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NOTICE: The project that is the subject of this r epor t was approved by 
the Governing Board of the National Research Council , whose member s ar e 
drawn from the Councils of the National Academy of Sciences , the 
National Academy of Engineering , and the Institute of Medicine . The 
member s of the committee r esponsible for the repor t were chosen for 
their special competence& and with regard for appropriate balance . 

This r epor t has been reviewed by a group other than the au thora 
according to procedures approved by a Repor t Review Committee 
consisting of members of the National Academy of Sciences , the National 
Academy of Engineering , and the Institute of Medicine . 

The National Research council was established by the National 
Academy of Sciences in 1916 to associate the broad community of science 
and technology with the Academy ' s  purposes of fur thering knowledge and 
of advising the federal government .  The Council operates in accordance 
with general policies determined by the Academy under the authority of 
its Congressional char ter of 1863 , which establishes the Academy as a 
private , non-profit , self-governing member ship corporation .  The 
Council has become the principal oper ating agency of both the Academy 
o f  Sciences and the National Academy of Engineering in the conduct of 
their services to the government ,  the public , and the scientific and 
engineering communities . I t  is administer ed jointly by both Academies 
and the Institute of Medicine . The Academy of Engineering and the 
Institute of Medicine were es tablished in 1964 and 19 70 , respectively , 
under the char ter of the Academy of Sciences . 

This r epor t and the s tudy on which it is based were suppor ted by 
Contract No. NASW-2342 between the National Aeronautics and Space 
Adminis tration and the National Academy of Sciences . 

Copies of this publication are available from: 

Aeronautics and Space Engineering Board 
National Research Council 
2101 Constitution Avenue , N . W .  
washington , o . c .  20418 
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P R E F A C E 

In the fall of  1976 , the National Research council ' s  Aeronautics and 
Space Engineering Boar d  (ASEB) was reques ted by the National 
Aeronautics and Space Adminis tration to determine whether the agency ' s  
research and technology base program was adequately and appropriately 
s uppor ted to meet the nation ' s needs for aeronautics technology in the 
future . An ad hoc committee , the Aeronautics Assessment Committee , was 
es tablished by the National Research council under its Aeronautics and 
Space Engineer ing Board to conduct the study . Member s of the committe e 
were appointed by the National Research Council . The s tudy was 
conducted during 197 7  and a repor t of the committee ' s  finding was 
published in Apr il 1979 . *  

The r esearch and technology base in NASA ' s aeronau tics program 
claims approximately 4 3  percent of the total research and developmen t 
funds and 7 4  percent of the civil service manpower allocated to NASA ' s 
aeronautics program . The research and technology base is the 
embodiment of the data and the methodologies that have been developed 
within the techn ical disc iplines underlying all aspects of light within 
the ear th ' s  a tmosphere . I t  encompasses basic scientific and 
engineering research as wel l  as applied research in such areas a s 
s tructures , materials , aerodynamics , propuls ion , and avionics , where 
the results are applicable to many classes of aircraft  and are not 
r estricted to a spec i f ic model or type . 

Subsequent to the 197 7  review of the research and technology base 
progr am in aeronautics , NASA r equested the Aeronautics and Space 
Engineering Board to continue the ad hoc Aeronautics Assessment 
Committee for the purpose of reviewing the remainder of its aeronau tics 
program, namely , the systems technology and experimental programs . The 
committee was asked to assess the appropriateness and balance of work 
directed to solving near-term problems and that directed to far -term 
advances in technology , and of in-house work and out-of-house wor k .  
The committee was also asked to recommend improvements to individua l 
programs . This repor t contains the findings and r ecommendations of the 
committee resul ting from its assessment . 

*Aeronautics and Space Eng ineering Board .  19 79 . NASA ' s  Aeronau tics 
Research and TechnologY Base . National Research Council , National 
Academy of Sciences , Wash ington , D . c .  
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INT ROD U C T ION 

In 1915 , Congress created the National Advisory Committee for 
Aeronautics (MACA). The new committee , cons isting of 12 volunteer 
members , was to •supervise and direct the scienti fic s tudy of the 
problems of flight , wi th a view to their practical solution . •  
Moreover , it was directed to conduct and coordinate laboratory research 
in aeronautics as the principal way of advancing civil and mi litary 
aircraft in the u.s. In due course , MACA pioneered the development and 
operation of research and development facili ties , the collection and 
dissemination of bas ic research information , and the exploration and 
testing of  new designs and developments . I ts wor k in science and 
technology contributed to advancing the aerodynamic design of aircraft ,  
airplane engines , and s tructural innovations for designing , 
fabr icating , and testing many k inds of aircraft . 

In 1958 , Congress established an extensive space program under the 
National Aeronautics and Space Administr ation (NASA) , with NACA as its 
nucleus . Though NACA had been abolished as a separate federal agency , 
its facilities were integral to the newly formed NASA . NASA took over 
NACA ' s  aeronautical research establishment a t  Langley Field in Hampton , 
Virginia , the Ames Research Center a t  Moffett Field , Cali fornia , the 
Lewis Aircraft Engine Laboratory in Cleveland , Ohio , and the Flight 
Research Center a t  Edwards Air FOrce Base , california , as well as some 
8 , 0 0 0  employees . 

· 

NASA has grown to meet its r esponsibil i t ies in both space and 
aeronautics , and today encompasses nine center s and a number of 
laboratories , facilities , and special installations in various 
locations across the nation . NASA ' s  program in aeronautics , however , 
continues to be conducted primar ily at the four research center s where 
it was originally conducted under NACA: the Langley ,  Ames , and Lewis 
Research Centers , and the Dryden Flight Research Center .  

In recent years , NASA ' s  aeronautics effor t has been organized into 
four major categories , defined as follows: 

1 

Copyright © National Academy of Sciences. All rights reserved.

NASA's Aeronautics Program:  Systems Technology and Experimental Programs
http://www.nap.edu/catalog.php?record_id=19791

http://www.nap.edu/catalog.php?record_id=19791


• Research and Technology Base 

• Systems Studies 

• Systems Technology Programs 

• Experimental Programs 

bas ic research , disc ipline 
technology , the wellspring 
of ideas . 

paper studies to identify 
areas for focus ,  provide 
decision base . 

demonstration of technology 
developed in R&T Base work 
and def inition of 
Experimental Programs . 

mult idisc iplinary 
integration of new 
technology and concept 
demonstration - research 
veh icles and payloads , 
flight test . 

In an ear lier study , the National Research Council ' s  Aeronautics 
Assessment Committee reviewed the R&T Base segment of NASA ' s  
aeronautics program .  The results o f  that study are conta ined in the 
r epor t NASA ' s  Aeronautics Research and TechnologY Base , published in 
April 1979 . In  tha t repor t ,  the committee expressed general 
satisfaction with the R&T Base program ,  cited problems detected in the 
program , and provided commentary on specif ic program elements at each 
of the four research centers . 

I deally , new technology will der ive from the results of the 
fundamental research conducted in the R&T Base program and will mature 
through the research h ierarchy to be proved in an exper imental flight 
test . Eventually , it will be used to provide new and advanced 
operational a i rcraft . NASA ' s unique facilit ies , test capability , and 
expe r t  per sonnel attract demands ( that NASA recognizes ) for the agency 
to address immediate and near- term problems . Some work d i rected to the 
near term is needed , not only to provide solutions to cr i t ical problems , 
but also to provide a communication l ink between the researchers and 
the users of  technology . Consequently there is some question about the 
appropr iate d ivision of e f for t .  

Another concern of NASA and some segments of  the aviation commun ity ,  
par ticularly academic institutions , is the amount o f  research 
contracted out-of-house . NASA relies on univer sities and some par ts of 
the industry to provide expe r t  capabi l i ty to conduct research in 
specialized areas . This is to the mutual advantage of  all the par ties 
involved . Care must be taken , however , to have an appropriate balance 
in the wor k  done under contract or by grant and that done in-house at 
NASA . NASA ' s  un ique fac i lities were established to deve lop advanced 
technology for progress and improvement in aeronautics . A 
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pr eponderance of out-of-house wor k  would absorb NASA's researchers as 
contract monitor s a t  the expense of making effective use of NASA 
facili ties . 

The National Research Council's ad hoc Committee on Aeronautics 
Assessment ,  having completed its study of the R&T Base por tion of 
NASA's aeronautics program , was r equested to under take a s tudy of the 
systems technology and experimental programs to determine the 
appropriateness of the division of e ffor t between that directed to the 
solution of near-term problems and that directed to long-term technical 
advances , and between in-house wor k and out-of-house wor k .  Th is repor t 
presents the committee's principal findings and conclus ions . 

Because work in the Systems Technology Program and the Experimental 
Program is often accomplished and suppor ted by a center , or center s , 
o ther than the lead center , the program elements have been grouped , 
where poss ible , by subj ect , rather than by research center (as in th e 
committee's first repor t ) . 
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S0181ARY AIID CORCLUSIOHS 

The committee was asked whether the balance of effor ts directed to 
near-term problems and to far-off advances in technology is 
appropr iate . I t  is the committee ' s  j udgment that the overall RASA 
program in aeronautics is well balanced . Ther e are a few exceptions 
that are discussed later in this r epor t .  AmOng the exceptions , more 
programs should be redirected toward bas ics and far-off r esults than 
vice ver sa -- some NASA programs are more concerned with near -term 
problems than is desirable . 

In some instances , program plans with long-term goals did not have 
sufficient intermed iate progress reviews and assessment points . Even 
i f  a program d irected to obta in ing knowledge and understanding of 
fundamental phenomena is not expected to provide appl icable technology 
for a number of years , the wor k should be divided into phases with 
detailed per iodic reviews to assess actual agains t expected progress . 
Th is would permit abandoning r elatively unpromis ing.effor ts and 
augmenting those that are more attractive . POr example , the 
energy-eff icient eng ine program a t  Lewis and the avion ics and fl ight 
controls effor ts at Ames and Langley would benefit  from near-term and 
intermediate plann ing goals . More specific �nts on these and other 
programs can be found in the sections under •commentary: Systems 
Technology and Exper imental Programs . • 

The committee also was asked to j udge the appropr iateness of the 
amount of r esearch conducted under NASA contract by univer sities and 
some par ts of industry (out-of-house ) as compar ed to that conducted by 
NASA personnel in NASA facilities (in-house ) .  Quite clear ly , if most 
of the wor k were  to be done out-of-house , NASA researchers , rather than 
conducting r esearch , would be monitors of r esearch done by others  under 
contract . Too much in-house effor t would tend to isolate NASA research 
per sonnel and lead to inbr ed thinking that results from a lack of 
exposure to a broader base of research . Intuition suggests that ther e 
should be an optimum mix .  However , the optimum mix is a matter of 
j udgment . 

The National Aeronautics and Space Act of 1958 as amended states 
that the Administration , in order to car ry out the purpose of the Ac t 
shall plan , direct , and conduct aeronautical (and space ) activities , 
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i . e . , (a )  research into , and the solution of , problems of flight within 
and outs ide the earth's atmosphere ,  ( b )  the development , construct ion , 
testing , and operation for research purposes of aeronautical (and 
space ) vehicles . For much of the wor k  NASA undertakes i t  is apparent 
from the viewpoint of efficiency and program effectiveness , as to wha t 
wor k should be conducted in-house and what should be accomplished 
out-of-house . For example , it is clear that the detailed design and 
construction of a research aircraft is better accomplished out-of-house 
by industry , similar ly ,  experts in univer sities that can provide 
knowledge and capabilities not available in NASA are readily identified . 

In the committee ' s  opinion , the question of appropr iateness of the 
r atio of the amount of wor k conducted in-house to that conducted 
out-of-house is answered 

·
by the programs themselves -- by the expected 

y ields and the objectives in light of needs . It would be inefficient 
and waste ful of valuable resources for NASA to under take to accompl ish 
tasks that other s ,  through the exper tise or capabilities of their 
per sonnel or their facil ities , would be better equipped to accompl ish, 
conver sely it would be wasteful to have other s do wor k t�at NASA i s 
better equipped to do . The commi ttee bel ieves that the priority mus t  
b e  g iven to providing a n  effective technical program and that in 
conducting such a program the question of the appropriateness of the 
r atio of in-house to out-of-house effor t will be resolved . 

Following its rev iew of NASA ' s  aeronautics program , i t  is  the 
committee ' s  cons idered j udgment that , generally , the wor k  has been 
appropr iately allocated to br ing the best effor t to bear on the task a t 
hand . Later in th is report there are a few instances cited where 
sh ifts are recommended . Fur ther , the committee bel ieves that a 
criteria of appropr iateness based on a quantitative ratio of in-house 
to out-of-house effor t could result in a less efficient and less 
e ffective program if adher ed to slavishly -- as particular e fforts are 
completed and replaced by others , the amount of work done in-house or 
out;pf-house will change , depending on the wor k involved . The 
committee believes that whether there is too much effort in-house so as  
to cause inbred thinking or too much ef fort conducted out-of-house so 
as to be wasteful of NASA research per sonnel and facil ities should be 
questioned by NASA management on a continuing basis . At the time of 
the committee ' s  review , the committee was satisfied that there  was not 
a significant problem. 

Dur ing the cour se of its rev iew , the committee prepared specific 
comments on each program element and made suggestions for changes , 
add itions , and deletions . These suggestions and recommendat ions are 
detailed in subsequent sections of th is  repor t .  A brief  summary of 
those the committee cons ider s most important follows . 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

General Aviation 

Structure the program of research in avionics and flight 
controls for general aviation aircraft into phases aimed at 
specific milestones in  the near future to g ive v isibility and 
direction to future wor k .  

Propuls ive L i ft 

Discontinue the Quie t Clean Shor t-Haul Experimental Engine 
(QCSBB) Program if the re is no evident d i rect application for 
the technology . 

Ene rgy Effic iency 

Establ ish some near-term milestones in the laminar flow 
control program that are directed to a long-term solution of 
in-service damage and other deteriorat ing environmental 
effects on the maintenance of laminar flow . 

Define a flight-test program for a turboprop system to 
demonstrate structural integrity , installation compatibil i ty , 
and reliability of the gearbox and propeller controls . 

Make a comprehensive review of various aircraft systems and 
miss ions over a range of flight speeds to determine productive 
roles for turboprops . 

Expand the turboprop flight test prog ram at Dryden to 
investigate a range of values of fuselage-propeller spacing , 
propeller solidity , fuselage acoustic impedance , and propeller 
wake strength . 

Super sonic Cruise 

Establish a special task force to detemine and evaluate the 
technical and economic facts of superson ic cruise aircraft . 

Evaluate the cost/benefit of preserving the YF-12 a ircraft in 
storage rather than having it destroyed . 

Rotorcraft 

Carefully monitor the Tilt Rotor Research Aircraft (XV-15 ) 
program with critical rev iews at appropriate intervals to 
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• 

• 

• 

assure there are no s ignificant technical flaws in the des ign 
approach -- the first to be under taken as soon as the first 
research teats results become available . 

Under take an examination of  the proj ected users of the tilt 
rotor aircraft technology to determine whether there is a 
mar ke t .  If not , any signi ficant effor t on advanced tilt rotor 
aircraft systems beyond the XV-15 should not be under taken . 

Mater ials for Advanced Tur bine Engines (MATE) 

Examine the MATE program to see whether revis ions should be 
made to accommodate adverse c ircumstances ( i . e . , future 
availability of scarce mater ials ) that have developed s ince 
the program was defined . 

Aeroelaaticity of Tur bine Engines (ATE) 

Expand the ATE program to include forced vibrations such as 
those caused by struts , turbulence , and wakes . 

Stratospher ic Cruise Emiss ion Reduction (SCERP) 

• Continue combustor work  being conducted in the SCERP program. 
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C<HmNTARY: SYSTEMS TECHNOLOGY AND EXPERIMENTAL PROGRAMS 

Th is section presents the commi ttee ' s  commentary on specific elements 
of NASA ' s  Systems Technology Program and Experimental Program in 
aeronautics . By def�n i t ion , most of the wor k conducted in these 
program areas focuses on a type or class of aircraft or problem . In 
most instances , two or more NASA centers ar e involved in wor k directed 
to these same classes of a ircraft or problems . For example , Lewis 
(propuls ion ) , Langley (aerodynamic configuration and fl ight control ) , 
and Ames (av ion ics and fl ight controls )  all have programs directed to 
the general aviation class of air craft . Lewis (propulsion ) ,  Langley 
(aerodynamic and configurations ) and Dryden (flight test of winglets ) 

all have programs dir ected to the problem of energy conservation . The 
committee believes the presentation and discuss ion of the various 
program elements are eas ier to follow when grouped according to th e 
aircraft class or problem to which they per tain . Accord ingly , where it 
is appropriate to do so , the commi ttee ' s  commentary i s  presented in 
this way in the following . 

General Aviation Technology 

NASA ' s  Sys tems Technology and Exper imental Programs in general 
aviat ion encompass elements in propulsion , agricultural aircraft , 
avion ics and flight controls. As indicated above , the program is 
conducted at the Lewis , Langley , and Ames Research Center s .  

Qu iet Clean General Aviation Turbofan (QCGAT) -- Lewis 

This program has the obj ect ive of applying large turbofan engine 
t echnology to small general aviation turbofan engines to reduce noise , 
emiss ions and fuel consumption . Although the noise levels of existing 
turbofan-powered general aviation a ircraft are generally below the 
lates t limi ts of the Federal Aviation Administration (FAA) , NASA ' s 
program may provide further s ign ificant noise reduction. A ten-percent 
improvement in fuel consumption can also be a sign ificant benefit . In 
working toward these improvements , however , NASA should be sure that 
rel iabil ity and economy of operations are not sacr ificed . 
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Th is is  a near-term program being conducted out-of-house . I t  
involves design and testing of fans and nacelles by two contractors 
us ing the core of existing engines . The results of the prog r am would 
be enhanced by wind tunnel tests to determine the drag of the new 
nacelles with power on for compar ison with that of the basel ine eng ine 
nacelles ,  and by flight testing to confirm operating characteristics . 

Some basic wor k in small turbine components will also be useful in 
improv ing reliabi lity and fuel consumpt ion of both general aviat ion 
power-plants and auxiliary powe r un its that are used in all commercial 
transpor ts . 

Agr icultur al Aircraft -- Langley and Lewis 

Th i s  prog r am is  a good effor t in aer ial application of seed , 
fer til izer s ,  and herbicide s .  It is integrated among manufacturers , 
applicator s , government regulatory agenc ies and the chemical 
industries . A wor kshop at Langley in August 1978 gave evidence of 
NASA ' s  grasp of the problems of nozzles , vor tex applications ,  spray 
patterns , a i rcraft stall character i stics , and the performance of 
propeller s at low speed . Th is  prog ram brings NASA exper tise to an 
impor tant problem area and a segment of the industry to wh ich such help 
was not heretofore ava ilable . NASA should monitor progress with the 
view to expand ing the program as war r anted . 

The wor k per formed at Lewis supports the effor t at Langley to 
improve the d ispersal of chemicals from aircraft . The committee 
bel ieves that the exper ience and knowledge of fuel noz zles accumulated 
at Lewis can contr ibute to signif icant improvements over cur rent 
del ivery systems . Some universities may be able to contr ibute in th i s  
area also . Th is should be explored . 

Avionics and Fl ight Controls -- Ames and Langley 

The obj ect ive of this program is  to provide information for the 
design of rel iable advanced av ionic systems for general av iation . This 
topic has been the focus of a wor kshop for industry,  government , and 
univer s ity representatives in which NASA ' s role was defined as 
supporting bas ic research , not developing components . The committee 
believes the prog ram can yield results the general aviat ion cr itically 
needs . Many acc idents in general aviat ion occur because of the h igh 
wor kload imposed on the single pilot in general aviation aircraft 
dur ing approach and landing under instrument flight cond itions . The 
committee cautions NASA against a iming too h igh in technology , thereby 
losing s ight of the importance of low cost and reliabil ity to general 
aviation . It is suggested that acceptable levels of cost be discussed 
w i th the manufacturer s of general aviation avionics equipment . The 
committee considers cost and reliability to be much more impor tant than 
soph i sticeted technology . Ames has a good relat ionsh ip wi th industry 
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and the use r s  in th is program .  The committee bel ieves , however , that 
the concentration of avionics in a single center would a id considerably 
in the development of such programs . 

The prog ram ,  as outl ined , must be considered long term because of 
its very broad scope . The committee recommends that the program be 
phased , and a imed at specific milestones in the near future .  For 
example , the first step might be the integration of commun icat ions and 
navigat ion . 

The committee bel ieves the gene ral aviation industry ,  on i ts own , 
would rely on evolut ionary progress ion of change . Therefore ,  NASA work 
i n  the general aviat ion area can provide s ignificant impetus to the 
appl icat ion and use of new technology . 

The Langley work be ing done in automatic fl ight control systems 
fulfills a d i rect need of a large number of general av iation pilots who 
are ne ither tra ined nor qualified for instr ument flight , and too often 
find themselves in s i tuations requ ir ing fl ight by instruments . The 
r esult is a d isruption of the normal a i r  traffic control process , or an 
accident . 

The thrust of the work at Ames is  to demonstrate the feasibility of 
a low-cost microwave landing system for general aviation aircraft 
throughout the appl ication of low-cost avionics . 

Although the development of a low-cost microwave land ing system 
r ece iver may be of cons iderable a id to general aviation , implementation 
of the system will requ ire installations at thousands of general 
aviation a irpor ts . In  the committee ' s  v iew ,  this  does not apear to be 
imminent . Development of the receiver does not seem to be appropr iate 
i f  the assoc iated ground equ ipment is not on the same schedule . NASA 
should reassess its program in view of th is  mismatch , and determine 
whether to deemphas ize work on the low-cost microwave land ing system 
based on FAA ' s  commitment to acce lerating its own work on a low-cost 
g round system. 

Propulsive L i ft TechnologY 

"Propuls ive l i f t" descr ibes the use of an aircraft eng ine ' s  thrust 
to augment wing l i ft at slow a irplane speeds . A i rcraft using 
propuls ive l ift are usually classed as shor t takeoff and land ing (STOL) 
a ircraft . NASA ' s  propuls ive-lift technolgy program i s  compr ised of two 
major parts: 1)  the Qu iet Propuls ive-Lift Technology prog ram at Ames , 
which includes procuring and fl ight testing an experimental a ircraft , 
and a cooperative program between Ames and the u.s. Air Force using the 
Air Force ' s  Advanced Med ium Shor t-Haul Transpor t (AMST) , and 2 )  
development and test ing at Lewis  of an exper imental engine for STOL 
operations that is envi ronmentally acceptable and economical . 
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Quiet Propuls ive-Lift Technology Program -- Ames 

The obj ective of this program is to gene rate data to suppor t the 
des ign and the cer t ification criter ia for practical proplus ive-lift 
a ircraft . These data are being obtained from flight tests of the Qu iet 
Shor t-haul Research Aircraft (QSRA) and the Air FOrce ' s  AMST . 

The QSRA is a propulsive-l ift STOL a ircraft developed from a De 
Havilland Buffalo C-8 aircraft , under contract with the Boeing 
Company . The original wing and twin turboprop engines have been 
replaced with a newly des igned wing and four fan-jet eng ines . The four 
fan-jet engines have been mounted on top of the wing in such a way as 
to cause the j e t  efflux to discharge over the uppe r surface of the 
wing , following i ts contour and the contour of the deflected tra iling 
flaps . The result is an increase in lift . The increase in lift make s 
it poss ible to fly at speeds so slow that convent ional controls are 
ineffective .  To provide control , some air is bled from the eng ines and 
d ucted to the wing-lead ing edge and the ailerons to prov ide blowing for 
bopndary layer control to provide airplane control at slow speed and 
also to delay wing stall to provide add itional lift . 

At the time of the committee ' s  review , the aircraft was undergoing 
g round tests pr eparatory to i ts f irst fligh t .  

The AMST a ircraft a r e  propuls ive-l ift prototype STOL aircraft 
developed under contract for the Air Force by McDonnell-Douglas (the 
YC-15 ) and Boeing ( the YC-14 ) .  The YC-15 has four turbofan eng ines 
mounted on the wing in such a locat ion that the j et e fflux passes under 
the wing and is de flected downward by a flap on the trailing edge of 
the wing , thus prov id ing l i ft .  The YC-14 employes two turbofan eng ines 
mounted on the wing to operate s imi lar ly to the QSRA descr ibed above . 
A NASA/USAF ag reement in 1973 permits NASA to per form tests with and on 
the AMST prototype aircraft . NASA experiments began in 1974 . 

The three a ircraft provide different flying characteristics . The 
test results will be applicable to the des ign of future shor t-haul 
transpor ts , and will prov ide valuable data for fl ight certificat ion 
criteria . The committee cons iders th is  to be a worthwhi le program: 
more knowledge and data on the noise resulting from propuls ive lift i s 
needed , and the present program i s  one that can provide such 
information. The combination of analytic and exper imental results 
should be par ticularly use ful . 

The AMST program i s  nearing completion , and NASA has stated that it 
is phasing out its STOL research effor t except for the QSRA proj ect . 
The committee bel ieves the QSRA has some very interesting flight 
character istics that should be explored . NASA should be able to 
perform flight exper iments that will be beneficial to conventional 
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aircraft as well as STOL aircraft , although propulsive l i ft for 
shor t-haul a i rcraft may have marginal application because of i ts cost 
and complexi ty .  

Qu ite Clean Shor t-haul Experimental Eng ine (QCSEE) -- Lewis 

The obj ect ive of th is program is to develop and demonstrate the 
technology to provide economically and env ironmentally acceptable 
powered lift for shor t-haul aircraft . Two propuls ion systems , one for 
an unde r-the-wing installation such as that on the AMST YC-15 and one 
for an over-the-wing installat ion such as that on the YC-14 and QSRA , 
were designed , fabr icated , tested , and del ivered to Lewis by General 
Electr ic Company . The design thrust goals for the eng ines were abou t 
18 , 000 and 2 1 , 000 pounds respect ive ly for the under-and the 
over-the-wing vers ions . 

At the t ime of the committee ' s  review , the program was in its fifth 
year and some testing remained to be performed . Generally , the program 
had me t its  objectives . The committee bel ieves that although the 
direct operating costs of STOL aircraft for shor t-haul a i r  transpor t 
are still unfavorable for the development of a STOL transpor t system , 
some of the technology developed i n  this program may be applicable to 
conventional a ircraft .  If no direct appl icat ions for the technology 
can be found , the committee recommends that wor k on th is program be 
d iscontinued . 

Energy Efficiency Technology 

I n  197 5 , NASA initiated the Ai rcraft Ene rgy Efficiency (ACEE) 1 

prog r am. S ix major elements compr ise the program , three of which are 
directed to evolutionary improvements in propuls ion and aerodynamics: 
Eng ine Component Improvement , Energy Effic ient Eng ine , and Energy 
Effic ient Transport . 

The other three programs are to develop technology considerably 
d ifferent from that now used in long-range transport aircraftr namely ,  
t urboprops , laminar flow control , and composite primary structures . 
The overall 10-year program is  directed to the goal of providing 

•subsequent to th is study , the National Research Counc il , at the 
request of NASA , undertook a detailed review of NASA ' s  Aircraft Energy 
Eff ic iency (ACEE) Program. The results of the study are reported in a 
National Research Counci l  report . Aeronautics and,Space Eng ineering 
Board . 1980. An Evaluat ion of NASA ' s  Program for Improving Aircraft 
Fuel Efficiency . Nat ional Research counc i l , Nat ional Academy of 
Sciences. 
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advancements in technology that could lead to a 50-percent r eduction in  
transpor t a i rcraft fuel consumption per passenger mile through , for 
example , improved propulsion systems , lower airfr ame drag , and l ighte r  
s tructural we igh t .  Five of the elements of the ACEE prog ram are 
discussed here . The element •compos ite pr imary structures•  is included 
later under the subj ect heading •eomposi te Mater ials . •  An add it ional 
element , winglet flight research , is included here  that is not par t o f  
the NASA ACEE program .  

. 

Engine Component Improvement Program -- Lewis 

. 

Th is  program recognizes that fue l conservation efforts must beg in 
w i th engines already in service or  with s imi lar eng ines that will be 
put in  serv ice over the next decade . Over the long term , the fuel 
savings poss ible with more advanced eng ines (such as the Energy 
Effic iency Eng ine , discussed later ) will be impor tant , but in the nea r 
term such new eng ines will not be available , nor will they immediately 
replace the engine s now flying . Accordingly , NASA ' s  program is aimed 
a t  developing components that can be used in existing eng ines to (1 ) 
improve performance and (2 ) reduce the performance de ter ioration that 
causes spec i fic fuel consumption to increase as an engine ages . 

I n  the performance-improvement par t of the program ,  the Lewis  
center contracted with the two major eng ine manufacturers to set 
pr ior ities for the evaluat ion of concepts .  NASA has also involved the 
a irframe manufacturers and several air lines in assess ing the concepts 
in terms of economics , acceptabi lity to the airl ines , and the 
probabi l i ty of incorporat ion of the new components in follow-on eng ine 
deliver ies . About a dozen concepts met the selection cr iter ia and are 
be ing pursued . 

I n  the investigation of performance deter ioration , the committee 
consider s  the problem to be an impor tant one tha t the a i rcraft eng ine 
i ndustry is not motivated to attackJ namely ,  the significant in-service 
performance deterioration of the cur rent generation of high-thrust , 
h igh-by-pass-ratio turbofan eng ines . Th i s  deterioration is manifested 
in reduced thrust and increased spec ific fuel consumption at a given 
turbine temperature . Eng ine contractors are motivated by competition 
to reduce fuel consumption in yet-to-be-del ivered engines , they have 
l ittle incentive to invest in the development of changes that would 
improve the fuel consumption of engines already in service . The NASA 
program i s  important to fill the void. 

In th i s  par t of the program also , the Lewis center has made 
excellent use of a i r l ine and engine contractor capability .  The 
systematic gather ing and analys is of data from in-se rvice engines , the 
development of analytic models supported by specialized testing , and 
the evaluat ion of repa i r s  are essential ingred ients in understand ing 
the performance deter ioration phenomenon . 
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In summary , the Eng ine Component Improvement program is t imely , 
well-managed and productive . 

Energy Effic ient Eng ine Program -- Lewis 

Th is prog ram see ks to val idate the technology for a new generation 
of fuel-e f f ic ient turbofan eng ines for commerc ial transpor t use . The 
goal is to demonstrate by the end of 1983 the technology needed for 
development of an advanced eng ine that would consume twelve percent 
less fuel than the engines in the cur rent wide-body flee t ,  show lower 
per formance deter iorat ion , and incur lower direct operating costs . The 
progr am appear s to be success-dependent: there are no des ign 
alternat ives planned for the new compressor , combustor , and turbine 
concepts proposed . Some of these can be expected not to work well the 
first  time , and NASA should be prepared to mod i fy goals , to seek other 
approaches when the need and payof f  make this an obvious cour se of 
act ion , and to provide schedule flexibility when it  is  needed to allow 
t ime for dec id ing the cor rect technical course . 

The Lewi s  center is  commended for involving the a irlines and 
a ir fr ame manufacturers in the initial evaluat ion process . Th is has 
helped se t mean ing ful obj ect ives . 

The improvements sought in this program are s ignificant but the 
pace of the program is  such that they will not be found in a new mode l 
transport unt il nearly 1990 . I n  the meantime , compe t i t ion will force 
evolutionary improvements to the eng ine models now in serv ice and to 
the models now in development . NASA should be alert  to th is s i tuation , 
and be prepared to redirect its research e f fort when it is  ind icated to 
be benef ic ial to do so . The committee be lieves it is appropr iate for 
NASA to have the Energy Effic ient Eng ine program reviewed pe r iodically ,  
a s  well as the Energy Eff ic ient Transport program (d iscussed next) , to 
see whether c i rcumstances ind icate a change in  the cour se of these 
programs . 

Energy Eff icient Transpor t -- Langley 
. . 

The Energy Effic ient Transpor t prog ram involves the applicat ion of 
advanced aerodynamics and active controls technology to demonstrate its 
practical ity and ef fectiveness for improving the fuel efficiency of 
commercial transpor t ai rcraft .  The program is  well under way and 
includes appropr iate partic ipation by industry . It should provide not 
only the bas is for successful appl ication of active controls to future 
der ivat ives of today's transport aircraft , but also the technology base 
for new a i rcraft .  Th is e f for t appears to be well directed and should 
produce good results . 
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Laminar Flow Control -- Langley 

The obj ect ive of this program is to demonstrate technology that 
will maintain laminar flow ove r major por t ions of an aircraft , 
par t icular ly the wings . I t  will validate through fl ight tests the 
results of wor k under way in NASA's research and technology base 
program.  The bas ic work is sc ientifically sound , but the committee 
questions whether the operational ma intainability of the systems be ing 
examined i s  adequately treated . I t  is  recommended that NASA examine 
very carefully the question of operational utility for the laminar flow 
control systems they are cons ider ing and , at least in some conceptual 
form , ident ify some near-term milestones in the search for a long-term 
solut ion to in-serv ice damage to the surfaces ,  adhe rence of bugs and 
insects , and othe r deter iorating e ffects of the environment . 

Advanced Turboprop Program -- Lewi s ,  Ames ,  Dryde� 

Deve lopment of a turbine-powered propeller ( turboprop)  aircraft was 
d iscontinued in the late 1950 ' s  in favor of h igher-speed 
turbine-powered j e t  ( turbojet)  aircraft .  

I nterest i n  the turboprop was rek indled when NASA-sponsored stud ies 
showed that sign i f icant fuel savings could be ach ieved with th in , 
h ighly loaded propeller s operating at e ighty percent e ff iciency at h igh 
subson ic cr u ise speeds ( 0 . 8  Mach number ) .  Fuel savings of fifteen to 
twenty percent over current wide-body jet  a ircraft were postulated . 
Due to its inherent lower noise and better takeoff climb , a turboprop 
a ircraft also has promise of lower ing community noise . 

Lewis  is  the lead center for NASA's advanced tur boprop program .  I t  
h as the object ive of demonstrating technology for practical turboprop 
aircraft in the fl ight speed range Mach 0 . 6  to Mach o.as. In  model 
tests at Lewis , a propeller e ffic iency close. to the predicted e ighty 
percent has been ach ieved at Mach o.a. Neve r theless , many problems 
must be solved and some s ign ificant questions answered be fore the 
advanced tur boprop can be cons idered a subst itute for today • s  turbofan 
propulsion system , viz . :  

• 

• 

• 

• 

• 

Ach ievement of suitable aerodynamic performance of a 
full-scale propfan over the whole fl ight reg ime . 

Structural integ r ity of th in , h ighly-swept blades • 

Freedom from flutter and unacceptable v ibratory stresses in 
the blades and dr ive system . 

Reliabil ity of pitch change and revers ing mechan isms • 

Toler ance to ic ing conditions • 
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• 

• 

• 

• 

I nstallation compatibil ity (airplane aerodynamic pe rformance , 
controllabil ity , and eng ine-out behavior ) .  

Gearbox and propeller-control reliability • 

Cabin noise reduction • 

Community noise determination • 

The Lewis cente r has str uctured a program that generally addresse s 
the problems l i sted . Exper ience with the most recent generation of 
turbine-powered propellers , however , indicates that the important 
cons iderations are installation compatibil ity , structural integr ity ,  
and gear box and propeller-control rel iabil ity . If program results show 
that an integrated turboprop propuls ion system is a wor kable means of 
ach ieving s ign ificant fue l savings , the committee bel ieves flight tests 
w ill be requ ired to demonstrate that the problems have been solved 
satisfactor i ly .  It is recommended , therefore ,  that NASA de fine such a 
f l ight .test so that preparatory wor k may be started in time . For 
example , analys i s  and testing should take into account that the 
a ircraft must be controllable with an unfeathered propeller and 
inoperative eng ine .  The windmill ing and drag characte r i stics of the 
advanced propeller must be evaluated relative to the yaw- induced 
aircraft str uctural fa ilure mode , particular ly at the h igh fl ight 
speeds proposed , and th is requ ires an effort to de f ine a reasonable 
range of assumptions about engine configuration . 

An important question is whether a new advanced eng ine is needed 
for th is purpose , or whether modifications to an existing engine will 
suffice . I n  e ithe r event , a program plan should be developed that 
provides a su itable eng ine and a i r frame at the requ ired time . The most 
useful appl ication of the tur boprop , in the committee ' s  opinion , may be 
at lower Mach number s ,  and for short-haul aircraft with the i r  many 
takeoffs and land ings , rather than for long-range transports that spend 
most of the ir  fl ight time cruising at h igh subsonic speeds . A 
comprehensive look at var ious systems over a range of fl ight speeds is 
recommended . 

At the Ames center , a new program in  support of the program at 
Lewis has been undertaken to study the integration of the air frame 
turboprop system , the aerodynamic interference between the nacelle and 
wing due to the propeller flow field . The committee bel ieves that the 
work at Ames related to a i r frame integ ration of advanced turboprop 
systems addresse s  an important problem , and will provide an under
stand ing of the aerodynamics of such systems . Nevertheless , the 
program is too nar row in its emphas i s  on a s ingle des ign concept . 
Multiple nacelle configurations and nacelle-to-wing locations should be 
evaluated to establ ish the optimum configuration that min imi zes 
i nterference e f fects . 
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The program ,  as i t  i s  now structured , does not address the question 
of the engine inlet which must provide h igh-pressure recovery and 
acceptable flow distor tion behind a mult i-bladed propeller . The flow 
field over the wing and the drag of the propulsion system are l ikely to 
be affected by the propeller hub configurat ion selected , and thi s 
should be factored into the integration program .  The program as 
planned appears to be a reasonable one that will have its primary 
effect in the long term. Aircraft companies are par t icipating in the 
program, and apprec iation at the center of the i r  need for analytic 
techn iques and computational methods should provide a well-balanced 
prog ram. 

At the Dryden center , a model of a propeller being developed at 
Lewi s  (e ighty percent effic iency at Mach 0 . 8 )  will be mounted on top o f 
the fuselage of the Center's Lockheed JetStar test-bed a i rcraft . The 
focus of the fl ight program is on the near-field acoustic 
characte r i stics result ing from the transonic speed of the propeller 
t ips in  cru i se . 

The committee bel ieves the Dryden fl ight test program is  too 
limited , and recommends that i t  be expanded to invest igate a range of 
values of fuse lage-propeller spac ing ,  propeller solid ity ,  fuselage 
acoustic impedance , and propeller  wake strength . The commi ttee also 
believes the turboprop des ign should be expanded beyond the single 
point at Mach 0 . 8  to include a wide range of operating parameters . A 
concer ted attempt should be made to draw together NASA's best knowledge 
of propeller acoustics and performance , to establ ish a comprehensive 
plan for this program .  Substant ial contr ibut ions t o  this  plan can be 
made by per sonnel from Lewi s and Langley in acoust ics , and from Ames i n  
computat ional.fluid dynamics .  The succeed ing phases of th is program ,  
which are directed to the fl ight test of a mod ificat ion of a n  existing 
a ircraft to incorporate propellers ,  should be cont ingent on completion 
of this plan . 

Winglet Fl ight Research -- Dryden 

The concept of the winglet grew out of theoretical analyses and 
wind tunne l wor k at Langley . A winglet

· 
i s  a small wing (although they 

could have a span of 6 to 10 feet for large transpor t a ircraft ) 
attached ver tically on the t ips of an ai rcraft wing .  The results of 
wind tunnel tests have shown that the addi t ion of winglets to a wing 
can reduce the drag of the wing by 5 to 7 percent , thus offer ing the 
potential for s ignificant fuel savings . The add i tion of the winglets , 
however ,  increases loads in the wing structure , generally resulting i n  
i ncreased wing we ight , which subtracts from the bene f i ts of the 
winglet • s  aerodynamics . An increase in the span of the ma in wing 
(increased aspect ratio) is somewhat comparable to add ing winglets in 
that this , too , reduces wing drag and creates h igher structural loads 
and we ight in the wing .  Therefore , a good data base o n  aerodynamic 
loads , flutter , buffet , stabil i ty ,  and control is requ ired to make 
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deci s ions regarding the use of winglets in new aircraft des igns or as a 
retrofit to existing a i rcraft . The fl ight test program at Dryden 
( be i ng conducted jointly with the u.s. Ai r FOrce , using an Air Force 
KC-13 5 tanker a ircraft) will contr ibute s ign ificantly to the needed 
data base . The KC-135 aircraft appear s to have sufficient structural 
margin in its des ign to permit the add ition of winglets without 
add itional structure , mak ing it relatively s imple to add winglets for 
the fl ight research program and also to retrofit the Air Force's fleet 
of KC-135  a ircraft if the test results prove the benef its of retrofit . 

Super son ic Cr u i se Technology 

The obj ective of thi s  research effort is to generate the technology 
base for future c ivil or mil itary a ircraft capable of cruis ing for long 
range s at supersonic speed . Such data will prov ide a basi s  for 
decis ions in the future about the practical ity and effectiveness of 
superson ic a ircraft and the data required to assess the environmenta l 
effects of present and future super sonic cruise a ircraft .  

The prog ram is broad in that i t  cover s all the major 
d isc ipl ines--mater ials , structures , propuls ion , ae rodynamics , and 
systems stud ies--but is focused to solve real problems of th is  class of 
a ircra ftJ i . e . , to provide solutions to many of the technical problems 
that contr ibuted to the cancellation of the domestic e ffort to develop 
a supersonic transport , and to offer proved advanced technology that i s 
ready for appl ication . Parts of the program are conducted at each of 
the NASA research centers , Langley , Ames ,  Lewis , and Dryden , with 
lead-center respons ibility vested in the Langley center . 

S uperson ic Cruise Research Program -- Langley 

The committee bel ieves s ign i f icant progress has been made i n  
provid ing bas ic data for the solution of many of the problems o f  
super son ic cruise aircraft .  Further progress depends on developing new 
technology through the application of this data . The committee 
be lieves that i f  continued in its present form , the prog ram will  
stagnate . Recogniz ing the pol itical aspects of any government 
involvement i n  the development of a super sonic transport , the committee 
believes that the technical mer its and cost/bene f its of such a veh icle 
need to be determined and recommends that NASA establ ish a special tas k 
force to determine and review the facts . 

YF-12 Flight Exper iments -- Dryden 

The YF-12 a irplane was acqu ired from the u.s. Air Force and has 
been used by NASA since 1969 to prov ide a test vehicle to explore the 
very h igh-speed , h igh-altitude fl ight reg ime . NASA believes that those 
tests that can be done best with th is  aircraft have been completed . A 
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symposium summar i z ing the results obtained from the program was held i n  
the fall of 1978 . NASA intends t o  terminate the use of this a i rplane 
for fur ther testing . The committee agrees with th is  decis ion , but 
r ecommends that inasmuch as the airplane i s  essentially one of a k ind , 
NASA conside r preserving the airplane rather than having i t  destroyed . 
In  thi s  way , should any fur ther requ i rements develop , i t  would be 
possible to make use.of this aircraft again . A cost/benefi t  analysi s  
would help in  mak ing this dec i s ion . 

In retrospect , i t  appear s that th is  program was continued beyond 
t he t ime when i ts technical output j ustified i ts cost . such large 
flight programs should be rev iewed frequently for cost-effectiveness . 

Var iable-cycle Eng ine Program -- Lewi s  

Fundamentally , the var iable-cycle engine operates a s  a h igh-bypass 
e ngine for low noise and h igh performance at takeoff and subsonic 
climbout and as a low-bypass , augmented engine for h igh performance i n  
supersonic fligh t .  Two var iable-cycle concepts have been identified , 
and the ongoing program i s  a imed at demonstrating some components for 
these eng ines . The near-term program w i ll determine whether some of 
the components needed for thi s  var iable-cycle operation are pract ica l 
and will perform as predicted . In  the commi ttee ' s  view , the components 
involved are not sui table for a var iable-cycle eng ine and will not 
provide eng ine noise levels as low as those expected of eng ines for 
future subson ic aircraft . Fur thermore , the eng ine and a irframe 
e f f ic ienc ies that can be predicted now are not good enough to establ ish 
clearly the economic feasibil ity of a commercial super sonic transport.  
The committee , therefore , recommends that the large-scale eng ine 
demonstration program be cur tailed , and the long-term research program 
to provide a research base for solving the cr i tical problems be 
continued . 

Before NASA embar ks on any s igni ficant superson ic propuls ion 
programs beyond the l imited research descr ibed above , the review 
r ecommended by the committee ear l ier should be under taken to establ ish 
obj ectives for a super sonic transpor t program in gene ral . 

Rotorcraft TechnologY 

Rotorcraft , such as hel icopters , employ one or more powe red 
hor izontal rotor s ( li ke long-bladed propellers operating in a 
hor i zontal plane ) to enable them to take off and land ver tically , to 
move in  any d irection in fl ight ,  or to hover . 

I n  1977 , Ames was ass igned lead-cente r responsibil i ty for NASA's 
r esearch and technology program for rotorcraft , as par t  of i ts more 
general respons ibility for shor t-haul ai rcraft . Pr ior to this , much o f  
NASA's helicopter program had been conducted a t  the Langley Center . At 
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the time of the committee's visit to Ames , the center was beg inning to 
assimilate i ts new respons ibility and was assimilating a staff and 
setting up l ines of author ity .  The commi ttee was presented with a 
s hor t review of rotorcraft systems technology . The program was in a 
formative stage , never theless , the commi ttee was concerned about the 
apparent lack of analyses . Th is  is a large full-scale-research 
exper imental program and the committee would like to see a much mor e 
deliberate and deta iled program that integr ates analyses with test 
results . 

An overall assessment of advanced rotor system development seems to 
be lacking . Cons idering the possible range of configurations that 
could be investigated and the necessary commitment of resources to such 
programs ove r a long per iod of time , the commi ttee bel ieves it 
e ssent ial that th is area of work be well planned to ensure there are 
adequate benefits to be accrued from the development1 of major 
hardware items . 

Tilt Rotor Research Aircraft (XV-15 ) -- Ames 

Th is is a joint Army/NASA program to procure two t ilt-rotor 
r esearch a ircraft to be fl ight-tested by NASA and the Army to prove the 
val id i ty of the configurat ion . The tilt-rotor concept combines the 
hover capability of a hel icopter with the cruise e ffic iency of a 
transpor t ai rcraft such as the Lockheed Electra . The veh icle has a 
helicopter-like rotor mounted on each wing t ip of an otherwise 
conventional-look ing aircraft . After the veh icle takes off , the rotor s 
t ilt forward from the hor i zontal plane to the vertical plane , and 
operate as two large propelle r s . 

The program was initiated in 1972 with a des ign competition won by 
Bell Hel icopter , a division of Textron Corporation . At the t ime of the 
present rev iew , the first aircraft was be ing prepared for shipment to 
the Ames center for wind tunnel tests in the 40-ft x 80-ft Wind 
Tunnel . The construction of the second a ircraft was 7 0  percent 
complete .  

1Subsequent to this study , NASA defined a rotorcraft program in 
July 1978 . The National Research Council , at the request of NASA , 
under took a detailed review of NASA's rotorcraft progr am .  The results 
of the study are repor ted in a National Research Counc il report . 
Aeronaut ics and Space Eng ineer ing Board . 197 8 .  An Evaluation of 
NASA's Progr am for Advancing Rotorcraft Technology . National Researc h 
Counc i l , National Academy of Sciences . 
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The tilt-rotor concept was first  studied by the Army and NASA in 
the early 19 50 ' s .  I n  the mid-SO ' s ,  the XV-3 t ilt-rotor research 
aircraft was designed , built , and flown in a proof-of-concept and 
research program until 1966 when it was severely damaged in a crash 
that investigation showed was caused by a dynamic coupling between the 
rotor-wing-fuse lage structure at moderate cru i se speed . 

The obj ectives of the present program include ver i fication of the 
dynamic stabil ity of the rotor-wing combination and ai rcraft 
per formance , assessment of the handling qualities and gust sensi tivity , 
and assessment of the military miss ion su i tability . The vehicle spans 
the area between the helicopter and the more conventional wing
supported aircraft--an area of technology that could have a large 
payoff in the long term . The committee suppor ts this program, with the 
addition of cr itical review at appropr iate intervals to assure that the 
program will give results commensurate wi th i ts cost . The first  
research results from this program should become ava ilable dur i ng the 
coming year . The commi ttee recommends that a detai led technical review 
of  the program be conducted when test results are ava i lable . 

Advanced Ti lt-Rotor Aircraft Systems -- Ames 

Work on the advanced t ilt-rotor a ircraft system cons ists of 
analytical studies of advanced-technology rotor systems , including the 
definition and preliminary design of advanced control systems . The 
committee questions the overall appropr iateness of this effor t . 
T ilt-rotor systems have been under cons ideration for the past twenty 
year s ,  but for a var iety of reasons , have failed to reach any 
operational level or sui tabil i ty .  The committee bel ieves that unsteady 
aerodynamics , blade structural dynamics , and the complexity of the 
power train have all contr ibuted to the problems of tilt-rotor a ir
craft . Unt i l  it is  demonstrated , through flight tests and exper iments 
w i th the XV-15 aircraft descr ibed above , that these problems have been 
solved , it i s  not appropr iate to expend effort and resources to develop 
follow-on systems . The committee recommends that an examination be 
undertaken of the proj ected users of th is technology to determine 
whether there is  a market for i t .  Cer tainly the results of the XV-15 
should be analyzed carefully before any s ign i ficant e f fort is devoted 
to additional analytical stud ies of advanced t ilt-rotor concepts . 

Rotor Systems Research Aircraft (RSRA) -- Langley 

Th is is a joint Army/NASA program to develop two flight veh icles to 
serve as research fac ilities for rotorcraft and rotorcraft components 
that are more generally of conventional hel icopter des ign than is the 
XV-15 Tilt-Rotor Research Aircraf t .  The vehicles are be ing developed 
under contract with S i korsky Aircraft Company by the Langley center . 
When the veh icles have been developed and tested to ver i fy that they 
meet the prescr ibed technical requirements , they will be transfer red to 
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the Ames center where they will be used by NASA and the Army at Ames to 
conduct fl ight research . 

The RSRA vehicles are unique , they can fly and operate as 
conventional hel icopters , as  compound hel icopters , or as conventiona l 
a i rcraft . Rotor forces can be measured independently of the a i r frame 
forces . The vehicles incorporate a crew-escape system ,  a i r  brakes , and 
var iable-inc idence wings that can be removed for pure helicopter 
operations . The committee conside r s  thi s  program to be well structured 
and believes it will be a valuable fac i l i ty that can develop a body of 
design and operational knowledge for future rotorcraft design . 

He l icopter Transmiss ion Systems -- Lewis 

This  i s  a new program ,  proj ected for f ive year s .  Its purpose i s  to 
r educe the weight , s i ze ,  cost , ma intenance , and noise of hel icopter 
transmi ssion systems . 

The Lewis center is  seek ing improvements in  convent ional 
transmiss ions through fundamental wor k on bear ings , gears , lubr icat ion 
and lubricants , and seals . At the same t ime , it is investigating a 
hybr id traction dr ive system that uses fr iction rollers instead of 
f ini te-toothed gear s ,  to determine the potent ial for s igni ficant s i ze 
and cost reductions . While mechan ical transmiss ions are used in almos t 
every self-propelled vehicle in use today whethe r on land , sea , or a ir ,  
the we ight and reliability needed by rotorcraft make today • s  systems 
far from satisfactory . The committee is pleased to see NASA enter this 
field , and antic ipate s that the state of the art can be improved by a 
detailed scient i f ic approach . An oppor tun i ty ex ists to develop an 
analytical approach to gear and bearing design to reduce dependence on 
empir ical data . 

There are many industr ial and mi l i tary users of this technology , 
and Lewis should ma intain its effor ts to ensure technology transfer and 
i nformation exchange . To a degree , th is is ach ieved through the 
par tic ipants in the out-of-house effor ts . Although the committee 
cons iders the balance between in-house and out-of-house wor k i n  th is  
program to be appropr iate , the committee suggests that a g reater  use of  
univers ities in  the out-of-house portion would emphas i ze the analytical 
portion of the work . 

Vertical Takeoff and Land ing Aircraft TechnologY 

Vert ical takeoff and landing (VTOL )  aircraft can take off and land 
vert ically in a manner s imilar to rotorcraft . The term •VTOL• has come 
to be applied only to those aircraft that accomplish vert ical takeoff 
and land ing by downward-thrusting or downward-de flected jets . NASA ' s  
prog ram in VTOL aircraft is  pr imar i ly in direct support of the Navy ' s  
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search for a aultimission VTOL vehicle . Ames is  NASA ' s lead center for 
th is program ,  parts of the program are also conducted at Langley and at 
Lewis . 

Operat ing Systems Technology -- Ames 

The ma in  thrust of thi s  study program for VTOL aircraft i s  to 
def ine s imulat ion methods for val idating d ig ital flight control 
systems . The program is directed to both CTOL (Conventional Takeof f 
and Land ing )  and VTOL aircraft and appears to have been under taken , at 
least par tially , at the request of the Federal Aviation Administration 
to a id in  the development of the cer t i fication requirements for CTOL . 
The committee believes that the industry i s  better equ ipped to analyz e 
costs and ·bene fits than the center . The committee also questions the 
scheduling for the efforts for CTOL , with the program for s imulation 
exper iments extending into Fiscal Year 198 1 .  The advanced d igital 
flight control system for the DC-9-8 0  is scheduled for certi fication i n  
1980 . An e f for t i n  this  area applied to VTOL may have a greater impact 
or future development than those applied to CTOL where NASA appears to 
be running somewhat behind current e f forts in  industry . 

With respect to VTOL aircraft ,  the examination of innovat ive 
navigat ion , guidance and control d i splays , and operating techniques for 
both civil and mil itary vehicles is worthwh i le .  The commi ttee con
s ider s  that the long-range potent ial of this wor k  is suffic ient to 
support an accelerated and expanded program on the bas is  of i ts 
long-term payoffs . 

Vehicle Technology -- Ames and Lewis  

This  program consi sts largely of analysis , wind tunnel tests , and 
f l ight s imulat ions in Ames ' ground-based simulators .  The commi ttee 
believes that th is  wor k is extremely important to the u.s. Navy , and 
could also serve other potential c ivil and mil i tary appl icat ions . The 
effor t is shor t te rm , funded by the Navy , and is a imed directly at the 
spec i f ic Navy appl ication . NASA , however , should be pur su ing a broader 
and longer-term obj ective of  a much more gener ic nature . Th is requ i res 
that NASA car ry out a program of i ts own des ign . The committee 
believes NASA should appeal the ruling that restr icts its fund ing to 
that provided by the Navy . 

A relatively low-level e f for t in propulsion is funded by the Navy 
at the Lewi s center . In  the committee ' s  view , the problems of 
developing a satis factory propuls ion system for a VTOL f ighter airplane 
are formidable . Very high thr ust-to-we ight ratios , control of thr ust 
d irection , and integration of the eng ine control with the aircraft 
control system are some of the technical problems spec i f ic to th is  
c lass of aircraft . The resources applied by Lewis to these problems 
are consi .Jtent with the funds provided by the Navy , but it is the 
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committee ' s  view that they . are not appropr iate to the s i ze of the 
problem . It is uncer tain whether a VTOL airplane that would per form 
the des ired mission can ever be achieved , but VTOL does seem to be an 
a rea in which NASA could take the initiative and make a pos i tive 
contr ibut ion , in add ition to working within Navy requirements . 

VTOL Approach and Landing TechnologY (VALT) Program -- Langley 

This program is concerned with the development and fl ight 
validation of the technology for systems that integrate the navigation , 
guidance , control , and flight-management subsystems to provide maximum 
e ffect iveness for VTOL aircraft and hel icopters . The development of 
such integrated systems involve a var iety of techn ical areas , including 
a ircraft flying qual ities , operating procedures , human factors , 
avionics , and automatic control systems . The equ ipment associated with 
this program is of general use in automatic landing technology , and i s 
maintained as such by Langley . As a result of NASA ' s  naming Ames the 
lead center for hel icopter and other VTOL a i rcraft research , that par t 
of the VALT program pertaining spec i f ically to hel icopter s will be 
transferred to Ames . The remaining por tion of the program, particular ly 
those par ts appropr iate to general aviation , will be car r ied through to 
early completion at Langley . The committee agrees with the wor k  and 
plann ing for th is  program. 

Wake Vortex Minimi zat ion 

The wake of a l i fting wing is characte r i zed by two trail ing 
vort ices that emanate from the wing t ips . The strength of these 
tra il ing or wake vortices is proportional to the l i f t  of the generating 
wing .  For large transport a ircraft such vortices per sist in the 
atmosphere for several miles beh ind the aircraft with suff ic ient 
strength to upset and , in extreme cases , to cause the structural des ign 
l imits of smaller aircraft to be exceeded . The problem is particular ly 
cr itical on the approach and land ing and takeoff paths around 
airports . Thus , for safety , added spac ing is required between aircraft 
and , as a result , the number of a i rcra ft that can be accommodated at 
busy a irports is  restr icted . 

Research to find ways to reduce the vor tic ity ( strength ) of the 
wake vor tices , or poss ibly el iminate them , i s  conducted at the Langley 
and Ames Research Centers and the Dryden Fl ight Research Center . 

The purpose of thi s  program i s  to gain bas ic under stand ing of the 
wake vortex phenomena , with the obj ective of  ach ieving s ignif icant 
reduction in the strength of wake vortices . The bas ic e f fort is wel l  
structured and laudable progress i s  be ing made . The committee 
recognizes that there are some gaps . Spec i f ically , although the FAA 
has the respons ibi l i ty for wake avoidance , NASA should have a research 
effort to support the FAA . 
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The commi ttee notes that the wake vor tex minimization effor t has 
been underway for f ive years and the air l ines still have the same 
problem they had five years ago . The bas ic and theoretical wor k that 
NASA is  doing in  defining wake structures , the i r  formation , and 
d issipat ion is good , but the program should proceed with a greate r  
sense of urgency in recognition of the a irlines • operating problems , 
and seek solutions more quick ly .  

The wake vor tex minimizat ion e f for t at Ames is  directed to reducing 
the hazard presented by the wake vor t ices shed by large transport 
a ircraft . I n  i ts ear lier review of NASA 1 s  research and technology 
base , the committee commented that the Ames wake vor tex minimi zation 
program was too •cut and try . • In this  subsequent review , the 
commi ttee finds the program has been supplemented with analyt ic and 
computational work . 

Ames has tested solutions in the wind tunnel that reduce the 
strength of the trailing vor t ices up to about one and a half  mile s  
behind a B-747 . Ames believes that fl ight tests are requi red to 
val idate the solutions for wake vor t ices to 5 miles or more behind the 
generating a i rcraft because of recombination effects that cannot be 
simulated i n  the wind tunnel . The center has car r ied out a reasonable 
program us ing i n-house and out-of-house activities , and plans to phase 
out its wake vor tex wor k as it applies to CTOL aircraft and confine i t s  
e fforts to rotorcraft and STOL and VTO L  a ircraft .  Langley will 
increase i ts effor ts in the CTOL area . Th is is appropr iate in  l ight of  
the sh ift of respons ibil i t ies within NASA . 

The wor k at Dryden is  an impor tant par t  of th is  program . I t  
provides informat ion on wake development far behind the generating 
aircraft and the effects of  Reynolds number not avai lable from wind 
tunne l tests . The committee understands that the role of lead center 
for th is  wor k is now ass igned to Langley . Dryden may well have an 
impor tant role in the establ ishment of new and appropr iate fl ight-test 
technique s in  th is area , and the programs Dryden plans appear to be 
properly de f ined . I n  th is case , however , NASA management should assure 
that the lead center establishes overall controls and goals for the 
program .  One appropr iate goal , for example , would be to halve the 
spac ing now requ ired for the aircraft . Bes ides invest igat ion of 
suppress ing or mod i fying the wake vor tex , wor k toward th is goal must 
include assoc iated operational aspects . The wor k conducted so far has 
not proper ly taken into cons ideration the i ncrease in approach-noise 
level that results from operat ional use of  some of the proposed 
conf igurat ions to suppress the wake vor tex . Par t of the solut ion to 
the wake vor tex problem may be in detect ion and avoidance procedures . 
Cu rrent effor ts in th is direction should be carefully examined for 
payoffs that may exceed the effor ts to suppress or modi fy wakes . 
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Compos i te Mater ials 

In i ts ear lier repor t on NASA ' s  research and technology base in 
aeronautics , the commi ttee commended NASA on its program to apply 
carbon f iber mater ials to commercial transpor t hardware , and concluded 
that NASA could make even more s ign i f icant contr ibutions by applying 
i ts talents to the basic technology . NASA ' s  effor t in  this area i s  now 
vir tually at a standstill , having been super seded by the mandate to 
j oin the gove rnment-wide program (managed by the Depar tment of 
Commerce ) to study potential problems accompanying the use of graph i te 
f iber mater ial in aircraft structures , par t icular ly the hazards involved 
with the release of the fibers in the event of a crash fire . NASA ' s  
a ssigned tasks i n  the overall program include an assessment of the r isk 
i n  the use of graph ite fiber mater ials in aircraft , and stud ies to 
define the mater ials that might be used instead . Langley has pr ime 
respons ibi l i ty for NASA ' s  r isk assessment .  Langley , Ames , and Lewi s 
are each investigating alternative mater ials . • 

The committee , while cogni zant of NASA ' s  pos i tion , i s concerned 
that NASA ' s  capabi l i ty for research i s  being misd irected . NASA should 
complete its tasks as soon as poss ible so that i ts manpower and 
resources can be d irected to the fundamentals of advanced mater ials and 
s tructures . 

Improved Res i n  Matrix Compos i tes -- Lewis 

Th is program was initiated to develop compos i tes that present less 
h azard of car bon-f iber release . The Lewis wor k appears to over lap that 
being done at Ames and Langley , ind icating a need for better overall 
coordination . In the committee ' s  view , the Lewis wor k should be 
terminated . 

Mater ials and Structures Systems TechnologY -- Ames 

A major portion of this  program is directed to the fire  
character istics of aircraft mater ials and increased surv ivability .  
Other s ign i f icant wor k i s  on advanced compos i tes mater ials , and 
mater ials for t ires and fuel tank sealants . 

I 

i 
' 

Subsequent to th s study the results of the NASA analys 1s were 
repor ted in NASA Conference Publicat ion No . 2119 Assessment of Carbon 
F iber Electr ical Effects , An I ndustry/Government Brief ing held at 
Langley Research Center , Hampton , Virg inia , December 4-5 , 1979 . 
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Within the past year , a signi f icant amount of Ames ' effor t has been 
d irected to the hazards of the release of graphi te fibers resulting 
from fire . The committee recognizes the need for the wor k done on the 
release of composi te fibers from a fire , and agrees that a shor t-term , 
high-leve l effor t is  required in order to provide much needed techn ica l  
data . However , the commi ttee does not bel ieve the fiber-release 
quest ion is a major problem and urges that this effor t be per iodically 
reviewed to ensure that the effor t in the fiber release program is 
reduced as soon as possible , and a more balanced research effor t 
reinst i tuted . 

Composite Pr imary Structures -- Langley 

The purpose of this  program is to accelerate the acceptance and use 
of compos i te mater ials in commerc ial airplane design and construct ion 
by proof-testing aircraft components in fl ight dur ing routine aircraf t 
service operat ions . The major transpor t aircraft manufacturer s 
(Boe ing , Douglas , Lockheed-cal ifornia , Lockheed-Georgia)  are 
partic ipating in  the program as are two helicopter manufacturers 
(Sikorsky , Bell) . Th is program is  one of s ix major elements of RASA ' s  
Aircraft Energy Effic iency (ACEE) program . - I t  is  provid ing the 
impetus to industry to increase the quantity and qual ity of compos ite 
s tructures in a ircraf t .  Because of the concern over the release of 
carbon fibe r s  in the event of fire however ,  NASA indicates its 
large-scale-wing program has been postponed . The committee considers 
the flight phase of the program an impor tant one that should be 
comple ted . The bas ic wor k on compos ite structures such as fracture 
mechanics should cer tainly continue . 

Mater ials for Advanced Turbine Eng ines (MATE) 

Th is prog r am ,  conducted at the Lewis center , has the obj ective of 
accelerating the application of advanced mater ials in a ircraft gas 
turbines to achieve improved eng ine per formance and reliabil i ty .  

Mater ials that maintain the i r  strength a t  temperatures of about 
2500 ° F  are key to the advancement of gas turbine technology .  
N ickel-based super-alloys , prec is ion-cast turbine a i r foils , and 

- subsequent to th is study , the Nat ional Research Counc il , at the 
request of NASA , under took a review of NASA ' s  Aircraft Energy 
E fficiency (ACEE) Program in August 197 9 .  The results of the study are  
repor ted in a National Research Counc il repor t .  Aeronautics and Space 
Eng ineer ing Board . 1980 . An Evaluation of NASA ' s  Prosram for ACEE 
Technology . National Research Council , National Academy of Sciences . 
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high-streng th titani um alloys are necessary for today ' s  mil i tary and 
commercial a i rcraft . Unl ike other industr ies that tend to rely on 
mater ials already developed , the gas turbine industry i s  unique in its 
development of new mater ials to solve its des ign problems . Future 
eng ine advancements to reduce we ight , lower fuel consumption , and 
extend eng ine l i fe will need mater ials improvements of the k ind 
sponsored by NASA ' s  MATB program. Another impor tant aspect of 
mater ials development is the development of alloys that will minimize 
or eliminate the nation ' s  dependence on cobalt and chromium .  Denial o f  
the use o f  these two mater ials through war or other action not 
controllable by the u . s .  could cr ipple the nation . 

Reduced availabil i ty of cobalt has caused a •grey mar ket• i n  the 
metal to exist . Cobalt pr ices have r isen over 300 percent in  recent 
months . Cons ider ing this  evidence of future scarci ty ,  and the fact 
that the u . s .  government stockpile of cobalt stands at less than 50  
percent of the established goal , the committee recommends that RASA 
examine ongoing projects to see whether program revis ions should be 
made to accommodate these adver se cond itions (wh ich have occur red s ince 
the MATE program was defined ) . Cobalt has been used freely for 
gas-turbine h igh-temperature alloys . The u . s .  aerospace industry i s  
the largest user o f  cobalt , near ly 6 0  percent o f  which comes from 
Zaire . Unlike chromium ,  whose replacement in high-temperature alloys 
has not been found , a cobalt alternat ive can generally be found bf 
formulating another alloy or by revising the eng ine configuration to 
permi t the use of alternative alloys . Both aspects should rece ive 
NASA ' s  attention , and in this respect , the MATB program should put more 
emphasis  on the long term . 

NASA has used the talents and resources of both eng ine des igners 
and mater ials suppl iers to good advantage i n  the MATB program to date . 

Seven proj ects under contract to three eng ine compan ies are 
yield ing encourag ing results . In one proj ect ,  the hot isostatic 
press ing of a cobalt-alloyed turbine d isk has been qualif ied for 
production , and will result in s igni f icant savings in raw mater ial . 

Aeroelast ic i ty of Turbine Engines (ATE) 

The obj ect ive of thi s  program , being conducted at Lewis ,  is to 
develop an analytical method for the des ign of flutter-free compressor s 
and fans . Flutter in turboj e t  eng ine compressor systems is  an 
exceedingly complex phenomenon , involving not only the aerodynamic 
interaction of mult iple blades and stator s ,  but also the structura l 
dynamic interaction of blades , d i sks , stator s ,  and ducts . cer tain 
rules of thumb to avoid flutter have evolved from exper ience , but 
following these r ules does not lead to flutter-free operat ion in new 
designs . 
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The results of this  program to date are encourag ing . Des ign 
techniques that avoid flutter in the super sonic stall/unstall reg ion 
have been demonstrated . Thi s  prompts conf idence in finding solutions 
for flutter in  other operating reg imes . 

The development of analytic cr i ter ia for flutter-free des igns will 
r esult in  sign if icant savings i n  eng ine development time and cost by 
avoiding the 12 to 2 4  months requi red to redesign , procure , and retes t 
a stage when a major flutter problem i s  encountered . The commi ttee i s  
encouraged that thi s  program is being car r ied out cooperatively with 
the Air Force ' s  Aeropropulsion Laboratory and Off ice of Sc ienti f ic 
Research and the Off ice of Naval Research . Par tic ipation by academi c  
i nstitutions and industry appear s excellent , but more analytical e ffor t 
should be under taken within Lewis . 

Another impor tant problem i s  the forced v ibration of compressor 
blades caused by the influence of stationary struts , tur bulence , and 
wakes . Th is  aspect of aeroelast ic behavior should not be over looked , 
and the committee recommends that NASA expand the ATE program to 
include forced vibrations . Fur thermore , the structural analysis  of the 
overall system ; i . e . , the rotor/case response to •g • load , gyroscopic 
moments , shooks , unbalance , and aerodynamic loading . Th is program 
needs to be planned as a long-term fundamental effor t .  

Avionics and Fl ight Control 

The role of NASA in avion ics and controls technology for transpor t 
a ircraft is to develop opt ions that can be exploi ted by the pr inc ipal 
users to ensure safe and efficient a i r  transpor tation . Two flight 
programs compr ise NASA ' s  systems technology and exper imental programs 
i n  this  area , one each at the Langley and Dryden center s .  

Terminal-configured Vehicle (TCV) Program -- Langley 

Th is  program is conce ived to explore the use fulness of moder n  
avionics equipment in the environment immediately around a n  airpor t .  
The obj ect ives o f  the program are to increase terminal-area capaci ty 
a nd e f f ic iency , improve adverse-weather operations and reduce noise 
through ope rating procedures . Th is is  one of the more impor tant 
Langley programs ; the k ind of program that can br ing together the 
effor ts of many manufacturers and government agenc ies ( in par ticular , 
the FAA) in an overall e f for t that no one else i s  capable of 
accompl ishing . This program can have a very powe r ful effect on the 
overall economics of the air  transpor t system . In general , time saved 
and e f f ic ienc ies achieved in the air  traf f ic control system have h igh 
leverage on the economies of airplane operation . I t  should be noted 
that the most modern wide-body c ivil transpor ts , however ,  are quite 
capable of essent ially automatic operat ion throughout the entire flight 
mission bnd are now beg inning to be used in that way . 
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Dig i tal Fly-by-Wire Program (F8-DFBW) -- Dryden 

This  i s  a flight research program using a Navy F-8 a ircraft that 
has been mod i f ied by applying major elements of the Apollo spacecraf t 
d ig i tal electronic control system in  the F-8 aircraft to supplant the 
or ig inal control system to demonstrate and evaluate the feas ibility and 
advantages of d ig i tal fly-by-wire control systems for aircraft .  I t i s  
an application o f  the d ig i tal control techniques pioneered i n  the 
Apollo program .  The two-phased program, star ted in 19 71 , i s scheduled 
for completion in 1979 . Phase I ,  completed in 1973 , demonstrated the 
feas ibil i ty of a digital fly-by-wire system in a s implex configuration . 
Phase I I  is  assessing the per formance and reliability of an all
e lectronic dig i tal system in which reliabi l i ty is obtained by tr iple 
redundancy . The program has made impor tant contr ibut ions to the Space 
Shuttle , and i s  expected to contr ibute substantially to advanced 
transpor t designs . 

The commi ttee considers this  an impor tant program and recommends i t  
be extended to the problems of fault-tolerant systems , including the 
pilot inter face and operational restr ictions . Thorough assessment 
should be made of the software burden imposed by fault-tolerance 
r equi rements and the d ig i tal fly-by-wire system should be evaluated 
against competing concepts through a r igorous reliabil i ty analys is . 

Small Transpor t Aircraft TechnologY ( STAT) 

This  Ames program has as its obj ective the identi f ication and 
demonstrat ion of cost-e ffect ive applications of advanced technologies 
for the development of a s ignificantly improved small , shor t-haul 
transpor t a ircraft . This  aircraft could be a convent ional takeoff and 
landing aircraft , or could include a small amount of augmented lift . 
I t  is  designed to f i ll a gap in  commuter a i r l ine requirements . 

The program includes the integration of aerodynamics , structures , 
avionics , and propulsion to achieve a low-cost ,  h igh-ef f iciency , and 
high-per formance airplane des ign . The direction of this  effor t appear s 
to be toward the des ign of an a ircraf t .  The commi ttee questions 
whether an effor t of thi s  sor t is appropr iate , and whether the effor t 
to ident i fy and demonstrate cost-effect ive appl ications of the aircraft 
extends beyond NASA ' s  basic respons ibili ties and capabi l i ties . The 
committee believes NASA should explore concepts . The commi ttee fully 
suppor ts the studies of concepts and technology integration , but the 
spec i f ic a ircraft design and configuration should be left to industry . 
I f  there i s  a market for such an airplane , i t  will attract a commercial 
suppl ier . 
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Integrated Program for Aerospace Vehicle Design ( IPAD) 

u . s .  industry , aerospace par ticular ly , could improve productivi ty 
by integrating interactive computer-aided design with computer-aided 
manufacture ( not to be confused with au tomated drafting and numerically 
controlled machine tools ) . Phase I of NASA ' s  IPAD program is intended 
to provide an operating system or a set of instructions for the types 
of computers now generally used in the aerospace industry . The Phase I 
program focuses on the interactive design process and the integration 
of a common data base that can be used for computer-aided manufacture . 

NASA should continue to sponsor IPAD to make these operating 
systems available to all of the u . s .  aerospace industry . No compute r 
manu facturer is likely to find development of such a system profitable . 
In fact , only a few large aerospace manufacturers have the resources to 
accomplish such a development . Compe titive advantages are transient , 
but the u . s .  expor t position i n  aerospace , and superior defense 
weaponry will be less vulnerable to erosion if a system such as this is 
available to u . s .  industry . 

The committee believes the most impor tant problems to be solved are 
the development of an efficient computer management system for very 
large engineering data bases , and the integration of these data bases 
into interactive engineering and manufacturing environments . The 
integrat ion of NASA ' s  IPAD sys tem with the USAF ' s  ICAM ( Integrated 
Computer-Aided Manufacturing ) program is essential to ach ieving the 
lead- time and cost reductions sought .  The commi ttee commends NASA ' s  
recognition of th is need , and the e f for t that has gone into 
coordination with both potential user s and computer supplier s .  

Stratospher ic Cr uise Emission Reduction (SCERP ) 

This Lewis program was initiated in Fiscal Year 19 76 in suppor t of 
the Department of Transpor tation ' s  Climatic Impact Assessment Progr am ,  
and has the obj ective of reducing emiss ions of nitrogen oxides from 
aircraft eng ines dur ing cr uise . The work in this prog ram encompasses 
some fundamental research in lean-burning combustion , and has been 
wor thwh ile in providing more effic ient combustor concepts . Subsequent 
to the initiation of the program ,  some doubt has ar isen about the need 
to control n i trous ox ide at cruise altitudes . However , the committee 
recommends that the combustor wor k be continued even if the or ig inal 
purpose for the program no longe r exists . The reason for th is 
r ecommendation is that the lean-burning combustor concepts developed by 
Lewis  may help improve combustor durability (a  limitat ion in most 
modern h igh-temperature engines , both mil i tary and commercial ) or 
improve the tolerance of combustor s to the var iations in fuel 
proper ties tha t will exist in the near future . 
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Human/Vehicle Systems TechnologY 

Th is  area , a growing one , and an impor tant effor t of the Ames 
Center , is pr imar ily concerned wi th the question of human factors in 
aviation safety . The program suppor ts . the recommendation of the 
committee in i ts ear l ier repor t that RASA should create a unique cente r 
of excellence at Ames that could take a leadersh ip role for the country 
in thi s  area . The committee was impressed with Ames ' approach to the 
problem , and urges that research into the per sonal and mental 
capabilities that make a good flight and ground crew be emphasized . 

Th is complex program i s  unique , and in i ts ear ly phase i t  lacks 
focus . The committee suggests that a statement of near-term goals 
would help to focus the program and g iv� it d irection . The committee 
recognizes that it is diff icult to staff the in-house por tion of thi s  
program due to lack of spec i fically trained personne l ,  but the program 
appear s to have made a good star t on a reasonable path . 

Fighter Aircraft Technology 

Highly Maneuverable Aircraft Technology (HiMAT) Program -- Langley and 
Dryden 

Th is program is intended to advance the state of the a r t  of 
des igning highly maneuverable fighter a ircraft by the simultaneous 
appl ication of advancements in  var ious d i sc iplines to complement and 
augment one another . An

'
approximately 3/8-scale mode l of a f ighter 

a i rcraft des ign incorporating such advancements is be i ng constructed 
and will be flight-tested at the Dryden Flight Research Cente r  using 
the remotely piloted research veh icle test technique developed by 
Dryden . 

The H ighly Maneuverable Aircraft Technology (HiMAT) program i s  
exciting for several reasons . I t  represents a n  attempt to des ign a 
veh icle beyond the bounds of demonstrated technology , and proceed to 
in-flight evaluation . The Langley Center has the lead respons ibility 
for technical d irection of the HiMAT program ,  and Dryden has the 
responsibi l i ty for the veh icle construction and flight test . Thi s  
d ivis ion uses the special capabilities o f  the two cen ters to advantage . 

High-l i f t  techniques , aeroelastic tai lor ing by use of compos i tes i n  
pr imary structur e ,  and the appl ication o f  computational fluid dynamics 
techniques in  the des ign process will all be subject to experimental 
ver i f ication by the flight research program,  as will the techniques of 
flight evaluation . The program has a large potential payoff . 

The committee considers the H iMAT program a good example of 
long-term , exploratory flight research that Dryden should emphas i ze . 
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The Langley Center had the lead responsibil ity for the prog r am 
dur ing the technology development and veh icle design stages and , as 
stated above , continues to have responsibility for technical direction 
of the program ,  although lead responsibility for the program dur ing the 
veh icle construction and flight-test phases is vested in the Dryden 
center . The committee cons ide r s  this program a good example of how the 
centers  should collaborate , but the process is falter ing . I t  appears 
Langley interest in the program has waned with the transfer of 
respons ibi l i ty to Dryden . The committee cons iders that both Langley 
and Ames must continue to be intimate ly involved in the H iMAT program 
if  the bene f i ts of the program are to be real ized . The program should 
be evaluated to assure that the or ig inal goals of the program are be ing 
accomplished . 

Transonic Aircraft Technology (TACT) -- Dryden 

Th is flight program uses an F-111 var iable wing-sweep f ighte r 
a ircraft equ ipped with a new wing that incorporates supercr i tical 
airfoil sect ions . The F-111 TACT program is par t of a three-pronged 
program to evaluate supercr itical a i r foil technology i n  the real 
environment of full-scale fl ight . The first in-flight study was a 
j oint NASA/Navy flight test of a thickened unswept wing on a Navy T2-c 
aircraft . The tests showed that the internal volume of a straight wing 
could be s ignificantly increased wi th no loss in airplane per formance 
by th ickening the wing and employing a supercritical a i r foil . The 
thick supercr i tical wing was first  flown in November 1970 . A second 
was a swept wing with supercr itical a i r foil sections , s imulating a 
commercial j e t  transpor t wing in i ts dimens ions , that was flown in 
March 197 1 .  This wing was installed on an F-8 aircraft , replacing the 
or ig inal F-8 f ighter wing . Fl ight test  results ver i f ied the 
pred ictions of wind tunne l test results for a s ign i f icant increase in  
the wing drag-r ise Mach number . The third par t  of the program ,  the 
F-111 TACT airplane , first flown in November 1973 , was a joint 
NASA/U . S .  Ai r Force investigation of the appl ication of superc r i t ical 
a i r foil technology to a maneuver ing f ighter aircraft with 
var iable-sweep wings . 

The f inal phase of  flight testing of the supercr i t ical wing on the 
F-111 was scheduled for comple tion in September 1978 . A sympos ium wa s 
held in August 1978 to repor t the final results of th is program ,  wh ich 
was begun in 1969 . The program has demonstrated substantial 
improvements in  constant-alti tude turning rad ius and susta ined •g • 
climb capab i l i ty .  Since 1975 , the TACT aircraft has been used for mor e 
detailed investigat ions focusing on lead ing edge separation and vortex 
flow characte r i s t ics , the collect ion of high Reynolds number data on 
three-d imens ional boundary layer character istics , two-dimensional flow 
separation , and wing buffet . 

Th is has been a successful and wor thwh ile program ,  and s ince the 
airplane �ill be rebuilt to satisfy d if ferent requ i rements for an Ai r 
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Force program ,  a c r i t ical review should be made to see if there is  more 
that can or should be done on these impor tant problems be fore major 
mod i f icat ions block any fur the r wor k on the P-111 TACT airplane 
configurat ion . 

P-15 Program -- Dryde n 

The problems of aft-body drag and thrust prediction that are be ing 
addressed by this  flight-measurement program are among the most 
impor tant fac ing the designers of h igh-per formance aircraft . There is 
still much uncer tainty surrounding the effects of inlet flow distor tion 
on eng ine stall . The P-15 a i rcraft was selected by NASA as 
representative of its class of aircraft , and as having the potential 
for adding s ignificantly to the data base on these impor tant problems . 

The P-1 5  will be used by Dryden to ver i fy prediction techniques 
which were used for the specific design of the P-15 . I t  will also be 
used for some boundary-layer trans ition research , and for testing a 
s imple in-fl ight thrust-measur ing technique . 

Spin Research Veh icle -- Dryden 

Th is program ,  using the remotely piloted research veh icle 
capabi lity developed by Dryden , fills a need for data at controlled 
f l ight cond i t ions close to wing stall and spin entry , and post-stall .  
Models o f  sufficient scale are used to permi t prediction o f  full-scale 
a i rcraft behav ior and the definition of spin-recovery techniques .  

The Spi n  Research program , using an unpowered 3/8 th-scale model of  
the P-15 , i s  a cooperat ive program wi th the Langley center . This 
impor tant fl ight-test technique will add valuable data to the 
technology base in the areas of scal ing and flow-separation effects . 
The wor k i s  well coordinated between Langley and Dryden , and between 
wind tunnel , fl ight , and computational approaches . I n  th is program ,  a 
Dryden eng inee r will par ticipate in the Langley wind tunnel wor k and 
a lso in the analys is of the flight data when he returns to Dryden , in a 
fash ion s imilar to that recommended by the committee in i ts ear lier 
r epor t on NASA ' s  Aeronautics Research Technology Base Program .  such 
personne l movement between Dryden and other aeronautical centers is 
h ighly des irable . 

Oblique Wing Pl ight Evaluation 

The obl ique wing is stra ight , and mounted on an aircraft fuselage 
so that it can be pivoted about i ts mid-point from a pos ition at which 
the wing is at r ight angles to the fuselage , as on any conventional 
s tra ight-wing a ircraft , to form angles of up to 60 deg rees wi th the 
fuselage with one half of the wing swept forward and the other half  
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swept back . Forward sweep and backward sweep are about equally 
e ffective in reducing compressibility drag , and the pivoted obl ique 
wing offe r s  a means of providing var iable wing sweep . They diffe r  
•arkedly in  the ir stability and flutte� character istics , however .  The 
concept has undergone analytical and wind tunnel studies at the Ames 
Research Center with results that indicate substantial fuel savings for 
supersonic cruise aircraft with the wing highly swept , and efficient , 
quiet takeoff and landing with the wing unswept . Because the pivoting 
obl ique wing concept is  a dramatic depar ture from conventional ai rcraf t 
design , Dryden has initiated the present fl ight program, using a small 
manned aircraft , to explore the pilot ing problems associated with the 
concept . The program will also provide an assessment of a low-cost 
approach to developing flight-test veh icles . The aircraft will have a 
g ross we ight of 1800 pounds , a wing span of 30  fee t ,  and an eng ine 
thrust of about 400  pounds . The ai rcraf t ,  be ing procured under 
contract for $218 , 000 , will be flown at speeds up to 150 knots to 
explore low-speed flying qualities and pi loting problems . 

There are many questions of handling and flying qual i ties , controls 
and aeroelastic i ty to be answered , and the committee believes the 
pivoted-wing flight test is appropr iate as a low-cost exploratory 
investigation of these aspects of this novel concept at low Mach number . 

Drone for Aerodynamic and Structural Testing (DAST) 

This  is a flight program that uses a Firebee drone aircraft as a 
test bed . The Firebee has been modi fied to be remotely piloted from 
the ground , compatible wi th the capability developed by Dryden for it� 
r emotely pi loted research vehicle program .  An espec ially de� igned wing 
has been constructed and installed on the Firebee veh icle in place of 
the or ig inal wipg to study air loads and flutter suppress ion 
techniques . The program fulf ills a research need at  Langley , the 
center that establ ished the research objectives and de fined the 
prog ram. This is an excellent example of the combination of fligh t  
r esearch capabilities a t  Dryden with disciplinary capability a t  another 
center that the committee encourages . The program is well managed and 
should add cons iderably to the understanding of flutter by allowing 
tests that would not be as productive in a wind tunnel and would not be 
safe with a pilot in the a ircraf t .  

The obj ectives of the program a r e  to demonstrate a flutte r 
suppress ion system at speeds up to 20 percent above flutter speed and 
to validate flutter  prediction techniques . 

The committee cons iders i t  essential that proper attention be paid 
to validation of cur rent flutter prediction technique s and to 
compar ison between the exper imental results and unsteady aerodynamic 
theory .  In thi s  way , the program can make substantial contr ibutions to 
active control technology . 
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