacity for
‘@riving research compressors $o-">
et air temperatures and pressures
<an be controlled and waried to Gu--
plicate the desired conditions of op~
:sration. -Speclally Sulit Jesearch’
compressors have been devised to
-permit ¢solation and study of ‘nlgn

X whblea uch uh!ade mlu
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Compressor ressarch m.muu ttcumhnd lnnlude m w to mpoo p
u ca;ulty A ccnttﬂun.l oompuuoru uhwn bere sat’ wp for invesigation.
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in its position as one of the ma-
- Jor elements of the compressor-
.a%’-" “‘turbine engine, the gas turbine rep-
resenis anunusually great research -
ehallenge and involves problems the
solution of which are vitally impor-

tant to further development.

o The demands made upon the gas
U .turbine are greatest in He role as 2
" component of the turbo-propeller
caal-engine, Bn the turbo-jet engine, the
turbine need extract only enough en-

ergy from the gas todrive the coms

" - pressor. The turbine instailed in

- . -the lurbo-propeller engine, however,

" is called on Lo drive not only the

- " compressor but the propelier as

"% swell. The magnitude of these re-

‘Quirements may be iliustrated by

e . .tonsidering the turbine that would

‘be oeeded in & 6,000 horsepower

-t -durbo-propeller sngine, 1In addition

1o the 5,000 horscpower deliversd

_ to.the propeller,uho\n 15,000 horse-

s power wodld be needed to drive the

oompressor and accoant for losses.

=" The turbine would thersfore have lo

- develop about 20,000 horsepower.

luch instaliations represent great

. strides from the $00 horsepower
j " turbine of the typich

: I ~¢harger on the reciprocating engine. .

“Foremost mnn: turbine prob- -

_ lems is that of increasing its effic-
‘kncy.ln improvement which affords -
- # aearly ‘directly proportional in. -
in engine efficiency. “The

osl promising areas for research
ndlng to future increases in ture -
ine efficiency are in aerodynamic
ind thermodynamic improvements,
.A more detatled knowledge of the
 actual flow conditions through the

i

(Lt N M TN

turbine, an serodynamic problem,
is necessary to establish improved
llesign methods. In addition, 8 is
‘necessary tha! design principles
and theory be developed to the point
-where the tirbines will perform ac-
#ording to the design predictions,

. : “Theoretical and experimental stud-

ies are therefore in progress whose

objective is to oblain basic aerody-

_ samic iInformation on the flow

v )”' ‘qu‘-%{‘wﬂ‘l«‘f*«' a' -
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Save been favorably indicated by
analysis. ‘Heat transfer offects.
. direct tisde-cooling methods, se-
termination of optimum blade shaper
. for inlernal cooling, use of eooling
.fins, and evaluation of the merits o!
‘wArious cooling fluids siye being in-
vastigated. ST e A

In addition to the fundamenta)
4woblems involved in the perform-

“Shrough turbine blades. -Aside Irom unce of the turbine tgell, there are
the study directed toward the flow many factors which arise when a
_ through a single stage, considerable turbine is combined with the other
effort 18 being expended on the ‘components of the -compressor-
~equally imporiant probiem of deter-- “'%urbine angine. “The turbine pe-
mintng the interaction of meeeuive " search program includes investiga-
stages. . i - tion of over-all performance of the
" ‘tarbine ‘tself and the performance

. ‘rbenctompmmuuciencyd _when eombmdmwdhsmi-
=& tarbine is increased appreciably ° eompnmnu TG -J.

by an increase in the gas tempera- i

“ture at the turbine falet, when ac- == = Yurbine 4 Raciltties are
~oompanied by a «oorrupondin; ~+#ilso Jocated in the Engine Research

.gchange #n pressure wrato. Two
_smethods are available Jor increas.

tng the aliowable gas temperature:

Development of materials which wiil

Bullding, where large refrigeration
oachines, afr m.mm
-eoolers and evacuators make it pos-
“sfble to duplicate any condition like-

, temperatures; and providing means
1 t-rbosuper-_

withstand operation at increased _iy to be mcountered ln nmu

e %

‘-“" a".

for cooling the turbine blades, there. :
by maintaining present biade mate-, I -
" Tials within allowable limits while .
“msing hotter gases. Ceramic mate~
- rials, which are koown for their . JE
_ abllity to withstand high tempera- _ 3
‘fures, Are among the logical mate. 3.
‘rials for use at high turbine um--
peratures, and their application to s
turbtne biades isbeing lnvuuptod

- "l gl
7 Vartous methods of eoolln; are
-also wnder intensive st::y Experie .- . .
snenta) test units are being used 10 .yrhines are .ﬁ” to un TOVE M
Inveltlptc the cooling methods that reststance, Wireagth wnd ,,,,‘.’,.,me
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- Evaluation and test of complete An important facility is the Ai- .Twnnel. The air supply system €an |
_ gropulsive systems is secessary 1itude Wind Tunnel, in which jet and  provide ram-air pressures squiva- -3
" both to [ind out what a given engine turbo-propelier engine installations - <fent to Wigh flight mpeeds. - These oo
will do wnder various conditions and  can be studied in pperation ander facilities nmplify the laborstory's - -
to assess and integrate the basic simulated altitude conditions. The capecity for research mnder simu- .
work on the various components that _tunnel provides pressure altitudes iated altitude conditions. ;@;.L.:L-._ .
aas preceded. Facilities for han- up to 50,000 feet, temperatures down L ’ S il Ay
( dling all types of engines are avall- (o minus 48 degrees Fahrenheit and - “One of the many important dle- .-
" able. The Engine Research Bullding speeds up to 500 mph. By use of welopments from NACA engine per-
f— Souses numerous test cells for com- . special ducting, jet units can be in- Jormance study is thrusi m@m
| plete engines. The Jet Propulsion westigatedat supersonic speeds,en-  tation, by any of several imeans’ -
’ | Static Tesl Unit is equipped to study  abling study of large ram-jet engine These ave achieved thrust 4n. :
1' turbo-jet engines. ‘There are aiso +types. ~ = - - . ‘treases up to 40 and §0 per centof - -
B | engine-propeller test houses for " ‘the original engine thrust. 4o comh- -

both reciprocating and turbo-pro- - Additiona] altitude ehambers bination with improved duct design, SRR,
_peller systems, ms well &5 rocket are available that are capable of thrust augmentation made possible .-
38 - pits for investigation of rocket com-  reproducing approximately the same  the high speed of the P-B0R whieh 75 -~
bustion and performance. tonditions of altitude as the Altitude .

L1
.\ Lr—;‘!' .‘. ‘r_.’,.'q_,;”:,é.;-_\‘:‘:_-._.
Rt

“The nimﬂé Tunnel {backgrownd) st Cleveland enables lovestigation of complete propulsion systems in oparatios énder @i~ - -~
. 4uds conditions. The Icing Research Tunnel (forsground}, provides fcing cooditions for aircralt components and engines.
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‘All alrcraft engine designs

ez v00uld be greatly improved i the de-

R,

L

i’ el

[

- gigner had a wider range of mate-
tials from which to choose, & more
definite knowledge of the properties
"of materials, and how these male-
-rials wil) behave wnder any given
sel of conditions. For example, an
increase in the operating tempera-
tures of ajrcraft engines would in-
crease the over-all power output
from the unit and thus require less -
fuel {or a given performance speci-
Cfication; the advent of mew high-
-Aemperature materials would place
" this .goal within the designer’s

grasp. Again, if operating stresses
An various engine components were

o

~accurately known,  might be pos-

S A

‘e
3

sible to reduee appreciably the mass:
-of these parts and effect 2 saving in .
-power absorbed in driving the en-
gine; this would also be reflected in
greater fuel economies, as well as
in increased perlormance )
in order W improve: "earrent
engines, an extensive program of
avaluation of present high-tempera-
‘ture materials is being conducted.
Fundamental research is under way
on the basic reasong for the rela-
-tive performance of heat-resisting
materiale tn general, the mechan-
ism of failure, the roles played by
.precipitated pnrucles and mechan-
ical and thermal treatments.of ma-

~terials, and the effect of Mu

e T
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Materisls which go into turbines, compressors and other critical parts of new sn--
_-g!nes are lhm.d for dwalopmmt of luporlnr rsumo to urum und hnt.

LT R e v TR

“or substituting materials

R T

mﬁngs on’ turbine eornponents
The laboratory is conducting a pro-
gramaimed to extract basicesperi~
mental datz such as the effects of
#levated temperature on pure ma-
terials, and equilibrium data on &i-
Joy systems wuitable ‘tor  -high-'
Aemperature sne. Other sesearch
4s ander way for study of consérva-
4ion of critical allgying elemenis jn .
Mgh-tempentnre muerlals, '*’j"”’“ =

* -
. f.a"H"J'_'“—

H

’ “l‘hemenl ajm o the mm
on . engine stresses is lo 4biain 8
-tnore compiete knowiedge #f jper-
missible operating siresses and
-actud] operating stregses of present
designs of sircraft engine ¢ompo-

_~monts. Btudies have been undertaken

‘on centrifuga) and therme! stresses -
--4m turbine discs, and thetmil and
“.centrifugal vibratory Mresses in’

T"tarbine and compressor blades , with

_-the aim of improving design of parts.
of equten >
lent thermal strength and superior
mechanica] properties. The main
problem in thiz {ield i3 1o evolve
-methods of measuring dnd tecord-
ing operating or residual stresses
in engine parts to confirm specula-
Homs. - Projected research will 4n-
wolve engine tmlance and eritical
speeds, ducting, bearing, geir wnd
-walve vibration surveys, and inves- -
tigation of the nechan!sm o uum

tnzine Reséareh Bulldlnc foriaves-
tigation of vibration, effects of high
temperstures, and study of materiat

.structure through use of #lettron

rb !
u-%':&' :-.‘"’

. microscopes.
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Previous research in the {ield
ol Wbrication and friction has re-
sulied in much eseful information,
However, much of this data is of an
empirical mature, and truly funda-

mental information is required to .

help in extending the present data
into the range of higher speeds and
greater loads. The problem of high-
speed bearings is an example of a
.dield in which more research data
of a fundamental nature are needed
to extend present low-speed data
4nto the speed range of 10,000 o
55,000 rpm. The problem of sliding
‘and rofling friction also illusirates
this point; there is adefinite lack of

4nformation on the sxact nature or -

eclunum oi huuru occurring in

R T T L P
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FRICTION AND WEAR

-

EEAY AR T . . e or

L M SRR e e e o D

_ surfaces subjected to rolling and

‘siiding. The complex behavior of -
plastic materials under the repeated -
suriace stresses set ap by rolling
and sliding friction {s, at present,
far from being mderstood conse-
Quently, a study of the !undamentals
involved 15 needed in order to shed
$ight on possible basic methods for
Allevintion of hihu-es

=""“"‘l’r'ol:lerrm et in 'tonnection

-with compressor and turbine bear-
Ings {llustrate how new engine types
can complicate an old problem. The

“pompressor-turbine unit is heavy,

dmposing high loads over large bear-
4ng areas al high rotative speeds.

The bearing thrust loads tmposed
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by reaction forces are large and
Are further complicated by inertia
- -honds caused by rapid accelerstions
Andbyurosonpictwces..,. .

Other typical problems are
*‘run-in’’ of surfaces and the char-
aelerlsucs n( mluns iubrlunts'

'lleaearch m basic lrtcuon and
-wrear problems is carried on in the
"“Engine Research Bullfing. “Genéral
mnd specizl devices are evolved as

" the need arises to meet any partic-
wlar question. Backed by dxtenrive
service and the finest of -machine
shop facilities, scientiste .of dhe
Aaboratory ‘are seady 4o eclve any
'urublem hddcnl jo ﬁe n-urch

Mctlenlt l.wuuuteﬂhulnynyt to

vised 1o provide the desired conditions,
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R $mportant problems of atrcraft -isn subject of continued resedreh st Sangins o be pained sbhoul Mlg
. operation during recent years have ‘the Cleveland Laboratory.. . - dsow 40 alieviate the Yomdis. = oo
.. eeen fcing, gust loads produced by - S - .- T T e
Wi gimospheric turbuleace andlanding In a8dition to flight research Ditching tnvestigations, R
--..onds. The latter includesboth nor- facilities, (he NACA has degigned . zom military and transport planes
. ‘= .goal landing loads and emergency and bullt an fcing research wind during the war,continoe on hew mil-
- -water landings of landplanes, popu- Aunnel capable of furaishing 1,500 . Bary types and transports in order -
darly known as ditching. © - tons of simulated rain per 34 hours, . o establish operating procedure, o

M

. -

- S | o refsigerated to-provide almost any " develop salety devices and moditl~ |
widne - TheNACA therinal fce-preven~ {reecing condition at -airspeeds wp cations and 13 make nmn“

e tjon system provides & means for to 435 mph. This tunnel is ased to - tlons on the Mtructure where 98¢
~~"tyirteal eltmination of dcing naxards __stody icing on aircraft components - SRBREY.~ v saetaiiigi St
g toaircraft powered by reciprocating  Such us alr ducts and inlets, Tedio ~ -~ - AL, .‘T'-;:‘; ’.‘l‘“f"
% gripines and propellors. Research , :antennae and pitot gubes. ‘Down- ..mn. -Jhescarth on cabin:
— ... over s period of years, culminating -stream from the test section a com« ' eooling and ventilation becomes of
in morethan two years of safe flight piete airplane, without ouler wing ) added importance asalrplane speeds -
-,z - yepearch through icing conditions  panels, chn be mounted and studied ‘increase. Evenhigh subsotiic spesds -
. .. gxs proved the systém and provided wnder icing conditions with engine . pring the need for cockpit eooling
;. enough fnformation to protect any and propelier operating. L. "4 ooking ahead to super
L properly squipped airplane from - ° ) . v . . aminy problems of cooling and hest
il ’_’r-ﬂ""danger'd fcing. Recognition of this ‘HACA research on turbulence _gadiation come into play, aot enly
. (70 - achievement wAs highlighted by a- and gusis has resultéd In a large -In relation to pilot and passengers
#70" uard of the Collier Trophy for 1046 amount of data on gust structure pul toprotect the airplane gtructare
_L.&-f‘r—wglo Mr. Rodert, NACA engineer who . and occurrence. The NACA began L<tsell. Ahe temperature loe ac~
%% Jended the rosearch program. Most “gestarch in thunderstorms in the companying supersonc speeds ey
.., pew airplanes of the transport type sarly 1930's. Records of gust loads el be the first ‘#imiting factor o
A2 L tncor porats tharmal ice-prevention .‘from eir toutes all over the world ‘high-speed Dight ... The Questions of
S8 -y BemE e oy S . have been made by means of the :-balance of mcuo_n,huununum
O U T T L NACA V<G recorder, which records :sadiation must bs asswersd belore
o ~4eing problems of jel engines, ‘maximum accelerations as & fumc- rooling requiraments can be deter-
TRV Rowerer, remain to be thoroughly dion of the airspeed. The problem 4pined. This 1sone Bl smany dew
¥ ion wolved. Axial flow units are partic- . of gust loads increases in tmport~ -.problems posed by high-speed flight
S e wlarly vulnersble, and wmeans -of -#nce .rith .dncrease in sirplane .that calls for new approaches and
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Muchof the study of fundament~ o ‘ 'rree "‘I'ltg‘ht Appnntus e Fem ety
sl physical phenomena tnvolves - _m!:::;*:- i ;s; N ~:'“__ -
purely theoretical analysis.. Theo- ~ Tank 100 feet kmg ! !oot #lameater : T A DA
retical study ig often sufficient (o #Provides information on lift, drag, and mbﬂ!lyof bodies propelled Celay
provide adequate design eriteria, . from compressed gas gun at velocmes be!veen soo nnd 1 WO “@"“ -4
but in many cases it serves rather ‘miles per hour - " S, R
a5 a guide for npertmenm iuvesti- tul Iladlnm. Alr rroon, or nhttms ) i

ptlous e . o
Becanae of the abstract nature sos e e o
of some basic physical problems, .- e
#nd the importance of securing gen- -2-<Test Bootion o i nar%lﬂlwmﬂm.@
trﬂly.ppllublehmledgeabmnl Bped-------.s»—----------v--. hﬂm‘f__w
‘bm l.b!ﬂACA m.l‘lbu'heda Pwer -------b----—-‘-.ﬂ‘.-—---l-‘m“‘”ﬁ‘:“.
,Physical Research Bection &t the =~ Pressure = = = « s aw =os = o'e’waes S0y AAmospheres "’%...
Langley daboratory to eonduct 8 . ‘Test Modium o v e esm o om - mlr,?roon,ornttlmsWM

jarge  amount of the fundamental - , : , k e RIS _:‘*-'-
theoretical work favolved in other : - — — - =
branches of research. Typical ~Fg - i AP c et b Lt B
groblems attacked in this section T e
are high-speed flutter, propeller ., -~
Glow theory, compressible flow B . )
theory, boundary layer mechanics, - B3 FEAWE L RSN Yr & W : _ . E;%
-.mwrmu.. N Lt 'Y xio kb COL R IR,/ 4 s afd & . :”
- fin the course of duﬂy d ‘wasle ' ' :é.
nyslcs many original devices and ~ *
processes have been created. One
-of these was the first use of Freon
12 inaerodynamic study. The speed
of sound in Freon is abput dall of
aghat §t §s in air, therefore Mach 5
sumbers of 4 and higher can be .- .
provided with less gpower and st — 3N *
“Jower stream speeds than withair.. ¥ a
Fifibe division Sar facities 1o ~
provide experimental data on gere XN
Xain basic subjects, fiacluding & . §
s

Flitter Wind Tunnel for investiga- .
“Rgon of serofynamic flutter at high-
speeds and a frea-flight apparatus ~ A = S .
for study of reactions ‘of warious - ot o
‘bodles . iraveling fresly &i high  The ¥l Fiuiter Tomoel 13 coe of several pleces cf spocial seilistsl baed 167 Sudy of *
speeds.  ° : AU Zwsic physionl mwmhllmwﬂwﬂmnm'qm;ﬁ-
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" Pliotless aircraft research 'by or correction for wlnd-tmel date. “tests were made ln s ¢clean, prq:el-
' means of rockets has grown into.a ~ Conversely, wind-tunnel research fer-less, power-olf eonditlun dupli-
- special, fmportant brinch of flight -providesa valnable guide inplanning _eating as wearly as possible the

-
TS e 1 -

e« research. Through the use of many .and interpretlnx mght tests. _ . . . conditiens simulated $n the tannel.
-kinds of rockets, vita! information e ““The model had purposely béen tnade
has been obtained all through -the Dnrlng the ur, 1 1 hrge amount to Imclude the alight irregularities

speed range up to Mach sumbers of  of data had been obtained from the ¢hat are found in any service nir-

_ -+ 8 or more. -In addition tobasic wing 38-Foot Tunnel at Ames on spectiic ..plane. The results {rom these tests: .
. and body studies, investigations are  airplanes. At that time, the models  were in excellent agreement and
" carried out on automatic stabllity ~ ‘were tested under power-off condi- ~ established ihe -rellabillty #f the
_ . and control of guided missiies and  tions without the effects of & pro-: tunnel information. This is one of

wﬁum high-speed fiutter. .Dynamically . <peller and application of the daiz 4o :wany -anususl m M

. scaled modelsof actual aircrait are  4ull seale, powersd airplanes ens ,]n]ugh{ research. el
s~ 8150 Btudied in free flight for char- —mnder question. To furnish a direct - e

f - ‘. “acteristics at high speeds in antici- ~ tomparison between tests on a de-"- *I9ith the day of !nnsodc mght
; . ation of plicted flight. This branch tailed scale model of the P-51 and qtt’hnd Alight vesearch dbecomes
". of research is one of Qur most val- —4he actual airplane, the propelier -evenmare important, !nhouhﬂnd
,w,»;“mble assets in reaching out ahead -was removed from a P<51 and the “tunne]l speeds wmedch closer and
ik >of man’s present abilities, 1o find - airplane was then lowed aloft be- “igloser oo either side o (lie epeed-of
& f*:«; .ot what problems we shall ron into . &ind s P-83. At sufficient altitude ~‘sownd, complete investigttionsat the
. nd:mrtoooln them. o Ty z‘ﬁe P-Sl s released, and dive Md mmmdlm

_"k:‘_ S ..—- - i “"“""2"’:‘?- mus..g ..4-.

o.‘i!uurch Station, heatad on the .':
... . seacoast of Virginia, is equipped .
%:_45»*.11!1 4 wvariety of rocket hunclun;,‘é,,
“mandling, and controlling equipment.
“"""!ncket vehicles and models wre -
+.. bullt inthe shops st Langley ‘Field, .
... and lransporiation by air and ball
. links the rockel lh}lun 'tth the
hbontort T

FehZ

o ponr. -Altitude, and accelerations . S
_;;1 ,aoi capable of simulianeous dopli-: 38

Ehusiestion In existing wind dannels. .. BN
S5 Fght research provides ‘the dinal SRR
”‘-ra'-. -«check on any theoretical or wind -PET

"W:”‘ “tanne} findings, and extends the one- -
_‘fulness of wind-tunnel research by .The DS68-I is one of severs) research urphnu mmmmwm-
= urvtnc as umn-uu dvormc!tlon “Aract t0 the Armd scrvlcu, lor trmoulc mlht research with plloted wircraft,
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such vi'ad prdblems of scale,; eoo
LI rols, and acceleration loads cannot
£ .ot be simullaneously studied on the
il -round. The answer to this situa-
B -ion was foreseen by the NACA in
1944. In March of that year the
Ml “ACA proposed the plan that has
Ml -esulted in practical transonic re-
R -carch airplanes like the XS-1 and
the two phases of the D558, all built
for and tluwn in NACA flight re-
search. -

‘Fhight ressarch projects ln-

{tight, handling qualities, and a wide
variety of airfcil and control n-
search work at full scale.

8pecial methods in the high-
speed lield are NACA wing-llow
tests and free-fali body tests. By
the NACA wing -{low technique mod-
¢ls are mounted in the region of

airplane wing, with recording in-
S <truments underneath. Aerodynam-

ic measurements -can then be made
from Jow speeds continuously
through the speed of sound wp {0 a
Mach oumber of 1.2 or more. Use
of freesall hodies, dropped from .
high altitudes, vlth data recorded
by radar and telemeter, provides
another source of continuous tran-
sonic information, in undisturbed
air, wp to Mach pumbers of about
1.5. These bodies are used to ob-
tain basicdrag information on vari-
ous wings and airfoils, flutter in-
vesugaumsmd body lhape ltudiel.
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clude propeller surveys, helicopter

~.i..unchln¢uu1'umu an MACA mmmmbm

high~speed airflow on & high-speed ~

3
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NACA mreh airplanes and pliots urryou
l resenrch. Bqn.wmwumhhnup-ﬂnm r!m-wu Studied in flight, Mabavelhewednlm.j_

[ . s wea s
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oourse. Such rockeis mwlde nlmhle dats on nmomatic statility and eontrol.
F &nv T ‘%‘M":'
“gnny start mundtiﬁm.ﬁ:am
crait, but they scon take on & ®ew, ©
strange Jook of their .own. Hlodels ..
_appear on wings; lomg booms with -
_apecia) airspeed hnd yaw ‘beads m'“ "
grow oul of wings and soses. e S
‘C-dﬁused inthermal lce-prevenuon :
ch had a large Jow-drag alr- - ‘o -
‘foil mounted on top of the Tusblage, "
while the B-24 used on 'the mme -

" “#po carry out this broad pro- -
gram of flight research, the NACA
smaintains & flight section at sach of
Ats laboratories. WACA research
pllots ave to be engineers as well
as highly skilled in flying, for the
work involved has to be thoroughly
.andersiood and carried oast with pre-
cision. The planning and prepara-
tion for Tlights is socareful that al-

though many of the projects lovolve " project fad 2 rebuilt move %fk

wnusual flight procedures, virtually & warlety of windshields to A

r:::ry flight brings m-.k the mght- auir m characteristics. -* iy
“u - - -;: -e_“‘ R ."‘_‘f‘-‘:“‘-

or o omnoabm o pae ot

AR AT ":’ —=§£‘é‘£m 2 \
“fThe airplanes uod mnlly R IIACA nuhtl have taken thelr
’lo-md by the Alr rorcel or Mavy, “gesearch pilots into strange worlds. m
i o 10 the Hr sl studies of thunderstorm -
ity &Wmmmr . T,
9 erately fiown through thunderbeads, P
and on one occasion was whirled up ~="""

sggseveral tho m&oﬂg?
urvlce eelmna ‘ataner PS5

t «~wpmds.. Ever since the beginning of

. NACA flight research, NACA pllots

have made a practice of exploring =

. -unknown regions of flight 1o bring - -
‘back aew information for iagreas.
“ng ibe performance, zui!oty.,_h

n_-.'u" ",.-,_,,ua n,

“hae e

" sightight of ;;ACAM it
“Spearch is the ‘transonic Jlghl e~ e,

L
Lo

_mearch program, wsing &j g
signed atrerafl baill- N oon-
Zract with the Armed Be Dok T

ithe NACA. “'Using the

flight -test -cenler. at g:m:g"‘
Lake, Calliornia, WACA pilots are
_exploring 8 wew. flighl’ kngeM
« < _wepresents man’'g firel ctepnonﬂl

l'-f—
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sogaped e
h projects designed ~ the -5q
T performance, offi- dn the world, and contain many-§8= 1
,m,du\cy.: ] of airerafl. Un- iities that are sden-‘_‘;“-mrdou.mnﬂﬂé parvicss, i1
. “ppportenities axint “ber ‘.g-o_g-._;;t!ﬂc £e)d. In addition to lis WaboTR~ , ‘and all olher Ypihnica!
i pearchon Rew and challenging pr 22 inortes Abe Commitiee has 1y de« mervices which to to comyiete v
" "tems n all phases of aeronautics. "waloped service organizations dhidr,grwemmal sKgan
2375 he, cope of the Commitiee's re-" provide mechml_cal.udmtnhtrn!N, gy‘ugn.;-“..__,; Lacsnly
T F seurch program ts so broad that -::a_suﬂ_.uchnlul sssistance to facili~ iit‘g41%%§3ﬁmff SR A S0l
TERILR 4s Wk Limited Oy conventional “.4ate progress of the research o=k ~Pplacement and Promotion ™
o hounds, but gmmpsusmd'm ~gram. Competent and welldrained . L i ey L
Fir s ghysical I v - siscraftamen work in large wmoderd i The NACA hasutively partici
S R b P u‘i';;‘_‘_fw writh the inest machine lool ~igited dn the ‘miovement -10 abla:
mlm,uetauuuists. Phys~" .equipment. Bome of the equipmest, ' PTOpeT npprer.mumut ‘the grtien
. . guch a3 the -airfoll ma - meots ol scientiiic wo!
: in increasing aombers ~igue in the field. -gkilled machlne ~~and personnel 4wk Foderal BeT
“AD oblems encountered 7 i, initrement makers, :hce, and (o offer adequate recopn
3 : the reaim of transonic and super® ~gircrall metaismiths, oG 1 mlk-fm and tewi Auccessiul m
fight. -- .~ L e v iar TSy and many other qpecmtul _sentific endea SA1ta j
s -",;;3}3”;@:":‘1- i A Ty cerafiamen make postible unusually wefforts %o br
A gg;;-_;ucmueu and Equipment e g Woomaplete -and wmcd.!mrﬂ,_.;m\m .
- ff— P _ e Frpy- 1ea e gl oS a%i:....‘,'r‘;"if’-_c"mﬂ”t.'
iy ’;r'ﬂnloreculm the trend of aero="""" U st L =T Tmake the
w2 ‘*-ﬁ_ﬂdﬁw development the NA ' re derved --OWR
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O . 4ctentific Preslige

Opportunity is olfered for pro-
fessional association with some .of
the mation’'s leading scientists who
are directing research projects for °:
the NACA.  « - -~ s =e .=

‘ i SR ARy et

Technical Publications T
- P
.7 . Jmiormatlon cbisined BJ 8 omillt T
of tnvestigations conducled e U]
MACA is prepared in report form,
and disseminated tothe mitaryand . -
aaval services, the atreraft industry, i

poris are prepared by the stientific -
and technital personnel working on-
the particular research projects;
therefore, ample opporiunity 15 of -
fered for the preparationandasthor=- ~--
ship of technical NACA reports. n
~-pddition, the Commitieeactively #n- _“,,f,

o instruciion within the orgasisation a8 wellex pKide STVIESE with wmlvaTsiies. "L n scientificand technichl jour -

. . : .. _' ", 7 mals of articles based on work-pare i
" @ince fts inception in 1915, the . - Professional Socteties - = fSormed in the Commitiee, o N v

NACA has increased in size from an ' . .75 _gther special interests of its per-_;..q
organization of about 15 employeeE Employees are sncouraged to _ sonnel. Sucharticlesare, ol course, . -
io one employing over 6000 person- sttend meetings of professionaland -subject to security clearance. o

nel. Curren! expansion in major <wacientific pocieties, and totakeme- - . . . Trre

| shases of the Committee’s research - tive part both in the presentation of Aiwetsgriipeient Pollcy
program has created openings for papersandin the official conduct of o 0 . ity
well-qualified applicants. Scientific - soclety business. Where the activ- .. ! -The patent policy o the RACA REE
personnel are assigned to special- fties &t & meeting will contribute  isdesignedtoprotect e emploype's sai
ized research projects as sooh &% .directly to the Commiltee s we- ~ -ights, as well ss those of the Gove '
they report for duty, and are given .search program, gelectied members -ernment. P :
ample opportunity to develop within .of the siali may atiend the meeting . ;fated to the Commitiee’s work pro= " -

their chasen field, Individuais will &t Government expense, - .- - -§TAmE wiil be secared Without e vrs -
find mo “'blind alley’” positioms dn . -~ ° - D TR - i e g o R i T
the NACA: On the contrary, the pol- o e
icy of the Commitiee is to assure
all possible recognition and advance -
ment o those employees who merit
them"sla ather Wwords, promotions
within the NACA may be quite rapld,
depending Wpon the @emonsirated
ability and fitness of an emploype

to (i1} & higher level position. . '
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C e
-+ Education and Trainin s
“wrie NACA sncourages the edu- 2 g
cational and professional develop-
mewd of 1ls employees by providing -
lectures and seminars {o keep per- :
sonne] advised of the latest devel- .
opments én their own and related
fie}ds of specialization. in addition,
arrangements have been made with -
local educational institutionsio make
svaliable to NACA employees spec- &7
a1 after-hours courses offered by - . _ ; e iyt 3 i
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N is the policy of the NACA 1o

* encourage and suppori any erganized
-artivity on the part of employees
which will help to maintain a high
working merale Employees have
formed social elubs, sports groups,
musical organizations, hobby clubs
and thealre groups which have a

- semi-officlal standing, and whose
aclivities are reported in a weekly
newspaper. Excellent social and
recreational facilities are also of-
fered in the communities in which
NACA oflices are located. .
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Entrance malaries, which are
based on position duties, are deter-
miined in large measure by thequal-

. Mications of the appointee. Periodic
increases are provided for employ-
ees whose performance meets pre-
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- Arles are also adjusted from time
A : - -tolime to meet changing conditions.
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