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I ,. It is a military axiom that no a irplane can f l y fast 
 

enough. The speed of an ai rplane i s a functi on of i ts 
 

power pl ant. We have already exceeded the upper limi t of 
 

the reciprocating engine-propeller combination, a limit of 

500 miles per hour, and are now in an era of jet-propelled 

I • 	 

Figu"(e.- ff1 
aircraft. Shown on the first slid~a re t he probable applications 

of three types of jet-propelled aircraft. The simple turbo" 
.. 

jet engine will find application to 750 miles per hour, a 

speed at which turbo jet propelled aircraft are almost flying
t ) 

, • now. The turbo jet, with afterburner, will probably find 

~ 
I appl i cation tol500 miles per hour. The ram-jet engine, which 

does not have mechanical compression nor moving parts in the 

combus t ion chambe r, will be us ed above 1200 miles per hour. 

It is this engine with which we are concerned. 

The ram-jet engine consists merely of a long tube divided 

into three parts: an inlet, a c('mbustion chamber and an 

exhaust nozzle. By virtue of the engine's forward motion, 
~ 

air is rammed into the inlet where its high velocity is 

converted into pressure. Fuel is then introduced, mixed with 

the air and burned, and the products of combustion exhausted 

through the exit nozzle. 
I 

Be cause 	of its simplic i ty t he work on the r am j e t at this 

~ 
r(Q()Ye. 70 

l aboratory has been divided into t wo parts ~ ( ~1Q. ______) . 

One phase of study concerns the inlet or supersonic d i ffus er, 

the other concerns the combustion chamber. The results of 

i nvestigations made on supersonic i nle t s were presented at 

t he las t annual inspec t ion. The results of work done on 
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ram-j e t combustion chambers are presented here today by anothe r ~ 

~ speaker. 
~ 

Both phas es are continuing independent of each o t her. In 

addition an investigation has been initiated on the complete 

ram-jet engine. One phase of the investigation on the com

plete engine w~scarried out in the 18- b:y l8-inch supersonic
f,t:flt- 7/	 

wind tunnel. /1 . doe A 3-l/2-inch ram ,jet was stub-

wi ng mounted in the test section. The engine inlet projected 

" into the 	window region of the tunnel making possible photo
\' 

graphs of 	the airflow about the inlet. The engine exhaus ted 
"'" 

directly 	into t he wi nd tunnel. Thus we have a 3-l /2-inch 

ram jet operating in a supersonic stream, in this case, a 

~ Ma ch number of 1.9. 

-( Typica l results obta i ned during this i nves ti gation are .. 	 F,qt.lre 72
shown on t he next slide . /1 (Slide - -) We h ave plotted the., 	 

,( 	 maximum compression ratio as a function of heat releas e rate. 

Based upon all steady flow considerations it was theore t ically 

anticipa ted that the maximum compression ratio would remain 

'( 	 constant, independent of the heat release rate. It was deter

~ mined experimentally, however, that as the heat release :rate 
"< 

increased the maximun compreSS ion ratio fell off. I n the 
~ .. 

range of practical i nterest t h i s d rop was as high as 25 percent 

of t he maximum compress ion ratio. This dec r eas e seri ous ly 

ef f ects the ope ration of the engine • 

Since the theoretical curve was based upon the assumption 

tha t the flow through the engine is steady, motion pictures 

y 

.. 

" .. 
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we r e taken of the exhaust of the 20-inch r am j e t ope rating 

with supersonic inlet condi tions to determi ne the validity 

of thi s as sumption. (Motion pic tur es we r e shown here ) . 

When taken a t normal camera speed, the flame appears 

relatively steady to the eye. However, when the same f lame 

is photograpbed with a high-speed came ra (sixty-two times 

the speed at which the pictures are being vie we d) the flame 

a ppears inte rmittent and pulsating. 

\Vhat effect does this combustion pulsation have on the 

inlet? If it can be shown that the pressure disturbance caused~ 

by the combusti on fluxua t ions are propaga t ed to the i nle t, 

then a sa tis fa ctor y exp l ana ti on can be off e r ed for the de

crease in maximum compr es s ion ratio with h ea t r el ease rate. 

f High- speed photogr aphs we re t aken of the a ir flow about t he 

~ 

" 

~ 

inlet to the 3-l/ 2-inch engi ne . (Mo t ion p ictu res were shown 
~ 

he re). Without combustion in the engine the f low appears 

steady and t he shock at the inle t appears stable . When f uel 

is burned in the combustion chamber, however, the shock a bout 
" 

t he inlet begins to oscillate. On the basis of t he photographs 

just shown a satis factory the oretical explanation can be of f e red 
"\ 

explaining t he decrease in max imum compr ession r ati o with hea t 
"" ... 

r eleas e rate. 

Another phase of t he investigat ion on t he comp l e te s uper

son i c r am-je t engi ne was made by empl oying a f re e- f light drop 

testing technique . A ram-jet engine is carried aloft by an 

airplane, released from high altitude, and allowed to fall 
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f ree to the ea rth. Thi s investiga tion is be i ng carried on 

in cooperation with the Langley labor atory. One of the engines s
See photo8YQPk C-22.33 

us ed i n this i nvest i gation is on dis p l ay in the lobby. /I 'fbe.. 
F~v'(~ 7.l 

ne t 811d.~ (n-lElibe r ~ shows a cutaway of the engine. A 

spike inlet is used f ollowed by an annular subsonic diffuser, 
.... . 

a fuel injector J a f lame holder, a combustion chamber, and 

an exhaust nozzle. Four trapezoid~l fins are we lded to the 

exhaust nozzle to provide some degree of ae rodynami c stability. 

The combustion chamber is 16-inches in diameter. An inner 
) 

body is used to .carry. the fue~ ~upply , controls, and teleme. . ' 

tering equipment. Te l emet"ering and radar tracking are used 
.J-~ 

to record the f light path and engine performance. The tele

mete r ante nna serves t he dual function of antenna and pitot

of stat ic tube. A cutaway of the inner body is located on a 
.... 

stand beneath the screen. See. fltoto~~p ~ C-223lfg' 
" 

The next series of motion pictures shows the engine being 

carried aloft by an airplane and dropped. The first scene 

shows the engine suspended beneath the right wing of a F-82 , . 
airplane. The airplane is climbing for altitude. When the 

desired altitude has been reached, in this case 30,000 feet, 

fuel is turned on and ignited. When the operator is satisfied 

t hat the engine is burning sa t isfactorily h e re l eases t he r am 

je t from t he airplane and allows it to fal l free ly to t he ear th • 
... 


It is during this phase of the f l ight tha t t he ram jet pas ses 


through the transonic speed range and reaches supersonic 


velocity. 
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Typical r esults obtained from one of the drops are shown 
r/9Vye 71/

i n the next s l ide . II The thrus t horsepower developed is pre

sented as , a function of ai r speed. The upper curve is the, 
theoretically anticipated thrust hors epower and the lowe r 

curve the experim.entally obtained thrust horsepower. The 

experimental curv'e follo ws the general trend established by 

the theoretical curve. The s light irregularity in the ex

perimental curve was caused by a sudden change in t he f uel 

flo w. At all air speeds the experimental thrust horsepower 

was less than the theoretically expected horsepower. The data 

are too meager to permit a definite conclusion as to the r eason 

for this difference. Indications are, ho wever, that this 

.. d i fference is due to excessive compres s ion ra tio losses . These 
,. 

l oss es may a rise from t he same phenomena encountered in the 

tests of t he 3-1/2- inch engi ne . C,ontrolled studies wi th la r ge r 
.. y 

engines, studi es such a s will be possible i n t he 8- by 6-foot 
,,, 

supersonic wind tunnel when it is completed, are necessary 
~ 

before definite conclusions can be drawn• 

... 

.. 

I
... 

. 
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JET ENGINE APPLICATIONS 
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Figure 69. 
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Figure 70. 
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Figure 71. 11.29·48 

RATE OF HEAT RELEASE 

Figure .72. 
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co f\lTI?o L Roo'1Supersonic Boundary- Layer Measurement Techniques 

Suppose we consider t he airflow about a wing traveling
fi f)()l/e 7S

at s upersonic vel ocity as indicated on t he f i rs t s lide~ The 

shock-wave forma t ions shown a re probabl y f amiliar to all of 

you. 

.. Now imagine yourself moving along with the wing. The
 

• 
 air would appear to be flowing past you in this direction at 

about flight velocity except in thia r egion where the velo

city would drop quite sharply from flight velocity here to" 
zero velocity here as if the layers of air in this region 

were sliding over one another and in so doing were encount ering 

friction. It is the existence of this region - the boundary 

layer - tha t is responsible for the friction drag of the wing. 

The thickness of the boundary layer has been exa ggerated on 

the slide. 

A bounda ry-layer r aglon wi ll develop in any flow passage 

as in ram jets and wind tunnels even a t low speeds. At high 

speeds, however, compressibility changes the nature of t he 

bOlllldary layer f low. HeRt-trans f er effe cts and i.nt eraction 

of shock waves with the boundary l ayer are of such com

plexity that we must resort to experimental investigations. 

If we insert a tube open at one e nd into an airstream we 

measure an i mpact pres sure from which t he stream velocity ca n 

be calculated. Such tubes are used for boundary-layer measure

ments. However, any instrument tha t must be insert ed i n t o 
f 

an airstream will disturb the flow. The use of a beam of 

.. light to probe the flow would avoid such disturbances • 
, 

... 
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A method based on th is optical technique was already 

availabl e, making us e of t he principle of light interf erence 

through an int erferometer arrangement suggested many years 

ago. This l aboratory has developed the application of these 

interferometer techniques to boundary-layer density measure

• ments. 
;=,j.vve 7.0 

The next slidell shows the interferometer arrangement used. 

;.. Light from the source which is made parallel by this lens is 
;.. 	 

split into t wo parts by this lightly silvered plate which 

reflects half of the light and transmits the other half. The 

transmi t ted pa rt is sent through the wind-tunnel test section 

Which contains the model. After passing through the tunnel 

the beam is r eflected at this point to t he second plate whe re 

it is joined by the l igh t beam tha t was r efl e cted down a long 

this pa th. The second pla te combines the t wo beams and an 
• 

y interference pa ttern is set up whi ch can be made to a ppear as 

y a series of vertical light and dark bands if the density 

field in the tunnel is uniform. Think of light as a wave 
>( , 

.. 

't' 

y 

motion similar to the motion of wa ter waves. Where the wave 

crests of the two beams come together they combine to form a 

bright r egion; where a wave crest and a wave trough come 

together they cancel to f orm a dark region. 

A non-unifo rm densi t y f ield r esulting from t he p r esence 

of a model wi l l d i s t ort the ver ti cal pattern because there 

is a difference in the veloci t y of light through the various 

density regions . Because band distortion and air density are 

related, the band distorti ons can be u sed t o obtain quant itative 
~ .. 
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• ~~~n 
values of r e lative densi ty. The next Slide~ shows the 

pattern obtained with a wedge-shaped plate in a s upersonic 

• s t r eam having a Mach number of 1.8. Here we see the band 

distortions caused by ~e leading-edge shock wave and here 

• 	 the distortion caused by the boundary layer. The pressure 
 

tube used to obtain an independent survey of this boundary 
 
>

layer can also be noticed. An enlar gement of the boundary. 
Fi~IJ'fe 78 .. 	 layer regions is shown on the next slide. A Here the distortion 
 

caused by the boundary layer is plainly visible. The layer 
 
~ 

is 0.050 inch thick at this location. You can see the di s 

turbance of the pressure tube upon the flow. This tube has 

an internal opening of 0.002 inch and an over-all thickness 

of 0.005 inch. Boundary-layer densitie s obtained f rom pressure 

tube and inter feromete r t echniques are compared in the next 
rt'fuye 71 

s l ide . /1 The vertical scale repr es ents d enSity at any point 

in the boundary layer. The h orizonta l s cale represents 

distance from the plate surface. The quantities are given in 

terms of stream density and boundary-layer thickness, respec

tively. 

The mutual agreement between the interferometer and pressure 

tube techniques i ndicates that in this particular case the t wo 

me thods are equally satisfactory. I n genera l, each me thod wi ll 

have its own fie ld of application. These techniques are be ing 

used i n our r esearch pr ograms t o ob t ain a more complete under ... 
standing of the boundary layer in compressible f low • 

• 
~ 

.. . 
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TALI( LIT 
The 8- by 6-Foot Supersonic Tunnel 'b)(~ / S 5/ 

coNT1i'O~R60M .. 
The last two speakers have described some of the wor k 
 

being c onducted in the small and medium-size supersoni c t unnels 
 
~ 

and i llustr ated t he contr i butions of t h es e tunne l s to t he • 
research program. However, some components of supersonic 

• propulsive devices, particularly t he power plant, cannot be 

scaled down and tested successfully in sma ll tunnels. The• 
Fi90re ~O 

8- by 6-foot s upersonic tunnel~ is being built as a first step 

in filling this gap in the r es earch equipment and larger 

tunnels may be r equired as the size of the power plants in

crease. 	 The tunnel test section is 8 feet high and 6 f eet 

wide and vlill operate over a range of speeds up to 1500 

miles per hour. The tunnel is s t ill under construction but 

is expe cted to be in operation soon. 

" 	 Briefly, in operati on of t h e tunnel, air is drawn from 
~ 

f 	 the atmosphere, passed through a large air dryer and into a 

( 	 plenum chamber at one end of the drive motor building. From 

there it continues through a compressor, a flexible wall nozzle, 

the test section, and into a diffuser which recovers the 

kinetic energy of the air and thereby reduces the power re
.( 

quirements of the tunnel. In the tour of the project, the 
... 

tunne l equipment will be discussed in more deta il. An outl ine 

of the tour is a s f ol lows: From t he observa tion room, Where 
T 

you a re now seated , we s hall pr oceed to t he downstream end of 
~ 

the a i r dryer f or our f i r st s t op. Pr om t he re we will go to• 
~ the upper level of the drive equipment building to view the 

" drive motor and compressor installation. We will then leave 
~ 

... 	 the bui lding and pass t hrough the shop to the upper l evel of 

·" 
 the test chamber. We will now start the tour by entering 



- 2 


-< the main control room f r om which t h e ope r a tion of the entire 

pro j ect is cont rolled• 

... 
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Talk I"~ ;tt'y Dyy eY f}ul'IJ/~g__ 
 

You are now at the downstream end of the air dryer building• 

To review briefly , t he air ent ers the far side of the building 

and must pas s through a t l east one dryer bed be fo re movi ng 

to the plenum chamber. The purpose of the air dryer is to 

remove the moisture f rom the air entering the tunnel, to 

prevent condensation from occuring in the test section as a 

result of t h e large temperature drop experienced by the air 

in expanding to supe rsonic speeds. It is by far t he largest 

such piece of equipment ever built and handles about 2800 

p ounds per s econd of air or approximately 25 t ime s as much 

air as the dryer now in use at the altitude wind tunnel • 

The dryer contains 1100 tons of activated alumina evenly 

distri buted in 8 dryer beds. The activated a lumina which 

acts somewhat like a blotter can adsorb onl y s o much mois ture . 

Vfu en this condi tion is atta ined the a l umina must be dried or 

reactivated by passing heated air through the beds f or 

several hours; an operation wh ich wi 11 require beat at the 

r a te of 160,000,000 Btu per hour. 

4 ~ 



va 
_ 4 _, OPfa.Y l(['lJ"'( 0-+ dn 

rYlIlt Jj (}Jpmellt B 'l. j:JUt 

p Yii bldo ,Ta{~ 1)1 Dri tie. 7 UJro..l'tIS' { 
" . 
-"Y! Our l a st stop was over here at the downstream end of the 

dr ye r building. The wall wh ich sea l s the pl enum chamber from 

the drive e quipmen t wi ll go h er e . The ax ial-flow c ompres s or 

which you see ahead of you will have an entrance bell attached 

to the front to guide the air into the blower. The COID-

pressor is a seven-stage unit and contains approximately 1000 

blades. The inside diameter of the casing is 17 feet, 8 

inches at the inlet and tapers to 16 feet, 2 inches at the 

outlet. The rotor has a constant diameter of 13 feet, 2 
~ 

inches and we i ghs approximately 160 tons. Two rotor blades 

are shown on the t able. The larger blade is for t he f irst 

stage and the small one f or the last. These blades are fixed 

.., i n t he rotor, wh i le the stator b l a des can be a djus t ed to 
 
~ 

differen t angles. All of the blades are made of dural • 
 
... 

The compr essor is driven by these t h ree wound rotor motors,.., 


""y coupled on a common shaft, and having a rated total p ower of 

~ " 87,000 horsepower. Liquid r h eostats at the lower level of 


the drive equipment building control the speed of the motors 


from 770 to 880 rpm • 


.. 
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.. r 

You are now in t he test chamber. The test chamber con

t ains th e test section wh ere the t est mode l wi l l be located , 

tbe ba l ance f r ame and s cale equi pmen t fo r trans mitt ing and 

recording the forces on the model and the schlieren system 

which is used for qualitative analysis of the air flow 
,J 

around the model. The 4-foot-diameter parabolic mirror 10
.... " 
~~ cated behind you is a part of the schlieren equipment. 
~ 

Earlier in this tour it was stated that the tunnel 

airspeed could be varied over a range of speeds up to 1500 
,\ 

miles per hour. The varia tion in airspeed is obtained by 

moving the t wo 35-foot long and 8-foot high ver tical walls 
~ 

of the tunnel. Flexible walls are being used because a dif

,..", ferent tunne l contour is requi r ed for each s upe rsoni c air

'r1' speed. The fl exible walls are moved by hydraulically driven 
.

.;' 
jack s c rews l ocat ed along the l ength of each wall. All 

"'> jack screws move simultaneously and are positioned by in
~ . 

dividual cams th~ough a hydraulic follower system. You may 

'( 
now step over here to look .t the flexible wall and into the 

tunnel. 
-; 

..., 

... 

., 

... .. 

~ 

~ 



The photographs on the six following pages show 

the display of instruments on the stage of the Auditorium, 

avail abl e for inspection immediately following the luncheon. 
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