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The background noise or rumble that you may notice 

here is caused by t he operation of a turboj et engine i n 

the t est section of t he alt i tude wind t unnel that will be 

used in a l a ter par t of our demonstr ation. 

As essential pha se , or part, of the over- a l l engi ne 

re search program of the Lewis laborat ory i s research that 

i s conducted wit h t he complete, f ul l -s cale engine . It i s 

thi s work wi th the full-scale engi ne that serves t o bri ng 

together or integrat e into the complete engine many of our~.""( 

.. research oontributions on various engine components and to 
-, 

investigat e t he pr oblems of interaction of one engine com

t 't 	 ponent on another . The processes of combusti on in the engine 

are, for example, dependent upon t he nature of the air f l ow 

deli vered by the compressor and , conversel y , the pr oblems 

of compressor design arefufl uenced by the operation of the 

t urbine or the manner i n which fuel is burned in the combustor . 

In addition t o these problems of component i nt eraction, 

a moder n air craft power pl ant is a comp l icated and delicat e 

piece of machi nery and is sensitive to the environment in 

which it is operated. When an engine is operated in the 

upper atmosphere, where temperatures as low as - 1000 F and 
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.,.., pressures down to 1 or 2 inches of mercury are encountered, 
 

..... 

-
it does not perform exactly the same as on sea-level test 
 

stands or as may be predicted by theoretical studies . The
... 
operation of actual prototype engines in altitude facili ties 

thus not only provides evaluation and fur ther development 

of the application of f undamental research contributi ons 

to actual engines, but also serves t o di scover and solve 

many diffi cul ties of operation that were not previously 

known or even anticipated . By wor king closel y wi th the 

engine designer s and manufacturers , thi s applied research 

'ho 

~ ~ 	 

has contributed greatly t o the techni cal excellence of our ... 
country 's engines and largel y avoided the need f or extremely 

.... ~ 	 costly, hazardous , and time- consuming engi ne development 

by means of flight testing . Some of the facilities required 

for thi s full-scale engine re search work, such as this 

altitude wind tunnel or our altitude test chamber, have 

a l ready been or will be subsequently described to you i n 

the demonst r ation in our central control r oom . In addition 

to these large r esearch faciliti es, accurate measurement 

of engi ne perfor mance is necessary , which r equir es a 

multitude of compl ex and frequently unique i ns t r uments. 

Some of these instruments have been assembled for your 

inspection on the table at the rear of thi s r oom. 

As representative examples of this work with full-scale 

engines , we have selected for your review today a demonstra
~, 

tion of engine controls research and of research on tail
~. 

.,.... 
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pipe burners for turbojet engines . The f i r st of these two 

demonstrations , that on engine-control systems, will be 

~ l 
presented by Mr . Novik (Ketchum) . 
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, , Thrust Augmentation 
.... 

Speakers : Mirtin J . Saari 
E. Willi am Conrad 

One of the most spectacular accomplishments in the 

f ield of aircraft propulsion in recent years has been the 
, . 

development of tail- pipe burners for tur bojet engi nes . 
~,. 

As with many important scientific contributions , the tail~ 

pipe burner is characterized by s i mplicity of concept and 
• 

applica t ion. It consist s essentially of an enlarged tail 
, . 

pipe which incorporates a suitable fuel distribution system, 

a flame holder , a combustion chamber, and a variable-area 

exhaust nozzle . Fuel is injected into the gas stream
• 

leaving the turbine , and is burned , thereby increasing the 

temperatur e of the gases within the burner . The elevated 
, . 

temperature results in an increase in jet velocity which , . 
, ~ produces a much greater thrust than can be obtained with 

the ba sic engi ne al one . By application of tail- pipe burners 

in combat aircraft , the take- off distance i s considerably 

reduced, the rate of climb greatly increased, and additional 

thrust is provi ded for high speed bursts during tactical 

maneuvers. 

While the tail- pipe burner plays an important role in 

improving the performance of the subsonic airplane, it 

has become a vital and necessary integral part of the turbo

jet power plant for the supersonic airplane . This point 
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is illustrated in this chart (fig. 4) , which shows the 
~ drag characteristic of a typical supersonic airplane and 

the thrust that can be obtained from its engines both with 

and without tai l-pipe burners. Si nce the thrust must be 

grea t er t han t he dr ag to s ustain l evel f light , i t is 

evident that flight at supersonic speeds is impossi bl e 

without t he tail- pi pe burner ; in fact , the basic turbojet 

engine can furni sh onl y half of the thrust requi red to 

overcome the drag i n the region of sonic speed. On the 

ot her hand , t he tai l - pipe burner provides suffi cient 
, . 

additional thrust to propel the airpl ane not only thr ough 

the speed of sound , but far beyond into the supersonic 

~ .. speed range . ... 
It is , of course , possible to obtain the thrust 

'f .. 

required f or supersonic flight by enl arging the basic turbo

•• j et engine . Wi th thi s pos sibility in mind, let us consider 
" . 
, 

these models of t wo super sonic interceptor ai rpl anes designed 
~ 

f or the same f light conditions . Thi s airpl ane i s powered 

."'" by basic t urbojet engines which have been enl arged to 
,,~ 

provide the t hrust r equi red f or supersoni c flight . The 

extremely l arge engi nes r equi red when tail- pipe burners 

are not utilized resul ts in an unrealistic and impractical 

airplane having poor combat perf ormance because of the 

great weight and high aerodynamic drag of the engines . In 

contrast , this airplane is powered by turbojet engines with 

tail- pipe burners, where the high thrust increase provided 
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by the tail-pipe burners permits the use of much smaller 

engines which impose smal ler drag and weight penalties on 

the air plane . While many signifi cant contr ibuti ons have 

been made to the ar t of t ai l-pipe burni ng by utili zation 

of the altit ude research faci litie s at this labor ator y, 

many operational problems must as yet be i nvestigated t o 

meet the ever pr esent demand for f light at greater fl i ght 

speeds and higher a l titudes . 

., The problems of supersonic flight are of particular 

importance . To obtain the high thr ust r equired f or super 
i • 

sonic flight , the gas temperatures must be considerably 

hi gher than those previously employed. Inasmuch as no 

presently known materi a l s will successfull y withstand .. 
these temperatures , cooling of the burner shell becomes a 

'1' ~ " 

,.. vita l necessity. Met hods for providing cooling air wit h 
, . 

minimum losses i n engi ne and airplane perfor mance are being.) 

investigated at this laboratory. 

Al so , since i t is impor t ant to keep the tai l - pipe 

-.. burner a s small as possi ble , problems of burning fuel 

effic ientl y at very hi gh ga s velocities and the el imination 

of combustion instabilities encounter ed under these conditions 

ar e a l so the subject of considerable resear ch effort . 

Since many of you have not had the opportunity to see 

a tail-pipe burner in operation, we will conclude this pre

sentation by demonstrating a burner in action. The engine 
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... and tail-pipe burner will be run in the test section of 

the altitude wind tunnel and a television camera will

transmit the view across the burner nozzle to the screens 

indicated by the l ights . A microphone l ocated at the test 

sect ion will give you an idea of the noi se generated. 
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Al t i tude Engine Research -- Figure 1 
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Ititude Engine Research -- Figure 4 
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