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Remarks by Dr. H. L. Dryden,..... 

Director of Aeronautical Research,
'I National Advisory Committee for Aeronautics 
~ , at First Annual Inspection 
~~ 

of the Flight Propulsion Research Laboratory, 
Cleveland, Ohio, 

• October 8, 9, and 10, 1947 

Distinguished guests: 

I welcome this opportunity to tell you about the research program of 

the NACA, and to place in perspective that segment of it which you will 

meet today so that you will not be so absorbed in the detailed results which 

will be shown to you as to miss the general pattern. .. 
The mission of the NACA is to "supervise and direct the scientific 

study of the problems of flight with a view to their practical solution." 

If such a study is to be effective the program must be something more 

than a collection of individual problems. The research program must 

have something of the characteristics of a living organism with a unity 

of purpose, with definite goals, and with continuous adjustments to its 

enVironment. On closer examination analequate research program will 

be found to consist of major areas of effort with definite goals in each 

.J. area and the major areas will be found to consist of more limited regions 

with more specific goals. Ultimately the program breaks down into 

specific tasks to be attacked by small groups or by individuals. At this .. .. 
stage the goal is often that of complete under standing of some natural• 
phenomenon and the methods are those characteristic of so-called pure 

science. But through all stages there must be an interdependence and 

unity of purpose. 
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:. The environment of present-day aeronautical science is the tech­
~ .. 
., nical revolution arising from the wartime development of jet engines and 

rockets. 	 One of the major goals of aeronautical development is the at ­.. 
~ 

tainment of supersonic flight of piloted and pilotless aircraft. The func­

tion of thefACA is to furnish the basic scientific and technical data 
~ 

•
• 	 which will make supersonic flight not only possible, but safe, reliable, 
~ 	 

and useful. The apex of this effort in aeronautical development is the 

cooperative study of piloted high-speed research airplanes in flight, by 

the military services, industry, and NACA. 
• 

You will see today a cross-section of that portion of the research 

program dealing with propulsion, since you are at the NACA Flight, ,; 

•• Propulsion Research Laboratory. Little work is in progress on recipro­

cating engines, because these engines have already reached an advanced 
~ 

state of development and the NACA must place its emphasis on those 
> • 

engines which show most promise for future development. The power 
'. 

plants which make possible the eventual attainment of super~onic speeds 

are the turbo-jet and the rocket engines. These engines have reached 

a state of practical utility, and research effort will greatly expedite 

their development. In a somewhat earlier state of development and use, 

is the ram jet. It is the most attractive power plant for speeds in excess 
• 

of about 1.5 times the speed of sound where reasonable ranges are re­

quired. In fact we might divide the speed spectrum of our engines about .. 
as follows: The turbo-prop for speeds up to those at which high propeller 

..... 
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efficiencies can be maintained about 450 to 550 mijhr with present 
~ 

~ .. propellers; the turbo-jet for speeds from 500 miles per hour to speeds 

.. of 1.5 times that of sound; the ram jet from sonic speeds to speeds of 
'~, 

, several times that of sound; the rocket for extremely high speeds, for 
, 

short bursts of power, or for flight outside the earth's atmosphere. 

The goals of research effort on turbo-jet and turbo-prop power 
 
... 
 

plants are (1) to increase the performance of the power plant for a 

given size and weight, and (2) to increase the reliability and life 'of this 

type of power plant. 
~ 

To increase the performance of a given size and weight it is nec­

essary to improve the performance of the component parts of the 

" • '" engine, i.e., compressor, combustion chamber, turbine, and bearings; 
.., 

and to carefully match the components so that all attain their optimum 
. 

performance under the same conditions. In particular, the compressor 
. 

and turbine must operate at the same speed in the conventional turbo­

jet engine, and hence their characteristics must be matched. Finally, 

the operating control must be designed to give the most efficient opera­

tion. 

From the work in progress on compressors, you will hear some­
• 
~ thing of the work on axial-flow compressors and of the operation of an .. 

axial-flow-compressor rotor in air at supersonic speeds, a development 

that promises drastic reduction in size and weight, but probably at first 
~ 

at some expense in efficiency. A variable component test unit which has 

.... 
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been very useful in the study of compressor performance will be shown. 

... 	 Some of the work on the mixed-flow type of compressor will be des­

cribed, as well as the story of the improvement of a compressor now.\, 

, 	 
under development in cooperation with the military services and industry . ., 

In the field of combustion, you will hear something of the diffi ­

culties encountered in maintaining a flame at high altitude and the part 

played by the NACA altitude wind tunnel in improving U;S. turbo-jet 

engines. There will be described to you the effects of the fuel used and 
~ 

of the geometry of the combustion chamber on the behavior of flames at 

altitude, on the limiting altitude at which a flame can be maintained, on 

flame speed, on ease of ignition, and on efficiency. 

The performance of the turbine can be improved through improve­

ment in blade design, and especially by operation at the highest possible 

temperature. Operating temperatures can be increased by cooling the 

It­

• I 

blades and the rim of the turbine wheel or by the development of mate­

rials which will withstand higher temperatures. Work is in progress on 

metal alloys, or ceramics, and on new materials called ceramels, which 
.. 

consist of mixtures of metals and ceramic materials. You will hear about 

investigations in these fields, about bearing friction, matching of compressor 

and turbine, and about controls . ... 
 

The goal of increased performance for given size and weight is of 
 

.. course an ever receding one. One definite numerical goal is set, however, 
 

by the fuel economy of the reciprocating engine, a goal difficult to attain 
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in the near future, but considered by no means impossible of ultimate 

accomplishment. 

... 	 The second goal of the turbo-jet and turbo-prop work is to increase 
.... 

the reliability and life. From the investigations in progress in this field 

you will see something of the studies of blade stresses, of vibration and 

. ' 	 flutter, of causes of failure of turbine discs, and of methods of protection 

ofturbo-jet engines against icing. A unique piece of equipment for this 

latter study is the ice tunnel, in which the actual icing conditions in the 

atmosphere can be reproduced. 
~ 

You will see something of the work of the NACA on the rocket type• 
of power plant. We are studying various high-performance fuels as a 

means of increasing the performance of rockets. The combustion process 

"" is being studied in an experimental glass -sided combustion chamber with 

the aid of high-speed motion-picture photography. Increased reliability 
, 

and life is 	being sought by the study of sweat cooling. 

\ Some work on ram jets will be in evidence, and on other items 

which it has not been possible to include in this brief review. 

.... Having broken down the research program into specific fields of 

effort, it is necessary to bring together the results obtained in these 

specific fields in complete power plants to verify the practicability of .. 
application of the results. The NACA Flight Propulsion Research Labora­

tory has excellent equipment for studying the altitude performance of 
<f" 

complete power plants of moderate size. Rather than go to the great
~ 



- 6 ­
,... 

} 

expense of building experimental engines to demonstrate the results of.. 
• , .... its research, the NACA has adopted the policy of using engines under 
~ 

development by the military services for research purposes, working in .... 
. • close cooperation with the military services and industry. By selecting 
,~ 

engines intended for large-scale procurement, there is a tremendous 

benefit to the nation in obtaining early application of research results . 
.... 

You will see some of the results of this work on certain widely-used 

power plants . 
... 

Research on these power plants is characterized by development ... 

and extensive use of special instruments to measure the performance of 

all components of the engine. Such extensiv.e instrumentation is not .,. 

~' Il8eded in the ordinary development and evaluation tests of over -all per­

formance, and is the key to the difference between research and other 

activities. An exhibit of instruments has been arranged for your inspec­

tion at lunch time, but I believe you will notice their wide use throughout 

the laboratory if you are observant during the course of your inspection. 

.. ., I hope that you will have an interesting and profitable day, and 

that this brief evaluation will give you the means of synthesizing the 

.. many views of our work into a unified picture . 
~ 

... 

... 
... 

.... 
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REMA.RKS BY DR. H.L.DRYDEN, 
DIRECTOR OF AERONAUTICAL RESEARCH, 

NATIONAL ADVISORY COMMIT'IEE FOR AERONA.UTICS 
at FIRST ANNUA.L IN3P~TION 

OF THE FLIGHTffioPULSION RESEARCH IAEORA.TORY, 
CLEVELAND, OHI O, • 

OOTOBER 8, 9, and 10, 1947. 

Distinguished guests: 

I welcome this opportunity to t ell you about the research program of 

the NACA, and to place in perspective that s egment of it which you will 

moet today so that you will not be so absorbed in the detailod results 

I'Jhich will b e Sh01'11 to you as to mis s the general pattern. 

The mission of the NACA is to Ilsuperviso and direct tho scientific 

study of the problems of flight with a view to their practical solution." 

If such a study is to be effective the program must bo something more than~ 

a collection of individual problems. The research program must have some­

thing of the characteristi cs of a living organism with a unity of purpose, 

with de:finite goals, and 'with continuous adjustments to its environment. 

On closer axc:unination an adequate research program will be found to 

consist of maj or areas of effort with definite goals in each area and the 

major arcas will be found to consist of more limited r egions with more 

specific goals. Ultimately the program breaks dOYIn into specific tasks 

to be attacked by small groups or by individuals. At this stage the 

goal is often that of complete understanding of sane natural phenomenon 

and the methods are those characteristic of so-called pure science. 

But through all stagos thor e must be an interdependence and unity of 

. -I 

~ purpos~. 

The environment of pres ent-day aeronautical science i s the t echnic al 

revolution ariSing f rom the 'war time development of j et engines and rockets. 

- + On e of tho ma j or goals of aeronautical development i s the attairunont of 

~ 

.,.. 
supers onic flight of piloted and pilotl e ss aircraf t. The function of the 
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National AdvisOT'J C . ttee for Aeronautics is to fu -h the basic scientific 

and teclmical data which will make supersonic flight not onJy possible, but 

safe, reliable, and useful. The apex of this effort in aeronautical develop­.... 

• 	 ment is the cooperative stuqy of pilot ed high-speed research airplanes in 
 

...-. 
 
flight, by the military services, industry and NACA. , 

You will see today cross section of that portion of the research 

program d,~aling v'lith propulsion, since you are at the NACA Flight Propulsion 

~ 

Research Laboratory. Little work is in progress on reciprocating engines, 
'-­

because these engines have already reached an advance state of development 

and the NACA must place its emphasis on those engines which sho'w most 

promise for future development. The power plants which make possible the 

eventual attainment of supersonic speed are the turbo-jet and th e rocket 

~ 	 engines. These engines have reached a state of practical utility, and 
 

research effort ,vill greatly expodite their dcv31opment. In a somewhat 
 

earlier state of development and use, is the ram jet. It is the most 
 

attractive power plant for speeds in excess of about 1.5 times th e speed 
 

of sound "here reasonable ranges are required. In fact we might divide 
 

the speed spectrum of our engine s about as follows: 
 

The turbo-prop. for speeds up to those at which high 

propeller efficiencies can be maintained - about 450 to 

550 miles per hour with present propellors; the turbo-jet 

" -I 	 for speeds from 500 miles per hour to speeds of 1.5 times 
 

that of sound; "the ram jet from sonic speeds to speeds of 
 

several times that of sound; the rocket for extremely high 
 

-. 	 speeds, for which burst of power, or for flight outside 
 

the earth's atmosphere. 
 

The goals of research efforts on turbo- jet and turbo-prop . power 

plants are (1) to increase the porformance of the power plant for a givon 

size an d weight and (2) to increase the reliability and life of thi s type 

of power plant. 
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To increase the performance of a given size and weight it is 
.'" 

... 	 necessa~ to improve the performance of the component parts of the engine, 

p 	

i.e. , compressor, combustion chamber, turbine, and bearings; and to 


carefully match the compononts so that all attain an optimum performance 


under the same conditions. In particular, the canpressor and turbine must 


operate at the same speed in the conventional turbo-jet eng:ine, and hence 

") 

their characteristics must be matched. Final1y the operating control must ... 

be designed to givo tre most efficient operation. 

From the work in progress on compressors, you will hear something 

of the work on axial-flaw-compressors and of the operation of an axial­

flow-compressor rotor in air at supersonic speeds, a development that 

• 
promises drastic reduction in size and weight, but probab1y at first at. 

some expense in efficiency. A variable component test unit which has 

been very 	us eful in the study of conpressor lXlrfonnance will be shown. 

Some of the work on the mixed-flow type of compressor will be describod, 

as well as 	the story of the improvemen~ of a compressor now under 
"T 

development :in cooperation with military services and industry. 

In the field of combustion, you lilill hear samething of the difficulties 

encountered in maintaining a flame at high altitude and the part played by 

"\ the NACA Altitude llind Tunnel in improving United States turbo-jet engines. 
, , 

There will be described to you the effects of the fuel used and of the 

geometry of the combustion chamber on the behaviour of flames at alt i tude, 

on the limited altitude at which a flame can be maintained, on plane speed, 
- -; 

on ease of ignition, and on efficiency. 

The perfor mance of the turbine can be improved through improvement 

in blade design, and especial1y by operation at the highest possible 
-... 

temperatur e. Operating temperatures can be increased by cooling the 

blades and the rim of the turbine wheel or by the development of material 
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which Will withstand higher temperature. \lork is in progress on metal .. 
alloys, on ceramics, and on new materials called caramels, which consist 

~ 

,. of mixtures of metals and cerami c materials. You will hear about the 

· ..... 
investigations in these field!;, about bearing friction, matching of 

• 
compressor and turbine, and about controls.• 

The goal of increased performance for given sizes and weight is 

of course an ever receding one. One definite numerical control is set, 
.... 

; } 	 however, by the fuel economy of the reciprocating engine, a goal difficult 

to attain in the near future, but considered by no means impossible of 

ultimate accomplishment. 

The second goal of the turbo-jet and turbo-prop. work is to increase 

~ the reliability and life. From the investigations in progress in this 
· , 

field you lI,ill see something of the studies of blade stresses, of 

+ 	 vibration and flutter, of causes of failures of turbine diSCS, and of 

.. ' methods of protection of turbo-jet engines a gainst icing. A unique piece 

of equipment for this latter study is the ICing Tunnel, in which the 

actual i cing conditions in the atmosphere can be reproduced. 

You will see something of the l\lork of the NACA on the rocket type 

of power plant. We are studying various high performance fuels as a 

means of increasing the performance of rockets. The combustion process 

- ~ 	 is being studied in an experimental glass-sided combustion chamber with the 

aid of high-speed motion picture photography. Incr8ascd rcliability 

and life is being sought ty the study of sweat cooling. 

~ , 	 
Some work on ram jets "will be in evidence, and on other i terns which 

it has 	not been posssible to include in this br i ef revi ew. 

Having broken dovm the r "csearch program into specific f ields of 

J( 

~ .. 
effort, it is nece ssary to bring togethcr the results obtained in thes e 

-1 " specific fields in c omplete power plants to verify the practicability 
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of application of tho results. The NACA Flight Propulsion Re s earch .. 
Laboratory has excellent equipment for studying till altitude perfonnance 

.. 	 of comple t e power plants of moderate size. Hather t han go to t h e c;rcat 

expense of building experimental engines to demonstrate the r esults of its 

research, the ~\CA has adopted tho policy of usinG enGines under develop­

ment by the military services for research purposes, Horking in clos e 

cooperation with the military s ervices and industry. By s electing engines 

. ~ 

).. 

int ended for large scal e procurement, thero is a tremendous b enefit to 

the nation in obtaining early applica tion of r esearch r esults. You will 

s eo some of the r e sults of this Ylork on certain TJidely us ed pOYler plants. 

Res earch on these power plants is cha racterized by development 

~ 

and extensive usa of special ins t ruments to mo,]'scre t ho p erformance of 
~ , 

all componmts of tho engine . Such extensive instrumentation is not 

.. 	 n eeded in the ordinary development en d evaluat ion t ests of over-all 

., 1 	
per f orman ce, and is the key to the differ ence between r es earch and 

other activities. An exhibit of instr~monts has beon arranged for your
" 

inspection at lunch time, but I believe you "Jill notice their vJide use 

thrrughout the laboratory if yell are observant during the course of your 

inspection. 

I hope that you will have em interesti ng and profitnbl e day, and 

thnt this brio! ovaluation TJill give you the means of synthesizing the 

many vimrls of our work into a unified picture. 

, 

~ , 




