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NOTIQ IE

THE BEST COPIES OBTAINABLE ARE
INCLUDED IN THE REPRODUCTION
OF THE FILE, PAGES INCLUDED
THAT ARE BLURRED, LIGHT OR
OTHERWISE DIFFICULT TO READ
ARE THE RESULT OF THE CONDITION
AND OR COLOR OF THE ORIGINALS
PROVIDED, THESE ARE THE BEST
COPIES AVAILABLE,
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it. system lies in the tact
members are eelected irom every
brooch oi aviation and allied inter-
tsirs. Outstanding technical men
irom a variety oi aviation nanotec-
turing companies; iron: educational
and acientitic institutions; iron: the
-lniliiary establishments, the oom-
mercial operators, and other gov-
ernmental aeronautical a g e n cl e 5.
are recruited in: auiioonmittee
lervice: -

. -. Administration oi Committee
eeeearch activities is carried out
_lIy a Director ol Reoearchpho with
his immediate atali ln.I&#39;aah.ington
controls the operations oi the
l~lACA&#39;s three principal research
�laboratories and awards research
contracts outside the Committee�:
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-Original and largest laboratory
la the Langley Memorial Aeronauti-
-cal Laboratory at Langley field,
near liarnpton, Virginia. leaearch
tconducted here involves virtually
over; phase oi aerodynamics, hy-
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The etrengthoi the entail 92}1ii- d-rod;-namics, at crait atructureéd Ibetter diiiaation oi acientilic
t its and aircrail load . A  light station

tor pilotiese aircralt at Waliops ls-
land on the Virginia Coast is oper-
ated in conjunction vith the Langley
Laboratory. _ ..

The lines Aeronautical Lab-
oratoryon the Navy� I Moiiett Yield,
�a-ouih cl Ban Francisco, California
is concerned primarily -with high:
apeed aerodynamics and has the
largest and eomeol the iaeteat wind
itamels in the Iorld. &#39;- &#39; 5-

The Flight Propulsion Research
Laboratory to located at Cleveland
airport, Ohio. The work here wr-
ers all problems oi alrcrait propul-
aion, including the apecial amper-
aonic aerodynamic problems eon-
aecied with high-apeed propulsion.

""l�he IACA la" constantly oa-
�nding its Iltorte to let nelearch
contracts vrith universities and other
organizations having euitable equip-
ment. By ao doing, eiiective use oi
other research Iacilltiee &#39;il&#39;lnade,
Implication d equipment ia avoided,
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enanpoier is achieved. &#39; -&#39;

- Fldoreover, by training inen in
otaside groups in the apecial Hunk-
ing and technique oi advanced re-
learch work the depleted reserve
oi trained personnel la being re-
plenished. "l&#39;hie"is one cl-the prime
ohiectlves oi contract research. in!�
lb arar did aerioae damage toad-
Ianead training proprama. Io lul-
cuting research contracts, univer-
cities introduce graduate and92uder-
-graduate students toihe challenging

exacting requirements -cl ad-
vanced research, giving them oppor-
hnity to Aievelop-their capabilities
In that direction. - -~ &#39;&#39; . &#39; ---1.�1a.&#39;»-u..- -. - &#39;-�--" .&#39;

"The producto! research in all
"these laboratories is an NACA tech-&#39;

il report eont.a.in.i.ng detailed and
� accurate information in the latla�
-qrinciplee governing deaign, or the
Iae oi alrcrait, or the behavior d

_ gases and materials mder a variety
�£0! cemiitiona._ they are distributed
as a government oer-rice i.o&#39;deaign-

- core, manniactm-era and operators d
. i
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The RACA Piloilell Aireralt Research elation
of aerodynamic: andoontrol at veryhilh speeds in

lire:-ait,and to technical and aden-
tliic.lihrariea_ ilu-ou¢ho_ui the oom-

ln choosing an airioii, lo_r ea-
ample, a designer can consult the
compiled characteriltice oi airloiie
aadeeieei the type heel suited to hie
purpooe. irorn the accumulated re-
eeareh reporte on liability and eon-.
trol,he can design stability andgood
handling quaiitiee into an airplane.
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_" Basic research tn a broad dy-
namic field such as aeronautics is
an qr:-r-expanding activity. The
tunction oi the NACA is to probe
areasoi the unknown tor new knowl-
edgcui the phenomena at �ight. Up-
oliestabtislunentd eachoeIrbritlge-
"head. the organisation must exploit
and develop knowledge to the point
ell practical application by the an-
dustry, the |nl1ttary,and civil oper-
lltng groups. Frequently, the de-
&#39;e_-eiopment oi new knowledge result-
ing "tn new aviaiionpertormanee ea-
poses a new unlmowii area which
auustheexplorsd. - _ __  -_-H
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_Iliny&#39;1-esearch problems have
been with us tor a long time �and re-
quire unrelenting ettort tor contin-
ued progress. Bolution of some� lead
to new ones such as the difficulties
involved in transonic and supersonic
�ight, which are -as mirage and
meaningful as those attendant won
the Iirsi �ight oi man. ~ - &#39; �

IIACA research Iaciitties have
grown space with the new and ex-
panding areaso! research. Because
oi the timedttierential betweent:as-
it; research and ultimate successful
development, the never research

equipment reflects, the_ �shape ti
things to come. And yet, theoitler
equipment rarely becomes obsolete
hecause so-long as aircraft must
Itart trom rest and return salely to
rest; so long as the need exists tor
_better small personal all-crsii, tor
large transport airerati and tor au-llperaunic IItlChllt¢5,l�¢l&I�l.�.l&#39;t equip-}?=M
Inent stunning the entire range ll
pertormance amisiee is requiretl to
qperate at lull npacity.__rM__ j� "

= ..,,»..¢l-.¢-2-�>41-137:1}, .

" Tihthe tolloiing pges mana-
ly described the areas at resear;-J:
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*1QqUF"i tent oi exploration.
sivc 4 the array oi physical -
seirrh equipment ml? be, the pri-
mary tool oi� any research organi-
gtinn is brain power. from the
crecti --e thinking oi the curious mind
evolves the incisive recognition oi
the research problem and the de-
sign of exploratory equipment. The
NACA has succeeded in attracting
to its employ many oi the iinest
scienuti-: and mechanical minds in
the world. &#39; By rirtoe oi the various
committees there has been mar- -
shalecl the outstandingtalentolsero-
nautical America. The iollowing
pages describe the problems against
which this talent is deployed and the
tooiaiorthetask. . . &#39;.

For convenienceol description,
the areas oi NACA research are
rolqhly �elded as iolloll: J, -

�Aerodynamics . .. _ �
Hydrodynamics
Propulsion &#39;
Mrcrait Loads &#39;

�Al:-irame Constroctionand
_ Materials - .-
Operating Problems _&#39; _"

ifhf�lcll He�t�-Ith -
"Flight and Pilotless Aircralt

&#39;  &#39; N I

wlerodlrggcs 1 "- _

- �The rapidly increasing speed ll
military aircrait and the prospec-
tire use oi high-speed flying mis-
siles have placed [real amohasiaon

.._&#39;. ~ . _ . 1. .. - ._
&#39;1 :.,. c-_-.--, .--..-.»-- . ..-.__ _ __ �

. . . ._.   .._+....._..92.., _-..|.._es_-_. ..&#39; _....._. cig-

-1: .;_.s-:-:...........-.- _ ..-.-._ _,.., &#39;>�._,g __,-m,&#39;,..�
-- - . � " 1 - ~ -&#39;92-

ir- ewe, ._-.- - ..,$ . I A _, _- At &#39;~ a.
92a� -vL- ---t 1-�~-t- -;"&#39;:-».l-..: &#39;- . ,*._=92�.&#39; ...,.. ,-

__:- &#39;51�-1 _._.-_92 - .v .-- -- ., -."6F"1I�

i -� &#39;1.-_  £1 �. &#39;-�.~&#39;..
1;,-. . -. .. "&#39; .-9.1�

3 I4 " . &#39;

71.2 4� ,1; i. _92n; I&#39;-
-r �i":&#39;::&#39;; I&#39;D" -~=-rd -5 L� -,&#39;. -_&#39;=: - �
A J�, .~»-.a&#39;n~.- - i  ~&#39;.&#39; 1-~_-" &#39;r 1§§1,;..j,_s,r,",;*,,:.f§;i�,I,ig .~: �hf
&#39;*==;*�===&#39;:"�-� - :-i-.�*~-. &#39;==--Efw-~"  -�s� - 1� !92r?&#39;92&#39;; 1,}-

: rein:-&#39; <*-*-&#39;»<t,::=�t . +l�~&#39;t.�i=.=� "| �1 "� &#39; A s ~ If} ,-. I»I 92|.§-Nb
;;~.L.-�Eli _ _ f �H.
?J5.&#39;92£&#39;-3?.-. till.�¬-1:�-s-5 -*1-i .;-at 4"

» I __ ...&#39;

___ _-_... A" �&#39; �er-1- *

� -�-� _-........_

-t-_

- "�-&#39;--.

An aaial-�ora turbo-dot engine ll preilred for imrsstisation wider accurately aim -_�___&#39;_�elated operating conditions in the Altitude Wind triamel oi the IMCA  .5-T.

solution oi the problems d high-
speed ilight. Wartime development
resulted in military aircrait capable

&#39;-of ierel ltight at speeds exceeding
550 mph. Atlsuch speeds, certain
aerodynamic phenomena associated
with compression shock and the at-
tendant air�ow separation appeared
to impose serious limitations to any

iurther periormance improvement.
�ew aerodynamic techniques lorrie-

--hying the {light speed at which shock
occurs, and tor minimising the ad-
verse affects of shock when it does

&#39;-""_� -&#39; _ _ - - � W -&#39;JtA.»�s»,"...&#39;~,,..o _ " T."
&#39; ""e_|&#39; . -&#39;-"! ��J&#39;,&#39;,. -�~ 10,.. . -_ - - r I . _ = i. , � . .. �"""~ -T� �--.�-� �=35. :-.:.. &#39; :-4-&#39;"r:--&#39;1 -~&#39;:."-5-&#39;. &#39;~:-:-�-.=- ~a �-.;-.~&#39; &#39; 1 if-%-V-"" .~- .--4 , ,4�; . .� e» t ., ,i_:,p__.. _--:1; _ ._;�___~� ,._¢ 1r_,_.,__ _ H H,�__. _
in: |..�_ �.,. &#39;. -.3-. .. ."_-. - t 1-,; -_~_,,_ .. --j,-�_ _ ,

--&#39;--* -~_-*.~--i-~-,_�e-~ ---- ,...--., -..-.~._ -.___..._. _,._-� ~ ,_.- .-. .

. - . -I->.~7-1.".&#39; . &#39;. ~ . &#39; r~_---.__¢_&#39;,

occur, together with new andmore ~ �e.
poweriul types oi propulsion: &#39;sys- _
terns nowavailahlepaill permit sub- ,=_j_.-§
Iantiai increases cl speed. �He "f&#39;_&#39;.� &#39;
high-speed airplanes ed the sear h- &#39;~_- -�*=-
tore will ily taster than-the speed oi &#39;

��=�"P�- ,-saw.-&#39;~. 1+». 531".-~ ;   &#39;

�lixtensive �investigations j� *1"
wings and other airplane ooo:po- -
aents are being conducted in wind _,;;L92--:
wnnelsand in flight ioperiecthiotm """_:.-&#39;
methods, such as pianiorm earia; .
 ions and boundary-layer -cmirol,  -&#39;
-lor alleviating shock losses. Bet-  . t
tar understanding cl the mechanics -*~&#39;.�-If-&#39;_"_ _
Til atiocit cares must he obtained ._f.:?¥_:f&#39;;"-t
"through iusdsmestatand theoretical �_&#39;- &#39;"
studies. inasmuch as [light at very

i..�,.t..&#39;_-&#39;.t-1-L�.kw---.:_Ji4_;.U.,.ijé.;§.k?-2£.&#39;!Z..;__.,,,..;gi§H$1=a_It&#39; - 1 ~_-; ,,"-,-,,m¢t.,;,,i,.;.;;_-,,-&#39;- ....._.-7 --;_&#39;_v,__;_,high speed appears to_de_maod r&#39;ed_t-&#39;~1_Y?{-I,-%_"&#39;3"l-J""�T��-"=F&#39;#"1"?�.C~i�?i?l"%"~;¥*i!&#39;?""3�f�i"i?i?3�!3�f&#39;:_*t"I&#39;5&#39;=.=�~Et�;�*;�!&#39;ie�i�;&#39;B§Z¬;i"I1*:�"?"=;"�92&#39;.�~jl"--"Ill!!! di�m�l cutlievrlliwc imt 4: &#39;=f-ta-._...__. -is;.:-.�_»-,1-1- 92_ -92. � _-._¢.|,.-=;�- -_._�:_:.::.J.,,&#39;,_,._ Q: rum�. �M �or M w mm�  .
92 _...~&#39;.<..-, .� -

&#39; &#39;*&#39;~=*"""==*: »&#39;  "~�.-&#39;-=&#39;=�*-92�<-� ~5&#39;i�?�"t&#39;t# �i*"?=;=---  t~. 1&#39;1--1  -tr-, It-�~.~>.».=i.. .-I--» - -.&#39;.:. .1..¢_...»-&#39;.&#39;:._~.&#39;.~ 7&#39; F . .--. 1 9.1�-.-I &#39;92 ¢.,� Y. _._ -. __. .. , 92 .---.- -t. - &#39;- *0. - , .-. &#39;
-_ I -- �-_-�,T.&#39;;.. :1... 1-;&#39; �,.,__-,. �_ . . ._..._ -.,,&#39;,-..-- _.~.~.-. . l- -t .

N. _&#39;_. ..__.. ..-... �

�Inf:  ..&#39;-1 -_  r;&#39;__.  _* . _ ~.- - &#39; - - I means oi salts�-iactorily  lying such .~ "
-ooniigurattons at the low speeds re- ..-.=:.&#39;
 aired tor landing and take-oi!�-are
  -I?» .3 : &#39;  &#39;
&#39; is the tower speed

._ J; pj_;,;;.   -, �-&#39; &#39; {light in which commercial trans-"&#39;*i"."&#39;
.&#39;-�""&#39; -1 1""  . .-.&#39;-=--7 --&#39; --I - - � 1 2&#39;...- .r~#1&#39;~�-*&#39;-I &#39;-�<**�"�~."=":*¢&#39;*:=l#?I&#39;»@ 151&#39;-at � *"� 3&#39;-:1 �#551 2: .-!t-*&#39;.=-:=�=~I- =-;-.1 �Fa:--"s-*1-.:»;~-; --

.-~, " .:.._u .&#39; .- .� ~-:3 - -, , - - l -|.�._;_....- "-- - 3, .,_- �J f H. ,,_ � . _ . . U

�Q �_--- ?*I&#39;:3~"£I$_&#39;!5=!�i""�..-&#39; :-*=-»-. --»; -Jenna�!-1: .E, -1,,�-&#39; _ __

_ _ � � Q w x. WV k .. &#39; �I  &#39;.- T. , 1 t 1, 11 &#39; . 2  1 ;.w�.I�.--."~ -t I -e. 1 -1�, _-"-err, �.~ , 51.5."  &#39; �� "�
&#39; __ &#39; . _ tr .. . 1�  &#39; .-_r  -

*- -. .. we -�~-�  P-.c.

A omen, scaled airplane modal being lltunched at the uitcm Ptlotloss an-l
crait Research Btatton. �lniormatton is obtained through telemetering and tracking.

-Y 2.22"» .-> ;"~:�*-.-=. =2�-*&#39;i"�*:&#39;*I:"�:""&#39; Pf? .. -*1� ..�e.� _ ,._,;,<..._c-i ~-or F-;=:.:@-~3&#39;2*r_.-1-t><=._ ;,Q.f-�-Q�;-.;,*§ hzwport and cargo airplanes new slit�, �__;~,-3,.@4 " &#39; "ate. iurther increases tn speed ass "&#39;""*-"
-range and lurther reduction tamper. fa-:~*_:~
"sting costs may be expected tin-oil: f
aerodynamic reIinemen;t.�.I8ystam-&#39;  �Ti
atic investigation ti the complete f-F �_-
range oi airfoils lparmitiiag eaten-> ;¢_-&#39;_"&#39;"
alve laminar  ion is belt� conducted *&#39; 5
in 101?-lt_lt&#39;bti!el&#39;tt&#39;:l_I&#39;l!l� tmnels and � �
in iiighi to correlate and evaluate �

-the various atrloil characteristics. &#39;
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�The pnssibllitieeul largegains irom
- ~=- stheuseol howitllry-lityercontrollor .

_ .� -reducing drag and increasing maxi-
Itunflilt have been merely touched"
190�. -and must be completely in-

» yeeiigated theoretically and experi-
¢!�?"�.7 mentally. in wind tunnels and in-
:-_____p_ �ight. Further lnntllrnentsl theo-
" ""7 Treilcal and experiments"! siudiesoi

iioundnry layer are in process be-
nose� the mechanics oi trmlition
drum laminar to turbulent flow ere

�&#39;1- � �t not knO�In, and the mechanics ol
&#39; leper-ationoi turbulent ilotvsere not--v-Q. _.

er�.  _.

determine hm! to get
ear-eh ta men and their ideas. Through eooperettue stiort and er-

the I.nl0rmll-inn desired on any problem.

_ unless means ere ioimd to speed up
.ihe burning process. Corolla;-y&#39;to
combustion research is the study d

_ new iuels to meet the new require-
Jnenls. High speeds demand iuels oi
.-greater energy content. With both
jet engines -and rockets, rtnge is
limited because oi high iuel eon-
sumptlon in relation to thrust re-
ceived. Thermodynamic Utudy it

�necessary to provide the values re-
quired to evaluate the heat processes
in new propulsion eystemfend lot�
-tllculetion d per-iorm_ance.. - =._;..

in

I5.  &#39; .-~.1- �;_ �¢ ,. , _ __ _ _ I;�,,};-.,;;._..;nideretoo§!;_ _u _ _  - _ _ .l ;_ ;.-,,_._5... _...,,,_,ll.-.a-4. -..._.--_-4-...4..1_,,_-&#39;Q,,q,- M; 4 4- , , sq: . 92-

.,-_¢f.i.=_. " Therehasheena greaterclunge
. 3 &#39;�&#39; l. Jr: �the ohlracier d prop!-tllion II--  &#39;- -search in recent years than in any
,  brunch oi arronluilcs. luccesslul-&#39;f-_}.;-&#39;_:.&#39;. types oi power plants have o-
&#39;__-.~.__;.._. gened the way to new combinations_-,-,1;-E&#39;*_;;;,»§;&#39;,-"st ideal. -These MI pursiuimies.
it ,  while-greatly ncivancinpotrr abilities.ml-�-.�-43&#39;. tori»; iilh them new lt92tl_dliilctili
"5-li-&#39;-"I-"~.<l"°"""�. P» »-."n»..-  l   .
J-;�¥:92_-__..-.7.:�___.�__i�4; ..,. _ Q _ i ,

�n� t"{.�-&#39;" omhustlon in "the continuous.
yde oi jet engines presents&#39; &#39; "5�  henomenl to he investigated.

.-r » --  the dornbulllotl process is cornpll- -
__. _¢;m| by the presence oi high-speed
-=2" -r. um;-came capable oi hindering
�~-7-._.q.__-;.~7¢e|o::ilsusl-ton and reducing eiiicleney
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. -&#39; -  ;., : -.  1.:-.s!.=*¬?"&#39;  &#39;  V»    "  f » - ;
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;  greatly-increased demandsn compressors to iurnish air at
higher pressures and larger vol-
umes entails energetic research to
achieve best pertormunce tn the-
rnost oornynei units. Turbines to
drive large compressors end pro-
pellers involve stringent require-
ments of blade elilciency,..airength
and resisthnce to high temperature.
Bearch ior new meterir.ls&#39;e&#39;lth_-in-
ereaaad reaietsnce to high temper-
liuree end stresses is demanded tor
nearly every component oi new pru-
eulsion systems. " . &#39;_ __
&#39; &#39; The presence G  illi-
preeeora and turbines revolving at
�high speeds emtiiasizeslhe need �tor
better understanding oi iric�un. Ind
�tor knowledge that will lend to more
etiicient hettring auriapes and ma-
terials. _- .

theoretical research in eeroriaullcs
-wsnriolbeover-empttasleed. liealthy
frdlrih 0! any science "depends an
experiment ind iheorykeeping pace
-_1I_ith each other. _&#39;1�be Icienee rd
"aeronautics -is treoorning increas-
ingly complex nod -theory must be

-Incolrlged to-keep pee with and
to guide experiment. �livery branch
.01 theoretical -physics irrly be in-
_"-volved to some degreein my pro-
gram at theoretical research hi
aeronautics. .iAs 4 gene:-pl 4-ole,
&#39; every iundimental experimental is aseocllted erith s theo-
-retical project. In view pl the con-
� etdereble extension cl experimental

1 .
&#39; -

value hail importance ��*�f;"�
-r

1,

is
1!
r�

3�

-"F

Em
it

&#39;92

1

G

3-l

_.,iacilitie&#39;s, an expansion-at t_heol&#39;et- -_&#39;
 eel-r tr

-¢--- � �QWIQ �3.�$Il&#39;§"¥;&#39;j;:- -5_v,-51;?-;--r_1.E;---_,_--_,,~, -.1. ~ 3- - a"Q "- &#39;- " "-7""&#39;-J5"
92-. V &#39; - I -... __
er.� _;-f_ 5 92&#39;_l-�d�A:�5"" , . � S .�._ &#39;_ __¢�1 _&#39;U.. --"=.&#39;~1-¢- - »-w &#39; *.~, 7

, -._:&#39;_-&#39;§"�,_&#39;-K-&#39;.
--�at... __ -,

-_ . | &#39;. .-_92e�/Ly - , . ,

1,,  :.._

- race scion!-ill: devised In ettlclent, live-Made geared �pi~*»&#39;n1_¢&#39;i- mi aneneltl

*1.

.~l
f. .
1|
P.�&#39;5

i



. * - . -- &#39;. - 4.,,.;._--".&#39;..&#39;-i�-I-5-&#39;-. .. - - _ » ~ -- �Q4! &#39; --r"�1 &#39;- &#39;-"-� .�. l -_ , . &#39; _ __,_,___._ ... -V ~ - � , _ __&#39; _ - -. -- &#39; _-_ "e  -_ ; -_ m "__ ,__,_�__ �_-_ .--.&#39;_-4..,_...,.a_-: ----l - ~ ~ V __ . :__i_j__, _____A :j__ .-it -92 &#39; D - &#39;.. �_ .- .. . �  _ _.. __ 1,, J_4:&#39;;_ , -� &#39;���-»t_A&#39; ��t-�_�92l"�- I� H

|".
-

I

I _
l

_j,_g_, - r- _

AERODYNAM I CS� _ - ..
-=.; 1

c 1
I

| 4
, -

. 1- .� �-1- .

r_.-. _
_ _I -I- I� &#39;

I

_ I

_ -0suasomc "AERODYNAMICS .   ..
Subsonic aerodynamics is basic

and is an essential field oi research
tor man-carrying aircraft through-
om the entire npeed range. Such
study includes investigation oi� all
�nds oi airioils and aerodynamic
shapes. In a systematic program,
the work lnvoives development oi
theory, progresses to experimental
verification and development in ape-
clalized wind tunnelsand is then ex-
tended to larger ocaie in lull-scale
and pressure tunnels. Also included
in this work is atudy ll�rtllning to
drag, boundary-layer control and
tnterterence oi airplane components
inoombination; _  _ _

In wesenting aerodynamic re-
search methods, it should be stated
that �ight research is one oi-the
most important. This applies to

"every branch oi the subject, but es.
pecially to high-speed studyof oom-
plete aircrait combinations. Ior
this reason, -[light research and its
special branches are treated in a
separate aection entitled "�I&#39;ii.ght
and Pilotless Aircl-al�t�  p. 34!,,
rather than repeated everywhere it
applies. &#39; ,- .j

1�hepliACA has pioneered the
design and use oi iull-scale tunnels.�
_&#39;l&#39;he 80- by l092I&#39;oot Ttmneliaa the

4 92. - . < &#39; "e
e. . _ I1 ..&#39; �J-�&#39;_". pa. _ -_ - 1 &#39; 1 &#39; �*&#39; - &#39; 92. D, -. . ,

�hrgeet &#39;ever planned Ihen it iii�;

. � f-

_-completed .tn 1031. "It has been-ea--.-;�-5~v=s .
Oéeded in size only by the"i0-by
U-Iootfunnel at the Ame: Lab-
oratory. The two tunnels are used
{or large-scale drag investigations,
boundary-layer control studies. and

j-"are particularly valuable tor lnve&#39;l-
tigating stability and control, jntiie
landing speed range, oi large-sale
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Analyses based on isiformation
�low available indicate that man-
earrying supersonic illghi is possi-

�ble with propulsion mite cl the gas
-turbine and ram-jet 111708 at their
present U-lee oi development. This
possibility has opened up a great
pew �eld of aerodynamics. Rather
"than simplifying or eliminating old

-"_-1a-obierns. it has added a host oi
pew ones. To the old problems of
low -speed stability and control there
are added the transonic and super-
honic probiems,entatting whole new
areas oi �research on sirioils, "I111;

= Although present -theories oi
supersonic lions are tairly well es-
lablished, a great deal oi experi-
--Itent remains to be done to ooniirm
ilhetheory. Added knowledge isosc-
=essary onponéitions oi large die-
turbances, where present theory
--Ices not apply. Extension and con-

ui the theory is needed
t J.-.5

* >

ior the design oi any type of super-
ionic alrcr�t. _ . .. &#39; _
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4 - Other problems not susceptible
to theoretical treatment are bound-
ary layers and their iiiieraction
with shock wave iormatton in super-

*==&#39;-�T-�-�sonlc iiosrs;e&#39;iiects_ oi scale arter-
-solds number; tics oi rarefied gases

. � an relation to aerodynamics at sa-
�*..-.:-.-_&#39;:.-.-is-ernely high altitudes. Malina Iiih
&#39;_F_,;&#39;£j�-;psrticle mechanics as contrasted
&#39; � -� __ -�vita more normal iluid �ows
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jj?,f?_&#39;-3.  problem oi aerodynamic
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"To aid inthe quest for knowl-
edge about supersonic �ight, the
IIACA has designed and built ammu-
lier oi aitpersonic wind tunnels -
about id --s&#39;I.ng&#39;lng in siae Lt-oms
iew inches to the 6- by 8-loot giant
at the Cleveland Laboratory. In
conjunction with the rocket, tree-

�ialllng D061 and Vin;-I10�! tech-
atques tor spnning the transonlc
sone,NACA facilities now wrer the
entire speed range irom toe sub-
sonic apeeds up to&#39;l.5 times the
apeedotsomd. &#39; &#39; &#39; - -  "1iB�fl0Ill¢I&#39;.iMlIllB|�#I1lIl..r.&#39;-&#39;I.�".?&#39;-f~.&#39;

In view oi� the importance cl
-scale eilects at supersonic speeds,

rsonic tunnels even larger time
..Iw=
,-are 8-by!-Pusltllibeneedadlo
-accommodate iautticieetly -large
models without tunnel choking and

�shock wave reflection. More oom-
fplete knowledge cl the basic nature
-oi supersonic �ows is required tor
adequate detail design OI a Ill�!

&#39;-large supersonic wind tunnel. Here
�basic research will be needed tor
"the continued improvement oi-su-
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In the lleld ol airplane liability

"and control, the rapid increase in
� tlrqnlane size, Ipeed and power has
� fitecesslleted an increasingly delicate

ldjustmenl of all the {actors milest-
lng the flying qualities oi aircratt tn
order that the work of controlling

-Qhe airplane does not exceed the
41101�; capbtlitles. Castro! iorces,
-rlor eaample,92ncre_a.se approximate-
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_ . . �MM _,  ,;,&#39;__,__;_,._ __ M __ "Special new branches "oi .81» E &#39;_1 &#39; �=11-�lls 1&#39;92""&#39;°l= -l * " &#39; -&#39; _  "�&#39; foamy and control study are included� &#39;
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_ �STABIUTY ,AND CONTROL�

lyasthe aqua:-eolthecpeedendns
the cube oi the else. Ior geometrl-&#39;
�lly llmllar airplanes, doubling
1:oth-the size and epeedvnould tn-&#39;
crease the control lorces by a lac-
tor of about 32. A greater propor-
tion of the forces most consequently
be balanced either aerodynamlcally

-or by means oi auliliary |l0Ie.l&#39; syn.-
lerns. With rer tar e or oer last "7 8 I .
aircraft, ouch a large proportion oi
the torces must be� balanced that
.-relatively small changes in the air

I-nod e�ectll dllach number, Eq-.. - in"-.
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"___{92, &#39; I 1
- 1

=1noldsn92:n:her,and so:-hire &#39; d
Oeilectlon and roughness may mug�
the net iorce the pilot �ml-Isl hlnlll
by several hundred per eenl. Ml
result, independent and systematic
fundamental investigations are helm}
conducted, Utilizing the most Gill-.
able wind tunnels and covering net-Q

__ casary rangesol Mach number-.8274
llblds number, Ind llrloll, emlrol,
and balance shape. These htaarl
-being coordinated gm! ve�lled 5|
n�Im.&#39;9�5- . � .; &#39;.__..__ -of�
..- l - �92.--I or �
&#39; I 1111! III!!! �H ihe&#39;1£bor|&#39; tori

Ptmeeugmons of stabllltyan� control
ls conducted in facilities also and
Lmgeneral aerodynamics. in Mill-
_tlon there are several lacililles per-
tieularly -destgned �ior this �work.
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1"� Joni: tunnels, there is the new Hell

~_._1.-. 1*?� ,-�1&#39;IIT�Il¢l@ -ii~ Q-5�-an ml as "I92:"l.&#39;1�§.M ply�tlhw ll-�I_£I&#39;tllI  ma"! roéd &#39;
-33-.--..---,§ 39904 r - - &#39; -.1� "&#39;-"&#39;- ""._e-&#39;7-.f P .&#39; .t..&#39;.&#39; &#39;;..° �° 5° &#39;"P"*~"m�5 ._I.&#39;eehieles. fills work ts. described _ 4
*-_____._;__._._,,.§qqer¢,&#39;-�_---Q�u-@-e---e---w-*-----�Nip  _t�tin-�"-&#39;~ _L-&#39;_-1--&#39; _.lé_- &#39;-:f&#39;f""&#39;.�I5:in=&#39;|tetiles  ezodels=_-���",....f t l &#39;

q . i.,.-.- ,t_¢....4, ~q� 7 -

" ii�-4?" 7&#39;  Test Section.|.1 .

-�re--.04 __ t -.
- nan� -1- Y

"

F?--� ==i%&#39;,&#39;-_-f§I&#39;e&#39;ll8O¢I-im -

--l.|q;t,92- :
�E-hi� "&#39;�"

5
"&#39;1&#39; -_"XQl"&#39;l"

.1»-d---3
I-P lnlree will �L " &#39;  - . &#39;
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I_g;___;_�_.w _ _ __ _ __* _. 7 Approximately Git.-aquarefeireuiar ind r~ec;.¬:-_;�_;E,~= -�s_-i;!�;� =;- i._._,_=i�r_;;_�_ ,un;u1ar.�8l¢les adjustable lor curving ilov; _- - &#39;
__,}___,~j ;;_ &#39;_;;&#39;;,.&#39;_¢;». �-__._-E519 I10 to :60 mph, according lo section  �  -. - _-&#39; _ 1- t- �
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_a:-pone� 3,-._-,-W q?--1,; ,.§Itutiies on remotely-controlled dynamic model: "
 �_&#39;7:� "1? f.-�=  _ _&#39; " J &#39; _
._&#39;-0%,� __&#39;- 1 &#39;_- , 1?-,&#39;,�_. ex .-

_,.__�,&#39;_,= p_ ..
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. _q;.;__» »_   .4 _ &#39; _. -dlmenslonal models in curved and rotating _� the  &#39;
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� - M speedeapioatleast S00
mph, the screw propeller is the
most e�leient horn propulsive
device lor aircnit. -High cHicien-
cies can be maintained tor all the

� Wm�  ,1-;&#39; ah,� .

important airplane operating con-
ditions, including take-oil, climb,

_ cruising, and high-speed night. In
the laboratory, propellers have been
designed, -built, and opera-ted, that
hsveyielded eliicienciee scarcely
less than the theoretical maximum
attainable. Subeonic propeller the-
ory is regarded as adeqtnte and
means exist ior applying the theory

�in practice. -The cnly barriers to
realisation oi the high theoretical
propeller eiiiciencies in commer-
cial applications are the diiiicult
lliechanical problems involved -it .
obtaining a completely clean inane» &#39;~
tare between a wide airioil propel-
ler shank and the spinner. This -
problem lies in the realm d com-�
merclal development rather than in
the iield oi research. A number ol -"

apecialpropeller research pa-elects
related to vibration, icing, trailing
edge extensions, tip shape, and so
lorth, remain to be worked on. and
other similar problems wilt arise.
The most important basic propeller
research at present is that which
will extend the eiticient operating
range oi propellers into the super
m-itieai high-speed region. Propel-
ler research in this direction is &#39;
proceeding along three lines; one is -
an_&#39;IttearPl �toincreaae the critical �
tip number by sweeping hack. them�ler blade;ihe second is to Y
apply the principle d low �aapect
ratio; the third is research at |iro- _
pellet-e� tor completely supersonic
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. Prooeller research properly
begins with airioll reeear-chin ia-

~ellities already described, Illlih -as
thetwo-dimensional and small high-
opeed tunnels. Blades and complete
propellers are studied in the larger
high-speed tunnels, ouch as the 8-
�Ioot High-Speed Tunnel at Langley
and the 18-Foot Turmels. Complete
engine installations are investigated
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.1215. These etudies cover ihe_aom&#39;-� KY1an-ea oiisets is the whole -,¢;@~"-T _

Ita1ls.tl.on,inc1uding amen-sensual-.
loci! lithe propeller. _.  .l.-1&#39;..�L-�"9� &#39;. 4- 92- .-t

in addition, there are iome
Iisecial Iacilities that permit ;ro- &#39;11,; M
pellersand bladeseetlons toreaeh _&#39;~"_--l
tips-peedsabuveti92elpeed_otsotrnd,&#39; I
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The helicopter, still in an early
r. T. _. __.=atn::e_ oi development, has proved oi
.. . -__
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"9 Fgroai value because oi its unique
- -ability to iiy slowly or to hover in

ihe air and to take oil and land in a
limited space. These characteris-
tics have made it the ideal alrcralt
Io? many commercial applications

..and its uaeiulness may be expected
to increase steadily as its present
limitations are removed. However,
development oi the helicopter has

� been handicapped by the lack oi lun-
-damentai anders-i.anding of the aero-
dynamic and structural problems

~ z�tttilllf to rotating-Iing aircralt.
Developmental the helicopter into a
practical machine with desirable
ieatures of periormlnce, reliability,
and utility critically depends apon

1"-""�"-a&#39;=!~the success in solution cl the many
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reduce the degree of skill required
lolly it. �increasing importancewill
lhereiorebe attached toiundameniai
knowledge 0! liability ._and to the
methods oi improving and simplii-y-
ing helicopter control systems. fin
order to insure smooth and eiiicient
operation and to decreaee mainten-
ance costs, development oi rotor

-blades oi improved" suriace design
and uniiormity of mass and aerody-
�namic characteristics must be&#39;car-
tied out. Paralieling development
-of iiaed wing aircrait, the ability tn
fly at greater apeeds will be de-
manded oi the helicopter as soon as
satisfactory performance and han-

-dling qualities are achieved in the
low speed range. with this in mind.
the blade stalling, vibration, and

--".e.&#39;.-..-.._ &#39; ..-  = --.-e&#39;3�<*s£-"&#39;."- ; --"rt.
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compressibility problems oi _-high-
speed helicopter flight are [under-
going thorough -Judy _idh_ toil
and in the»laborsloq._§§,3a__ t-�__ "»

The -helicopter test lower ls I _
special piece oi equipment-ior is

�vestigatiitg rotor-a.1t&#39;i.s a steeleosl
so teet high, with a rotor Iiboniiltg
head and provision tor all controls.
A 1.500 horsepower motor lurnlshes
yooerior 1-olorsdspio 40.0w
potmds oi thrust through a =-speed
.rangedi0to400rpm oithe otor.
,i92n_ernometer installatims to �liner
jside give accurate records oi wind
conditions. &#39;l�he-tower is sdiiicieni-
"l7 high to elevate-the rotor above
the level oi ground e!lect,snd dupli-j
eaten conditions _d_  @;;-55.�;
r &#39;. " F�-&#39;5.::t-=- j..= 1.. ;"-Z�{I?.J..£&#39;...*1;;&#39;."�
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fl" �Resultant wartime spectiic re-

"&#39;�Zi"�1�YZ;Ieareh "have been used, __as tar asH-.~&#39; "----i-e-. �~&#39;-&#39;- -
-2*:-_~�"~&#39;"=p.1ton applicable to all types oi heli-

ieo�ers. However,-the need tor s
&#39;. .,.-� _

�possible, to provide basic informa-

Aaystema�c survey ol all phases oi
t_-&#39;-.;"3*-rr &#39;- -jelicotaer �ight is being attacked
.. _.�

~i_¢_ P I�. .. ,.
&#39;. .ao that rational design iriieria can

be established tor improvement .0!

...;.j   arms, twin. airioii section, and
§-§=_»*$j�§<�*§&#39;~=*fsoris;:e condition on hovering, cruis-
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�The grezitl y -increased dirersit y
rd aircralt power plants and the im-
mediate importance of iiight at tran-
sonlc and supersonic speeds hive
multiplied the related aerodynamic
problems inurgent need of solution.
Internal �ow "velocities in eircrait
ducting underwent a large upward
revision with the advent d turbine
propeller and turbo-jet engines. As
sonic �ight speeds are approached
and exceeded, the �larniliar patterns
oi external -and internal {low are
drasticailyaltered. Itarn -Jets have
shown great potentialities as a pro-
pulsive means tor flight at super-
sonic Breeds, and the� development
oi this type oi power plilnl has cre-
ated n need tor aerodynamic knowl-
edge in previously unexplored ilelds.

&#39;-&#39;� -..:!-&#39;1&#39;

"-Fi-&#39;{  ~:-- -

- &#39; 1 .

These developments lave great -
iy emphasised the urgent need for
Immediate extensions oi  inclement-
el internal and external [low re-
search in order ttfrnaite adequate
progress in the design oi aircraft

"power plant installations. --In eddi-
tion, aerodynamic refinement oi air
intakes, ducts, outlets, �turbines,
combustion chambers, -co:npres_-
eors, end nozzles must be accom-
plished ii the goals oi high-speed
and supersonic {light ere&#39;_t.o be re-
-alised. The need tor lundamentai
research in the -lieid oi external
llow about bodies suitable tor hous-

ing power plants for high-speed and
supersonic aircraft is es critical as
the need tor extensive Internal-�ow
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Duet and islet test &#39;nnqn is the museum Aerodynarnlce Leboralery-at Langley.
Progress to higher �ight speeds involves inaior problems oi tnternalair handling.
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lesearch in the �eld of inter-
znai air handling is so lnunh involved
with propulsion that the research in
the two fields isalrnosi inseparablel
This is particularly true at super-
sonic speeds, where such propul-

;-sion systems arttie tram-lei are
basically {lying ducts. Consequent-
ly this subject is attacked� both in

-aerodynamics -and propulsion �re-
-� search. iupereonic tunnels are Q-

teneively used in the study oi ducted
body shapes. rue Jews governing
eilicient eombimtionoi duct entries

end airplane body shape ne-edto be
_ well established to make siiperldtiic
-dlilhtspseiul reality. _____ _- ..*&#39;-Y�,.-,,.- I--.,_ .  ..._v»..t.

&#39;" �Early research in internal aero-
-dynamics led to the development oi
7 the radial engine curling. "That work
_ has progressed through � he years
lrom the simple ring oeeIi,--qutii- &#39;

retest {or io&#39;I_ speedindo lhenarleal,-st
-at rel&#39;lned.1il¢h-speed&#39;ooI1ings-Iii.�t�

provide tor� speeds inex_eess oi thee:
�presently attained� by propellered V
-atrcrait. lt_no92v extemis to super-
sonic airiiows and the study pi in.
iets and dliluaers in supersonic
wind tunneiel  �.".:._ir! ._ _ ;_ I.-

.  -&#39;-I-re�-i e;;ec:;,a,,s4s~_:¢7*§?*e»ss;rr*&#39;
additionto supersonic in-&#39;~

eels at ell its �laboratories. J-llie
NACA maintains I oompietedaduc-.,
lion set-edynnm_t&#39;es_ "laboratory, "e*ith&#39;
�facilities that provide large volume
air�ow: over arange at pressures ., *
and velocities. at its Langley �liab-
oratory. �ls eonyunctlon with pre-
pulston research &#39;Iaetlitiea at �the
Cleveland Laboratory, �increasing &#39;
opportunity presents -itseli
Vital and expanding field. _
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Use oi the seaplane in the war

by rcductionoi aerodynamic drag oi
the hulls or �oats, but also by de-
-_velopment,oi improved over-all con-
�gurations, and by incorporation oi
all the technological advancements
-available. -In addition, the  lying
-boat should be able to operate in the
roughest. seas likely to be encoun-

-�lend in eervicewithout being unduly
penalised by excess weight oi struc-
ture. Provision oi fundamental data
lrom the wind tunnel and towing tank,

Ilhe associated theoretical studies
used as a guide for the experiment-
al wot-k,and the necessary correla-
iions with actinl seaplane operation
�lo attain these objectives lorm the
lasts oi the hydrodynamic research
program. . � &#39; , _

-7 -----In order to achieve the best
-- ;_- _ cmnpromisealn design aerodynam-

+_w_i�+a[=- >�="-we and hydrodynamic research must
&#39; "1

1- .
u ..-__

1

..-i,-;&#39;- ,  .
_»�.,,- __..
1"-1. Z .1
&#39; . -1 9 ,&#39;

gohand in hand on such items as the
rounding oi chines, iairing oi steps.

changes in proportions and varia-
�ons in shape. Novel iorrnsoi hulls
-and �oats as well as airplane con-
�gurations are being evaluated in
terms oi spray, stability-oolttroiim
biiily and water resistance. In the
tank the influence oi "design para-
mciers on the dynamic behavior andI 4.. �no-

Q r, .__¢.&#39;. ..It.-- .-..".,
"2

¢~&#39;_J92i _- &#39; J
. -a¢&#39;._&#39; _.;- &#39;,.

accelerations tn waves are deter-&#39;
mined in order that the require-

a-d operation in rough water ,__
<-=,E&#39;,.&#39;;  be taken into account try devel-V
-"= &#39; _ _ est engineers. . _--__,___.;_. &#39;,_=,;,._-;

4-iv" v .,,. " - - � .&#39;

�_&#39;l*&#39;-f�1"5&#39;5_ -&#39;-&#39; inevelopineni d new �terms
propulsion will have I prdotind in

:F"..Z.�.;&#39; �filuence on the commercial and mit-
3~�5:5.1&#39;~&#39;T-?"."~.�.-&#39;--"92¬ _&#39;.._": --nil"----l.  . .. ...&#39; &#39;-T -1-

- ._i.,#e¢�-T-V-s,e,-,-&#39;=&#39;..?&#39;,-l-
_¢&#39;~-__ A-$4 &#39;.. . _".- ._ . &#39; �_ _&#39;_ 1::-i 1-1_ &#39;�~_&#39;-"  &#39; &#39;-

:~,____,� :_-- -;1__&#39;_- 44:-� --
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HYDRODYNAAM I CS

ttary seaplane oi the future. The
intensive eiiori toward very high-
spced airplanes in the subsonic and
supersonic ranges opens up vast
possibilities ior the use oi water as
a" medium tor take-oils a.nd&#39;land-
logs Such possibilities make lur-
ther hydrodynamic research on-a
large scale imperative ii the best
solutions are to be iound. The hy-
drodynamic characteristics oi con-
�liguralions incorporating the new
prime movers tnusi becbserved and
methods tor investigating �them at
high take-oil - and landing speeds
-need to be evolved, Imadamental
research on the properties oi plan-
ing suriacee at iiigiillroude numbers
.-and hydroioils at ion cavitation num-
&#39;92>ers is included in the program to
providedata tor estimation oi the

Jorcea acting at speeds well shove
those tor which data are available.
The eilect oi sweep and dihedral on
the per-iormance oi hydrotoiis -is
being investigated as well as use oi
planing soriaccs "or hydroiolls do

Towing
speeds

� �I

- -" 4 -.,..-I,
� -&#39;

. ..,__.�.
. "&#39; I�

dent to high �landing speeds ,Con-
iigurations of these lilting elements
that will bedynamically stable, cos-
troiiabie, and free irom mutual i.u- l
aerierence should he developed II
systematic testinzat-and beyond the
._highest&#39; speeds available in the tanks.�

_ &#39; The NACA has evolved tlilque
dacilities tor -hydrodynamic re-&#39;-&#39;
search. "There are two towing tanks _
oi a design pioneered by the NACA,
|ll&#39;dIiding towing speeds oi so and I
"en mph. in addition there lean in-&#39;-7:
-pct basin that -accurately eepro~&#39;--�-
duces rougirwater landings under, L;
known and controlled conditiua.

I f  branch
itudy is investigation of lltehiog
characteristicso! iandplanes,which

&#39; {combines hydrodynamic studywlih
aircraii atructui-al&#39;ioadsan&#39;d opera-
tirg problems, &#39;_ _

, . _ &#39;_--..-,_ L,� . "Law &#39; rv 4
&#39; "wan hydrodynantic ncitfuu d�

y �f~lhe !IACAarelooa_tedat-Langley
localize the heavy water loads loci-&#39; . �ieid, Virginia. _- _ ,_ ,�f._u_;_..___.r

�-as-s n-ll-�Lns-i-aa--- _
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Applied loads are the Iorces
imposed on aircraii structures in
lliphl operations including landing
and take-oil. These iorces have to
he known quantitatively to ahigh de-
gree oi accuracy to insure against
structural failure Inder normal de-
nands and at the lame time avoid
excess weight. _8tructural lailures
cl tighter airplanes that occurred
during the war as a result oi" high
�ight speeds and lallures oi larger
types oi airplaaesaa a result cl -dy-
Imic iosds ottiur in the airor
during iandlnghave emphasised the
as-ed tor more intensive research
on applied loads. New alrplanecon-
Uzi-irations designed to:-"supersonic
�ight have introduced new problems
in evaluation or!" the magnitude and
distribution of applied loads,hoth in
lusty air and tn maneuvers, that
must he solved ii these new designs
are to he capable d actual �ight
without disastrous consequences.
In the commercial field, the trend
toward very large air-_ed airplanes
has resulted in heavy investments
per airplane and a consequent seed

-�Jul

mimpa Basis at "benlsy is designed to simulate conditions oi 1-wen VIII!�
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Al RCRAFT . LOADS i

-tor h utilization. This tren inhis d. �
combination with use d high strength
alloys oi relatively P00? tatigue
properties as aweighl-saving meas-
ure, has pointed up t.he.oeed ior io-
Jcstigation d repeated loads and
other {actors that govern the iatigue
dite. - -

facilities tor research on air-
craft loads are also located at the
Langley Laboratory. Implementing
the mathematical andtbeoreticsl

7~approaeh,there are three important
oaperixnentaitscilities: »&#39;- .-

W1&#39;heOust�I*u|meltsaunique
.-wind tunnel operating In a vertical
plane, designed to reproduce con-
trolled and measured up and dcilu
Gratis. "Dynamically weighted and
scaled models up todieet to span
are catapulted through these gusts
at speeds up to I00 mph. The gusts
&#39;1:a_-n he "shaped", as they are in the
atmosphere, by controlled variation
lthsesloeitygradtout.  -,_-,-l.

#5-
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.� Q. -Mrcraii Loads Calibration�   &#39;

.. 4- .-H--.
_-&#39;l�heAircra!t Lo&#39;adscaiihration&#39;-

�lection isequipped to apply loads�to " __
complete airplanes, including ti_ae_W__ &#39;
�largest homoermtodetermtneoinar-&#39;=_""
-acterttics U actli aircralt ltruc- 1;...
lures under applied loads. This

M work is closely enameled-with ilightf -» _
�loads research. "lireralt j1ost.rs_;��1m"
nested tor {tight loads research are
pubjected to measured loads in dies;
-laboratory." These are then edrre-

Jktsd with the soadi.ugs_gieen&#39;Iy the
instruments. In this sway the-ioads &#39;

._-measured in �ight canbe townie:-. ~
oetiy. lnlormatioo in-ought hack s __

&#39;~lrom �ight tests la interpreted .hp-Q-;-&#39;E_~j,�_
dine toads laboratory in eelatimh

_;__: ».~..¢ . &#39; _ &#39;.:Y.-:,_-�qt-"~i 413" _
.&#39; 1 .;;;*:11,;,&#39;~.&#39; 4,4  ;�_f�:J,Z-iv �,;;.&#39;- ,5" . &#39;- .- -�am -"

tending tunic?-toils
be reproduced with aceuraey_and__:__"

-control in the Impact Basin. It ts 3
-equipped with a waresaaker that as . - .
pm-odueewavesd l|_sy atseup to II&#39;Ii�;;,-H�. �
TI Ieet to height and� lest &#39;_lrom_"T_
crest to crest. "mam; a a model
-or �oat it-om �the catapult emu-;=<%=~
�n-|ed_aothai the landing
place at any point to relation lo the +7�-
pars. The haain u no mt luugjd . ,
Isei wide. and mddelkf �oats Q &#39;*é:&#39;::

-rto 3,400 pounds can taiadod
_ap»a=upw1oqpnuusemird1d

-t=_&#39;sertical lpddil� and ummtea rug &#39;?-1j~-
1iit_.&#39; I is used Ior accurate .lh�I-K.�-.1" .
urement M landing torcesand pres-_ &#39;

_surel,tm �oat and hut! hotto:ns,ud
has greatlyaidod lohall_slressa- .
nalysis.  &#39; &#39;+1.";~;&#39;,:&#39;:~"&#39;  &#39;*-
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Jiructural research is twofold; to
"decrease the weight and to increase
reliability oi the structure. De-
crease in weight must be carried

� -much iariher than inother branches
- oi engineering, because the cost oi
air transportation is critically de-

&#39; pendent on a high ratio oi payload
-to dead weight oi structure.. Relia-

_l-bility -is imperative because oven
zminor structural lailures may be
&#39;iai.al to the airplane and all its pas-
sengers. � . _~ &#39; -

�The ilrsi step in strength anal-
ysis oi any structure is calculation

_&#39;oi the internal stresses caused by
ipplied loads. Existing methods ior

&#39; -calculating the stress distribution
apply ml! to simple types d struc-
-tures. The shell type oi ltrociure
psed ior aircraiteonsisis d an in-
tricate assembly oi skin, longitudi-

tnal dringers and transverse ribs.
�The external shape oi the structure
&#39; is dictated by aerodynamic consid-
erations and does not iollow simple
mathematical laws. Although con-
siderable progrees has been made
in� the last live years in�ieveioping
methods lor iinding the stress dis-

&#39; =tr-ibutioa in shells, much additional
. work remains to be done to achieve
. the degree oi accuracy necessary
-£391� !"&#39;"&#39;""&#39;°""- ,. - 47;"-&#39;9&#39;:
-.:i....:- --- -&#39; � e ."--"*-=�r-
_-;&#39; rlmental and theoretical

_,.~.-ear� on structures is carried on at
"5, the �* ley Laboratory. Testing

Lequi ment includes iour �machines
capable oi exerting the [real stretch-
ing or compressive iorces required

- �ass _ls a combined load testing ma-

� �i _ - J &#39;__L  � &#39; .

|_ . ,_ _ . � I _ - - .... &#39; _,
92. = � .. *

"- 91 3 I p - r
The largest machine has a capacity
d more than 000 tons. "there are
also wide varieties oi special jigs
and-instruments developed by men
d the NACA to adapt standard ma-
chines to special research needs.

- "lite specialised NACA appara-

chine capable oi applying 1 twisting�
iorce with either tension or com-
pesaion. _ . &#39; - _

_ do .0:-der to conduct experi-
mental research on structures in an
eiilcieni and scientiiic manner, a
considerable amount oi supporting
-tort is in progress at the proper-
-ties oi materials actually used in_
these investigations. The immedi-
ate purpose oi this work is to inr-

zsish detailed data ior �ue proper
evaluation oi experimental data on

assembled structures; the general
&#39;pu1-pose is to improve understand-
Phg oi the Iundamenial relation! be- . . p�b

". . ..¢ . I ._ _ . .1.� La.� �. -- .. . a

e &#39; J""Ji"¬&#39;.*4�-pr--&#39;3-..&#39; �-. - . __ j.�_�..&#39;-_.¢&#39;_"&#39; t... 4 ~~

tween properties oi materials and
"behavior d structures, lo that the
-behavior d a structure may alti-
-maieiy be predicted irom ageneral
theory oi structures and a knowledge

- oi the material properties. . - -

�Iesearclion druetnres materi-
-als is a specialised adjunct oi aero-4

"1aauiical research and one ior _dhich
�-many organisationsin �the country
&#39;_ are already well equipped. Tor this
.  most oi this work is accom-

plished through research entrants
with properly &#39;-Q�ll�td groups.
�Much aniversiiy -research *�laiia_in
l.bisclass._.--" _ ~ _&#39;
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&#39; ""&#39;i1ae most argeni problems in
,l|ateria.l_s are Inst in the propulsion

-high temperature. -�ue -s-saeareb
conducted by the race-on this Oil!-
yect is treated irder �_P_§�O]!92il81CI,&#39;
Materials and lressea�ihichlili

- 1-¢_be�iound__on ysgeiti. __-�-._-»,*~t*-=._&#39;¢_é-§;�»;;-;;r
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-Intensive research activity in &#39; &#39;1 majority d the propulsion Lcooling eater, and providenduced �"
the past in years has resulted in a _ research at Cleveland is conducted sir pressures and -temperatures
more rapid advancement oi propul- in the huge Eng-ine Research Buiid- . Ibich mskesii possible to rm tests _;_-
sion systems that at any previous tug, which contains nearly a hun- on engines and components under,
period in aeronautical �history. s one iliiierentresearcb laboratories _,,lims1atstl altltucle
transition irom investigations lot devotedto the studyd slleleinents ._ - � . .= .;*~ -- &#39;
peak developmental the reciprocal-» d sircrait power plants. To inen- j__&#39; "dlher lacillties �include lire __--
hg engine to iundaroental research "iion a iew, there are numerous en- _"_Iuels and �Lubricsnts"Buildin�, It-ff�
Iorkoo new high-speed propulsion - fine, compressor soil gas turbine nsitode and -Icing tunnel group, -jet
methods has been In progress. The .d1narnt&#39;iIIiBi.ci&#39; laboratories, ]et_pro- fitropulsion Btatic Test �iiandsu-&#39;I|92d=:;-F�

reiopmeni oi reciprocating engines titude chambers ior investigating oratory ior rocket study. -_  -_ &#39;  _&#39;.
cl high power and eiiiciency and by engine accessories at low iempera- &#39; - &#39; - - � �
the �birth and development oi ins &#39;iuresor air pressures. Thereare 1.3__., &#39;�&#39; W H " &#39; &#39; : "77 7
turbines, ram-jets, and rocket en- iaboratories ior research on [ear i.;.;".=_-_
pines. �Many oi these achievements and piston enechanisrns, fuel -and -
can be traced directly to the eaps.n- �ignition systems, engine controls, -
lino oi research sllort in this conn- and bearingsd all kinds. Illloibcr
try is the iield oi propulsion. laboratories are devoted to iunds-_  -_

.- _&#39;roenia1 and objective research on "�
1�heNACA Oinrlies a complete __ problems oi heat transfer, metal-,

Cleveland,  lilo. With exception oi waste heat recovery, vibration and �Z
this sntsl jsrestlgatim oi com- 3 Iress  I engine parts and ice lore. .--..L

sod detonation, propulsion &#39; l-rnatiooinengine-induction-systems._�_&#39; -
resea h ls low entirely devoted to _4 _ .=. " . 1.� -"�t&#39;.;
neeiy sol let-propulsion systems, -- The nerve center oi this east
hdudiig -rockets and turbine sys- operation is a main control room in _
it-ms, Facilities are provided tors- - "the messaninebasementoi thebuild- é -;_ -_ _ _. -M  -  3 -e"
produce every kind oi&#39;operatingeon- &#39; tog. from this small room, one ,4 "search rocket being �tested at the

oi temperature and altitude. -_ ._-mas can ilis|I-tchpowar, cooling an-. rugs Propulsion Research Laboratory.
. - .  - - -&#39; &#39; -_ &#39; - 2 &#39;,�-ff� ,=�-*:".i,,_�:;f1"_�".&#39;- ... 1;�;-
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period m been marked bythe de- . sits: burner laboratories on al  High Pressure Combustion

|s-upuisioo research laboratory in iurgy, lubrication, _co|nbustion,&#39; 1.7%:
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- The combustion research pro-
Irlm at the Cleveland Laboratory
do directed mainly toward Nada-
-mcntal combustion problems of jgl-

"propulsion engines. The research
-program is hasedon two in-oao no"-
mil objectives:  lie, to obtain gen-
enticed results and unciusions
about combustion that will be appli-
cable to design, operation, and |-¢-

l.1.-.~...%lated problems currently encom-
tered in aircralt engines. &#39;..Work oi
this sort might be considered lhort
tango, although it will continue with
eonstanl modulation as it beeps
-pace with the continually developing
ltatos oi aircraft engines; two, to
lecuro step-by-step information on

-the eventual physical-chemical Q3-
jiianation oi combustion, irrespec-
tive oi any immediate practical ap-
-Qlication oi -the information to On-

§-_..-.-eglne desi n. This research is

a
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8 _ long
range: The intent is to  ind the new

lira-"A25-aimwledge and the new theories that
permit application to new develop-
henis. It is recognieed&#39;that these
.tvo objectives are not mutually ea-
clusive; a project aimed at one will

-generally contribute something to
ihe other. _ 3 - - -_ "-

. ._e
-�inch ad the combustion ra-

Iearch pertinent to specific appli-
cations is conducted with specific
burner Iiita. .1�hia work is oi lun-

&#39;_~Iemental value because there are
-probie a-pertinent to the airerattenginelut can only be solved in the
actual ombustion chamber. Also,
"the no with these chambers pro-

� ,1�-wuei d valuable background at ln- _ . . _ . _ p_  ._
�g  �rmlliw "vm "Mb W Pl"°=°_9¢ . emu; oi combustion in turbo-jet amine combustion Chambers pom,� Quin
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Facilities lor combustion re-
search are located in the Engine
Jiesearch Building at the Cleveland
Laboratory. This building is e-
quipped with a-wide variety oi test
cells. An extensive air supply sys-
tem provides large volumes cl air
over a range oi pressures and tem-
vperatores. These conditions oi al-
titude can be separately controlled

� &#39;and varied, permitting isolation oi
&#39; -dtiierent {actors that inlloencecom-

bastion. �Investigations made pos-
sible by these iaciiities inve pro-
vided the �rst deiinltion oi the lim-
itations imposed by aitltudeon com-
bustion. from this it ta one pos-
aibie to explain the behavior at tor�-

._.-

._-eete ti 400,000 lrames per second.
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to-iet engines at amnise and to in-"__&#39;
an-are their capaiiiitiu.
H� &#39; Another lmportanttoolJobin- .4
Instion research is the xscA_m;n- .
__Ipeed camera. This instrument can &#39;-~
record "combustion Processes at the?
-It has been used in etudyoi detona-_
iion,aod is being applied to study d�
  oon1buetionl~�.»<��-<4&#39;»$i?f1__ 6 1..

-A new nigh-pressure
Jinn laboratory devoted to new
jéeombustion avreeiemaueaiiaatae-,¥

lished,and is beiuezpanded I-obeip &#39;
encompass the pressing |ieI;a-ob- ._, .-

Vlemsd rocket-propulsion. &#39;3, � &#39;
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Turbo-jet, turbo-propeller, and
rlm-let engines&#39;have similar iuel
requirements, tor in eachiype oi�
ermine the Iuei is sprayed into a

idly moving air stream and the
combustion takes place continuously
at a relatively low pressure. During
the early stages oi development oi
these engines, little attempt Iaa
ma do to improve the characteristics

.4 the iuel �Noe however, the spe-
cial requirements are lully recog-

- � T332!" &#39;In 1 - _� _ _e e �FUELS  i._ _ �_ : � �rs.--1"�; i -_�:;..¥ ~14-Ti,- - - C: &#39;92I:_ iv 3-_.
� _,. &#39;1 ~ -�rt. i
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 J |pel aircreit at supersonic speeds,

attainment oi long-range �ight will
depend on development oi iuels.giv-
ing energy releases in elcess oi
-those possible with iuels derived
irom petroleum. �Here _isvestiga-
time must be conducted,on metallic
and other son-hydrocarbon fuels.

With increasing prospects "tor
"Ihe use oi rocket power, isienalve

research is in progress on rocket
lised. _ _ J _luels thstwill provide greaterthrust

Most &#39;|et engines are installed
In high-speed aircrlit which have
very small tuseiagesand thin wings,
greatly restricting the space avail-
able ioriuel tanks. Mi investigation

�is under ray I: [ind liquid iucls
which eill occupy less space tor &#39;a
given energy content than do con-
Jentional tuels. loch iueis would
sesult in greater range tor existing
jet-engined alrcralt, pr greater
qt-cod tor see designs. In the case
oi ram-jet engines designed to pro-

e

�and greater endurance tor increased
range. Rocket iuei research tacitl-
ties are being constantly -expanded
end have already made possible ed-
vsnces in this nee tield.

4- Jeaeareh oi: other engine {eels
is conducted in the !&#39;ue1s and Lu-
bricants Building, where chemical
analysis and synthesis oi new Iueis

rmod in correlation withis perio
&#39; combustion research. Theobjective
is to gain basic knowledge oi luel
structure and characteristics�.
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"H ltesearehoe iuelsmakes exten-
aive use oi the sciences oi chernis- __
�r! and physics, The Iuelsaod tags
-bricanis Building contains well 0-.-,~�
quipped chemistry ind physics Ib-
oratories where fundamental re-
search is conductodonairctllt iucls

�end lubricants. Rare iuels, enob- -1
tainable commercially,,sre synthet-
-ically produced ingiass-lined reac-

__-Jors-aod puriiied in lhI&#39;ee--story-high__distillation columns. �The inborn-
tories are equipped �lth the latest
in Ive�os�vhic lensrliilenn em-
tiron microscope. capahle ol*_30,000

&#39; -A-Iismeter -magni�cation. &#39;�I8BIl1¢<I--
quipmeot lot etudying combustion
and dher advanced
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. The Abermodynamic research
-bonducied by the NACA tn relation
Jo propulsion systems may be clas-
bliicd under three headings:

_ Properties oi Gases, concerned
with basic study d thermodynamic
properties oi the working �uids in
.._alrcralt engines. _ - _
 - .  - .. . --*~-.=:e::.-&#39;.,

&#39; &#39;1iesi&#39;l"ransier,-concerned with
:~all_cooling and healing problems.

I--LL ~ Cycle Analysemooncerned with
-evaluation oi perlormance and ca-
qiabiliiies 0! engine types and oom-

I I
.0 ,
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l THER�MODYNi&#39;92MiCS__fl"

&#39;1. -e&#39;_&#39;_-&#39; �i
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&#39; . . The design oi� efficient aircraii
engines that involve the use oi� s g-as
turbine as the principal source oi
&#39;po92ver_nr as an auxiliary, and anal-
ysis oi the periormance oi such en-
gines, depend on a knowledge oi the
thermodynamic properties oi the
working fluids. . Much oi the work
eoncerns calculation oi the thermo-
jynamic quantities involved tn the
steady iiow processesoi jet engines.

All problems of exchange oi
&#39;heat between gases and materials
-"eome under �the heading oi heal
transfer. Borne oi the most impor-
tant research conducted by the

-.&#39;p!nt=-tits. . ._ _ A&#39; NACA has been tn the iield oi en&#39;-
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-gine ooollng. �Basic tr_iioritiation"ba.s
been established at the heat trans-
ier rates of various fluids. impor-
tant new branches oi cooling re-
search are turbine cooling and rock-
Qt cooling. &#39;1&#39;he ism-nettiate galns___
tpossihle through increasing operat-
jng temperatures ln�these engines
"Ire solarge that this phase oi cool-
ing research. combined with ae-
learohon niaterlais,ts oi great loi-
g _ &#39; 4&#39;. 1». --mrt�nce�_---.-�-~1?-�.L_ -.I.1....,- ...1= .-...? � �__..-�*" I"
. &#39; Thermal ice protection oi all

--"*&#39;-&#39;-=-1~*Ieat"l�x-anaier &#39;-1i�=~�~-=-»&#39;~.=&#39;i�~&#39;=&&#39;aI-�.#~&#39;-=Ilri:rs£t engine and components 60- .
pends on knowledge oi heat ti-analer
rates and eiiicient lieat exchangers.
Design knowledge oi compel, large
capacity heat eachangerssras a&#39;nec-
essary prerequisite to the develop-

_,;-Icent oil thermal lceprevention sys-
"1ems now coming into use. -Coniin-_

tedthernial ice prevention research;_;&#39;_ - _ . . .. L _ . &#39;-  &#39;  =;-at-.-F-,_§�5;. being 1:arrIed�on i|rrelai.ion�_lo}d_;{
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�and engine components &#39; most be
planned in relation to probable im-
mediate �id long -range gains. Anal-
yses oi various engine cycles aid in
deiining necessary _Iields_ tel re-
search. "Cycle an_aiyses_;aleo&#39; map
the probable range 0! ..lpiIltcl_lion G
lengine types on -the hols st
lormance, &#39;selghl,&#39;1itse,tni! bperat -4�
7111: characteristics. �Barely! eyalpié�
-Latiou d_ all -engine. |a~ot_:e192_sI*s_&#39;L=:ls
needed -to.-determine _ ~edmpro-"~"eoises neceésary�Iln92%§e �iit3_iap&#39;3- _
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�=&#39;Be-cause cl �ue Increased ini-
porlance oi compressor-turbine en-
gines to the lieldoi aircrail propul-
sion sistems,-an urgent need exists
tor dundamental research on all
phases oi compressor development.
While maintaining its conventional
role with regard to reciprocating
-engines, the compressor stands not
as an accessory but as a major tn-
tegral part oi either the turbo-jet or
turbo-propeller engine. In each in-
stallations the compressor serves
the vital lunctton cl taking in a very
large quantity d air, compressing
It eiticiently, and -delivering it at
-high pressure to the combustion
chamber and eo to the turbine. A
compressor-turbine has thereiore
greatly increased thedemands made
epon the compressor. -increases
must be eliecled in capacity, pree-
sure ratio, eiiiciency and reliability.
The developments oi the past eav-
erai years alone have led irom the
reciprocating engine compressor,
whichwas oi theorderol 500 horse-
power, to present compressors lor
turbo-jet or turbo-propeller engines
which absorb tip to 10,000 horse-
|IOIer. Very �recent developments
have resulted in compressors oi
eeariy 15,000 horsepower, with is
tore expectations tar surpassing
this value. Each oi t.he,three types
d commonly-used compressors
 axial llommiaed �ow, and centrif-
-�al flow! have certain inherent ad-
vantages that may be exploited in
epecitic installations. .The NACA is
conducting research along all three
tines,� as well a&#39;e on some radically

_ esaor design are primarily
aer mic in character and are
quite complicated becauseoi the in-
volved nature oi the ilov paths, the

1&#39; &#39;75.}, -LE1 �pa--.,.I.,_�::�= ,.,» M -,.q;.:.»,
-;:.is  =-T&#39;1..&#39;~.- .�-.&#39;:&#39;- J; ,- .&#39;:r. _&#39;b -e 1� �e we -1- . .- -. _
-.=;;?.�.- "tundamental problems cl

"$.;}�.~;§.;�5-."* .- ~ _- -- 7-=�:."&#39;.§*"!&#39;-:&#39;*&#39;
Q 1&#39; &#39;92�

if"

_ ,. _ _. __ _ . . _ .- ._ _-_.-.ee.¢s_¢.-..i st� __.-...4--_-_. __-n�-»--&#39;mq-~¢Z_ss_92g_a-p.-.~:.,i._.---u¢_i&#39;__.4.s_aa;.@:- -.-..

0

&#39; r

.- .
._ _, . . ,-9 . . , . _ -_- -. .. .

&#39;-aetiecl ll non-steady �ow, viscosity,

92

-

e
rk

,t&#39;$&#39;3,�£�{*:.&#39;, -"ar:&#39;4_.:,,&#39;_&#39; &#39;1 �Na-.,r ,;- ___ �-_ .. :;.*:.i �W "-13,
_ __ ; 1;»-v qt .:A_, �,..;_,_I. ,_6,._,_ _ .. . .,_:h_

and compressibility. Because oi -
these inherent diliiculties, present
theory is inadequate,and it becomes
atecessary to look for new data and
new theories that will be capable oi
application to eompreeeor -design.

. . - .. - &#39; -1 1.�-, __
- - Intensive meeearclt an all the
hterrelated phases 0! compressor
design and pertormance promises
notable improvements in the per-
-iormance ct iniure propulsion mits&#39;
and the airplanes in which they will
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- ¬otnpressor research is also
conducted in the Iingine Research
Building, where �study is aided by
exceptionally well-equipped -teat
-cells, and the large air supply-that
.-also -serves -<MIIibt|etion eesearch
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&#39;_ n , �. IacilItiesi:0mpreseor~r&#39;ej- -
~q&#39;earchare located in the Engine itel
search Building at ah: =CleI-eland-&#39;
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�laboratory. The central air �simply
and reirlgeraiion systems that serve
�the combustionand altitude research J
jacilitles are also available tor com-
.1::-essor research. -Test oellaare ---
provided with dynamometers up to
_l0,000 horsepower 1n_ee,paqit_y _-tor
l�rlvlng research compressore&#39;.*&#39;1o-���?�
let air temperatures and pressures
can be-controlled and nriedtoda--
plicate the desired contlitions&#39;_ol&#39;op-f

:;eration. alpeciaiiy isiit weeeareh
compressors have been devised to

qpermit isolation and stud! d design
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. in its position as mic oi the ma-
jor elements oi the compressor-
iurblne engine, the gas turbine rep-
resents an unusually great research
challenge and involves problems the
solution oi which are vitally impor-
tant to iurther development.

_ Thedemands made upon the gas
"M --turbine are greatest in its role as a

component oi the turbo-propeller
.-,1i1;~-engine. It the turbo-let engine, the

turbine need extract only enough en-
ergy irom the gas todrive the com-

.� -pressor. The turbine installed in
-_ . -the turbo-propeller engine,hoeever,

- &#39; is called on to drive not only the
~_ _�, �compressor but the propeller as
�~&#39;1 -well. The magnitude oi these re-

_»_quirernents may be illustrated by
jg-�,"f~_consldering "the turbine that would
-&#39;_*"_&#39;_�be needed in a 5,000 horsepower
. :4--=~-tor-bo-propeller engine. in addition
.44, Ali� the 5,000 horsepower delivered

- Jo-the pi-opeller,about 15,000 horse-
;=,;,¢,-,;-,;poIer would beneeded to, drive the

compressor and account tor losses.
&#39; &#39; The turbine would thereiore have to
L" _ develop about l0,tD0 horsepower.

&#39;- -Such installations represent great
_&#39; &#39;_ strides irom the I00 horsepower

-- turbine oi the typicii lIr92IO3tlpe!&#39;-
.&#39;;_?;�.;-charg&#39;er on  reciprocating engine.

.:i�e-*5:
_. .

.

&#39;3-._-._-I -I - - . - .re &#39;
- < �foremost among turbine prob-

h "1 M lems is that oi increasing its elite-
an improvement which atiords

.�1j_�_ffI".a &#39;aearly �directly proportional tn-
,_f-g _,-1.�-2-,-,-_qrease in engine eiiicieney. �The
-_-_1=,-,5,-.-~&#39; est promising areas tor research to luture increases tn tur-

" " � ine eiliciency are in aerodynamic

- 5,   thermodynamic improvements.
..__.,... .5 more detailed knowledge oi the
*~é~�=-Y-1-sactoal �ow conditions through the

_:-..
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turbine; an aerodynamic problem,
is necessary to establish improved
design methods. In addition, ti is
fsiecesssry that design principles
and theory be developed to the point
-there the turbines willperlorIn"ac-
cording to the dealgnpredictions.
-Theoretical and experimental stud-
ies are thereiore In progress whose
objective is to obtain basic aerody-
namic iniormation on _t.he tlow

-�through turbine blades. -&#39;i.stdc.is-an
the study directed toward the iloo
through a single stage,conslderable
aiiort is being expended on the

jqually important problem ddetar-
mining the interactiooui successive
l.92l8¢l- _ _.  . ..i .~-, -~ -.� ~-. --

" fliienetotdptltarideiticiencyoi
_ increased appreciably

se in the gas tempera-
urbtne hlet, Ihlll ac-

.-by -a . ncorresponding
_-change in pressure ratio» Two
nmethods are avaiiabiejor increas-

ing the allowable gas temperature:
Development oi materials which will
withstand operation at increased

lor cooling the turbine blades, there-
by maintaining present blade mate
rials within allowable limits while

&#39;ustng hotter gases Ceramic mate-
-rials, which are known tor their
-ability to withstand high tempera-

ltares, are among the logical mate-_;
rials tor use at high turbine tam-_
;peratures, and their application to
turbine blades lebeing investigated.

temperatures; and providing means

&#39;5 ~ � o &#39; &#39; &#39;-"--�:&#39;�J-Z
I Various rnethods oi cooling are

-aieo cider intensive study. lr.peri- -_ .  . .- _. . .
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bare been tavorably indicated by
_1.nalysis. a�oat transier diects.
_,&#39;_Iirect �blade-coolitg metliods,";de-

terminationcd qitirnutn blade shapes
_ lor internal cooling, use oi cooling
._Iins, and evaluation oi the merits oi
=I&#39;l.rlouB cooling �uids are being In-
-IIIUQIMG. -- &#39; - - &#39; .- -e

In addition to the iundamentsl
qwoblerns hivolved in the perior|n-

-iimnceotthetuz-bine-ltseli,aaeresee
ltany factors -which arise&#39;_when a
to-I&#39;bine.is combined with the other

jcornponents oi the _-coinpressor-

� search program includes investiga-
: jion oi over-all periorrnance H the
" �turbine �ttseli and the periormance

_-Ilien combi_nedwttha_oy_§l_ttsrari-
.- nus components. vr__*o,,;_-1,-;*;_¢,...__3_

">:l»~"F-�&#39; &#39;*=~�-&#39;I&#39;92urbie&#39;e researctiliacllities are
._~F~llao located in the Engine ltesearch

Building, where large reirigeraiinn
igpachines, air -ganpeildm�-pa

-coolers and evactntora make it pos-
&#39;aiblet_o duplicate any condition like-
._iy to beencotmtered in iiiaht, _H.__r__v-

-. nu" :..._- 1 , gr�:r_ _.  »..".~ " - -

mental test units are being used to e--nth,� M, mm,� -5, �Pm, ha�.
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- Ilvaluation and test d complete
7 populsive systems is necessary
&#39; both to [ind out that a givenengine

-sill do under various conditions and
to assess and integrate the has-ic
work on the various components that
he preceded. Facilities tor han-
dling all types oi engines are avail-

 E able. The Engine Research Building
1- houses numerous test cells ior com
I pleie engines. The let Propulsion

Static Test Unit ls equipped to study|.1&#39; turbo ei engines There are also-i - &#39; ,
engine-propeller -test houses lor
both reciprocating and turho-pro-
puller systems, as well as rocket

I lpiis ior investigation oi rocket com-
hustionandpsriorinance. &#39; __ _ _
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-
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An important lacility is the Al-
titude Wind Tunnel, in which jet and

"turbo-propeller engine installations
can be studied in operation under
simulated altitude conditions. The
tunnel provides pressure altitudes
&#39;-up to 50,000 ieet,te|:nperatures dawn
to minus 48 degrees Fahrenheit and
speed up to 500 mph. By use cl
�special ducting. let nits canine in-
vestigated at supersonic speeds,en-
abling study oi large ram-jet engine
W�. .� - , . -. l �

"ldditional altitude chambers
are available that are capable oi
reproducing approximately the same
-eonditionsd altitude as the Altitude

&#39;* "The lltitude �tunnel  background! atclsveland msiuss investigation oi complete propulsion aystemaiaopsri!ios_|sidaralti- :__~"-
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Inset. The air supply system can _l__
provide ram-alr pressures squlva- -&#39;--;�~;;¢&#39;

---lent to high �ight qieeds.-Elhese {E9-_"L5;i_�
laciliiies amplify the laboratory&#39;s _- -
-capacity lor research mder -simu- _.
laled-altitude conditions. &#39;_.-  &#39;
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velopments irom IIACA engine per- E.
nuance study as thrust acquies-=�9l&#39; . _, " " 1

tattoo, -by any of several
j�iese lave achieved thrust 4111- =:�:-
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;�_._ W &#39; &#39;11! aircraft engine designs
;.;;. e--Jeould begreatly improved it the de-

__ -signer had awider range oi mate-
rials iron: which to choose, a more
definite ltnoiledge of the properties
oi materials, and haw these mate&#39;-
~rials vii! behave mder any given

. set d conditions. {or example. an
. increase in the operating tempera-

tures oi aircratt engines would in-
trease the over-all power output
�Iron: the unit and thus require less
luel tor a given periorrnance speci-

&#39; . Flieation; the advent oi new high-
. - T--temperature materials would place

&#39; this goal tithin the designer&#39;s
- grasp. Again, it operating stresses

_in various engine components were
¢ __,, ,-accurately known, itantght hopes-I
1,» ..

_.. &#39; -a*.

,.=--.1. _. ...-
-r-.." .~~ .

..
.. _: --. �tr. � 1

»:_."i&#39;-_-§&#39;.--:5.-
-;_._ J
pi

-anal.»»

e";�� -&#39; &#39;U

&#39; ... 2.3�
.l.}"*� .
i -. -_ .u � .
;--Ibqi�i� a.

�r-
-92.~- -

-,.. at. _
&#39;. Q. 1. .&#39;

>-

1;

;2,*,_;;..,--."llaie1&#39;illl which go into turbines, eempreasors and ether eri�eal parts at new qt-
_f- , "&#39;f&#39;;.g1nes are shailsd tor qevelopment oi superior resistance to stresses aneheat.
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-ot these parts and etiect a swing in
-power absorbed in driving the en
gins; this would also he re�ected in
greater iuel economies, as well as
in increased periortnance
. "1

In order to 1mp�rawe7earrent
engines, an extensive program nl

� . .-&#39; 92-

Ttie laboratory is conducting a pro
gram aimed to extract haste eaperi
mental data such as the diecis ui
elevated temperature on pure ma
ierials, and equilibrium data on at
�lay systems suitable 10!" -tii|:h-
llmperstnre -nae. Other research
is under way tor study at conserva-

sible to reduce appreciably the mass- $ coatings eri&#39; �turbine components.

. I -. I. I - |

4,_nvaluation qt present |&#39;il§|&#39;l-l2lI1|J¢.i�I.-
�ture materialsis being conducted.
Fundamental research is under �ay
en the basic reasons tor the rela-

-tive pertorrnance oi heat-resisting
materials in general, the specime-
ism of lailure, i.he�rolas played by

Jrecipitated particles and mechan-
ical and thermal treatments-oi ma-

�~~lll&#39;ll1l, �ed the died» d pntee�te

, . .&#39; &#39; . _ .&#39;

.15.. 7 &#39;

Mon oi critical 11101918-elemcnisjn
_ &#39;hl,gh-tenlperatnre niaterials� ��~f""��""-3"&#39; I

- _ _ l.._ M. i

&#39; -�Thegeneral limp! the program
-ssrengine stresses is to detain a
-more complete %nowisQe~�~s&#39;Qs5r-
missibie operating stresses -and

-actual operating stresses ti present
jest;-ns oi� sircraltsnslne 60mpo-

_,-nents. ltmiies have been undertaken
Inn cent:-lives-I aatI&#39;thers:al_atreaasa

-is turbine Glens, and &#39; nasl and

-

&#39; osntrttogal vibratory �gasses In"
Turbine and compressor itiatiesgwith
_,jihe aim of lmprovlltgleslgiinulrta.
�."&#39;or substituting matex.1a1u!ti_qurvi&#39;-�&#39;*�

lent thermal strength and superior
mechanical properties. The main

garoblem in_titis Ileld is to evolve
methods oi measuring  mew-
sng operating or residual stresses
in engine parts to csntirtn specula-
tions. -&#39;9roject&#39;etl research will an-
-eelve engine talance and critical
speeds, ducting, bearing,
--salve vibration surveys, _aa¢.inves-
=tt¢atton at the tnecnanlsm iittailure
H materials. *r-�~"- 1*-ii� 35�-*"&#39;r"�; -_ 74.,,,,_- .,.-. r � �- -;92�-. -r_ .
""�" ?actiities"sre- Ii the

tnzine Research Building tortures-
tlgatton oi vibration, stleets oi high
temperatures, and stusyni material

pitructure through -�[5e_� releptron
-.auicroscopes.,é,:,_,,.,$,_ gag? _.- ._.;�,"__� _

is
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&#39;Previous&#39;research in the lield
bl lubrication and Lrlction has re-
sulted in much oseiul iniormaiion.
�However, much oi this �ts is ill an
empirical nature, and truly [unda-
uiental inlorrnattnn is required to
help in extending the present data
into the -range oi higher speeds and
grenterloads. Theproblem oi high-
speed bearings is an example oi a

jieid in which more research data
oi a fundamental -nature are needed
to extend present low-speed data
into the speed range oi i0,000 to
$0.000 rpm. The problem oi sliding
�and rolling friction also illustrates
this point; there is adeiinlte lack oi
information on the enact nature or
mecnanism_oi iatlures occurring in

_ - . _.=..._.,.;&#39;
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our-laces subjected to roiling and
sliding. The complex behavior oi -
plastic materials under the repeated
;i�rlace stresses set qr by rolling
and sliding lriction is, at present,
lar irorn being understood; conse-
quently, a study oi the lundamentals
involved is needed in order to shed
ilght on possible basic methods jior
alleviation oi iatlures. &#39;

by reaction lorces are large and
are lurther complicated by inertia
rklds caused by raiad-accelerations
and by gyroaenpic iorces. -  --.,

Other typical problems are
"run-in" oi surfaces and the char-

"actertstice ii! various fitibr&#39;lcants&#39;.
_;" --.. .-. .4.- I .

&#39; &#39; �Research on basic lri-ction and

; .  3 . -, _ :.f_.n___j&#39;lII&#39;,|if@1lIllI_ is carriedos, lathe
��Problerns� met tn �connection

with compressor and turbine hear-
-ings illustrate how new engine types
can complicate an old problem. The

Woompressor-turbine unit is heavy,
imposing high loads over large bear-
-ing areas at high rotative speeds.
The bearing thrust loads imposed

. r-&#39; &#39;. . . 1
--

&#39;f�!ng&#39;ine itesearcli �Buildlng.�&#39;0eneral
and special devices are evolved as
MIG need arises to rneet any pelic-
alar question. Backed by lrllfltitive
oer-vice and the iinest &#39;Oi&#39;1IiIt�lne
zhop iacilittei, -scientists -cl ~.ihe
rllboratory {Ire  in Oolqepny
&#39;1I&#39;¢l8m Jacidenl Jo "the ateaearch._ . ~,�.. »»;___, _ _ t .. _- 1 ., 7 . .4 ,_.v -4 . ~ , _�I - 1 -- . -

�.i&#39;bs&#39;balic problem oi qiist �happen! u mow subjected were-i-an Qpel oi u-senate iwsnumeiiuw" II]: r.
obtaieknouriedge co has toimprove bearings  reduce Isa: Test setups are improvised to provide the desired conditions.
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&#39; .&#39; - important problems oi airoralt

  "-�nperation during recent years have
 icing, gust loads produced by
  "I4-mospheric turbulence and landing

-- - - ~londs. The letter includes both nor-
.f- -moi landing leads and emergency

- -Inter landings oi iandplanes, popu-
I .Ihriyi&#39;.noInlltliteli_ing. _ II  __I-

1":-.J_l-_.<1 "92&#39;v- �Z --_ _"tion system provides a means tor
"f" "&#39;-�*virtonl elimination oi icing hazards
�II...  toiireralt powered brracipro-eating�""="en&#39;ginee and propellers. leaearoh
-_-  .over 0 period oi yearn, culminating

in more than two yearn oi sale {light
-Z -i- reeeereh through icing conditions
&#39; &#39; .. he proved the system and provided
 »_- enough iniorination to protect any

_-,~,~,~ 5,� fpgpc�y equipped airplane from.�*" &#39;_&#39;-*""4anger&#39;d icing. Recognition ed this
. ,&#39;§;&#39;..-&#39;.-~ achievement In highlighted by a-
&#39;i&#39;=� *&#39; 4&#39; cord oi the Collier Trophy tor INS
 llr. �olerl, DIACA engineer who
3&#39; fjieaded the research program. lot!
. _ �new airplanes oi the transport type

 *�_"&#39;��&#39;tncorporata thermal ice-_pi&#39;evention&#39;-II!&#39;I@9Ul&#39;-"."�. � " 1. &#39; "&#39; _- -~-&#39;2: -§:�l --&#39; .__ &#39;
 --..-.-...:.,...~ I,� I
:&#39;;_&#39; 1"-&#39;"1ctne.rrob|em| oi let en¢lnel,&#39;�."_"�&#39;,""92o&#39;iever, remain to �be thoroughly

- -*1&#39;heN.92CA thermal i:e-preven-

_-is a eubject oi continued reeear�t at
"tbe Cievelnnd l..eborator7.. .

_ In addition to �ight reeeareii
taellities, �the HACA has designed
end built an icing research rind
-tunnel capable ei furnishing L500
tone oi iimulnied rain per 34 boars,

&#39;-reirigerated toprovide almost any
lreeeing; condition at "I-lrlpeb�l up
16485 mph. This tunnel ls and to
_-atody loin; on airorait components
Inch as etr ducts and tniete 1-edioIntennae and pttot tubes. -&#39;DoIn&#39;- �...;.e--Qeeearnzh on-stream lrom the teeteeetion e com-"_*~=oooiing and Iclillllu�llbblilldl oi
-plate airplane, �II�92ll�lOi� outer wing
panels, can be lnotutted and ltudied
mder icing conditions� with engine
and propeller operating. _ .

- TACA research on turbulence
and [H815 has reeulted in 1 large
amount of iota on gull etrocture

. and occurrence. The itACA began
&#39;-"~i&#39;eeearoh in thmderltorrne in-the
narly 19301. iiecorda oi gull load!

routes all over the world
lure been made by meme _el the
lt192CA V-G recorder-,avhich recorda
&#39;mlIllmiui accelerations no a inc-

4.

--menu babe |I.ilel and page a_g_d
-{Ina to alleviate the ioade. III�, &#39;__-_,__ --. a &#39;

militaryand transport yearn:
during the 1rar,eontinoe concomit-
..ltary types and transports in order
.to e_stabltsh.opereting procednre,92o _.&#39;
Hievelop eaiety device: nod nodiii-_
-eetionland tilmake gocomne�-$5
iliauwtlnlruit�rlihere --Q0

~E<-~Hs~*+2£@.-;=<-_-¢,,~_§|�l&#39;.~.1t.,..~Y&#39;-~,,g|&#39;;_?§.1~� _ 8+ 5
.-_..:.H,._. ,.._.-  �*1 �M -,=""-:&#39;"i- -&#39;1&#39; �*1�? - I

I� added importance asairpllne lpeeld
llttireue. EvenhigiteubaotiieapeedlI._]n&#39;ln¢ the aeed tor cockpit cooling.

.."Looklnz ahead to supersonic �tght,
..men_y problems oi cooling and heat
4-adtatton come into 911!� ed only
�-In relationto pilot and p.Iueng&#39;ere

bu toproteet the alrplehe intetnre
..,:,-itseli. Jba temperature {lee oc-
._;oompnnyin; supersonic speeds our
&#39;_--Iell be the liretiimltinl leetordo
itigh-apeed  tltieltloiil til

5;-balance oi irietiotthetline and heel
-zredietloo enuetbelaeeeered beiore

&#39;;&#39;;I0t&#39;i11Iil roquirarnenta can be deter-
~-.tni.ned. _�l&#39;tiia&#39;hjlne~&#39;ilI inn! new

*1J0PERAT92NG PROBLEMS
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Muchol the sludydl� lnndamenu
al ,|92h!8lCl| phenomena Involves
purely lheoretloal&#39;analyele.-1�lieo-
il&#39;llcal.&#39;atudy 18 dlen aulilclenl to
provide adequate deelgn erlterla,
but In many eases ll serves rather
as a gulde lor experimental investi-

I &#39; . -&#39; �I "� 7., e

Because ol the abstract llllure

oi some hulc physical problems,
and the lnporlanoeol securing gen-
erally applicable knowledge about
them, the IIACA has eltabllehed a
,Physlcal.Ileeeareh lectlon at the
-Langley laboratory lo emduet a .
large-amount oi the lundamenlnl
theorelloal Iorl Involved in other
branches oi research. Typical
{Il&#39;092&#39;lleIl�ll attacked ha lhle &#39;lectlun

Aish-
llow theory, eompreaalhle ��u!
theory, boundary layer meehanlea,

_ Q _ . . !H 1 O l r;:|~&#39;l=!l&#39;!=92 I j_];_&#39; §

I In
e
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are speed �utter, propeller  �
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RESEARCH s
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&#39;;&#39;j!�ank W0 lee! long, U lot! diameter &#39; &#39; ."=&#39;   _.¢ ;

Qrovldes information on lllt, drag,-and ataolllly of bodiespropelled &#39;~"["&#39;j""{
. from compressed [as fun at_ velocities betveen eon and 1,1110

-mllesper hour - 3-     y�
- Teal Iledlum: Mr, Item, or Ilhlures _  ~.;&#39;_,;. -...7»_=. *   j*j-.- -&#39;
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�Fa

-and eelloopter elbrallom. -.¢.~ .#_.,.;.e--2-_. _

Ielheoooreeel dudyollaale
�ayalce. many original derloea and
processes have been created. One
"oi llleee eraathe llrat use ol freon
it lnaerodynamlc may. The speed
0! sound in Freon la abyut hall o!
&#39;Illll lt_la in-I-lr, therefore Iach
number: 4 .l and algheroaaber

ovlded illl: Tleae power and -d0&#39; .2
pine: atream apeeda llnn with alr. ._
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