
NACA - Levvis 

Cleveland, Ohio. 
Septemb er 19, 1949. 

MEMORANDUM For Group Leaders 

Sub ject: Sug-ge sted Introductions f or Speakers - 1949 Inspection 

1. 	 8- x 6-ft. SV'IT: Supersoni.::. !ropulsion 

Here, .in the Control and Observation Rooms of the newly completed 
~ 

8- x 6-ft. Sup ersonic Wind Tunnel, WIr. Wyatt will lead the discussion 
~ on the general problems of propulsion for sustained supersonic flight. 

Mr. Wyatt. 

G." 	 Alt. Wind Tunnel Shop: _~rboj~! Altitude Operational Problems 

~ . 
We are now in t h e Altitude Wind Tunnel building where turbine pro­

~ ~ peller engines and jet engines of all type s are ope rated under h igh 
speed hiGh altitude flight conditions in tr..e 20- f oot diameter test 

~ section hiGh abov e us. Here Wire Fl eming will le a d th e discussion of 
, . certain problems encountered in the operat ion of turbojet engines a t 

>- • 
high altitude . Mr. Fleming . . 

3. 	 Rocket Laborator y : ~ket Re s_e..:o~ch 

You are now in t h(-) new Component a nd Accessory Te st Building in 
i n t h e h eart of t he Rocket Lab or a tory . i:I ere ¥tr. Sloop will beg in t h e" pre s entati on of t h e Commit t eo ' s study of liqu id-fuel roc ket engines. 
Mr . Sloop . 

'( 

,1. W- 6 C&T Wing : £~~r~ ± .:!'~rbi :1e Aerodynwnics... 
... Th e rapi d progr e ss made by t urbojets in b ecoming d epend able and 

efficie nt propuls ion engin(' s d e pe nds to a lar ge extent on the intensive 
study of co mpre s sors and t urb i nes, t he variolls asp ects of which vrill 

" , 	 be d oscribed hor e in this large compressor laboratory by Mr . English 
and otho r spe akers. Mr. English 

5. 1N-2 C&T Wing : Turbine Cooling 

The sign ificanc e of tur bine cooling has A.lready been mentioned by 
-~ Mr. Enrdish i n t he: pr ec edi ng d isc ussion . Here Hr. Arne will demonstrate 

turbi n e cooling and beg in the discussion of ou r res e arc;,. IVir. Arne . 

6. 	 CW-5 ERB: Heat Transfer and ~urb oj Gt Fue ls 

The e conomical d e sign and dev e lopment of j e t engines 8_nd their ex­
t en sive us e in an emer Genc y re qu ir e s exact know l edi5G of t h o fuel t hat 
will be a v a il abl t, to r un th em and the natur e of t h e h e a t tran sf.e r i n­
v ol v e d i n c oo ling t h e engine . -11e r e i n ono of t he c ombusti on l ab or a­
t or i e s we hav e br ough t t h e s e t wo prob l ems t oge t h er f or y ou . 
Mr. Lowde rmi l k wi ll f irst d es cribe D.n i mpor tant pha s e of our h e a t 
tr ansfe r r e s earch. Mr . Lo-.-,'de r mi l k . 

http:transf.er


Memo for Group Leaders - 2 - September 19, 1949 

7. CE-6 ERB: Material s , Stress and Vibrations 

The materials and th e stress and vibr at ion to which they are 
 
sub jected in an a:ircraf t power plant have much to do in limiting 
 
the maximum output and the safe life of the engine. Here W~. Deutsch 
 
will start the discuss ion of rec ent r esearch by t he Committee in the 
 
fie ld of high-temperature materialy.., Mr. Deutsch. /\ I'f! \ 
 

~-'-' , I ) 1..-/ 
I/4 --'1 {/ Ib fA.£'hA/< t::::- () --1J...--i 

Edviard H. Sharp,. 
Director.

L 
1NHH :mlm ... 

.. . 
.. 

.. < 

, .. 

,." 
.. 

.. 
.. 

... 

'f' 

'-
... 

~ . ~ 

.... 
 



NACA - Lewis 

.;. 	 Cleveland, Ohio . 
September 19, 1949.· , 

MEMORANDilllI For Those Concerned 
 

" Subject: 	 Speakers for Inspection, September 20-22, 1949 
 

~ . 
1. The following men are speakers and alternate speakers at the 

locations indicated and are listed in the order of t heir presentations at 
each location:.. 

Location 	 Speakers 	 Alternates 
.. 

V 8- x 6-ft. SWT /v~yatt* 	 vF'inkel* 
 
~ ~ vtortright vFerchonok 
 

v"Carlton \/tuidens 
 
r • 

vGodman 	 vSchueller 
 
,. 
 

v/ 8- x G-ft SWT Drive
. ;. 

Bldg. v1!ausmann* 	 Hausmann* 
, . -/' 8- x 6-i't SWT Test 

Chamber VSlomski* Slomski* 

./ W-6 C&T Wing vEnglish* Graham* 
vCostello CumminGS 

" vlfaus er Flohr 
", " \.AITont g ornery Medeiros 

V'Finge r Lieblein" ,. 

• 	 vr W-2 C&T Wing ~rno* Jackson* 

\/Rossbach Hubbartt 


~ / CW-5 t/ Lowdermilk* V"Grele* 
 
V Barnett \/,Jonas h 
· \ 

CE-G 	 .,.. Deutsch* ",.. Aul t* 
V Manson v Brown 

A'NT Shop V Flening * v'Dr. Gibbons* 
v Childs ~Beitwieser· .. ... 	 V Koenig """'-Gold 
v Wilsted v Vincent 

.. 
Rocket Lab v'Sloop* ../ Kinney* 

t/0rdin v"Morrell 
.... 

2. The l ead-off speakers, indicated by asteri~ks, are to' be intro­
duc ed by the group l eaders . Group leaders s hould check which lead- of f 
spe~ker will make pre sentati on b efore he starts his i ntr oduction . 

\ · -11 .·.... / ' , ~ . ," . , /".~. "}) 	 " , 
~... 	 / ....... ".;;~ ......~.:r;.. 'l. ':A .... ",I" / ... .e._. l .(~. 

:-:::;r_~/y"z/ ~/'./ J<-._.~,r7:~-I?( 
-.. 	 ,I'-.. 

Edward R. Sharp, j1 
Dir ector. 

W'HH:mlm 
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Cleveland, Ohio, 

ro Lewi. A8G·793To CA Headquartera Attentions • • • Iler . 

• Subjects · 1 Inaoectiol1 • 
., . 

1 . There ..re tran'lIitted herewith reviled copie. ot the t .. lk. 
to be pre.eZlted by the .peaker. ot the Compre.aor &lld Tu~tn. n . . ... rch 
ivi.ioD .. t the 19~ Inapection. !he talk. have b. en revll 

.. coor danoe 	with the co_ct. ot the HACA &lld ot IACA L...1a per, onnel , 
ditt.r troa the initial dratt. in three ..i n reapeot. I 

... The r ••ult. achieved . inoe la,~ ye.. r are brou£ht out 
.,re cl early. , 

b . 	 !he bl ade 0001111& demonatr..tion hu be ahitted to the 
) 

experimental turbine cooling talk. It 1a f elt tha' 
it logicall)' belong. in the exper ,tal r ather t 
in the theoretical di.cue, i on. 

c . 	 A more det..iled IWZIIII&l"Y ot all the mat.rial pre.ented 
been added at the conclusion ot the turbine cool 

talk. 

2. Tho acooopanying charta are illuatrative ot the material to 
be presented. although they are DOt reviled to conform to Inspection 
illustration .t&ndarda. The tinal charta are in preparation. 

rd R. Sharp, 
Direotor• 
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September Z7, 1'1.9. 

• 

Mr. Karl 1. Fairbank., 
otel Le&Jniqto., 
 

3rd Ave . , 10tla aDd llth Street., 
 
Uilmeapoll. Z, MiDae ••, 
 

Dear Karl: 

~ 	 

Thank. for your note of the Zith. I am 
.e.cllq Ralph a eopy of our brochure a. you 
aUlI••ted. It wa. niee to haft been able to ••• 
you if only for a miDute wJut. you were bel'. at 
the time of our _paction. Tho.e day. are 
bu.y one. lor me and I'm .orry I eoulda' t 
.pend more time wltb you. 

KiDd relard., 

SiDeer.ly youra, 

.. It. .. l. 

Eelward R. Sharp. 
 
Director . 
 

~ 

,
" '.) 

, 

http:SiDeer.ly
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Eas t e r n 1 94 9 InSPECTION 
 
Da y light L~HIS FLIGHT PROPuLSION LABORATORY 
 

Sa v i n g NACA CLEVELAW) 
 
Ti ::le Se p ten'::Jer 20 , 21, 22 , 1049 
 

9 :00 am Bus ses 18a"' 8 Cleve~and }~ote 1 f or L3.e;oratcry 

9 :40 Registr aticn in l obby of Admill:L trfJx i on Build.ine.; ; "ac:;s_ge check-eci in Room 111. 

10 :00 Op8n i ng SGSS ::' Oll :for 19'19 Ins;'ec1~ion - r ul...itor iU!;l, Ad.min i s tratien Builui.'lp; 

10 : 30 I nsp8s t i on c~ La;:;or atol'Y in E src'..lps des i ,:::::a-sed by e o l c rs 

lED BLUE GR:';EN GOL~) GRlI.Y 
COF..p r essor & Tu r bine Ae r ocl:..r"lami cs 
W- 6 , W- IO Eng . Re s . Bl dg . * l C : -1:] "'10 : 40 11 : 50 11 : 50 ** 2 : 25 "*2 : 25 3:35 3 : 35 

Tu r b i ne Co o l i n g 
W- 2 Bng . Re s . Bldg . 11 : 25 11 : 25 1 2 : ;)5 3 : 10 4 :20 4 :20---- :' ,* ",,,, 1< 

Heat Tran sfe r ; Turb o~e~ Fue l s 
CW- 5 Eng . Res . Bl dg . 11 : ~-:;O 1 2 : 25 l C :40 11: 15 ~. :35 4 : 10 3 : 00 

oj. *1< 

Roc k e t Re sear ch 
Rocke t Component Test Laboratory 1 2 :25 11 : 50 11 : 15 *10 :40 4 : 10 3 : 35 6 : 00 **2 : 25 

* * -~ 
Super s onic Pr opu lsion Sy stens 
8- x 6- ft . Supersonic ~ind ~unnel **2 : 25 3 : 35 ~*2 : 25 * 10 : ~8 11: 50 11 :50 *10 :40 

I ns pect ion & De::wns trat i on of 8- x 6 - ft . 
G- x 6- ft . SWT 3 : 1 2 4 : 2 2 1 : 22 3 : 12 11 : 27 12 : 37 1 2 : 37 II : 27 

Tur b o jet Ope r a t i on f.;.~olllE'ms 

Al ti t ude V:i r.d T'..l.'1.I101 W'.ep 3 : 35 **? : ~ 5 3 :00 4 : 10 11:50 *10 : 40 11 :1 5 12 : 25 
*** 

Mat e r i a l s , stres ses , and Vi b r aticn s 
CE- S Ereg . Res . Sld[ . 4 :10 3 : )0 * * 2 : 25 3 : 35 1 2:2 5 11 : 1 5 *10 : -±O 11 : 50 - ­*** -- --- ­

*Start fir s t der:lon s t r at i on **R'3 Su..lle der:lonstrat ions after l u...'1cheon 
__. ~ Luncheon i n Audi tor i '..lI!1 begins at 1 : 00 ***3u8s e s GO t o p iC;li c e.rea end l eave fo r dovmtcwn sta rting; 5 :OOpm EDT ., 

. . 4 
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NACA - Lewis 

Cleveland, Ohio. 
September 19, 1949. 

:MEMORANDUM For Those Concerned 

Subject: Speakers for Inspection, September 20-22, 1949 

1. The following men are speakers and alternate speakers at the 
locations indicated and are listed in the order of their presentations at 
each location: 

Location 

8­ x 6-ft. SWT 

8­ x 6-ft SWT Drive 
Bldg. 

8­ x 6-ft SWT T(~st 
Chamber 

W-6 C&T Wing 

W-2 C&T Wing 

CW-5 

CE-6 

A'TfT Shop 

Rocket Lab 

-' 
Speakers Alternates 

Wyatt* Pinkel* 
Cortright Perchonok 
Carlton Luidens 
Godman Schueller 

Hausmann* Hausmann* 

Slomski* Slomski* 

English* Graham* 
Costello Cwnminbs 
Hauser Plohr 
Montgomery Mede iros 
Finger Lieblein 

Arne* Jackson* 
Rossbach Hubbartt 

Lowdermilk* Grele* 
Barnett Jonas 

Deutsch* Auit* 
Manson Brown 

Fleming* Dr. Gibbons* 
Childs Beitwieser 
Koenig Gold 
lfilsted Vincent 

Sloop* Kinney* 
Ordin Morrell 

2. The l ead-off speakers, indicated by 'asteritfks, are to be intro­
duced by the group leaders. Group leaders s hould check which lead-off 
speaker will make presentati on befor e he star ts , his introduction. 

':- ~"- " ,/,<,,' " j 1 i _':' 
/ "';,:"://") 'f "'/1 E " I / / 

;',-;:.."::'2-- ~ ' p '7-./ :P~... ,/ / '-...... .-?t-~--.1t 
fj 

Edward R. Sharp, ! 
Director. 

WHH:mlm 



NACA - Lev!Ti s 

,~ Cleveland, Ohio. 
September 19, 1949. 

,r'~ MEMORANDUM For Group L88,ders 

. ­ .. Subject: Sugge sted Introductions for Speakers - 1949 Inspection , , 

1. 8- x 6-ft. 	SV'lT: Supersonic !ropul~io_n 
--' . 
,> 	 . Here" in the ,Control and Observatioll Ro oms of t h e newly completed 

8- . x 6-ft. Supersonic Wind Tunnel, Mr. Wyatt willleaa 't he discussion 
, ... on the gEi~eral problems of propulsion for sustained supersonic flight. 

IvlY. Wyatt. 

.. ). 

2. Alt. Wind Tunnel Shop: Turbojet Altitude Operational Problem~ 

We are now in t h e Altitude Wind Tunnel building where turbine pro­

~) peller engines and jet engines of all types are operated under high 
 

speed high altitude flight conditions in the 20-foot diameter test
-' ~ 
sec,tion high above us. Here !vir. Fl eming wi 11 le ad the di s cussion of 
 

> ' certain problems encountered in the operation of turbojet engines a t 
 
high altitude. Mr. Fleming • 
.' 

). 

3. Rocket Laboratory: Rocket Research 

You are noV'! in th e new Component and Accessory Te st Bu ildi ll6 in 
, , in the h eart of t he Rocket Labor a tory . Here Iv'lY. Sloop will beg in the 
 
~ , pre s ent ati on of t he Committeo ' s study of liquid-fue l roc ket en~ine s. 
 

Mr . Sloop • 
 
... . 

,1. W-·6 C&T Wing : .£.c:.repressor! .:!'~.::bine Aorodynmnics 

The r api d pr ogr e ss made by turboj ets in becoming dependabl e and 
.~ efficient propuls ion enginF.,s depe nds to a large extent on the intensive 

study of' compre ssors and turbines, the various aspects of which vrill 
be d escrib ed her e in this larg e compressor laboratory by Mr. English 

..., 	 and othe r spe akers. }lr. English 

5. W-2 C&T Wing : Turbine Cooling 

The sign ificanc e of tur bine cooling has Illr eady been mentioned by 
Mr. "Snfl',lish in the.: p r ec odi ng d is cus s ion . Here I\h". Arne will demonstra.te 

., turbine cooling and bee in t h e discu ssion of ou r res e arc~. ¥tr. Arne • 

6. CW-5 ERB: 	 Heat Transfer and Turboj e t Fuels 

The economical d esign and development of j e t engine s and their ex­
.". 	 ten sive us e in a!1 emer~ency r Gquire s exact knOi'l ledge of t ho fu e l that 
 

will be a VB.il abl a to nm th em and t he natuT e of t he h ea t transf e r in­

volved i n coolins the engine . Her e i n one of' the c ombus ti on l abora­

tories we h ave brought the s e t wo prob l ems together for y ou . 
 
:Mr . Lowde r milk will f'irst d escrib e a n important pha s e of our h eat 
 
transfe r r e s earch. Mr. Lowdermilk. 
 

~ 

~ 

http:demonstra.te
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Memo for Group Leaders - 2 - Septenber 19 J 1949 "' .. 

.' ­

7. CE-6 ERB: Mat erials, Stress and Vibrations 

- ... 
The mater ials and the str ess and vibrat ion to which they ar e • 

~ 

subj ected in an aircraft power plant have much to do in limiting 
 
t he maximun output and the safe life of the engine. Here N~. Deutsch 
 

1­will start the discussion of rec ent r esearch by the Committee in the 

fio ld of high-temperature materialh Mr. D0utsch. , ,"" . .. 4, ­
,If 

/-/1 j ! ).,.--1 / J j~ () ~ 't'If_ I ' / / j/" t· v-1,,..,· ~ -~" .. ' . 
k:7( / I. ... 

Edviard R. Sharp, l ­

Director. ."' ') 
1]lHm: :mlm 
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L­ poo~ 

1 Audi tori l.'Dll 

Welcome and Introduction 
11 , 

\ 2 . Compressor Laboratory J Compressor and Turbine Research Wing 

i 	 Compressor research 

Centrifugal 
Subsoni c axial flow 
Supersonic axial flow 

3. Turbine Laboratory J COOlpresBor and Turbi ne r esearch Wing 

Turbine research 

Cooling 
Aerodynamics 

4. J et Propulsion Static Laboratory 

Materials and stresses research 

High- temperature materials 
Turbine disks 

5 . Ccmbustion Laboratory J Engine Research Buildi ng 

Combustion research 

6 . Fuels and Lubricants Buildi ng 

Fuels . research 

7. Engine Propel ler Research Building 

Engine control research 

8. Altitude Wind Tunnel 

Alt i tude operational pr obl ems 
Turbo j et icing -research 
Thrust-augment a tion research 
Alt i tude Wind Tunnel 

9 . 	 Eight-by -S1x-Foot Supers onic Wind Tunnel 
Supersonic r am j ets 
Supersonic 'boundary-layer study 
Eight-by-S1x-Foot Supersonic Wind Tunnel 

I 
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,-. 
1. - INl'RODUCTION 

, . 
.. The National Advisory Committee for Aeronautics, at its three principal 

~ - laboratories , is eDgaged in the fundamental study of the problema of flight . 

It is the function of t he Lewis Fllght Propulsion Laboratory to carry out one,.. 
~ .. 	 important phase of this over-all research program, that of solving the prob­

l ems associated with the propulsion of aircraft. All phases of propulsion 
~ 

are included in this research program• .. 
.} Because current aviation problems are primarily concerned with high-

speed aircraft, the emphasis in propulsion research is on systems tbat are 

capable at producing high poYer in a caDpact, light-weight package, such as 
I 

>• 	 the ram-jet , t urbO jet, turbine- propeller, and rocket engines . In the devel­

opment of these powerful propulsion units , which are continually requ1red 

to operate at higher temperatures and faster speeds, the problems are many 

and varied., ~ 

, , ' Tor example, the nucleus of the gas-turbine engine is formed by the com­

pressor, the t urb ine, and the combust or; the success of the over-al l power 
"'-. 

plant is dependent on the proper operation of each of these components . Tbe 

~ a erodl'1JE1lDios of flow through compressors and turbines is particularly being 

investigated. Inasmuch as t urbines are subjected to intense heat and high 
~ 

rotat 1Ilg stresses , methods of developing turbines and turbi ne 1I8terials that 

"'~ can withstand hi gh t emperatures are also under investigation. 

The generation of hot gases is the primary function of gas-turbine and 
I. 

,. 	 rocket engines; therefore problems of combustion require careful study. An 

associated problem is that of obtaining fuel s and propellants that burn 

efficiently and dellver maximum heat energy• 

.r'" 

v 

L 
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- 2 ­

.

The use of these various types of engine necessitates the solution of 

a Tariety of control and operational problems. Because supersonic flight 

gives rise to additional problems unique to t hi s speed regime l the super­

sonic operat ion of propulsion syst ems is also under invest i gation • 
~ 

The propUlsion-system research being conducted at the Levis laboratory 

is closely coordinated wit h the aerodynamic r esearch being conduct ed at the 

Langl ey and. Ames laboratories , to form the integrated NAeA program of f light.) 

r esearch . Thi s booklet br i efly relates the research t rends t hat are being 

present ed at this 1948 Inspect i on of the Levis Fl i ght Propulsion Le.boratory. 

~> 

.. 
, ,... 

~ ...... 
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2 . - COMPR1!BSOR Rl!.SEARCH 

-. 
! • 

Analysis of gas- turbine power pl ants has shown that the Call ­

.. 	 pressor must take in large quant ities o~ air and ef~icientl1 com­


prass it to the required density in order to produce high engine 


powers. The compressor must also be reliable , compact, and easily 

~ 

manu~actured. Fran the consideration of high speed aircraft , these 

characteristics must be obtai ned in a unit hav ing a minimum frontal 
.... 

area . 

The two compressor types in general use today are the centrif' ­

usal compressor and t he axial-now compressor. The centri:fugal 

type of compressor, in which the air is compressed by centrIf'~ 
~ > 

action, has t he advantages of stmplicity , relIability, ease o~ 

~ , 
manuf'acture, and hi gh pressm"e ratio per stage , a m t he axial-flow 
 

~ 
 

compressor has the advantages of high flow capacity and efficiency . 

The development of t he centrIfugal compressor has been s omewhat 

handicapped by a lack of mat heJIBtical t heory and fumamenta1 data on 
- , 

the nature of f'low through the complex passages Of the impeller. 

The NACA is currently attempting to supply this Inf'ormatlon by 

actually making measm"ements of flow within the rotating passages 

of a 4a-inch diameter centrif'ugal i mpeller. In conjunction with... 
this investigation, a mathematical method of theoretically 

determining the flow characteristics in the impeller passages has 

been developed . The correlation of t hese tvo studies i s expeoted to 

-
point out the source of losses and. in:iicate the design modifications 

• 	 required to improve both the efficiency and flov capacity of this 
 

type of compressor.

" 

4 
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- 2 ­

The axial- flow compressor is essentially a series of rotating.. 
a irfoils. When high over-all pressure ratios are deSired, a large 

"'), 	 

number of stages are required • . Research on this type of compressor 

is therefore directed at increasing t he pressure ratio per stage and 

thus obtaining a more compact and l ess expensive compressor of high 

air flow capaci t y and high efficiency. Theoretical studies of 
") 

airfoil blade sections capable of producing high pressure ratios 

I' 	 are being made. Experimental studies have indicated t hat a pres­


sure rise per stage of the order of tvo to three t imes t hat of 
 

conventional des igns can be obtained . 
 

Furt her gains in pressure rat io per stage are offered, hovever, 

by the supersonic t ype axial-flow compressor . This type of compressor 

utilizes the same shock waves to compress the a ir t hat have proved -, 


a l~itation t o t he speed of aircraft . Supersoni c velocities exist 


relative to the rotat ing blades, with a confined shock wave occurri ng 

~ t 

within the blades. 	 Because t he velocity of sound does not pr ovi de 

a limitation, extr emely high pressure ratios may be real ized . 

The /3uccessful development of efficient high pressure rat io stages 

will mean t hat current mult istage axial-flow compressors, which are 

large and costly to manufacture, can be r epl acsd by compact and 

relatively i nexpensive compressors • 

.~ 	

IILlETRATI OHS 

1. Pictorial sketch of 4-8- inch centrifugal compressor instal ­

lat ion. Legend - "The 4-8-inch centrifugal compressor provides a .. 
 

5" 
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- 3 ­

means of obtai ni ng detailed measurements of n ow characteristics in 
-..­

t he rotat i ng tmpeller." 

.~ 2. Pictorial sketch of supersonic compressor with schematic 

diagram of flow through the blading. Legend - "The supersonic type 
'\ ' 

.. ; of axial-flow compressor utilizes the shock phenomenon to obtai n 

> compression of the air." 

• 
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3 • - 'roRBntE BESEARCII 

. , 	 In current gas turbine eIl8ines, the temperature limitations imposed b;r tur­

, , 
blades am turbine pu-ts permits only one-third of the air that passes through 

the engine to be burned, the :remainder beiIl8 used to dilute and moderate the hot 
~ ~ 

mixture. 	 Analys1s of t he effects of Tar10us parameters on the paver output of 

,, 
the turb1ne -propeller-t;rpe engine has shown that very large gains can be obtained ... 
by increasing the turbine i nlet temperature, particularly if the pressure ratio 

• > 

.~ 	 of the unit is also increased . l3ecause t he temperature attainable in gas tur­

bines using currentl;r avai lable fuels is of the order of 35000 J', methods of 

bu1ldi ng turb ines that can withstand these temperatures are at present an urgent 

.. object i ve of IiACA study. Considerable e ffort , therefore , bas been expended to 

"-\ develop methods of turbine COOl1llB. )bch valuable information bas been obtained 

from an analytical study" of various methods of a ir or liqui d cool i ng . Results 

1 • 	 obtained. on 11qui d-cool ed a l uminum research turbines , which bave been success­

fully operated at gas temperatures over 20000 J', indicate that this cooling of 

turbines not only offers considerable prani se for attaining high-temperature 

operat i on but a l so offers promise for using nonstrategi c materials for turbines. 

In applying turbi ne cooling to blades, 1t may be necessary t o use shapes 

qu1te different than those now in use , so that cooli ng I8ssages can be acccmno­

dated . In order t o ut ilize high gas temperatures efficiently, i t Vil l also be 

necessar;r to i ncrease the pressure ratio per stage . These modifications must 

be realized, however, without impairing the efficiency and flow caI8city of 

turbines. ~ NACA is conducting extensive :research on the nature of flow in 

turbine blades . One of the research methods in use utilizes cold-air turbines 

for the investigation of various turbine design pa.re.meters. A two-dimensional 

cascade 

the flov 	around turbine blades. 

7 
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The realization of the objectives or this research vill enable turbines 

or high paver to be JDEUlllf'actured from readily available and easily machined 
, . 

mater1e.ls • 

I l lustre.tiona 

1. Bar graph showing increase in power obta1nable with increased gas 

t emperatures. Pressure ratios and spec1ric tn.el consumpt1ons are g1Ten . 

.... ,. 

.. 

.~ Legend - "Power output of' t he turbine - propel ler engine can be substantially 

po improved by increasing turbine inlet temperatures . " 

2 . Pictorial view or tvo-d1m8nsi onal cascade tunnel. Legend - "Tvo­

, . dimensional cascade tu.nnel used to investigate the flow around turbine blades. n 

!~ 

r­

~ 

• , < 

-
,J~ 

tt 
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-, 4.. - HIGH-TEMPERATURE MATERIALS 

Substantial increases in operating temperatures, which are 
, , 

required for improving the paver output and decreasins the specific 

~. wei ght of gas t urbines , can be achieved by obtaining materials for 

t urbine bl ades that can operate successf'ully at these high tem;pera­
~ . 

t ures . One phase of the research ef fort t o ilIIprove the high-

temperature characteristics of turbine-blade mater ials has included 
, 

a thorough study" of materials of very h i gh mel ting points , including 
~ 

refractory metals , ceramics , and ceramic-metal. mixtures (ceramals). 

.. or these, ceramals seem t o offer the most prall.1se for future use• 

The major load on a turbine blade 
~ 

r otating at high &peed is the 
.&. 

centr1tugal. force . Because the abU ity to v1th8tand these extreme 

..- T rotat i ve stres dependJI on both t he str ensth and t he densit,. of 

the material , turbine JIIlterlals are therefore evaluated by the 
, ,~ 

str ength-to-velght ratio. A promising cersmal investigated at this 

o .... , . l aboratory shoved a strength-to-veight ratio a t 1800 F that vas 
, . 

1.5 times as high &8 that of a high- temperature alloy of metal. in 
",,- , , 

wide current use . The cerama1. blade baa the additional advantage 
~ ... 
....... that the r ay lIBter1al.s are damuticall,. available and lOY in coat , 

, 
in contrast t o the strategicall,- critical , high- cost metal alloys • 

." 
As the starting mot or revol ves the cmg1.ne, the turb1ne blades 

-,. move in a stream of cool air. When the fuel is injected and ign1ted, 

the blades are suddenly bathed in a gas 8tream several. hundred 
.-oJ 

degrees hotter than the normal operating temperature. The outer 

surface heats rapidly, expand1ns vith respect to the still cool 

'. interior, JDCIIIIImtarU,. creat1D8 severe stresses. This condition 

-.. 
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has been defined a8 thermal shock. A good ceramic, at 18000 F, baa 

a strength- to-veight ratio twice that of a representative high­

t emperature alloy, but has a lOY resistance to thermal ahock. , aueh 

as to be of little immediate value for turbine blades . Addition 

of _tal to the ceramic, produciI18 a cerSE.l, greatly increased the 

thermal. shock resi stance. 

The high- temperature parts of a gai- turb1ne engine are alvaya 

surrounded by gas containing a great deal of oxygen. The combina­

tion of this <lZ;1gen vith turbine-bl ade material may produce changes 

in ~hape or result :In a new a terial of 1nferior propertiea. The 

solution to this or1dation pro~lem therefore requires the choice 

of _ter1als that either resist oxi dation or that protect them­

selves by con:t'1n1.ng the oxidation to the surface . Ceramal ccaposi­

tiona have been inveetigated that have excellent oxidation resistance 

up to 24000 F. The problem remains , however, of f1nd1 ng suita91e 

cel'8Bl&l c0lllP081 tiona that caabine good oxidation res1stance vith 

high s t rength-to-veight ratio and good thermal shock r esistance . 

Illustrations 

1. Figure shaving variation in strength- to- veight ratio and 

tber1Ial 8hock resi stance with percentage of _tal in the ceramal.. 

Legend - "The res1stance to thelwU shock a:a.d the strength-to­

weight ratio of ceraalJ, vh1ch are ..Jar factors in turb1De opera­

tion, are dependent upon the BmOUIlt of metal present in the ceraJll!ll.." 

10 
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4: • - TtlRBIl'iE DISKS 

, . At its rated take-oU speed, the wheel of a typical turbine baa 

,re energy than the nerage automobile contains at a forward speed 
... 

of 100 miles per hour. P'~ts of such a wheel burst in a spin 

) . 	 pit at about t1r1ce rated apeed have been known to penetrate more 
. ~ . 

than 8 1nclles or steel . Becawse of the obTiows danger to pilot and 
~ 

"-	
aircraft, insurance against failure of the wheel in flight i s one 

~ of the prime objectives in t urbine design. 
 

Whereas design analysis of rotating wheels is an integral. part 
 

of present engineering work , the disk of the gas turbi ne presents 
 

.. new probl ems . The t endency of expanaion of the hot rim relative to 
 

the cooler central region introduces thermal stresses that combine 
 
~ . 

Y1.th the cent r1:tug;al stresses of rotation, produc1J2g thereby a COll­

ple:x total str, system. Uncertainties as to the magn1tude of the 

~ stresses and their iJIportance relative to the centrif'ugal.. 
stres have led, in many cases, to overdeaign, making the disk an 
- . 	 
UlIDecenarily hea"17 camponent. Before opt1lmml desi gn can be achi 8'f'ed, 
 

a llt.1mber of buic questions IILL8t be amnrered. 
 
• 	 I• 

First, the rel ative iJIport'ance of the various mechanical proper­
' 4, 

.. 

ties of the disk material. IIIWSt be evaluated. For example, ductUity 

can usually be achieved only a t a sacrifice of tensile strength. 

The insistence on an unneceesaril y high ductU i t y JIll,.. therefore 

re.ult in a weaker disk than if t he Significance or ductility and 

tensile strerngth were properl1' balanced. The relative 1JIlportance .. 
of other high-temperature properties t also be detera1ned• 

~ " 
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Second, the thermal stresses must be better understood. These 

str esses , which are part ot an internally balanced system, JDB.Y' dit' ­

fer in their effect :from the centr1:fugal. stress es, which are devel ­

oped t o r esi st an effect ivel y external force . The theory of thel'Jl&l 

stresses in rotating disks must be enlarged to include effect s of 

plastic flow, and experiments must be conducted to determine the 

eff ects of t hese st r es ses on the rupture strength of disks . Special 

attention must be directed to the rim, Wich operates at high tem­

peratures and stresses • 

Conei derabl e experimentation bas already been conducted to 

evaluate duct ility and tensile strength. For the thermal-stress 

problem, a large spin pit baa been built. Diska can be rotated at 

any desired speed while heated to any desired temperature gradient. 

In this manner , the centrifugal and thermal stresses can independently 

be adjuated to arbitrary value. and their relative 1Dq>ortance in 

causing bursting can be determined• 

Illustrati ons 

1. Chart shoving stres8 ayate. in turbine disks . Legend ­

"Turbine disks are subjected to centrif'ugal stresses of rotation 

and to thermal stresses relJUlt1ng frail temperature gradient"" 

resul.ting in a cClllpl ex total stress .ystem." 

2. Photograph of burst turbine disk. Legend - "RelJUlts of 

burating a turbine disk in the spin pit." 
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5. - COMBUSTI ON RESEARCH 

, > The major probl em of engine combustion i s to rel ease efficiently 

heat energy from the f uel in a small volume and in a short period of 
I 

- > time. Important attendant problems are a low pressure l oss, light 

, . weight and durable combustion equipment; flexibility of operation 
'- '> 

(~speCiall.y at "off-des1gn" points), and, when a turbine is employed, 

proper distribution of temperature across the cambuator-outlet area 

to avoid sub jecting the turbine blading to harmful hot zones . 

Research on the ram jet at conditions simulating different 

f l ight speeds and alt 1tudes has shown that the ram-Jet combustor 

bas a 11m!ted range of operation. In order to widen the operable 

region of ram-jet combustors, current research is aimed at learniIlg 

basic design principles for f lame holders and fuel in jectors. 

'rhe combustion problem tor the gas t urbine engine dit f ers from 
, 

t hat tor the ram jet in t hat not only must fuel be burned etficien~ 
t 

in a fast flowing air stream and with low pressure loss, but combustor-

outlet temperatures in tbe t urbine engine must not exceed values 

harmful to the turbine. 
" 
~ Early investigations by the llACA on the operating character ­


l st i ca of a number of t urbo jet combustors disclosed t hat combust i on 
 
, " 

efficiency decreased with altitude~ and that t urbo jets had a 
l' • 

combustion-imposed altitude operat ional limit . Re search reveal ed 

the causes of t hese phenomena and f urther systellBtic research 
f 

effected satisf'actory solutions. But raising the ceiling imposed 

b~ combustion aggravated another problem, that of cambustor-outlet 

teaperature distribution. It is essential to the life of the turbine 

/3 
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bladiDg that hot spots on the blading not be caused by faulty 

distribution of t emperat ure f rom the combustor . Current~, research 

is beiDg directed at ways and means of achieving preferred t emper­-'.. 
~ . ature profiles from gas-turbine combustors. 

The rocket engine operates on fuel and oxidant that are carri ed 

in tanks and thus requires no out side air. The fuel and oxidant 
 

react ·so vigorously upon mixing in the combustion space that no 
 

t l.ame-nta1niDg devioes are required . The major problema for the 
 

rocket eDglne are to select fuel-and-oxid.ant combinations that give 

large thrust per unit weight flow and volume flow and sti ll have 

properties that permit t heir handling and use , t o prevent failure., 
 

., of the engine from the thousands of degrees of t emperature attained 
 

. , 
by the reaction products, and to achieve efficient combustion in the 

, .; 

smallest possible unit. 
~. ~ 

The solution of practical problems encountered in the application 

~ 
of the combustion process to aircraft engines requires the results and .. J 

conclusions from basic and f 1mdement&1 studies . The NAeA. is conducting--.. 


research on the chemistry of combustion in an effort to evaluate the 


factors t hat control t he combustion rate . The dynamics of fuel-cJ.roplet 


evaporat1on 1s under intensive investigat10n, because research bas 


shown that t he fuel spray is a significant factor in combustion-chamber 


performance. Addi tional research is aimed at learning how aerodynamic 


factors, such as turbulence and gas-stream mixing, influence flame 
.. ... 
' .. propagat1on. 
 

• 
 
,
• 
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Illustrations 

1. Curve showing operable range of ram- jet combustor s a s a 

function of inlet-air velocity and fuel-air ratio. Legend ­

"In the ram-Jet combustor, a range of fuel-air ratios and inlet­

air velocities exists where the combustor will operate ; outside 

of ,this nwge, no operation is p08si bl e ." 

.. 
2. Photographs of combustion in t hree r ocket combustors. 

Legend - "High-speed photographs of the rocket-combustion 

procells, taken t hrough a transparent-walled eD8ine, are revealiD8 

consi derable information about the combusti on process in the 

r ocket ." 
" ' 

, ~ 

, . 
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6. - FUEU3 RESEARCH 
, > 

~e f'irst turboje t eng1nes developed in this country vere desigoed 
 

to operate on high-octane aviation gasoline or on a special kerosene­


. , "t1'Pe fUel that can be produced only in l1m1ted quantity. 
 
-~ 

~e projected use of' turbojet, turbine-propeller and ram- jet aircra.:rt , . 
-J.. , 1n large mmiberB f or both milita.ry 8Dl commercial applicat ions has i ndi ­

... ~ 
cated the neltd for a j et :ruel that will be avail.able in large quanti ­

• ,>. 

ties. Representati ves of the petroleum. industr,y have indicated the types
I • 

of f uel tha.t can be made available in the maD Mum quantity• ... 
~e Air Force, the :Buereau of Aeronautics, DeparbDent of the Navy, a:cd 

the NACA have undertaken the task of evaluat1l'l8 the perf'ormmce of such fuels 

in jet enginBs . ~e NACA is evaluati ng the f uels on the basis of alti ­

..". tude operational l 1m1te , carbon deposits , combustion efficiency at alti ­
". 

tude, startills at both sea l evel and alti tude , 8D1 other operating character­
.... -, 

~ , istics. On the basis of these e'Y8.luations, it will be possible to establish 

., 
what types of fuel can be used in current eng1Des and to e s t 1lllate what 

quanti ties of fuel will be available f or current engines . It will also 

.. be possibl e to determine what ch.anBes haTe to be m.de in current eng1nes 

~" ­ so that fuels available in the greatest quantity can. be used • 
....... ~ 
 

A second aspect of the problem is to determine which component e of , . 
,,~ hydrocarbon fuels give the best perf'ol"lllallCe in jet engines . It is a ve11 ­

known fact that t'uels deriTed :fraJI. petrol eum contain hundreds of indi ­

vidual. hydrocarbons. It 1s important to know the performe.nce of the 

individual. campollBnts in jet engines . In reCiprocating engines, the 

~ ., individual ~carbons vary in their knock-l1m1ted performmce from 
....... 

below zero to abaTe 350 and research to date iMica1les that :ae.rked 
F~ 

l ~ 
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differen.c83 also exist in their perfoI'lllmce in jet engines. 
~ . 

., A third problem that is receiving continued reaearch emphaais at 

tho lIACA 1s tho matter of fuels to orteDd the flight ranee of Jet air ­

..... , 
 

cre.:ft. Such airplanes are streamlined for high-speed operat10n and the 
, . 

space for tu.el. storage ia very l1m1ted. It 1s therefore, 1lD;portant to 

- .... use fuels that will deliTer the DElx1 muln heat fmlfJrgy per un1 t volUJlll). 

.. . 
!lhe HACA 1s 1nvest isat1ns hydrocarbon fuela .t v111 deliver :30 per ­

..4-~ 

cent mare enJ!Jrgf per unit voltDllilt than aTiati on gasoline . Investigations... 
~ are m::derway to utilize 8011d metals as aircraft fuels. If aluminum 

metal could be ut1lized as an a ircraft fuel, it would deliTer OTer 2 .5 t imes 

./Mt'IIInrA. heat eDlJrf!J per unit Tolume as aTiation gasoline and other :metals 

could del1Ter .t 4 times a8 lIUch gasoline. 
.., 

'. , IDustrat10ns 
, 

1. J3ar graph show1.ns 8lJI)unt of fUel available f'rom a barrel of 
 
. '" 
 

crude oil, for present aM proposed :fUel. Legend - "Only a vsry small-". 
~ . quantity of current turbojet fUel 1a a~lable f'rom. a barrel of crude 

II: 

oil; whereas almost half' of a barrel of crude 011 could be used as a Jet 
'" 

fuel UDier the proposed fuel spec1f1cation." 

2. Bar graph showing c01l'p81"atiT8 thrust for gasol1ne, aluminum, and 

ber,y1l1ua. Legem - "~e use of solid metals f or aircraf t :f'uele will result 

1n an appreciable i ncrease in ~t per un1t cross-secti onal cClllbustor 
, 

area OTer that a"f8i lable :from aviation gasoline . " 
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7. - ENGINE COl'fI'ROLS RESEARClI 

The BUcceaaf'ul operation o-r gas-turbine engines , even nth the 

attau..mt o-r desired component performance, i8 dependent on the 

engine- control 8yatsm. In general , i t 18 the :fUnction o-r an engine-

control ..,..tea to obtain opt 1mua engine performance and to maintain 

engine operation v1th1n sa-re and stable operating limits. Thi8 gen­

era! control cri tenon is dit'f'i cult to achieve for controls BY8tellS 

applied to gas- turbine engines . COIII;pl ete exploitati on of the engine 

potentiali ties -,y be attained only through accurate adherence to 

-r1n1te l 1aits of both engine speed and tem;perature, and reaponae o-r 

the control ayat~ JIlU8t be conaistent and reliable -ror all the 'ftl"Y­

1ng conditions o-r operation. 

Succua:t'ul. application of controla to the gaB-turbine engine 

requires a thorough kn01l'l edge o-r engine and control - ayatem transi ent 

cbaracteriati cs to enable t he desi gner to match the response o-r both 

fmg1ne and control ayatem. Matching o-r the response o-r engine and 

control s,...tem 18 essential, as i t JIJI!I.Y determine such important per­

-rormance characteristics a8 acceleration and decelerat i on rates. 

Maxi mum stre8ses in the reduction gearing of turbine-propeller 

engines, Yhich may ultu..tely dictate the 81ze and wight o-r this 

1Irportant caaponent, Yill r eault :rram 1JIproper matching of engine 

and control-s,...tem re8})Onse characteristics. Large torque fiuctua-
I 

tions and dangerous OTerspeed1ng of the ccapre8aor and turbine co.­

ponents IE)" be expected under certain condit10na o-r operation "hen 

engine and control .yetta are 1JIproperly -.tched. 
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Analytical. and experimental control studies are being conducted 

at the NACA to determine the control system and necessary response 

characteristics required tor each gas-turbine-eng1ne type. Various 

tabi1ity and response criteria are being studied to enable control 

designers to match and evaluate response characterist i cs ot any com­

bination ot engine and cont rol system. In order t o supplement bench 

and tull- 8cale-engine test tacilities, an el ectronic engine and 

control-s,.tem simulator n Il be used to study response character­

istics ot aDJ" combination ot engine and control system. 

I llustrations 

1. Curve shoving sngine speed variation as a function ot t1De, 

vith proper and improper reBpOnae curves. Legend - n IJu.proper match­

ing of the response ot engine and contr ol systems reaulte in undesir­

able 08cl11aticms and 1natabllity ot engine speed." 

2 . Schematic diagram shoving analogy between operation of an 

engine and a spring- end-weight system. Legend - "The response of a 

controlled gas-turbine engine can be interpreted :f'rom the analogous 

response ot a damped spring- and-weight ayst8ll. 
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8. - GAS-TURBIHE OPERATIONAL PROBI1!MS 

, . 
.) 	 

The use of gas-turbine engines for aircraft propulsi~n has created 
• 
)- , a new set of engine operational problema, most of which have been 

" , investigated in the altitude rind tunnel. For example , in high altitude 
,. , 

f l ight , the danger of combustion blow-out has been f ound to fix the 
-.. 

minimum rotational speed at which turbojet engines will operate and the 
.r ~ I 

-" , allowable 	turbine temperature has been found to limit the maximum rota­

tional speed . Another probl em resu l ts from the fact that the inertia 
,) 

of large turboJet engines is so great that the engine can not respond .. , 
quickly to throttl e changes , particularly at high altitude. Because 

; . 
the ability to accelerate rapidl y is essential for military applications, 

variable-area exhaust nozzles have been developed t~ provide a means of -.­
~ , , quickly increasing the engine thrust. 
~ , 

It has been found that multiengine Jet airplanes wil l cruise at 
" , 

best economy if a few of the engines are operated near maximum thrust 

~ • and the remainder are shut off. Under these condit i ons, it i s important 

to prevent air from f l owing through these idle engi nes because wind­
> • 

milling of the engine causes an increase in drag. W1ndmi l l1ng is 

, " 	 required to ,start the engines agai n , however, and this g1 ves rise to 

an additional problem. At high alt1tudes, the engine cannot be started 
.... ­

again unless the airplane is flyi ng at a very high speed • .. ... 
., 	 The vulnerability of the turboJet engine to icing conditions is 

. apparent from the rapid increase in tail- pipe temperature, the increase 

10 specific fuel consumption, and the decrease in thrust that occurs 

when icing is encountered. Laboratory and flight studies of the icing 

.... 
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". 	 problems have resulted in three methods of providing the ice protection 

that 18 "santiel to the safe operation of this type of engine •., 
The tirst method prortdes tor surface heating of all inlet compo­.,* 

nents exposed to i cing either by electric heaters or by hot Bas . The 
, > 

second met hod i nvolves the bleeding of hot gas tram the rear of the 

-~ engine into the inlet, and it is now possi ble t o desi gn a system with 

r ~ good anti-icing character i s t i cs using a minimum of Ibleedback. The 
;. ; 

third method removes vater droplets from the inlet air by inertia 
• > 

separat i on; experimental investigations have pr ovided sufficient data
" 
" > tor efficient design. The most economical i ce protect i on system for 

a specitic aircraft instal l ation may veIl incorpor ate combinations of 

these methods . 

Another signiticant gas-turbine operational problem is tha~ or -
~, 

increasing 	engine thrust for take-off and for short bursts of paver at 
~ , 

. altitude. The inj ection and burnins of additional fue l in the tail 

.... pipe of a turbojet engine is one attractive means of obtaintns this 

~ 

...... 
added thrust . In this process , which is variously called afterburning, 
 

> , tail-pipe burning, or exhaust reheat , the exhaust gases issue from the 
 

~ j et nozzle 	at h i gher velocities and hi gher temperatures than can be 
...... , 

tolerated ~ turbine-limi ted operation of t he conventi onal ensine • 

Af'terburnins can increase the engine thrust by as much 8S 35 percent 

for take-oft and 60 percent at tlight speeds ot 500 miles per hour. 

This increased thrust, however, entails a loss in fuel econany. Research 

is in progress at the MeA to solve the problems of fuel control to 

maintain sate temperatures and good econany, the determination of opti ­

mum tail-pipe size, and the reduction of the lossee in power due to the 

afterburner when it is not in operation. 

2.: 
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Illustrations . 
1. Chart showing the speeds required for a windmilling start at 

various altl'tudes. Legend - "A turbojet engine using an axial-flow 

compressor requires very high flight speeds tor a vindm11ling start 
, . 

at high altitudes." , . 
2 . Chart showing increase 10 t hrust and decrease in take-ott 

length resulting from the use of tail-pipe burning. Legend - ~e use 

of tail-pipe burning improves the thrust and take -oft characteristics 

ot turbojet-powered aircraft." 
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". 9~ - SllPEBSOlfIC RAM Jl!."l'S Al'ID FLIGm' PBOm.J!MS 
.,. . 
,. The ram. Jet poss.sses operating characteristics that make it 

.,. 
ideal for n ight at auper8011ic 8peeds. Compression of tbe a 1r is.> 

, , accOIIpl 1alwd in the rea Jet vithout auy mov1.Dg parta by simply 

., cooping in the air and utili zing the energy of n i ght to compress 
·. 

the air . Fuel i s then inJected aDd burned, and the resul.t ilsg hot 
t } 

guee are expelled r earward to proTide forward tbrust. 

~ \0 Shock wav.. that occur ahead ~ the inlet of the ram. Jet cala, 

serious eDer87 los..s and reduced e:ng1ne paver. In an a ttempt to 
,.. 

reduce theM loaaes, Tari oua improved 1nJ.et deaign.e have been studied 

, , b7 the lIACA. I t baa been shown that thia energy loss my be a1n1­

Ddzed by appropriate dea18n and that pressure recoveri.. within a 
-~ 

t .. percent ~ the theoretical maximum are pou1ble. 

.. More recent 1nveatigaticma of C<Dplete rail Jets operating in 

w1Dd tunnel . a t aupersonic ~eds gaTe pert'ol"llB.l1ce considerably belov 

theoretical l 1a1ta. Sensitive pressure pick-ups and high-speed 

photographs ~ the 1Dlet discl osed a fluctuating pressure and a 

shock wave that oscUlated at extremely high trequenc,. between i ts 

cleIIign poaition and a pos1tiaa. ahead of the inlet, thua a ccounting 

far the pertonance 10s..s . The 1natabU ity of coabuation n th 

ordiDar,- :ruela and aecniat ical r-ozvmce or "organ- p i pe" frequency 

were fo to be factors causing thia shock oscUlat1on. The JlACA 

1. continuing the atu~ of the effect of these related prob181lUJ of 

acouat1ea and cClllbuation atability on the flow into the ram.-Jet 

1Dleta ~ ~ geometric proport1ons. 
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Much larger rail jets have been studied at supersonic speeds 

Y1th a ducted 1Dlet in the a.ltitude v1nd tunnel end in free flight... 
> • with a series of ram jets latmched from an airplane at high altitude. 
., 

Reaults have .bown the effect of ram- jet geometry on net thrust as 

apeed is increased in the fa.l.ling t rajectory. This research on ram 
I- > 

jets v11l be continued, Yith much of the work to be performed in thl 

> ~ 

eight-by-s1x- foot supersonic wind tunnel soon to be placed in 
 
.;' 
 

"> 
operat i on. This new tunnel V8.IJ bullt vith the assi stance of the 
 

. \ Department of the Na.,,- and arka a _jar addition to the supersonic 

, > 
research facil ities of this country. 

The viscosity or friction of air results in the build-up of a 

thin layer of stagnant air called boundary layer on air flow sur­
y ~ 

faces, a factor that complicates the sol ution of the aerodyDamics 
~ v 

of supersonic flight . Viscosity affect. the separation of air flov..... . 
"" , fran surfaces, the t ransition from smooth flov to turbulent f l OW' in 

• the boundary layer, the heat transfer at the surface , and t he i nter­

action of shock vith the boundary layer. The growth of boundary 

l ayer an both the wind-tunnel walls and model surfaces ccqplicates 

the interpretation of experimental data obtained frail supersonic 

iDTeatigatioDS. Special research teclm1ques are being employed by..,.... 

the NACA in new facUities designed for the study of boundary-layer 

and heat-transfer probl -.s as they relate to supersonic-v1nd-tunnel 
~ . 

and propuleion-systea design•.. 
... ~ 

. ~ 



~ 

~

.. 
 
- :3 ­

Il1uatratlcms 

1. P1ctor1al sketch aho1r1ng 1Datal..lat1on of a l"Ul jet in the 

super.cm1c tmJDIIl . Leg8Dd - "The 1n8tallat1on at rea Jet. in apec1al1,. 
I 

equipped au:peraa:L1c tunnel. pendta detailed 15tuc1y at operat ion. " 

2 . Cum ahov1ng the falling ott ot nua- jet recOT8l7' wen fuel is 

burned. Sketches shariDg the 8hock pi cture Y1th alld Y1thout burn1ng 

are super1Jzpoaed. Legend - "The burn1.ng of ord:1m.r7 tuel.a in the wper­

aonic rea Jet cauaea the ahoclt to pulsate betwen i ts design poai ­

t10n and a poe1tiOll1 ahead or the iDlet, result ing serious 10U88 in 

pre.aure r8Cmery." 

3. The e1ght-by-.1x-toot superaon1c Y1nd tuDnel.. 

'( 

~ 

... 

'. 
.. 
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