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PREFACE

This bibliography documents publications of the Supersonic Cruise Aireraft
Research (SCAR) Program that were generated during the first % years of effort.
The reports are arranged according to Systems Studies and five SCAR disciplines:
Propulsion, Strateospheric Emissions Impact, Structures and Materials, Aerody-
namic Performance, and Stability and Control. The specific objeotives of each
discipline are summarized. Annotation is included for all NASA inhouse and
low~number contractor reports,

This report supersedes NASA TM X-73950.
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INTRODUCTION

In July 1972, approximately 1 year after the cancellation of the United
Statea Supersonic Tranaport Program, the National Aeronautics and Space Adminis-
tration initiated the Advanced Supersonic Technology (AST) Program. This name
was later changed to Supersonic Cruise Aircraft Research (SCAR). The overall
objeotives of this program were as follows:

(1) To provide an expanded technology base for future oivil and military
supersonic aircraft

(2) To provide the-data needed to assess environmental and economic
impacts on the Unilted States of present and, in partiocular, future
foreign supersonic transport aircraft

(3) To provide a sound hkechnical basis for any future consideration that
may be given by the United States to the development of an environ-
mentally acceptable and economically viable commercial supersonic
transport (SST)

SCAR MANAGEMEHNT

The SCAR program was managed by the Office of Aeronautics and Space
Technology (OAST) Advanced Supersonic Technology/Hypersonic Research Office
{Code RT) with the Langley Research Center designated as the lead center. An
Advanced Supersonic Technology Office (ASTO) was established at Langley for
technical management and coordination of the program. In addition to the
Langley Research Center, the Ames Research Center, the Lewis Research Center,
the Dryden Flight Research Center, and the Jet Propulsion Laboratory implemented
the program through contracts with the aircraft industry, research grants to
universities, and inhouse experimental and analytical work.

PROGRAM STRUCTURE

A block diagram showing the initial structure of the program is given in
figure 1. The scope of the SCAR program included system studies and the
following disciplines:

Propulaion

Stratospheric Emissions Impact
Structures and Materials
Aerodynamic Performance
Stablility and Control

The results of the SCAR study are accumulated in the development base for
future use.
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Figure 1.~ SCAR project structure in 1972,

As progress was made during the first 5 years of work, the program struec-
ture gradually changed to that shown in figure 2. The relative level of effort
expended for each discipline from r'iscal year 1973 to fiscal year 1977 is pre-
sented in figure 3,
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OBJECTIVES VOR SYSTEM STUDIES AND SCAR DISCIPLINES

Syatem Studieg

The specific objectives for system studies are to identify and agsess the
impact of new bechnologies applicable to future supersonic commercial aircraft;
to determine how these technologies can be successfully integrated into a design
for a supersonic cruise airceraft (in particular, investigate such ar .3 as sub-
sonie and supersonic performance, economics, safety, comfort, and those charac-
teristics, noise, pollution, ete., which interact with the soclal community);
and to perform Arrow Wing Feasibility Studies, from primary structural design
to flexibility effects, in order to acsist in defining aerodynamic configura-
tions which wil.. advance arrow wing structural designs.

Propulsion

The specific objectives for propulsion are to acquire performance data for
engine cycles suitable for an advanced supersonic trangport; to reduce engine
neoige; to provide technology for a turbine engine primary combustor which has
minimum attainable nitric oxide emission at supersonic cruise conditions; to
provide experimental verification of the facts of upper atmosphere pollution;
to develop and test an integrated alrframe/propulsion digital control rystem;
to develop advanced materials for applicable engines; and fto provide an advanced
experimental engine ao that a complete system Is available for examining the
interactions of components and for determining the overall performance and
operating characteristics,



Stratogpherice Emioniona Impact

The oppecific objectives for stratospheric eminsiecns impact are to deter-
mine the componition of the jet wake and perturbatiora (chemieal and hydro-
dynamic) in the stratoasphere that are caused by the passage of pupersonic
aireraft; to develop and apply advanced instrumentation to measure the trace
constituents in the stratosphere; and to develop tochniques to analyzo and
deseribe the posoible dotrimental effects on the natural stratoophere of air-
eraft exhaust gystema from fleets of supersonic aireraft.

Structures and Materlialn

The specific objectives for structures and materialz are to evaluate
metalllc materialas, composites, and composite reinforeced metals for potential
use in an advanced oupersonic transport; to design, fabricate, and test under
appropriate leoading and environmental conditions typical structural elements
and components that were fabricated from advanced materials, with particular
cmphasis on fatigue and fracture tests; to assess the relative merits of
advanced structural concepts and demonstrate the effectivensss of these con-
ocepts by construction and test of major assemblieos; to develiep the analytical
techniques and design methods for advanced arrow wings; and to develop and
evaluate analytical technlgques for predicting flight effects, ground loads
effects, and aeroelastic affects.

Aerodynamice Performance

The apecific objectives for aerodynamic performance are to develop pre-
liminary designs of promising supersonic configuration concepts based on the
application of control configured vehicle (CCV) and low sonic boom technology;
to optimize an arrow wing configuration which would have high aerodynamic effi-
ciency in supersonic cruise and satisfactory low-speed characteristics; to
develop ra%ional stability and control power criferia to be applied to proposed
configuration concepts; to develop and validate methods for use in predicting
low-gpeed and high-speed aerodynamic characteristics for both design and off-
design flighlt conditions; to incorporate the new methods into computerized
design tools in order to provide the alrcraft deslgner the means to accurately
and rapidly accomplish thse design trades necessary for an efficient transport;
and to oonduet sonic boom simulations to obtain subjective response data and
thereby establish eriteria for sonlc boom exposure characteristics that are
acceptable to the publiec.

Stability and Control

The apecific objectives for stability and control are to develop an
improved data base for the design of aerodynamic control surfaces; to conduct
piloted simulation studies for the determination of handling qualities criteria
for advanced CCV supersonis transports; to determine failure modes to alterna-
tive redundant control system mechanizations and the ability of the pilot to



react. to theae failurcoy to prediet the offeet of acroclanticity on the nir-
plano'a flight characteristicsa; to develop control laws applicable to active
control concepts; to establish the feaplbility of wind-tunnel aimulation of
zetive control concepto; and to develop improved control systems to cope with
Interactions between the afrframe and propulsion oyotoms.



BIBLIOGRAPHIC ENTRIES

The pregont SCAR bibliography lints the publieations that roegulted from
SCAR support from the inception of the program in 1972 to mid=-1977. The bibli-
ography in arranped according to nystem ntudles and tho five SCAR dipniplines.
Baeh dioeipline in nubdivided into three groups:

NAGA Inhouso Reportn
NADA Contractor Reports
Articlen, Meetlngs, and Company Reportn

In eartain proups, the publications are further divided into guch sec~
tions ao wmaterial applications, noiose, and inlet gtability valve, Thore are
444 papers or articles ineluded in thin iosue. When a paper appeared ag more
than one publication by the name organization (for exampla, an AIAA paper which
wao later published in the Journal of Aireraft}, unly the later publiecation i
glvan., Annctation ip included for all NASA Inhouse and low-number contractor
reporto.

Figure 4 is presented Lo help the reader visualize the typieal subject
material of this bibliography. Figure U4(a) shows an artist's representation
of a nupernonie erulso commercial transport which was the basiso for the tech-
nology integration ptudles of one of the system study contractors. Figure U4(b)
ohows a large acale arrow wing model placed in the Langley full-seale tunnel
for low npred tests. Figure Ud(c) is a oketeh of a finite-clement structure
model of an arrow wing with 2000 nodes, 4200 elements, and €300 degrees of
freedom, Figure 4(d) presents a gehomatic of two typieal advanced engine con-
cepto studied by the englne study contractors.
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SYOTEM GTUDIES

NAGA Inhoune Reporta

1, Mageitti, Vincont ii.: Systems Integpation Otudien for Dupernonie Cruine
Airaraft. NASA TM X=72781, 1974,

Toehnienl progrens in each of the diseiplinary rosedarch areas affeeting

tr dooien of supersonio erulose airepaft 1o discunsed.  The NADA AST/ZGCAR
Program aupported the integration of these teubnisgl advimees into oupersonie
eruioo aireraft eonfisuration enncoptn.,  Although the banelino concepts refleot
diffaring desipn philooophy, all refleet a level of ccononie performance coni=-
gldorably above the current foreign aireraft ag woll as the former 0.5, 50T,
Range=paylcad characterintics of the study configuration not only chow signifi-
cant improvement but aloe meet environmental geals ouch as take=off and landing
neise and uppor atmoapheric pollution.

2. Baber, Hal T., Jr.; and Swanson, E, B.:  Aavansed Supergonie Technology
Concept AST=100 Characterintios Developed in a Baoeline-Update Study.
NASA TM X=-72815, 1976,

The Advanced Superoonis Technology Confipuratic:, AST-100, is deseribed.
The combination of wing thicknens reduetion, na .elle recuntouring for minimum
drag at crulne, and the uge of the horizontal taill to produce lift during eclimb
and cruise resulted in an inerease in waximum lift-to-drag ratio. Lighter
enginea and lower fuel weight regult in g O-percent reduction in take-off groso
wolght. The take-off maximum effective perccived noise was 114.4 dB.

3. Fetterman, D. E,, Jr.: Preliminary Sizing and Peorformance Evaluation of
Supcrgonice Cruise Airaraft, NASA TM X-73936, 1976,

The bagic processes of a method that performs aizing operations on a base-
line aircraft and determines thelr subsequent effects on aerodynamiecs, propul-
olon, weights, and misaion performance are described. Results obtained by
applying the method to an advanced supersonic technology concept are discusased.
These results inelude the effects of wing loading, thrust-to-weight ratio,
technology improvements on range performance, and possible gains in both range
and payload capibility that become available through growth versions of the
baseline alreraft, The results from an in-depth contractual study are also
included.

4, Morris, S. J.; Foss, W. E., Jr.; ind Russell, J. W.: Assessment of
Variable-Cycle Engines for Mach 2.7 Supersoniec Transport: A Status
Report.. NASA TM X~73977, 1976.

This report evaluates each of three proposed SCAR propulsion systems in
terms of aireraft range for a fixed payload and take-off gross weight with a
design cruise Mach number of 2.7. The cffects of various noise and operational
restraints are determlned and sensitivities to some of the more important

GE 18 9
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performance variablos are presented for the mont probable desipgn noise and
operational roatraint ease. Critieal arcas requiring new or improved tochnol-
ogy for cach eyele are delineated., Thio report deseribes the status of the
NASA “CAR Maeh 2.7 deaign studien ao of 1ts publieation.

4, Procecdings of the SCAR Conference - Parts 1 ond 2. NASA CP-001, [3977].

Sinee 1972 the SCAR program hao provided an aceelerated and focused
technology effort which hao rosulted in developrent of improved analytical
toch.riques, design procedurcs, and an expanded ¢sperimental data baose. Major
advances have been achisved and wore peported to the technical community at the
SCAR Conference held at the Langley Research Center, November 9-12, 1976,

This decument is a compilation of papers presented by 49 opeakers repre-
sonting airframe and engine manufacturers, the Federal Avistion Administration,
and foupr NASA research centers.

The Conference wago crganized ib six sessions an follows: Aerodynamics,
Stability and Control, Propulsion, Environmental Factors, Alrframe Structures
and Materials, and Design Integration.

6. Fischler, J. E.: Structural Dezign of Supersonic Cruise dircraft,
Proceedings oif the SCAR Conforence - Part 2, NASA CP~001, [1977],
ppo 911-9250

The McDonnell Douglas supersonic eruise alreraft structures effort is dis-
cuassed and includes: {(a) the analysio methods used to improve the structural
model optimization and compare the structural concepts, (b) the analysis and
desaription of the fail-safe, crack-growth, and residual-strength studies and
testa, (¢) baseline structural trads studies to determine optimum structural
welghts !ncluding effects of geometry changes, strength, fail-safety, aero-
glastics, and flutter, (d) comparison of British, French, and U.S. alumipum
alloys with 6A1-U4V annealed titanium in structural efficiluncy after 70 000 hr
at temperature, (e) the study of three structural models for aircraft at cruise
speeds of M = 2.0, 2.2, and 2.4, (f) the study of many structural concepts to
determine their weight effiliciencies, and (g) the determination of the regquire-
ments for large-scale structural development testing.

7. FitzSimmons, Richard D.: Market Trends. Proceedings of the SCAR
Conference - Part 2, NASA CP-001, [1977', pp. 985-1000,

The public, by its reception and patronage of the widening Concorde super-
sonic service, will dictate whether a need exists for a second-generation super-
gonic transport. A second-generation supersonie transport mugt meet society's
needs and at the same time be profitable for the operators and manufacturers.

A very large sogment of ‘'ie over water, long haul passenger market, 31 percent
of the passengers who provide U2 percent of the passenger revenue, offers a

10



aignificont market for an advanced superaonic transport. The civil aircraft
market through the year 2000 could reach 250 to 300 supergonic airepraft, given
the timely availability of the necossary resocurces to undertake such a venturae,
Ivery indication to date is that a multination, multigovernment program may
affer the only way such 3 program will come to “ruition.

8. FitzSimmons, Riohard D.: Performance and Benefits of an Advanced Tech-
nology Supergonic Crulge Aircraft. Proceedings of the SCAR Conference -
Part 2, NaSA CP-001, [1977], pp. 927-938.

The results of 4 yr of rescarch on technolegy by the MeDonnell Douglas
Corporation are syntheslied in an advanced supersonic cruise aircraft design.
Comparisons are pregented with the former U.S. SST and the British-French
Concorde, ineluding aerodynamio erficiency, propulsion efficiency, welght effi-
clency, and community noise. Selected trade study regults are presented on the
subjecta of design cruise Mach number, engine cycle selecotion, and noise sup-
prension. The oritical issue of program timing is addressed and some observa-
tiono are made regarding the impact that timing has on engine selection and
minimization of program risk.

9. Hoy, James M.: Toward a Second Generation Fuel Ei . :lent Supersonic
Crulse Alrcraft - Structural Design for Efficlency. Proceedings of th-
SCAR Conference - Part 2, NASA CP-001, [1977], pp. 867-879.

The unique challenge of this Beeing concept to the structural designer is
discussed. The potential of the application of advanced structural design con-
gepts and new titanium fabrication processes is emphasized. The results of a
detailed structural analysis, inecluding weight and flutter, show successful use
of the ATLAS structural design and analysis system. It is concluded that the
blending of the structure may not have an adverse impact on structural effi-
clency, weight, and manufacturing complexity.

10. Neumann, Frank D.: Toward a Second Generation Fuel Efficient Supersonic
Cruise Aircraft - Design Characteristics and Feasibility. Proceedings
of the SCAR Conference - Part 2, NASA CP-001, ﬁ977], pp. 8U49-866.

Studies at Boeing Commercial Airplane Company in recent years have focused
on the definition, analysis, and evaluation of the blended wing-fuselage con~
cept. This paper reviews the basls and objectives of design improvement
studies. Design changes that lead to improved aerodynamic and structural effi-
clency are presented. Practical design constraints and approaches for a blended
wing fuselage are discussed, as well as the integration of the configuration
that leads to aerodynamic and structural efficiency. Highlighted are new
approaches used to provide for structural efficilency, airline and passenger
acceptance, passenger evacuation, and subsystem integration. PBResults of full-
anale passenger cabin mock-up evaluations are presented showing the feasi:ility
of the concept.
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11, Rowe, William T.: Design Feasibility of an Advanced Technology Suporgonie
Cruige Alroraft, Procoedings of the SCAR Conferefice - Part 2, NASA
CP-001, [1977], pp. 895~909,

Rescarch and devolopment programs by MeDonnell Doeuglas Corporation and
NASA provide confidence that technology is in hand to design an economically
attractive, environmentally sound supersonie crulse aircraft for mid-1980 world-
wide commercial operations. The principal results of studies and tests are
desoribed, inoluding those which define the selection of significant design
features. These typically include the results of (a) wind-tunnel tests, both
subsonic and supersonic; (b) propulision performance and acoustie tests un nolse
suppressors, including forward-flight effects; (e¢) studics of engine/airframe
integratlon whiech lead to the pelsction of engine cyeles and sizes to meet
future market, economic, and social requirements; and (d) structural testing.

12. Vachal, John D,: Toward a Second Generation Fuel Effiecient Supersonic
Cruise Aircraff - Performance Characteristics and Benefits. Proceedings
of the SCAR Conforence - Part 2, NASA CP-001, [1977], pp. 881-894,

This Boeing paper briefly reviews the characteristics of the 1971 U,5. SST.
The need for greatly improved fuel efficiency ana offw-design subsonie character-
istics is discussed. Engine-airframe matching studies are presented which show
the benefits of a configuration designed f'or much lower supersonic drag levels
(blended wing fuselage) and show how well this airframe matches with the new
advanced varilable-oycle engines. The benefilts of advanced take-off' procedures
and systems, together with the ccannular noise effect in achieving low nolse
levels with a small eruise-gsize engine, arc discussed. It ls concluded that
the SCAR technology advances, when carefully integrated through detalled engine-
alrframe matching studies on a valldated baseline airplane, lead to a much
improved superseonle eruise aircraft.

13, Wrigut, Bruce R.; Sedgwick, Thomas A.; and Urile, David M.: An Advanced
Concept That Promises Ecoclogical and Economic Viability. Proceedings
of the SCAR Conference - Part 2, NASA CP-001, DQTTJ, pp. 939-984.

Economle and ecologically acceptable supersonic travel throughout the
world can be a reality in the 1990's. The actuality of supersonic commercial
service being provided by the Concorde is demonstrating to the world the advan-
tages offered by supersonic btravel for both business and recreation. Public
acceptance will gradually and persistently atimulate interest to proceed with
a second-generation design that meets updated eccnomic and ecological standards,
This Lockheed paper identifies an advanced technology supersonic cruise vehicle
developed under the NASA SCAR program that could be available for commercial
service in the 1990's. It is estimated that this concept could operate profit-
ably on worldwide routes with a revenue structure based upon economy fares.

This airplane will meet all present-day ecological requirements regarding noise
and emissions.
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15,

16.

17.

18.

19.

20.

21.

NASA Contractor Reporto

Interim Summary Report. Volume I - Studies of the Impact of Advanced
Technologies Applied to Supersonic Tranaport Aircraft. LR 25827-1 (Con-
tract NAS 1-11940), Lockheed-California Co., Mar, 30, 1973. (Available
as NASA CR-145051-1,)

Interim Summary Report. Volume II - Market Analysis. LR 25827-2 (Con-
tract NAS1-11940), Lockheed-California Co., Mar. 30, 1973. (Available
as NASA CR-145051-2,)

Studias of the Impact of Advanced Technologies Applied to Supersonie Trang-
port Aircraft, Interim Summary Report. Volume 1 - Summary. D6-22529
(Contract NAS1-11938), Boeing Commercial Airplane Co,, Apr. 1973.
{Available as NASA CR-145052-1,)

Studies of the Impact of Advanced Technologles Applied to Supersonic Trans-
port Aircraft. Intorim Summary Report. Volume 2 - Technology Assessment
(Task I). D6-22529-1 (Contract NAS1-11938), Boeing Commercial Airplane
Co., Apr. 1973, (Avallable as NASA CR-145052-2.)

Studies of the Impact of Advanced Technologles Applied to Supersonic Trans-
port Aircraft. Interim Summary Report. Volume 3 - Market Analysis
(Task II). D6-22529-2 (Contract NAS1~i1938), Boeing Commercial Airplane
Co., Apr. 1973. (Available as NASA CR-145052-3.)

Studies of the Impact of Advanced Technologies Applied Lo Supersonic
Transport Aireraft. Volume I -~ First Year Summary Report. MDC JU394
(Contract No., NAS1-11939), McDonnell Douglas Corp., Sept. 1973. (Availl-
able as NASA CR-145053-1.)

Studies of the Impact of Advanced Technologies Applied to Supersonic
Transprort Aireraft. Volume II - First Year Summary Report. MDC J4394
(Contract No. NAS1-11939), MecDonnell Douglas Corp., Sept. 1973. (Avail-
able as NASA CR-145053-2.)

Studies of the Impact of Advanced Technologies Applied to Supersonic
Transport Aireraft. Volume III - First Year Summary Report. MDC J4394
(Contract No. NAS1-11939)}, McDonnell Douglas Corp., Sept. 1973. (Avail~
able as NASA CR-145053-3.)
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22,

23,

2y,

25.

26,

a7.

28.

29.

30.

31.

32.

14

Studiea of the Impact of Advanced Technologies Applied to Supersonic
Tranaport Aireraft. Volume IV - First Year Summary Report., MDC J4394
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Enpine Studing

8b, Franciseun, Leot Jet Noine of un Augmentur Wing-Advancod Supersonle
Tranoport,  HALA T X-bB177, 1972,

A praliminary misoion otudy wao made of the range and jet noine of an
advaneaed suparsonie teansport employing an augmentor wing and four duct-burning
turbofan engines,  The airplane woeight and acrodynamie oharacterinties of the
Boeting 2707-300 airplane were used. The study showed thab an augmentor wing
can reduce tho bypass jet noige oufficiently se that total neine lnvels below
those recommended in FAR 36 can be attained without significant range penaltion
if the avgmentor wing can be designed without nevere woight and performaonce
penalties,

87, Whitlew, John B., Jdr.: Comparative Performance of Saveral 85T Configura-
tions Powered by Noise-Limited Turbojet Engines. NASA UM X-68178, 1972,

A simplified study wao made in which the mission performances of three
Mach 2.7 airplane configurationn were comparcd. Both wing loading and the nize
of the unaugmented turbojot engines wero varied at different levels of suppres-
sor technology. The loeweat proos weight and the best return on investment were
obtained with an advanced arrow wing configuration. A modified delta cont'igu-
ration ig a close competitor; a owing wing configuration was too otrucfurally
heavy.

88, Dugan, James r., Jr.: Proliminary Study of Sunssroonie-Transport Configu-
rations With Low Values of Sonie Boom. NASA TM X-27H6, 1973.

A parametric ptudy of low boom, supersonie tranoport airplanes with con-
ventional configurations was made to identify the features of apecific con-
figurations that promigse relatively low sonic boom overpressures (less than
47,9 N/m2). The ranges of values considered were gross welght from 28 300 to
170 000 kg; oruise Mach numbers of 2 to 3.2; and wing loadings of 1436, 2870,
and 4309 N/m2, Fuselage length was varied from 49,1 to 102.4 m and fuseclage
diameter from 2.75 %o 3.98 m. A nominal Mach 2 configuration weighing 56 700 kg
and having a wing leading of 2870 N/m? was selected; its gross geometric, acro-
dynamie, and structural features were estimated.

89, Dugan, James F.: Preliminary Study of Turbojets With Rotary Flow Inductors
for a Low-Noise Superaonic Transport., NASA TM X-68233, 1973.

In a simplified airplane mission study for a Mach 2.61 supersonic trans-
port, dry turbojets with and without real suppressors an¢ dry turbojets with
ideal rotary flow inductors were studied for sideline noize levels as low as
those recommended in FAR 36-20. Compresgsor pressure ratio was varied from 5
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to 30 and turbine temperature from 9820 € to 16989 €. TFer no noise constraint
and without a auppreagor for the best dpy turbojet, paylond dropped rapidly for
lower noise goals, breoming 6.3 poreent of the grasn qeipht voquired by FAR 36,
for the ideal inductor wan far superior to the real sappre:. .0, piving payloads
of 6.6 poreent of that required by FAR 36-10 an. 5.7 pereont of that required
by FAR 36-20,

90. Whitlow, John B,, Ji.; Weber, Richuard J.; and Clvinskan, Hentutin €.:
Preliminary Appraisal of Hydrogen and Methane Fuel ir a Mach 2.7 Dupor=-
gonic Tranaport, NASA TM X.68222, 1973,

The higher heating value of hydrogen rclative to jet propulaion (JP) fuol
is eotimated to reduce fuel weight by throefold and groog weight by 40 percent
for comparably designed airplanes of equal payload and range. At currcont fuel
prices, the direct operating coat (DOC) of a hydrogen airplane would be much
higher than that of a JP airplanc. A methane airplane could offor an
8.5=percent lower DOC than JP. If in the future 21 three fuels are postulated
to have equal costs per unit of cnergy, tho DOC for hydrogen could be ags much
as 20 percont below that fur JP on the reference mission of 4000 n.mi.

91, Weber, Richard J.: The NASA Rosearan Program on Propulsion for Supersonice
Cruise Aircraft, NASA TM X-T71666, 1975.

The objectives and status of the propulsion portion of a program almed at
advancing the technology and entablishing a data basoe appropriate for the poaogi-
ble future development of supersonic cruise aircraft are reviewed. Reoearch
related to exhaust nozzles, combustors, and inletg that io covored by the nolage,
pollution, and dynamics programs ls described.

92, Whitlow, John B., Jr.: Comparison of Parametric Duot-Burning Turbofan
and Nonafterburning Turbojet Engines in a Mach 2.7 Transport, NASA
T™M X-71679, 1975,

A parametric study was made of dugt-burning turbofan and suppressed dry
turbojet engines installed in a supersonic transport. A range of fan proaoure
ratios was conslidered for the separate flow fan engines. The turbofan engines
were studied both with and without jet noise supprers sors. Trades were made
between thrust and wing area for a constant take-off field length, The turbo-
fans produced lower airplane gross weights than the turbojets at and below the
requirements of FAR 36.

93. whitlow, John B., Jr.: Supersonic Propulsion. Aeronautical Propulsioen,
NASA SP-381, 1975, pp. 441-b57,

The Supersonic Cruise Airplane Research technology program is reported.
Mission requirements, cycle considerations, engine evaluation, and SCAR study
results are discussed. It is concluded that improved aerodynamics and struc-
tures, greater use of composites, and more refined active controls are needed
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in tho airframe area for den:gning an econsmically viable, environmentally
acceptable, oupersonie ailperaft.

a4, Whitlow, John B., Jr.: Effect of Airplane Charaeteriotica and Takeoff
Noise and Field Length Conotraints on Engine Cyele Seleetion for a
Mach 2.32 Cruilse Application. NASA TM X=71B6%, 1976,

Sideline noise and take=off field Tength were varied for two types of
Mach #.32 cruine airplanes to determine their effect on engine cyecle selection.
Ono of those airplanes was the NASA Langley LTV arrow wing: the other wis a
Booing modified dolta plug tall derived from the earlier 2707-300 concept.
Advanced variable-cyele engines (VCE) were conaidored. A more conventional
advanced low-~bypass turbofan engine wias used as a baseline for comparioson.
Appropriate exhaust nozzle modifications were assumed to aidlow either inherent
coannular or anrular jet noise suppression benefit. All the VCE'a outperformed
the baseline eng.ne by substantial margins in o design range comparioon.

95, Willis, E. A.; and Welliver, A. D.: Supersonic Variable-Cycle Erginen.
NASA TM X-73524, 1976.

The evolution and current status of selected recent variable-cyele ongine
atudies are reviewed and how the results were influenced by airplane require-
ments is deocribed. Promising VCE concepts are deseribed; thelr designs are
nimplified; and the potential benefits in terms of airceraft performance are
identified. These include range, noige, emiapions, and the time and effort
it may require to ilnoure technical reaainess of suffiecient depth to aatinfy
reasonable economie, performance, and environmental econastraints. A brief over-
view of closely related, ongolng technology programs in acoustien and exhaunt
emlasions 18 also pregented. Selected VCE conceptos can lead to significantly
improved economic and environmental performance polative to flrst-generation
58T predictions.

96, Willis, Edward: Variable-Cycle Engines for Supersonic Cruise Aireraft.
NASA TM X-T73463, 1976,

Progress and the current status of the variable-cyecle engine study are
raeviewad, with emphasis placed on the impact of technology advancementn and
design specifications. A large variety of VCE concepts are also examined.

97. Albers, James A.; and Olinger, Frank V.: YF-12 Propulsion Reoearch
Program and Results, Proceedings of the SCAR Conference - Part 1,
NASA cP-001, [1977], pp. 417-456.

This report digcuaoses the objectives and status of the propulsion program,
along with the results acquired in the various technology areas, The instru-
mentation requirements for and experience with flight testing the propulaton
syatems at high supersonic crulse are discusped. Propulsion system performance
differences between wind tunnel and flight are given. The effects of high
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froqueney flow fluctuations (transients) on the stability of the propuloion
aystem are deoeribed, and shocek position control 1o evaluated. The roport dio-
cuages present and futuro program plang and achedules,

98, Bowditeh, David N.: Supersonic Cruine Iniets for Variable-Cyele Lngines.
Proceedings of the SCAR Conference - Part 1, NASA CP-001, [1977],

Variable~cyole engines have the potential to operate very efficiently over
the wide spead range of a supersonic cruise alreraft, The performance of can-
didate opupersonic oruine inlets 1o reviewed and the agerodynamice inatallation
penalties for each type are defined. The maln characterintica that affect the
aiirflow schedules of variablc-cyele enginen arc def'ined, Thoeso ochedulnn are
compared with the alrflow achedules of the candidate inlets, and appropriate
inlets are matched to the variable-cyele engine choracterigtico. Auxiliary
inleta are also considered.

49. Hiller, Kirby W.; and Dyrain, Danie) I.: Control of Propuloion Systems for
Supersonic Cruise Aireraft. Proceedings of the SCAR Conference - Part 1,
NASA cP-001, [1977], pp. 399-415.

The unique propulsion control requirements of superuonic aireraft are pre-
sented. Integration of inlet, engine, and airframe controls is diascusaed, The
application of recent control theory developments to propulslon control design
is deseribed. Control component designo for achlevirg reliable, responsive
propulsion control are alsuv discussed.

100, Howlett, Robert A.: Varlable Stream Control Engine Concept for Advanced
Supersnnlc Alrcraft - Foeaturea and Benefits. Proceedings of the SCAR
Conference - Part 1, NASA CP-001, [197?], pp. Sli1-362,

The variable stream control engine being otudied at Pratt & Whitney Alr-
craft for advanced superagnic cruige alreraft shows potential for significant
environmental and performance improvements relative to flrst-generation super-
sonic turbojet engines. This engine cone~pt han two separate flow screams -
sach with independent burner and nozzle gystems, By wumique eontrol of the
exhaust temperatures and veloclties in these two coannular streams, significant
reduction in jet noilse may he obtained. Thia engine has the potential for
other mujor improvements. Technology programa are required to qualify and
demonstrate these potential improvementas,

101, Krebs, J. N.: Advanced Supersonic Technology Study - Engine Program
Summary: Supersonic Propulsion - 1971 to 1976. Proceedings of the
SCAR Conference - Part 1, NASA CP-001, [1977], pp. 353-370.

In 1972 NASA initiated study programs to identify the required propulsion
system and airplane technology necessary for an environmentally acceptable
supersonic ernise vehiele. The Advanced Supersonic Propulsion System Technology
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Studien at General Bleetrie Company acreened conventional turbojetn, mixoed flow
and duct-burning turbofana, and variable-cycle engines., This rosulted in the
gelection of a variable-oyelo engine concopt that provides high alrflow for low
tako-off noine levels, using a coannular acoustie exhaust nozzle, and a crulneg
airflow matched to the airplane inlet flow schedule., Technology predleted to
be availlable for start of development in 1985 is incorporated in the engine.
The propuloisn system technology has improved to the point that definition of

a second-generation supersonic cruise aireraft propulsion system that is much
improved from the 1971 GE4 turbojet is now posaible.

102. Povyers, Albert G.; Whitlow, John B.; nand Stitt, Leonard E.: Component
Tagt Program for Varlable-Cyele Enginea., Proceedings of the SCAR
Conference - Part 1, NASA UP-001, DQTT], pp. 371-385,

The NASA Lewis Research Center SCAR program involves propulsion study con-
tracts with the General Electric Company and Pratt & Whitney Aireraft. Through
these contracts, promising variable-cycle engine concepts for a supersonic
erulse airaeraft have been identified. Theze VUE concepts incorporate unique
critical components and flow-path arrangements that provide good performance
at both supersonic and subsonic cruise and appear to be economically and
environmentally viable,

Noiae

103. Soderman, Paul T.; and Noble, Stephen C.; A Four-Element End-Fire
Microphone Array for Acoustic Measurements in Wind Tunnela. NASA
™ X-62,331, 1974,

A prototype four-element end-fire microphone array was designed and built
for evaluation as a direactional acoustic receiver for use in large wind tunnels.
The microphone signals were digitlzed, time delayed, summed, and reconverted
to analog form in such a way as to create a directlional response with the main
lobe along the array axis. The measured array directivity agrees with theo-
rezical predictions confirming the circuit design of the electronic control
module.

104, Stone, James R.: Interim Pediction Method for Jet Noise. NASA
™ X-71618, 1974.

A method is provided for predizting jet nolse for a wide range of nozzle
geometries and operating conditions of interest for aireraft engines. Jet
noise theory, data, and existing prediction methods were reviewed. This method
prediets only the noise generated by the exhaust jets mixing with the surround-
ing air and does not include other noises emanating from the engine exhaust,
such as combustion and machinery noise generated inside the engine (i.e., core
noise). It does, however, include thrust reverser noise. Predictlon relations
are provided for conlecal nozzles, plug nozzles, coaxial nozzles, slot nozzles,
and thrust reversers,
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10%, Abtye, Warren I',; and Karel, Steven:s The Accuracy of Far-Field Noine
Obtained by the Mathematical Dxtrapolation of Near«Ficeld Noioe Data,
NASA TM X-62,434, 1975,

Reoults are desaribed of an analytical study of the accuracy and limita-
tiona of a technlque that pormits the mathematical extrapolation of near-field
noige daka to far-fleld conditions. It is shown that the mogt important param-
eters deseribing predlctive accuracy are the number of microphones, the ratie
of source length to acousntic wavelength, and the error in location of near-field
microphonng,

106, Atencio, Adolph, Jr.: Wind Tunnel Measurements of Forward Speed Effectn
on Jet Noise From Suppreu:or Nozzles and Comparison With IFlight Tenst
Data, NASA TM X-62,449, 1975,

The resulta of a toat program conducted in the NASA Ames 40- by B0-Foot
Wind Tunnel to determir - the effect of forward apeed on the nolge levels
emanating from a conical njector nozzle, a 32-spoke suppressor nhozzle, and a
104-elliptical~tube suppreasor nozzle are reported. It is shown that noise
levels are reduced as forward gpeed is increased and that, for one suppressor
configuration, forward spced enhances suppression. Comparisons of noise mea-
surements made in the wind tunnel with those obtained in flight tests show
geod agreement,

107, Stone, James R.: On the Effects of Flight on Jet Engine Exhaust Noige.
NASA TM X-T71819, 1975.

Differences between flight data and predictione of jet engine exhaust
noise were reconciled by considering the combined effects of jet mixing noise
and internally generated engine exhaust nolae. The aource strength of the
internally generated nolge was assumed to be unaffected by flight., The direc-
tivity was assumed to be the same statically as that given in the NASA interim
prediction method for core engine noise. However, 1t was assumed that, in
flight, internally generated noise is subject to the convective amplification
effeat of a simple source. It was shown that, in many cases, much of the fly-
over nolse signature is dominated by internally generated noise,

108, Gutierrez, Orlando A.; and Stone, James R.: Developments in Aircraft Jet
Noise Technology. Aircraft Safety and Operating Probiems, NASA SP-U16,
1976, pp. 497-512,

This paper briefly describes significant developments in two areas of jet
noise technology: the development of jet noise technology relative to coannular
nozzles of all types, and a recent approach to the analysis of flight effects
that appears to allow simulated flight effects results to be transformed to
actual flight conditions with a high degree of confidence. The coannular noz-
zle section presents results applicable to high~bypass-ratio turbafan engines,
ag well as current work on inverted-profile coannular nozzles applicable to
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low=bypasa-ratio turbotan engines suitable for use in future supersonic cruise
aircraft.

109, Mixson, dJohn S8.; Mayes, William H.; and Willis, Conrad M.: Effects of
Aireraft Nolse on Flight and Ground Stfuctures. Ailrcraft Safety and
Operating Problema, NASA SP-U416, 1976, pp. 513~525.

This paper discusses three examples involving structural response to air-
eraft noise. Acoustic loads measured on jet-powered STOL configurations are
presented for externally blown and upper surface blown flap models ranging in
8lze from a small laboratory model up to a full-scale alrcraft model., HNoise
transmission characteristics of light alrcraft structures are presented.
Acceleration responses of a historie building and a residential home are pre-
serted for flyover noise from subsonic and supersonioc alrcraft. The results
from these three examples show that aireraft noise can induce structural
responses that are large enough to require consideration in the design or
operation of the ailreraft.

110, Stone, James R.: Flight Effects on Exhaust Noise for Turbojet and Turbo-
fan Engines - Comparison of Experimental Data With Prediction. NASA
™ X-73552, 1976.

Recent experiments on the effects of flight on jet engine exhaust noise
have produced apparently conflicting results. Some of these results do not
agree with classical jet noise theories nor with model jet simulated flight
tests, In some of the cases reported, the proper corrections were not made to
account for the distributed nature of the Jjet noise sources. The remaining dis-
crepancies can be reconclled by considering the combined effects of jet mixing
noise, internally generated engine exhaust noise, and shock noise. Thils paper
demonstrates that static and in-flight jet engine exhaust nolse can be predicted
with reasonable accuracy when the multiple source nature of the problem is
taken into account., Jet mixing noise is predicted from an improved version of
the NASA interim prediction method,

111, Stone, James R,; Miles, Jeffrey H.; and Sargent, Noel B.: Effects of
Forward Velocity on Noise for a JB85 Turbojet Engine With Multitube
Suppressor From Wind Tunnel and Flight Tests. NASA TM X-73542, 1976.

Flight and wind-tunnel noise tests were conducted to obtain an understand-
ing of forward velcecity effects on jet exhaust noise. Nozzle configurations
of primary interest were a 104-tube suppressor with and without an acoustically
treated shroud. The installed configuration of the engine was as similar as
possible in the flight and wind-tunnel tests. The wind-tunnel maximum Mach num-
ber was approximately 0.27, and the flight Mach number was approximately 0.37.
The nominal jet velocity range was 450 to 640 m/sec. In the present tests, the
observed directivity and forward velocity effects for the suppressor are more
similar to predicted trends for internally generated noise than for unsuppressed
Jjet noise.
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112. Atencio, Adolph, Jr.. The Effect of Forward Speed on J85 Engine Noise
From Suppressor Nozzles as Measured in the NASA-Ames 40~ by 80-Foot
Wind Tunnel. NASA TN D-8426, 1977.

The nozzles were tested at three J85 engine power settings and at wind-
tunnel forward speeds up to 91 m/sec. In addition, ouldoor static tests were
canducted at the Ames Oubdoor Static Test Facility to determine (1) the differ-
ences between near-field and far-fleld measurements, (2) the effect of an aip-
frame on the far-field directivity of each nozzle, and (3) the relative suppres-
sion of cach nozzle with respect to the baseline conical ejector neozzle, It
was found that corrections to near-field data are necessary to extrapolate to
far-field data and that the presence of the airframe changed the far-field
directivity as measured statically. The resulis show that the effect of forward
speed was to reduce the nolse from each nozzle more in the area of peak noise,
but the change in forward quadrant nolse was small or negligible.

113. Darden, Christine M.; and Mack, Robert J.: Current Research in Sonic-Boom
Minimization. Proceedings of the SCAR Conference - Part 2, NASA CP-001,
~[1977], pp. 525-541.

A review is given of several questions as yet unanswered in the area of
sonle boom research. Efforts, both at Langley Ressarch Center and elsewhere, in
the area of minimization, human response, design techniques, and in developing
higher order propagation methods are discussed. In addition, a wind-tunnel test
program being conducted to assess the validity of minimization methods based
on a forward spike in the F-function is described.

114, Gutierrez, Orlando A.: Aercacoustic Studies of Coannular Nozzles Suitable
for Supersonic Cruise Aircraft Applications. Proceedings of the SCAR
Conference - Part 2, NASA CP-001, {1977], pp. 471-490.

Resecarch programs have been conducted to investigate experimentally the
aeroacoustic characteristics of scale-modnl, inverted-velocity-profile coannu-
lar nozzles. These programs include studies of unsuppressed configurations
with and without center plugs over a variety of radius ratios and area ratios,
Also included in these studies have been suppressed configurations, the effect
of ejectors, and some simulated flight effects. Unsuppressed inverted-velocity-
profile coannular nozzles seem Lo allow jet mixing noise compliance with present
FAR 36 regulations when applied to supersonic cruise aireraft engine cycles.
Simulated flight tests suggest that the aeroicoustic benefits of the inverted-
veloelty-profile coannular nozzles would be maintained in flight.

115. Kozlowski, Hilary: Coannular Nozzle Noise Characteristics and Applieation
to Advanced Supersonic Transport Engines. Proceedings of the SCAR
Conference - Part 2, NASA CP-001, [1977], pp. 491-50L.

Recent programs in the field of jet noise carried out by Pratt & Whitney
Aircraft and sponsored by the NASA Lewis Research Center have indicated that
the variable stream control engines which are being considered for advanced
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auperagonic cruige aireraft liwve inhorent jet noine advantages over earlier
engines. This characteriatice ig aonoclated with the exit veloeity profile pro-
duced by such an engine. The high veloeity fan otream on the outor perip' . wv
ig acouatically dominant while the primary atream i held to o low veleeil. .nd
therefore contributes little to the overall noise.

116, Lee, Robert: Coannular Plug Nozzle Noise Reduction and Impact on Exhaust
System Designa. Proccedings of the SCAR Confercnce - Part 2, NASA
CP-001, [19771, pp. 505-524.

Two programs were carried out by the General Electrie Company under *he
aponsorship of the NASA Lewls Research Center from 1973 to 1976, The £ ot
program aimed malnly at the investigation of multielement suppressors added to
the outer stream of the goannular plug ne=zle for possible application to duct-
burning turbofan cycle. The :econd program was confined to the unsuppressed
coannular plug nozzle but with extended range of configurations and btest param-
eters such that possible applications of the unsuppressed coannular nozzle con-
cept to variable-oyecle engine exhaust systems, with or without outer stream
burning, can be fully evaluated,

Materialas

117. Signorelli, Robert A.: Metal Matrix Composites for Aireraft Propulsion
Systems. NASA TM X-71685, 1975.

Compressor fan blades and turbine blades have been identified as compo-
nents with high payoff potential. This paper will present the current status
of development of five candldate materials for such applications, Boron fiber/
aluminum, boron fiber/titanium, -nd silicon carbide fiber/titanium composites
are considered for lightweight compressor fan bladea. Directionally solidified
cutectle superalloy and tungsten wire/superalloy composites are congidered for
application to turbine blades for use at temperatures to 1100° C.

118. McDanels, David L.; and Signorelli, Robert A.: Effect of Angleplying and
Matr.x Enhancement on Impact-Resistant Boron/Aluminum Composites. NASA
TN D-8205, 1976.

Efforts to improve the impact resistance of B/Al are reviewed and analyzed.
Tensile and dynamic modulus tests, thin-sheet Charpy and Izod impact tests, and
standard full-size Charpy impact tests were conducted on 0.20-~-mm-diameter
B/1100 Al matrix composites. Angleplies ranged from unidirectional to 30°,

The best compromise between reduced longitudinal properties and increased trans-
verse properties was obtained with #15° angleply. The pendulum impact strengths
of improved B/Al were higher than that of notched titanium and appeared to be
enough to warrant consideration of B/AL for application to fan blades in air-
eraft gas turbine engines.
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119, MeDanels, David L,; and Signorelli, Robert A.: Effect of Fiber Diameter
and Matrix Alloys on Impact-Resistant Boron/Aluminum Composites, NASA
TN D-8204, 1976,

Efforts to improve the impact resistance of B/Al are reviewed and analyzed.
Nonstandard thin-~sheet Charpy and Izod impact tests and standard fu. -size
Charpy impact tests were conducted on composites containing unidirectional
0.10-, 0,14~, and 0,20-mm-diameter boron fibers in 1100, 2024, 5052, and
6061 Al matrices. Impact failure modes of B/Al are proposed. The impact
strength of B/Al was significantly increased by proper selsction of materials
and processing. The use of a ductile matrix (1100 Al) and large-diameter
(0,20-mm) boron fibers gave the highest impaect strengths.

120. McDanels, David L.; and Signorelli, Robert A.: Improved Impant-Reslstant
Boron-Aluminum Composltes for Use as Turbine Engine Fan Blades. NASA
™ X-71875, 1976,

Efforts to improve the impact resistance of B/Al are reviewed and analyzed.
Thin-sheet Charpy and Izod impact tests and standard full-size Charpy impact
tests were oconducted on unidirectional and angleply composites containing 0.10-,
0.14-, and 0.20-mm boron in 1100, 2024, 5052, and 6061 Al matrices. Impact
failure modes of B/Al are proposed in an attempt to describe the mechanisms
involved and to provide insight for maximizing impaot resistance. The impact
strength of B/Al was significantly increased by proper selectlion of materials
and processing,

121. Signorelll, Robert A.: Composite Materials Research in Support of Super-
sonic Propulsion Systems. Proceedings of the SCAR Conference - Part 1,
NASA CP-001, [1977], pp. 451-468.

Two engine components, fan blades and exhaust systems, have been selected
for composite materials development efforts in support of the SCAR engine
program. The materials selected were boron/aluminum for fan blades and silicon
carbide/superalloy sheet for the exhaust system., The ourrent status of the

research in applying these two composite materials to SCAR engines is reviewed
in this paper.

Inlet Stability Valve

122. Cole, Gary L.; Dustin, Miles 0.; and Neiner, George H.: A Throat-Bypass
Stability System for a YF-12 Aireraft Research Inlet Using Self-Acting
Mechanical Valves. NASA TM X-71779, 1975.

Results of a wind-tunnel investigation are presented. The inlet was modi-
fied so that airflow can be removed through a porous cowl-bleed region in the
vieinity of the throat. The bleed plenum exit flow area is controlled by
relief-type mechanical valves. Unlike valves in previous systems, these are
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made for use in a high Mach tlight environment and include refinements so that
the system could be tested on an NASA YF-12 alreraft. The valves wera designed
to provide their own reference pressure. The results show that the system can
absorb internal airflow transients that are too fast for a conventional bypass
door control system. Increased tolerance to angle-nf-attack and Mach number
changes is indicated., The valves should provide 'suli'lecient time for the inlet
control system to make geometry changes required to keep the inlet started.

123, Dustin, Miles 0.; and Neiner, George H,: Eva'uation by Step Response
Teats of Prototype Relief Valves Designed for YF=12 Inlet Stability
Bleed System. NASA TM X-3262, 1975,

Two stabllity bleed system relief valves were tested in a spocial dynamiec
test facility., These poppet valves are prototypes for a stability bleed system
designed for use in a YF-12 flight inlet. One valve 1s unshielded, and the
other has a special shield to eliminate the flow effect pressures on the pilston.
The tests determined the size of a damping orifice to be used during wind-~tunnel
tests of the bleed system and verifled an analog slmulation of the valves.

124, Webb, John A,, Jr.; and Dustin, Miles 0.: Analysis of a Stability Valve
System for Extending the Dynamlc Range of a Supersonic Inlet. NASA
M X-3219, 1975,

A stability valve system designed for a full-scale supersonic mixed-
compression inlet was modeled dynamically by using analog computer techniques.
The system uses poppet valves mounted in the inlet cowl to bypass airflow and
augments the inlet shock position control system by preventing unstarts caused
by high-frequency perturbations. The model was used as a design ald to
investigate the effects of varylng both the physical configurations of the
valve and the flight and wind-tunnel conditions.

Pollution Reduction

125, Rudey, R, A.; and Reck, G. M.: Advanced Combustion Techniques for Con-
trolling NOy Emissions of High Altitude Cruise Aircraft. NASA
TM X-73473, 1976.

An array of experiments designed to explore the potential of advanced com-
bustion techniques for controlling the emissions of airceraft into the upper
atmosphere was discussed. Of particular concern are the oxides of nitrogen
(Nox) emissions into the stratosphere. The experiments utilize a wide variety
of approaches varying from advanced combustor concepts to fundamental flame
tube experiments. Resul 3 indicate that substantial reductions in cruise NOy
emissions should be achievable in fubture aircraft engines. A major NASA pro-
gram is descr.bed.
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126, Rudey, Richard A.: The Impact of Emission Standards on the Design of
Aireraft Gas Turbine Engine Combustors. NASA TM X-73490, 1976,

Effectivo emigsion control techniques have been ldentified and a wide
apactrum of potential applications for those techniques to exiating and
advanced engines are being consldered. Results from advanced combustor concept
evaluations and from fundamaental experiments are prescnted and discusned and
comparisons are made with existing EPA emigglon standards and recommended
levels for high altitude cruise. The impact that the advanced low emiosion
concopts may lmpoge on future aireraft engine combustor designs and ralated
engine components is diacusaed.

127, Rudey, Richard A.: Status Review of NASA Programs for Reducing Alroeraft
Gas Turbine Engine Emissions. NASA TM X-71861, 1976,

Programs initiated by NASA to develop and demonstrate low emigslon advanced
teohnology combustors for reducing alreraft gas turbine engine pollution are
reviewed, Program goals are consistent with urban emission level requirements
a3 gpecified by the U.S. Environmental Protection Agency and with upper atmo-
sphere cruise emission levels as recommended by the U,S, Climatic Impact Angegn-
ment Program and National Research Council, Preliminary tests of advanced tech-
nology combustors indicate that significant reductions in all wajor pollutant
emissions should be attalnable in present-generation airceraft gas turbine
engines without adverse effects on fuel consumption. Preliminary teab results
from fundamental studies indicate thal extremely low emisgion combustion sys-
tems may be possible for future-generation Jet aircraft.

128, Rudey, Richard A.; and Lezberg, Brwin A.: Status of NASA Aireraft Engine
Emission Reduction and Upper Atmosphere Measurement Programa., Ailreraft
Safety and Operating Problems, NASA SP-416, 1976, »p. 319-336,

NASA is conductling programs to evaluate advanced emission reduction tech-
niques for five exiagting aircraft gas turbine engines. Varying degreea of
progress have been made toward meeting the 1979 EPA standards in rig tests of
combustors for the five engines. Results of fundamental combustion studieg
suggest the possibility of a new generation of jet engine combustor technology
that would reduce oxides-of-nitrogen (NOy) emissions far below levels currently
demonstrated in the engine-related programs. The Global Air Sampling Program
(GASP} is now in full operation and is providing data on constituent measure-
ments of ozone and other minor upper-atmosphere species relatcd to aircraft
emissions,

NASA Contractor Reports

Engine Studies

129, Sabatella, J. A., ed.: Advanced Supersonic Propulsion Study Final Report.
NASA CR-134633, 1974,
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130 #zcel'.2, R.3 and Allan, R, D.: Advanced Supersonie Tochnology Propulsion
Lrguam Study - Final Report.  NAGA CR=-143634, 1974,

131, fllan, R.: Advanced Suporsonice Tochnology Propulsion Syotem Study -
Phage I Fipal Report., NASA CR-134913, 1474,

13¢. Howletb, R. A.; Sabatella, J.3 Johnznon, J.; and Aronotamm, G.:  Advanced
Superconie Propulsion Study - Phagse II Final Report. NASA CR-134904,
1975,

133, Trueco, Horacio: Study of Variable Cycle Enginer Equipped With Supernonia
Fang, NAGA CR-134777, 1975.

Noine

134 . Beulke, M. R.; Clapper, W, 8.; waeflann, E. 0.} and Morozumi, H. M.: A
Forward Speod Effects Study on et Noise From Several Suppresgor Nezzles
in the NASA/Ames 40- bv 80-Foot Wind Tunnel - Final Roport. NASA
CR-114741, 1974,

135. Chun, K, S.; Berman, €. H.; and Cowan, 5. J,: Effecta of Motion on Jot
Exhaust Noige From Alreraft. NASA CR-2701, 1976.

The various problems involved in the evaluation of the jet noige field
prevailing between an observer on the ground and an aireraft in flight i. a
typical take-off or landing approach pattern were gtudied by the Boeing Commer-
cial Airplane Company. Areas examined inelude (1) literature survey and pre-
liminary investipation, (2) propagation effects, (3) source alteration effects,
and {4) investipation of verification techniques, Sixteen problem areas were
identified and studied. The results and the proposed follow-on programs provide
a practieal general technique for predicting flyover jet noisme for conventional
jet nozzles,

136. Jaeck, Carl L.: Static and Wind Tunnel Near-Field/Far-Field Jet Noise
Measurements From Model Scale Single-Flow Baseline and Suppressor
Nozzlea. Volume 1: Noise Source Loecations and Extrapolation of Static
Free~-Field Jet Noise Data. NASA CR-137913, 1976.

137. Jaeck, Carl L.: Static and Wind Tunnel Near-Field/Far-Field Jet Noise
Measurements From Model Scale Single-Flow Baseline and Suppresgor
Nozzles. Volume 2: Forward Speed Effects. NASA CR-137914, 1976.
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138, Kozlowski, Hilary; and Packman, Allan B.: Aerodynamic and Acoustie Tests
of Duct~Burning Turbofan Exhaust Nozzles. NASA CR-2628, 1976,

This experimental program conducted by Pratt & Whitney Alrcraft cstablished
the static aerodynamic and acoustic characteristics of duct-burning turbofan
(DBTF) exhaust nozzles. Scale modelo simulating unsuppressed coannular nozzles
and mechanically suppressed nozzles with and without ejectors (hardwall and
acoustlically treated) were tested in a quiescent environment., Far=-field acous-
tio data, perceived nolse levels, and thrust measurements were obtained for
17 test conditions. Jet noise reductions relative to ayntheoized prediction
from 8 PNdB (with the unsuppressed coannular nozzle) to 15 PNdB (with a meechani-
cally suppressed configuration) were observed at conditions typical of engines
belng considered under the Advanced Superaonic Technology Program, The inheront
suppression characteristic of the unsuppressed coannular nozzle 1g related to
the rapid mixing in the jet wake caused by the veloeity profiles assoeciataed with
the DBTF, Since thia can be achieved without a mechanical suppressor, signifi-
cant reductions in aircraft weight or noise footprint can be realized.

139, Lookhesd-Georgia Co.: Effects of Forward Velocity on Turbulent Jet Mixing
Noise. NASA CR-2702, 1976.

Flight simulation experiments were conducted by the Lockheed-Georgia
Company in an anacholc free Jet facility over a broad range of model and free
Jet veloeities., The resulting scaling laws were in close agreement with scaling
laws derived from theoretical and semiemplrical conslderations, Additionally,
measurements of tne flow strusture of jets were made in a wind tunnel by using
a laser velocimeter. These btests were conducted to deseribe the effects of
velocity ratio and jet exit Mach number on the development of a jet in a coflow-
ing stream.

140, Strout, Frank G.: Flight Effects on Noise Generated by the JT8D-17 Engine
In a Quiet Nacelle and a Conventional Nacelle as Measured in the NASA-
Ames H4D- by 80-Foot Wind Tunnel. NASA CR-137797, 1976.

141, Strout, Frank G.: Flight Effects on Noise Generated by the JT8D-17 Engine
in a Quiet Nacelle and a Conventional Nacelle as Measured in the NASA-
Ames 40~ by 80-Foot Wind Tunnel - Summary Report. NASA CR-2576, 1976.

A JT8D-17 turbofan engine was tested in the NASA Ames 40- by 80-Foot Wind
Tunnel by the Boeing Commercial Airplane Company to determine flight effects
on Jet and fan noise, Baseline, quiet nacelle with 20-lobe ejector/suppressor,
and internal mixer confilgurations were tested over a range of engine power
sebtings and tunnel velocitlies. Flight effects derived from the U0~ by 80-Foot
Wind Tunnel test are compared with 727/JTBD flight~test data and with model
data obtained in a smaller wind tunnel, Noise results compare favorably for
both the baseline and quiet nacelle configurations,
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142, Shields, F. Douglas; and Baoa, H., E,: Atmospheric Absorption of High
Frequency Noise and Application to Fractional-Octave Bands. NASA
CR-2760, 1977,

Pure tone sound absorption coefficlents haye been measured at 1/12 octave
intervals from ¥ kHz to 100 kHz at 5.50 K tcmperature intervals between 225.40 K
to 310.99 K. and at 10 percent relative humidity increments between 0 percent
to saturation. The measurements were made by Mississoippl University in a large
oylindrical tube (25.4 em i.d. by 4,8 m long)., The aboorption was measured by
varying the tranamitter receiver -ioparation from 1 m to 4 m and observing the
decay of multiple reflections or changes in amplitude of the first recelved
burat. The reoulting abasorption was compared with a proposed procedure for
computing sound absorption in still air and the agreement was found to be quite
good., A recommended prediction procedure is desoribed for 1/3-ootave~band
abaorption coefficients,

Inlet Stability Valve

143, Blausey, G. C,; Coleman, D. M.; and Harp, D, S.: Feaslbility Study of
Inlet Shoeck Stability System of YF-12, NASA CR-134594, 1972,

Poliution Reduction

144, Bahr, D. W.; and Gleason, C., C.: Experimental Clean Combustor Program -
Phase I Final Report., NASA CR-134737, 1975.

45, Roberts, P. B.; White, D. J.; and Shekleton, J. R.: Advanced Low NO,
Combustors for High-Altitude Supersonie Aireraft Gas Turbines. NASA

146, Roberts, R.; Peduzzi, A.; and Vitti, G. E.: Experimental Clean Combustor
Program, Phase I. NASA CR-134736, 1975.

147, Roffe, Gerald; and Ferri, Antonio: Prevaporization and Premixing To Obtain
Low Oxides of Nitrogen in Gas Turbine Combustors., NASA CR-2495, 1975.

Tests were conducted by Advanced Technology Laboratories, Inc. to deter-
mine the effectiveness of prevaporization and premixing in reducing the forma-~
tion of oxides of nitrogen in a gas turbine type combustor using liquid JP-5
fuel at the supersonic cruise condition, The combustor inlet temperature was
833 K at a pressure of U4 atm and a reference veloeity of 46 m/sec. An order
of magnitude reduction in nitric oxide emissions was achieved., Nitric oxide
emission indices as low as 0.6 g NOp/kg fuel were measured.
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148, Roffe, Gerald; and Ferri, Antonio: Lffect of Premixing Quality on Oxides
of Nitrogen in Gas Turbino Combustorn. NASA CR-2657, 1976,

Exporiments were conducted by General Applied Science Laboratories, Inc.
to determine tho effcotivencos of several premixing prevaporizing gas turbine
combuator designs in reducing formation of oxides of nitrogen at the supersonic
cruise condition. An atomized gpray from a single injector mounted on the axis
of the mixer tube produced a high initial concentration of fuel near the axio
and only modorate premixed conditions entering the combustor, A fuel spray
produced by 12 flush-mounted normal injcetion orifices in the mixer tube wall
produced a good initial digpersion of fucl and resulted in nearly complete
proalxing,

Materialn
149, Cornie, J. A.; Cook, C. S.; and Andersoon, C. A.: Fabrication Proccogs

Dovelopment of SaC/Superalloy Composite Sheet for Exhaunt System
Components. NASA CR-134958, 1976,

Articles, Meetings, and Company Reports
Engine Studies

150, Hines, Richard W.; and Sabatella, Jogeph A.: Benefits of Advanced
Propulslon Technology for the Advanced Supersonic Tranaport,
[Preprint] 730896, Soc. Automot, Eng., Oct. 1973,

151, Hinez, Richard W.; and Sabatella, Joseph A.: Influence of Noise Con-
straints on Supersonic Tranaport Englic Design, AIAA Paper No, T73-1245,
Nov, 1973.

152, Szeliga, R.: Development of Parametrieized Computations for AST Study
Engines., [Preprint] 730895, Soec. Automot. Eng., Oct. 1973,

153. Howlett, Robert A.: Engine Design Considerations for wnd Generation
Supersonic Transports. [Preprint] 750628, Soc. Automot. Eng., May 1975,

154, Howlett, Robert A.; and Kozlowski, Hilary: Variable Cyerle fngines for
Advanced Supersonic Transports. [Preprint] 751086, Soc. Automot. Eng.,
Nov. 1975.

1565, Klees, G. W.; and Welliver, A. D.: Variable-Cycle Engines for the Second
Generation SST. [Preprint] 750630, Soc. Automot. Eng., May 1975.
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Toh, dolinson, ., By Variable Syelo Enrines - The Nexb SGtep In Propiplnion
Bvolution? AIA Paper Noo To={98, July 1476,

197, Weber, Riekiard 4. NADA Propulaion Resoareh for Sapeeosonie Craioe
Areraft, Astronaut. & Acronaut., vol., 14, no, 4, May 1976, pp, 384,

b8, Welliver, B,: Engine Airframe Optimization Hao Yot To Be Done. Denign
Conference Procendings - Technology for Superaonic Cruise Mllitary Alr-
eraft, Volume I, AFPDL-TR-77-84, Vol. I, 1.5. Alr Foree, 1976,

154, Willia, B, A.; and Welliver, A, D, Variable-Cyele Enginen for Superoonic
Cruising Alreraft. AIAA Paper No, 76-759, July 1976,

160. Payzer, Robert J.: Variable Cynle Engine Appliecations and Conotraints,
Var able Geometry and Multieyele Engines, AGARD=CP=704%, Mar. 1977,
pp. 13-1 - 13-13.

101, Willis, BEdward: Variable-Cycle Engines for Supersonic Cruine direraft.
Variable Geometry and Multiecyele Bngines, AGARD-CP-20%, Mar., 1977,
pp. T-1 - 7-19,

Noine

162, Atencir~, Adolph, Jr.; and Soderman, Paul T.: Comparison of Alireraft Noise
Measured in Flight Tent and in th: NASA Ames 40~ by 80-Foot Wind Tunnel.
AIAA Paper No. T73=1047, CQo2t. 1973.

163. Soderman, Paul T.; and Noble, Stepher C.: Directional Microphone Array
for Aecountic Studien of Wind Tunnel Moedela, dJ. Airer,, vol, 12, no, 3,
Mar. 197%, pp. 168-173.

164, Soderman, Paul T.: Instrumentation and Techniques for Acoustie Rescarch
in Wind Tunnels. ICIASF '75 Record, IEEE Publ, 7% CHO 993-6 AES,
pp. 270-276,

165. Bass, H. E.; Shields, F. D.; and Bolen, L. N.; Absorption of Sound in
Moist Air. J. Acoust, Soc. Amerieca, vol. 59, suppl. no. 1, Spring 1976,
pp. S92-593,

166, Kozlowski, H.; Packman, A. B.; and Gutierrez,; 0.: Aeroacoustic Perfor-
mance Characteristies of Diu.t Burning Turbofan Exhaust Nozzles. AIAA
Paper No. 76-148, Jan. 1976,
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STRATOSPHERIC EMISSIONS IMPACT

NASA Inhouse Reports

185, Holdeman, Jamea D.: Dispersion of Turbojet Engine Exhaust in Flight.
NASA TN D-T7382, 1973.

The disperalon of the exhauaot of turbojet engines into the atmoiphere is
estimated by using a model developed for the mixing of a round jet with a
parallel flow. Calculations of the dispersion of the exhaust plumes of three
aireraft turbojet engines with and without afterburning at typical flight con-
ditions are presented. Calculated average concentrations for the exhaust plume
from a single enpgine jet fighter are shown to be in good agreement with measure-~
ments made in the aircraft wake during flight,

186. Holdeman, James D.: Emission Calibration of a J-58 Afterburning Turbojot
Engine at Simulated Superscnic, Stratospheric Flight Conditions. NASA
™ X-71571, 1974,

Emissions of total oxides of nitrogen, unburned hydrocarbons, and earbon
monoxide from a J-58 engine at simulated flight conditions of Mach 2.0, 2.4,
and 2.8 at an altitude of 19.8 km are reported. For each flight condition,
measurements were made for four angine power luvels from maximum power without
afterburning to maximum afterburning. These measurements were made 7 cm down-
stream of the engine primary nozzle using a single point traversing gas sample
probe., FResults show thab wendssions vary with flight speed, =ngine power level,
and with radial position across the exhaust.

187. Holdeman, James D,: Gaseous Exhaust Emissions From a J~58 Engine at Simu-
lated Superaontc Flight Conditions. NASA TM X-71532, 1974,

Emissions of total oxides of nitrogen, unburned hydrocarbons, carbon pron-
oxide, and carbon dioxide from a J-58 engine ab simulated flight conditions of
Mach 2.0, 2.4. and 2.8 at an altitude of 19.8 km are reported. For each flight
condition, measurements were made For four engine power levels from maximum
power without afterburning to maximum afterburning.

188, Wong, E. L.; and Bittker, David A.: Effect of Pollutant Gases on Ozone
Production by Simulated Solar Radiation. NASA TM X-71573, 1974,

Experiments using simulated solar radiation in a chamber with a controlled
atmospheric pressure near 1 atm were conducted to evaluate 03 production. The
erfects of CO and Hp0 were analyzed to determine if the CO and Hp0 addition
could reduce NO destruction of O3. The result< show that NO is destroyed while
destroying Q3.
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189. Von Thiina, Peter C.: Tuneable Diode Laser Spectrometer With Integral
Grating. NASA Tech Brief B75-10262, 1975.

A novel optical arrangement wag developed during a deoign study for an
airborne infrared apectrometer by using tuneable lager diodes., A grating ia
uged In place of one of the required folding mirrors and is thus made an
integral part of the optical aystem.

190, Holdeman, James D.: Exhaust Emission Calibration of Two J-58 After-
burning Turbojet Engines at Simulated High-Altitude, Supersonic Flight
Conditions. NASA TN D-8173, 1976.

Emissions of total oxides of nitrogen, nitric oxide, unburned hydrocarhbons,
carbon monoxide, and carben dioxide from two J-58 afterburning turbojet engines
at simulated high-altitude flight conditions are reported. Test conditions
included flight speeds from Macn 2 to 3 at altitudes from 16.0 to 23.5 km.
Oxides of nitrogen emissions decreased with increasing altitude and increased
with Ilncreasing flight speed, Oxides of nitrogen emission indices with after-
burning were less than half the value without afterburning. Carbon munoxide
and hydrocarbon emigsions increased with inecreasing altitude and decreased with
inecreasing flight speed. Emissions of these specles were substantially higher
with afterburning than without.

191. Holdeman, James D.: Measurement of Exhaust Emissions From Two J-58 Engines
at Simulated Supersonic Cruise Flight Conditiona. NASA TM X-71826,
1976.

Emissions of total oxides of nitrogen, unburned hydrocarbons, carbon mon-
oxide, and carbon dioxide from two J-58 afterburning turbojet engines at simu-
lated high-altitude flight conditions are reported. Test conditions included
flight speeds from Mach 2 to 3 at altitudes from 16 to 23 km. The data show
that exhaust emissions vary with flight speed, altitude, power level, and radial
position across the exhaust. Oxides of nitrogen (Nox) emissions decreased with
increasing altitude and increased with increasing flight speed. Carbon monoxide
and hydrocarbon emissions increased with increasing altitude and decreased with
increasging flight speed. Emissions of these species were substantially higher
with afterburning than without.

192. Brederick, Anthony J.; and Krull, Nicholas P.: Considerations of High
Altitude Emissions. Proceedings of the SCAR Conference - P-vt 2, NASA
cp-001, [1977], pp. 565-574.

This paper describes the status of the Federal Aviation Administration's
High Altitude Pollution Program, which was instituted in 1976 to develop the
detailed quantitative information needed to judge whether regulatory action to
limit such emissions would be necessary. The complexities of this question and
the nature and magnitude of uncertainties still present in our scientific under-
standing of the potential interactions between airaraft exhaust emissions and
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stratospherio ozone and cllimate are reviewed. The direction and scope of
future federal and international activities are described.

193. Reck, Gregory M.; and Rudey, Richard A.: Technology for Controlling
Emissions of Oxides of ‘itrogen From Supersenic Crulse Alprcraft.
Proceedings of the SCAR conferaence - Part 2, NASA CP-001, DQ?T],
pp. 543-564,

Varlous experiments have been and continue to be sponsored by and conducted
by the NASA Lewls Research Center to explore the potential of advanced combus~
tion technigues for controlling aireraft engine emilssions into the upper atmo-
sphere., Of particular concern are the oxides of nitrogen (NOy) emissions into
the stratosphere. The experiments utilize a wide variety of approaches varying
from advanced combustor concepts to fundamental flame-tube experiments. Results
are presented which indicate that substantial reductions in cruise NOy emissions
should be achievable in future aireraft engines,

NASA Contractor Reports

194. Von Thiina, Peter C.: Design Study for an Airborne Infrared Spectrometer
Using Tuneable Laser Diodes. ADL C-76976 (Contract No. NAS1-13045),
Arthur D, Little, Ine., Nov. 1974, (Available as NASA CR-145100.)

195. Von Thilna, Peter C.: Design of an Airborne Laser Spectrometer. NASA

Articles, Meetings, and Company Rep. ‘'ts

196. Allario, Frank; Seals, R. K., Jr.; Brockman, Philip; and Hess, R. V.:
Tunable Semlconductor Lasers and Their Application to Environmental
Sensing. Paper presented at 10th Anniversary Meeting of the Soclety of
Engineering Science (Raleigh, N.C.), Nov. 5-T7, 1973.

197. Anderson, J. G.; and Kaufman, F.: Kinetiocs of the Reaction
CH (v = Q) + Og + HOp + Op. Chem. Phys. Lett., vol, 19, no. 4,
Apr. 15, 1973, pp. 483-UB6.

198. Anderson, J. G.; Margitan, J. J.; and Kaufman, F.: Gas Phase Recombi .ation
of OH With NO and NGp. J. Chem. Phys., vol. 60, no. 8, Apr. 15, 1974,
pp. 3310-3317.

199. Brockman, Philip; and Seals, R. K., Jr.: Analysis of Laser Measurement
of High-Altitude Aireraft Emissions. AIAA J., vol. 12, no. 5, May 1974,
pp. 651-655.
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201.

202,

203,

204.

205,

206.

207 ]

208,

Farlow, N. H.; Watson, V. R.; Loewenstein, M.; Chan, K. L.; Hoshizaki, H.;
Conti, R. J.; and Meyer, J. W.: Measurements of Supersonic Jet Alrecraft
Wakes in the Stratosphere. Second International Conference on the
Environmental Impact of Aerospace Operations in the High Atmosphere -
Preprints, American Meteorolog. Soc., July 1974, pp. 53-58.

Farmer, C. B.: Infrared Measurements of Stratospheric Composition.
Canadian J. Chem., vol. 52, no. 8 (pt. 2), Apr. 15, 1974, pp. 1544-1559,

Holdeman, James D.: Dispersion and Dilution of Jet Aireraft Exhaust at
High-Altitude Flight Conditions. AIAA Paper No. T4-41, Jan.-Feb. 1974.

Margitan, J. J.; Kaufman, F.; and Anderson, J. G.: The Reaction of OH
With CHy. Geophys. Re~. Lett., vol. 1, no. 2, June 1974, pp. 80-81.

Zahniser, M. 8,; Kaufman, F.; and Anderson, J. G.: Kineties of the
Reaction of OH With HCl. Chem. Phys. Lett., vol. 27, no. 4, Aug. 15,
1974, pp. 507-510,

Kaufman, Frederick: Hydrngen Chemistry: Perspective on Experiment and
Theory. Atmospheres of Earth and the Planets, B. M. McCormac, ed.,
Dn Reidel PUb- CO., 0-1975, Pp- 219"2321

Margitan, J. J.; Kaufman, F.; and Anderson, J. G.: Kinetics of the
Reaction O + D+ OD + H. Chem. Phys. Lett., vol. 34, no. 3, Aug. 1,
1975, pp. U485-489.

Margitan, J. J.; Kaufman, F.; and Anderscn, J. G.: Kinetios of the
Reaction OH + HNO3 -+ HpO + NO3. Chemical Kineties Data for the Upper
and Lower Atmosphere, Int. J. Chem. Kinet. Symp. No. 1, 1975,
pp. 281.-287.

Anderson, J. G.; Margitan, J. J.; Zahniser, M. S.; and Kaufman, F.:
Laboratory Studies of Stratospheric OH and Cl Reactions. Proceedings
of the Fourth Conference on the Climatic Impact Assesament Program,
DOT-TSC~0ST~75-38, U.S. Dep. Transp., 1976, pp. 366-370.

. Braithwaite, M.; Ogryzlo, E. A.; Davidson, J. A,; and Schiff, H., I.:

02(12§) Relaxation in Collisions. Temperature Dependence of the Inter-
action With HBr. Chem. Phys. Lett., vol. 42, no. 1, Aug. 15, 1976,
pp. 158-161.
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210, Braithwaite, Martin; Ogryzlo, E. A.; Davidson, J., A.; and Schiff, H, I.:
02( Eg) Relaxation in Collisions. Part 2. - Temperature Dependence of
the Relaxation by Hydrogen. J. Chem, Soc., Faraday Tranz. II, vol. 72,
pt. 11, 1976, pp. 2075-2081,

211, Davidson, J. A.; Sadowgki, C. M,; Schiff, H. I,; Streit, G. E.; Howard,
Carleton J.; Jennings, D. A.; and Schmeltekopf A, L,: Absolute Rate
Constant Determinations for the Deactivation of 0(1D) by Time Resolved
Decay of 0(1D) + 0(3P) Emission. J. Chem. Phys., vol. 64, no. 1,

Jan. 1, 1976, pp. 57-62.

212, Davidson, J. A.; Sehiff, H. I.j Streit, G, E. Schmeltekopf A, L.; and
Howard, Carleton, J.: Temperature Dependenoe of 0('D) Reactions of
Atmospheric Importance. The 12th Informal Conference on Photochemistry -
Extended Abstracts, Natl. Bur. Stand., U.S. Dep. Commer., June-July 1976,

213, Farmer, C. B.; BRaper, 0. F.; and Norton, R, H.: Spoctroscopic Detsction
and Vertical Distribution of HCl in the Troposphere and Stratosphere.
Geophys. Res. Lett., vol. 3, no. 1, Jan. 1976, pp. 13-16.

214, Holdeman, J. D.: Measurement of Exhaust Emissions From Two J-58 Engines
at Simulated Supersonic Cruise Flight Conditions. Paper 76-GT-8,
American Soc. Mech. Eng., Mar. 1976.

215, Menzies, R. T.; Allario, F.; Duewer, D,; Gjessing, D. T.; Gurs, K.;
Little, C. G.; Lund, T.; Nordg, J.; Ottar, B.; Peckham, G. E.; and
Rothe, K. W.: Working Group Reports - Global and Regional Monitoring
From Airborne and Satellite Platforms. Opt. & Quantum Electron.,
vol. 8, no. 2, Mar. 1976, pp. 185-187.

216. Streit, G. E.; Howard Carleton J.; Schmeltekopf, A L.; Davidson, J. 4.
and Schlff, H., I. Temperature Dependence of 0(1D) Rate Constants for
Reactions With 0y, Ng, COp, 03, and Hp0. J. Chem. Phys., vol. 65,
no. 11, Dee. 1, 1976, pp. 47671-4764,

217. Zahniser, M. S.; Kaufman, F.; and Anderson, J. G.: Kinetics of the
Reaction Cl + O3 + ClO0 + Op. Chem. Phys. Lett., vol. 37, no. 2,
Jan. 15, 1976, pp. 226-231.
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STRUCTURES AND MATERIALSG

NASA Inhoupe Reports

Structure Concepbn Studien

218. Cooper, Paul A.; and Heldenfels, Richard R.: NASA Rascarch on Structures
and Materials for Supersonic Cruise Aircraft. NASA TM X-72790, 1976,

The technolopy and data base necessary for sound techniecal decisions
regarding long-haul supersonic cruise aireraft trangportation syntems are con-
sidered. The objectives and astatus of the research elements in the astructures
and materials phase of the program are reviewed. Emphaais is placed on peduc-
tions in structural mass by rescarch on advanced structural concepts, light-
weight materials, improved loads, aeroelastic predictive techniques, and by
development of efficient structural design procedures,

219, Sakata, I. F.; and Davis, G. W.: Advanced Structures Technology Applied
to a Supersonic Cruise Arrow-Wing Conf'iguration. Proceedingsn of the
SCAR Conference - Part 2, NASA CP-001, [1977], pp. 603-636.

The application of advanced technology to a promising aerodynamic configu-
ration wag explored to investigate the improved payload-range characteristics
over the configuration postulated during the National SST Program. Highlighted
are the resulits of an analytical study performed by the Lockheed-California
Company to determine the best struatural approach fo design of a Mach num-
ber 2.7 arrow wing supersonic cruise alrcraft. The data from thiz study, con-
ducted under the auspices of NASA, established firm technical basss from which
further trend studies were conducted to quantitatively acoess the benefits and
feasibility of using advanced structures technology to arrive at a viable
advanced supersonic gruise aircraft.

220. Sobieszeczanski, Jaroslaw; MeCullers, L. Arnold; Ricketts, Rodney H.;
Santoro, Nick J.; Beskenis, Sharcon D.; and Kurtze, William L.: Struc.
tural Design Studies of a Supersonic Cruise Arrow Wing Configuration.
Proceedings of the SCAR Conference - Part 2, NASA CP-001, [1971],
pp. 659-683.

Structural member crogs sections were sized with a system of integrated
computer programs to satisfy strength and flutter design requirements for sev-
eral variants of the arrow wing supersonie cruise vehicle. The resulting
structural weights provide a measure of the structural efficiency of the plan-
form geometry, structural layout, type of conatruction, and type of material,
ineluding composites.

A study was condreted at Lragley Research Center to determine the material
distribution for a basellne metallie structure. A study was performed on a
reduced wing area configuration. The use of composite materials on the base-
line configuration was explored.
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221, Turner, M, J.; and Hoy, J. M,: Titanlum and Advanced Composite Structures
“or a Supersonic Cruise Arrow Wing Configuration, Proceedings of the
SCAR Conference - Part 2, NASA CP-001, [1977], pp. 579-602.

Two structural design atudies were made by the Boeing Commerical Airplane
Company based on current technology and on an estimate of technology to be
available in the mid-1980's to assess the relative merits of structural concepts
and materials for an advanced arrow-wing configuration cruising at Mach 2,7.
Materlial and oconcept selection, detalled struetural analysis, structural design,
and airplane mass analysls were completed for the first study based on current
technoleogy. In the second study, based on estimated future technology, struc-
tural sizing for strength and a preliminary assessment of the flutbter of a
strength desighed composite structure were completed. In both studies, an
advanced computerized structural design system was used in conjunction with a
relatively complex finite element model for detalled analysis and sizing of
structural members.

Structure Technology

222. Haftka, Raphael T.; and Starnes, James H., Jr.: WIDOWAC (Wing Design
Optimization With Aeroelastic Constraints): Program Manual. NASA
T™ X-3071, 1974,

llser and programer documentation for the WIDOWAC programs is glven,
WIDOWAC may be used for the design of minimum mass wing structures subjscted
to flutter, strength, and minimum gage constraints. The wing structure ls
modeled by finite elements; flutter conditions may be both subsonie and super-
sonic; and mathematical programing methods are used for the optimization pro-
cedure. Program input and output are described, and example problems are pre-
sented. A discussion of computational algorithms and flow charts of the
WIDOWAC programs and maJjor subroutines is also given.

223, Adelman, Howard M.; Walsh, Joanne L.; and Narayanaswami, R.: An Improved
Method for Optimum Design of Mechanileally and Thermally Loaded
Structurea. NASA TN D-7965, 1975,

The problem of obtaining the minimum mass design of mechaniecally and ther-
mally loaded structures is presented. The special nature of thermal stresses
with regard to their response to resizing of structural members is discussed.

An improved algorlthm for resizing of structures subjected to thermal stresses
is presented. The mechanical portions of the stresses were driven to their
maximum allowable values., The new algorithm was exercised for a number of truss

structures of varying complexity and compared with ordinary fully stressed
design.
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224, Adelman, Howard M.; and Narayanaswami, R.: Resizing Procedure for Optimum
Deaign of Structures Under Combined Mechanical and Thermal Loading.
NASA TM X-72816, 1976.

An algorithm is reported for resizing structures that are subjected to
combined thermal and mechanical loading. The algorithm is applicable to uni-
axial stress elements (rods) and membrane biaxial stress members, Thermal fully
stressed design (TFSD) is based on the basie difference between mechanical and
thermal stresses in their response to resizing. The TFSD technique is found to
converge in fewer iterations and demonstrated its improvement with a study of 4
simplified wirg structure, built-up rods and membranes, and subjected to a com-~
bination of mechanical loads and a three-dimensional temperature distribution,

225. Atta, E. H.; Kandil, 0. A.; Mook, D. T.; and Nayfeh, A, H.: Unsteady
Flow Past Wings Having Sharp-Edge Separation. Veortex-Lattice
Utilization, NASA SP-405, 1976, pp. 407-418.

A vortex-lattice technique is developed to model unsteady, incompressible
flow past thin wings. This technique predicts the shape of the wake as a func-
tion of time; thus, 1t is not restricted by planform, aspect ratio, or angle of
attack as long as vortex bursting does not occur and the flow does nolt separate
from the wing surface. Moreover, the technique can be applied to wings of
arbitrary curvature undergoing general motion; thus, it 2an treat rigid-body
motion, arbitrary wing deformation, gusts in the free stream, and periodic
motions,

Numarical results are presented for low aspect rectangular wings under-
going a constant-rate, rigid-body rotatlion about the trailing edge. The results
for the unsteady motion exhiblt hysteretiec behavior.

226, Kandil, Osama A.; Mook, Dean T.; and Nayfeh, Ali H.: New Convergence
Criteria for the Vortex-Lattice Models of the Leading-~Edge Separation.
Vortex~Lattice Utilization, NASA SP-405, 1976, pp. 285-300,

Predicted pressure distributions have some irregularitles which are the
result of discrete vortex lines coming close to the lifting surface, Here it
is shown that one can eliminate these irregularities and predict pressure dila-
tributions which agree fairly well with experimental data by replacing the ays-
tem of discrete vortex lines with a single concentrated core. This approach
has the additional desirable feature of requiring less computaticnal time.

227, McGehee, John R.; and Carden, Huey D.: A Mathematical Model of an Active
Control Landing Gear for Load Control During Impact and Roll-Out. NASA
TN D-8080, 1976.

A mathematical model of an active control landing gear (ACOLAG) was
developed and programed for operation on a digital computer. The mathematical
model includes theoretical subsonic aercdynamics; first-mode wing bending and
torsional characteristics; oleopnesumatic shock strut with fit and binding
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friction; closed=loop, serlea=hydriaulie eontrol; copirieal tire foreo-doflection
nharacterioticn; antiskid braking; and ninuaoldal or random runway roughnenn,
Computed regults for the sericp-hydranlice aective econtrerol in conjunation nwith

tho oimply modified paasaive goar ohow that 20- to 30-poreent peduaetions in wing
forece rolative to thone oceourring with the modified pannive gear ean be obtained
during the impact phaoe of the landing.

228, MeWithey, Robert R.: Analytlieal Struetural BEfficiency Studies of Borsie/
Aluminum Compresgion Panels, NASA TN D-83343, 1976,

Analytically determined mans-strengbth curves, strain-otrength curvegs, and
dimenaions are prosented for struoturally officient hatentiffened panels,
corrugation=gtiffencd panels, hat-stiffoped honeyoomb-core sandwioh pinels,
open-gection corrugation panets, and honeycomb-core sandwich panels.,  The paneln
were ansumed to be fabricated from elither titanium, Borsie/aluminum, or o combie
nation of these materials., Hesultsn indieate Bornie/aluminum panelsn and Litomium
panels reinforced with Boraio/aluminum are lighter and stiffer than comparably
dosigned titanium poneln. PFurthermore, reinforced titanium panels have the same
extensional stiffneps ao comparably designed Boraico/aluminum panels. For a
given load, the structural efficiency of the hat=ptiftened honeycomb-core
sandwich panel is higher than the structural effieciency of the other otiffencd
panels.

229, Ruhlin, Charlea L.; Dogmett, Robert V., Jr.; and Gregory, Richard A.:
Geared-Elevator Flutter Study. NASA TM X-73902, 1976,

A atudy was made of the tranannic flutter characteriasties of a supersonie
transport taill assembly model having an all-movable horizontal tail with a
geared elevator. Two model confipurations, namely, one with a peared elevator
(2.8 to 1.0 gear ratio) and one with locked elevator (1.0 to 1.0 gear ratio),
wera {lutter tested in the Langley trannonie dynamics tunnel with an empennape
that was cantilever mounted on a ating. The geared-elevator configuration
fluttered experiment lly at dynamic pressures about 20 percent higher than the
locked-elevator configuration, A comparison of the experimental and analytieal
results shows that the discrecte-~elevator method predicted best the experimental
flutter dynamic pressure level, However, the single warped-surface method pro-
dicts more closely the experimental flutter frequencien and Mach number trends,

230, Gileso, Gary L.: Computer-Aided Methods for Analysis and Synthesis of
Supersonic Cruise Aireraft Structures. Proeceedings of the SCAR
Conference - Part 2, NASA CP-001, [1977], pp. 637-657.

Ther design and analysis of proposed superaonie cruise airer:. abtruntures
have requred extensive use and new development of ecomputer-aided methods., Thin
paper revieds computer-aided methods which have been and are being developed
by Langley Research Center inhouse work and by related grants and eontracts,
Jynthesis methods to size structural members to meet strength and stiffnens
(flutter} requirements have been emphasized in this work and are deseribed.
Because of the strong interactlion among the acrodynamie loads, structural
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atitffnens, and member sizon of supersonie eraise airepatt otruetures, theso
mathods have been combined into systems of eomputer programs to perform design
atudies.

231, Goatz, Robert C.:  Loado Technology for Supersonic Cruine Alreraft. Prow
ceodings of the GCAR Conforence -~ Part &, NADA CP-001, [JUTYJ,
pp. 685~T706,

A GCAR Loads Technology Program wag initiated in 1973 und ineludes researceh
in acroelastice loads, landing loads, acoustic loads, and the meanurement of
atmoopheric turbulence. This paper presents the current stiatus and some pesulty
obtained to date for tho latter three regearch areas.

A flight program to measure atmospheric turbulence at high altitudes in
a variety of meteorological conditions i5 deoeribed. Renults are aloo presented
from wind-tunnel toot programs to measure fluctuating presosures assoclated with
over-the-wing engine configurations. Two analyses, a flexible aireraft takoe-
off and landing analysis and an active control landing-gear analynin, have been
developed and their capabilities are deseribed.

232, Haskins, J. P, Kerr, J. R.; ond Stein, B, A.: Time=Tomperature-~sStrogo
Capabilities of Composites for Supersonic Cruise Alrceraft Applications.
Procecdings of the SCAR Conference -~ Part 2, NASA CP-001, []977],
pp. 799-828.

Advanced composite materlals have the potential of reduecing the weight of
futurae supersonic cruise aireraft structures. However, information on the
effocts of long-time gyclic exposure to environments and loadings representative
of long~time supersonic eruise aireraft gervice for the composite materials of
interest iz not available. A program to generate sueh information was initi-
ated in 1973. A range of baseline propertieg was dotermined for representatives
of five composite materials systems: B/Ep, Gr/Ep, B/PI, Gr/PI, and B/Al. This
paper presentsa gelccted results from the environmental exposure sotudles with
emphasis placed on the 10 000-hr thermal aging data. Results of residual
strength determinations and changes in physical and chemical properties during
high-temperature aging are discussed and illustrated using metallographie,
fractographic, and thermomechanical analyses. Some initial results of the
long-term flight aimulation tests are also included,

233. Yates, E. Carson, Jr.; and Bland, Samuel R.,: Developments in Stcady and
Unsteady Aerodynamics for Use in Aercelastic Analyaisn and Design., Pro-
ceedings of the SCAR Conference - Part 2, NASA CP-001, [1977],
pp. T07-737.

A review is given of seven regearch projects which are aimed at improving
the generality, accuracy, and computational effieiency of steady and unsteady
aerodynamic theory for use in aeroelastiec analysis and design. These projects
indicate three major thrusts of current research efforts: (1) more realistic
representation of steady and unsteady, subsonic and supersonic, loads on air-
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oraft confipurationno of genoral ohape with cmphanla on struetural design oppli-
cations, (2) wnnteady aerodynamics for application in active controls analyooes,
and {3) unsoteady aerodynamics for the frequently eritical btranconile speed
range.

Mateorials Application

234, Bales, Thomas T.j Royobter, Dick M.; and Arnold, Winfrey B., Jr.: Doevelop-
ment of the Weld-Braze Joining Procesa. NASA TN D-7281, 1973.

A Joining process, dealgnated weld=-brazing, wan developed which eombines
reslstancg gpotwelding and brazing. Reslotance apotwelding ir used to position
and aline the warts, as well as to catablich a ouitable faying-surface gap for
brazing. The process was uped successfully to fabricate Ti-6A1-4V alloy jointa.
Tests results obbtained on singlg-overlap and hat-stiffoned panel opeclmens show
that wald-brazed joints ware ouperior in tensile shear, stress ruplure, fatigue,
and buckling compared with Jjoints fabricated by conventienal meanas,

235, Brooks, William A., Jr.; and Dow, Marvin B.: Service Bvaluation of Air-
eraft Composite Structural Components. NASA TM X-71944, 1973,

The advantages of the use of composite materiala in structural applications
have been identified in numerous englneering studies. Technoleogy development
programs ore underway to correct kKnown deficiencies and to provide necded
improvements. However, in the final analysis, flight service programs are nec-
essary to develop broader acceptance of', and confidence in, any new clasg of
materials such as composites. Such flight programs, initlated by NASA Langley
Research Center, are reviewed.

236, Imig, L. A.; and Garrett, L. E.: Fatigue-Test Acceleration With Flight-
by~Flight Loading and Heating T. Simulate Supersonic-Transport Operation.
NASA TN D-7380, 1973.

Possibilities rtor reducing fatigue~test time for supersonic-transport
materials and structures were studied in tests with simulated flight-by-flight
loading. The effects of design mean stress, the stress range for ground-air-
ground cycles, simulated thermal stress, the number of stress cyecles in each
flight, and salt corrosion were studied. The flight-by-flight streso sequences
were applied to notched sheet specimens of Ti-8A1l-~1Mo~1V and Ti-6Al-4V titanium
alloys. Fatigue accelerated testing seems feasible.

237. Rosmser, R. W.; and Parker, J. A.: Chemical Research Projects Otfice Fuel
Tank Sealants Review. NASA T X-~62,401, 1974,

The status of high-temperature fuel tank sealants for military and poten-
tially commercial supersonic aireraft is examined. The NASA'a sealants program
comprises synthesis and development of new fluorcether elastomers, sealant pre-
diction studies, flight simulation, and actual flight testing of best state-of-
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the-art fluorosilicone sealants. The technical accomplishments of these
projects are reviewed.

238, Serafini, Tito T.; Delvigs, Peter; and Vannucei, Raymond D.: In Situ
Polymerization of Monomers for Polyphenylquinoxaline~Graphite Fiber
Composoites, NASA TN D-7793, 197#,

In situ polymerization of monomers was used to preparc graphite-fibor-
reinforced polyphenylquinoxaline qomposites., Six different monomer combinations
were investigated., Composite mechanical property retention characteristios were
determined at 316° C over an extended time period,

239, Imig, L. A.: Crack-Growth in a Ti-8Al-1Mo~1V With Real-Time and
Accelerated Flight-by=-Flight Loading. NASA TM X-72754, 1975,

Crack growth in Ti-8Al-1Mo-1V was measured and calculated for real-tine
and accelerated simulations of gupersonis airplane loading and heating. Calcu-
lated orack-growth rates were glower than the experimental rates for all tests
with flight-by-flight loading. For room-temperature accelerated tests, the
caleulated rates agreed well with the experimental rates; but the caloulations
bacame progresaively less acourate for progressively more complex test condi=
tions (tests that included elevated temperature).

240, Royater, Dlck M.; Wiant, H. Ross; and Bales, Thomac T.: Joining and
Fabrication of Metal-Matrix Composite Materials, NASA TM X-3282, 1975.

Manufacturing technology assoclated with developing fabrication processes
to incorporate metal-matrix composites into flight hardware is studied. The
Joining of composite to itself and to titanium by innovative brazing, diffusion
bonding, and adhesive bonding is examined. The effects of the fabrication pro-
ceasey on the material properties and their influence on the design of YF-12
wing pavels are discussed,

241, Serafini, Tito T.: Processable High Temperature Resistant Polymer Matrix
Materials. NASA TM X-71682, 1975.

In 1968 investigators at the Systems Group of TRW, Ine., working under
NASA sponsorship, developad an approach to prepare polyimides by means of an
addition reaction. Low molecular weight amide-acid prepolymers end-capped with
norbornane rings were cured without the evolution of volatile material. Subse-
quent studies at the NASA Lewls Research Center led to the development of an
improved methed for preparing addition-cured polyimides. 1In this approach
in situ Polymerization of Monomer Reactants {(PMR) occurs on the surface of the
reinforcing fibers. The purpose of this report is to review the studies cone-
ducted with addition-type polyimides. Particular emphasis is given to the
studies concerned with the development of the PMR approach,
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242, Hackins, J.; and Kerr, J.: Time-Temperature=-Stress Capabilitics of
Composite Materials for Advanced Superaonic Technology Applicationas,
Third Conference on Fibrous Composites in Flight Vehiecle booign -
Part I, NASA TM X-3377, 1976, pp. 383-403.

Time-temperature-stress characteristies o four classez of high-temperature
eomposite materials are established to assess their waltabllity for advanced
pupersonic technology consideratlions, The teots discussed include thermal
aging, ambient aging, fatigue, tensile, shear, fracture, and {light simulation
with some resulis being available for 10 000-hr exposure.

243, Ascani, Leonard A.; and Pulley, John K.: New Advancements in Titanium
Technoliogy and Thelr Cost and Weight Benefita., Prucoedings of the SCAR
Conference - Part 2, NASA CP-001, [1977], pp. 757-782.

A new technology is emerging that promises to revolutionize the field of
metal fabriecation and design, particularly that of titanium. A process that
combines both the superplastio and diffusion bonding properties of motal into
one aoncurrent opera‘lon is belng developed at Rockwell International. Esti-
mates using this technology have indicated that this combined procesg will
result in cost savings up to 70 perceont when compared with conventional con-
struction methods, uhile alsc saving weight. Many structural forms are possible
ineluding sandwich structures made by expanding face sheets and core agalnst
die forms., The classic difficulties normally associated with fabrieating sand-
wich structures, such as parts fit-up, close tolerances, and adhesive or braze
alloy strength, do not exist with this technique. Rockwell's patented new
processes are expected to significantly affect future airplane concepts and
eriteria.

244, Bales, Thomas T.; Hoffman, Edward L.; Payne, Lee; and Carter, Alan L.:
Fabrication and Evaluation of Advanced Titanium and Composite Structural
Panels. Proceedings of the SCAR Conference - Part 2, NASA CP-001,
(19773, pp. 783-797.

Advanced manufacturing methods for titanium and composite material struc-
tures are being developed and evaluated by NASA in support of the Supersonie
Cruise Aircraft Research Program. The program with tha Lockheed-California
Company involves design, fabrication, ground testing, and Mach 3 flight service
of full-scale structural panels and laboratory testing of representative stiuc-
tural element sgpecimens.

Results discussed ineclude the marufacturing methods and test results for
weld-brazed and RohrBond titanium panels fabricated by aercspace contractors
and the development of fabrication methods for produeing Borsle/aluminum and
graphite/PMR-15 polyimide panels at the Langley Reseapch Center. Test data pre-
gented on the titanium panels include results obtained from flight service on
the YF-12 airecraft and from ..ound exposure to L.3 K for 10 000 hr,
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245, Bairn, Thomao T.; Wiant, H, Rossi and Royster, Dick M.: Brazed Borsic/
Aluminum Structural Panelg, NASA T X-3432, 1977.

A fluxless brazing process has been developed at the Langley Research
Center that minimizen degradation of the mechanical properbies of Borsic/
aluminum composites. The proceuss, which employs 718 aluminum alloy braze, .8
beisg used to fabrieate full-seale Borsle/aluminum-titanium honeycomb-core
panela for Mach 3 flight testing on the NASA YF-12 aireraft and ground teating
in support of the SCAR Program. The manufacturing development and results of
shear tests on full-~ucale panels are presented.

246, Imig, L. A.: Fatigue of Titanium Alloys in a Supersonic-Cruise Airplane
Environment. Proceedings of the SCAR Coni'erence - Part 2, NASA CP-001,
(19777, pp. 739-756.

Many fatigue teats have been conducted to explore thermal effects on strue-
tural materials in the time since supersonic commercial flight first received
gerious congideration. Moot of the testing has been conducted with coupons of
atructural materials because large numbers of realistia aslmulated structures
are prohibitively expensive. The test programs conducted by several aercspzee
companies and NASA and summarized in this paper studied several titanium
materials previously identified as having high potential for appllication to
supersonic eruise airplane structures,

247, Rosoer, Robert W.; and Parier, John A,: Advanced Supersonic Technology
Fuel Tank Sealants. Pr-ceedings of the SCAR Conference - Part 2,
NAS4 CP-001, [1977], pp. 829-843.

The Advanced Supersonic Technology (AST) Fuel Tank Sealants Program is
reviewed. Status of the fuel tank simulation and YF-12A flight tests utilizing
a state-of~the-art fluorosilicone sealant 1s described. New elastomer sealant
development at the Ameas Research Center is detailed, and comparisons of high-
and low-teaperature characteristics are made to baseline fluorosilicone
sealants,

Atmospheric Turbulence

248, Ehernberger, L. J.; and Love, Betty J.: High Altitude Gust Acceleration
Environment as Experienced by a Supersonic Airplane. NASA TN D-7868,
1975.

High altitude turbulence experienced at supersonic gpeeds is de. . = '~
tarms of gust accelerations measured on the YF-12A airplane. The d- '~
obtained during 90 flights at altitudes above 12.2 km., The air cr¢
given gust accelerations as being more intense during high altitude & .
flight than during low altitude subasonic flight.



The median thickness of high altitude turbulence patches was less than
400 m; tho median length was less than 16 km. The distribution of the patch
dimensions tended to be log normal.

249, Larson, Terry J.; and Ehernberger, L. J.: Techniques Used for Determina-
tion of Static Source Position Error of a High Altitude Supersonic
Airplane. NASA TM X=3152, 1975.

Variations of a radar tracking method for ihe precise determination of
aircraft atatic source position error during accelerating or decelerating flight
are described and evaluated., Data from supersonic flights of a YF-12 airplane
are presented to illustrate the technique. 4 combination of level and ascending
or descending flignt runs proved to be an efficient way to obtain ailreraft
position error.

250. Sidwell, Kenneth: A Mathematical Examination of the Press Model for
Atmospheric Turbulence. NASA TN D-8038, 1975.

The random process used to model atmospheric turbulence in aircraft
response problems is examined. The Press modol acrounts for both the Qaussian
and nonGaussian forms of measursd turbulence data, The effects of the distri-
bution of ths intensity process upon calculated exceedances are examined. It
is concluded that the Press model with a Gaussian intensity distribution gives
a conservative predicticn of limit load values.

251. Keisler, Samuel R.; and Rhyne, Richard H.: An Assessment of Prewhitening
in Estimating Power Spectra of Atmospheric Turbulence at Long Wave-
lengths. NASA TN D-8288, 1976,

Synthetic btime histories were generated and used to assess the effects of
prewhitening on the long wavelength portion of power spectra of atmospheric
turbulence. Prewhitening is not recommended when using the narrow "spectral
windows" required for determining power spectral estimates below the "knee"
frequency (that is, at very long wavelengths).

252, Meissner, Charles W., Jr.: A PFlight Instrumentation System for Aecquisition
of Atmospheric Turbulence Data. NASA TN D-8314, 1976,

A flight instrumentation system for the acquisition of atmospheric turbu-
lence data is described. Airflow direetion transducers and an impact-~pressure
transducer are the primary instruments for measuring vertical and lateral gust
veloelty, and a sensitive ineremental pres~:re transducer is used to measure
longitudinal gust velocity. Sallent engineering features of the instrumenta-
tion are discussed, and a complete description of the instrumentation is
presented.
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253. Rhyne, Richard H.: Flight Assessment of an Atmospheric Turbulence Measure-
ment System With Emphasis on Long Wavelengths. NASA TN D-8315, 1976,

A fMighv assessment has bee - made of a system that measures the three
camponents of atmospherie turbulence in the frequency range associated with
airplane motions (0 to approximately 0.5 Hz). Results of the assessment indi-
cate acceptable accuracy of the resulting time histories and power spectra.
Small residual errors at the airplane short period and Duteh roll frequencles
would not be deteotable on the power spectra, However, errors at approximately
0.25 Hz can be present in the time history of the lateral turbulence component.
An assessment of the quantities comprising the vertical turbulence component
leads to the conclusion that the vertical component is essentially accurate to
zero frequency.

254, Rhyne, Richard H.; Murrow, Harold N.; and Sidwell, Kenneth: Atmoapheric
Turbulence Power Spectral Measurements to Long Wavelengths for Several
Meteorologiocal Conditions. Alrcraft Safety and Operating Problems,
NASA SP-U416, 1976, pp. 271-~286.

Use of power spectral design techniques for supersonic transports requires
accurate definition of atmospheric turbulence in the long wavelength region
below the Pknee' of the power spectral density funciion curve, Examples are
given of data obtained from a current turbulence flight sampling program.

These samples are categorized as (1) convective, (2) wind shear, (3) rotor,
and (4) mountain-wave turbulence. Time histories, altitudes, root-mean-square
values, statistical degrees of freedom, power spectra, and integral scale
values are shown and discussed.

255, Sidwell, Kenneth: A Method for the Analysis of Nonlinearities in Aircraft
Dynamic Response to Atmospheric Turbulence, NASA TN D-8265, 1976.

An analytical method is developed which combines the equivalent lineariza-
tion technique for the analysis of the response of nonlinear dynamic systems
with the amplitude modulated random procesa {Press model) for atmospheric turbu-
lence. The method is initially applied to a bilinear spring system, The analy-
sis of the response shows good agreement with exact results obtained by the
Fokker~Planck equation. The method 1s then applied to an example of control-
surface-displacement limiting in an aircraft with a pitch-iold autopilot.

NASA Contractor Reports

Structural Concept Studies

256. LTV Hampton Technical Center: Computer Aided Structural Methods With
Application to a Supersonic Arrow-Wing Configuration. NASA CR-132551,
1974.
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25T7. Tinoco, E. N,; and Mercer, J. E.: FLEXSTAB - A Summary of the Functionn
and Capabilities of the NASA Flexible Airplane Analysis Computer System.
NASA CR-2564, 1975,

A brief description is provided by the Boeing Commerieal Alrplane Company
of 1'.SA's aeroelastic stability and contrcl computer program, FLEXSTAB, Infor=-
mation is provi.ed to ald potential uzers in evaluating possible uge of
FLEXSTAB. A summary of the program'o capabilities, the .cope ana limitatiena
of its formulation, and a degeription of its documentation is provided. Com-
puter program hardwire and software requirements and recent user experience are
alsv discussed,

258, Preliminary Design Dep., Boeing Commercial Airplane Co.: Study of Struc-
tural Design Concepts for an Arrow Wing Supersonie Transport Configura-
tion - Volume 1. NASA CR~132576-1, 1976.

259, Preliminary Design Dep., Boeing Commercial Alrplane Co.: Study of Strue-~
tural Design Concepts for an Arrow Wing Supersonia Transport Configura-
tion - Volume 2. NASA CR-132576-2, 1976.

260. Sakata, I. F.; and Davis, G. W.: Arrow-Wing Supersonic Cruige Aircraft
%trucfural Design Concepts Evaluation. Volume 1, NASA CR-132%75-1,
1976] .

261. Sakata, I. F.; and Davis, G. W.: Arrow-Wing Supersonic Cruise Aircraft
?ﬁrucﬁural Design Concepts Evaluation. Volume 2. NASA CR-132575-2,
1976].

262, Sakata, I. F.; and Davis, G. W.: Arrow-Wing Supersonic Cruilse Aircraft
??rucﬁural Design Concepts Evaluation. Volume 3. NASA CR-132575-3,
1976 .

263. Sakata, I. F.; and Davis, G. W.: Arcow-Wing Supersonic Cruilse Aircraft
%tru?fural Design Concepts Evaluation. Volume 4, NASA CR-132575-4,
1976].

264, Sakata, I, F.; and Davis, G. W.: Evaluation of Structural Design Concepts
for an Arrow-Wing Supersonic Cruise Aircraft. NASA CR-2667, 1977.

An analytical study was performed by Lockheed-California Company to deter-
mine the best structural approach for design of primary wing and fuselage
structure of a Mach 2.7 arrow wing supersonic cruise aireraft. Emphasias was
placed on the complex interactions between thermal stress, static aeroslasticity,
flutter, fatigue and fail-safe design, static and dynamic loads, and the effects
of variations in structural arrangements. A hybrid wing structure incorporating
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low=prof'i le convex beaded and honeycomb sandwich surface paneln of titanium
alloy 6AL-4V were the most efficient. The fuselage shell conniotn of hat-
astiffened nkin and frame construction of titanium alloy 6A1-4V.

Structure Technology

265, Morino, Luigl: A General Theory of Unsteady Compressible Potential Aero-
dynamics, NASA CR-2U464, 1974,

The general theory of potential aerodynamie flow around a lifting body
having arbitrary shape and motion is presented by Boston University, By using
the Green function method, an integral repreasentation for th: potential is
obtained for both superspnic and subsonic flow. For the important practical
cage of small harmonie oscillation around a rest position, the equation reduces
to a two-dimensional ¥redholm integral equation of second type. It is shown
that this equation reduces properly to the lifting surface theories as well as
other clasaical mathematical formulae.

266. Ruo, S. Y.: Caleculation of Unsteady Transonic Aerodynamics for Oseclllating
Wings With Thickness (Computer Program), NASA CR-132477, 1974,

267. Dick, J., W.; and Benda, B. J.: Addition of Flexible Body Option to the
TOLA Computer Program. Part I - Final Report. NASA CR-132732-1, 1975,

268. Dick, J. W.; and Benda, B. J.: Addition of Flexible Body Option to the
TOLA Computer Program. Part IT - User and Programmer Documentation,
NASA CR-132732-2, 1975.

269. Goree, James G.: Crack Growth in Bonded Elastic Half Planes - Final
Report. NASA Grant NSG-110Y4, Dep. Mech. Eng., Clemson Univ., Dec. 31,
1975, (Available as NASA CR-145905,)

270. Kuo, Ching-Chiang; and Morino, Luigi: Steady Subsonic Flow Around Finite-
Thickness Wings. NASA CR~2616, 1975.

The general method for analyzing steady subsonic potential aerodynamic flow
arcund a lifting body having arbitrary shape is presented by Boston University.
Comparison with existing results shows that the proposed method is at least as
fast and accurate as the lifting surface theories.

271. 0'Connell, R. F.; Hassig, H. J.; and Radoveich, N. A.: Study of Flutter
Related Computational Procedures for Minimum Weight Structural 3izing
of Advanced Aircraft -~ Supplemental Data. NASA CR-132722, 1975.

57



272, Ruo, S. ¥Y.; and Theisen, J. G,: Calculation of Unsteady Transonic Aoro-
dynamics for Oscillating Wings With Thickness, NASA CR-2259, 1975,

An analytloal approach is presented by the Lockheed-Georgia Company to
acoount for some of the nonlinear characteristics of the transonic flow cqua-
tion for finite thickness wings undergoing harmonie cscillation at sonic flight
apeed in an inviscid, shock-free fluid, The thickness effect iz accounted for
in the analysls through use of the steady local Mach number distribution over
the wing at its mean position by employing the local linearization concept and
a coordinate transport. Computed results are compared with experiment.

273. Weatherill, Warren H.; Ehlers, F. Edward; and Sebastian, James D.: Compu~
tation of the Transonice Perturbation Flow Flelds Around Two- and Three-
Dimensional Oscillating Wings. NASA CR-2599, 1975,

Analytical and empirical studies of a finite difference method for the
solution of the transonic flow about an harmonically oscillating wing are pre-
sented by the Boeing Commercial Airplane Company, along with a discussion of
the development of a pllot program for three-dimensional flow. In addition,
some two- and three-dimensional examples are presented.

274, Chu, C. S.; Anderson, J. M.; Batdorf, W. J.; and Aberson, J. A.: Finite
Element Computer Program To Analyze Cracked Orthotropic Sheets, NASA
CR-2698, 1976.

A two~-dimensional orthotropic sheet with through-the-thickness cracks and
temperature gradient was analyzed by the Lockheed-Georgia Company. The progranm
includes special crack-tip elements that account for singular stress fields
asgoclated with erack opening and crack aliding displacemenkts at the crack tip.
The program alse includes a linear spring element and a constant-strain, tri-
angular element. A number of problems for which closed-form solutions exist
were analyzed to demonstrate the capabilities of the program.

275. 0'Connell, R. F.; Hassig, H. J.; and Radoveich, N. A.: Study of Flutter
Related Computational Procedures for Minimum Weight Structural Sizing
of Advanced Aircraft. NASA CR-2607, 1976,

Results of a study of the development of flutter modules applicable to
automated structural design of advanced alreraft configurations such as a super-
sonic transport are presented by the Lockheed-California Company. Automated
structural design is restricted to automated sizing of the elements of a given
structural model. Methods of solving the flutter equation and computing the
generalized aerodynamic force coefficients in the repetitive analysis environ-
ment of a flutter optimization procedure are studied. Results of numerical
evaluations, applying the five methods of flutter optimization to the same
design task, are presented.
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Materinlo Application

276, Boeing Aerospace Co.: (rolie-Stress Analysis of Notches for Supersoniec
Transport Conditions, NASA CR=-132387, 1974,

277. Ochieano, Mario L.; and Kanoko, Russell S.: Survey of Titanium Structural
Shape Fabrication Concepts - Final Report. NASA CR-132384, 1974,

278, Elliott, S. Y.: Boron-Aluminum Skins for the DC-10 Aft Pylon - Final
Report. NASA CR-132645, 1975,

279, Webb, B, A.; and Dolowy, J. F., Jr.: Brazed Bonding of Borsis/Aluminum
Composite Sheet to Titanium., NASA CR~133730, 1975,

280, Fahmy, Abdel A.; and Cunningham, Thomas G.: Investigation of Thermal
Fatigue in Fiber Composite Materialas., NASA CR-2641, 1976.

Graphite-epoxy lamlnates were thermally cycled by North Carolina State
University to determine the effects of thermal cycles on tensile properties and
thermal expansion coefficients of the laminates. Three 12-ply laminate configu-
rations were subjected to up to 5000 thermal cycles. The materials' tensile
strength, modull, and thermal expansion coefficients were significantly lower
than for the materlals as fabricated. Most of the degradation of properties
oacurred after only a few oycles, The property degradation was attributed pri-
marily to the progressive development of matrix cracks whose locations depended
upon the layup orientation of the laminate,

281. Watanabe, R. T.: Acceleration of Fatigue Tests for Built-up Titanjum
Componerts. NASA CR-2558, 1376.

A study was made by the Boeing Commercial Airplane Company of the feasi-
bility of a room-temperature scheme of accelerating fatigue tests for Mach 3
advanced supersonic transport alrcraft, The teat scheme used equivalent room-
temperature cycles calculated for supersonic flight conditions. Verification
tests were conducted by using specimens representing titanium wing lower sur-
face structure. The fatigue behavior of the specimens generally correlated
well with the proposed correction method.

282, Payne, L.: fabrication and Evaluation of Advanced Titanium Structural
Panels for Supersonic Cruise Aircraft. NASA CR-2744, 1977.

Flightworthy primary structural panels were designed, fabricated, and
tested by the Lockheed-California Company to investigate two advanced fabrica-
tion methnds for titanium alloys. Skin-stringer panels fabricated by using the
weld-braze process, and honeycomb-core sandwlch panels fabricated by using a
Rohr Industries, Ine. diffusion bonding process, were designed to replace an
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existing integrally stiffenced shear panel on the upper wing surface of the JASA
YF-12 research alroraft. The investigation included ground testing awuu b 3
flight testing of full-secale panels and laboratory testing of representatbive
structural element specimens.

283, Waterman, A, W.: Testing of Polyimide Second-Stage Rod Seala for Single-
Stage Applications in Advanced Aircraft Hydraulic Systems, NASA
CR-135191, 1977.

Atmospheric Turbulence

284, Saoggins, James R.; Clark, Terry L.; and Possiel, Normwun ©.: Relatienships
Batween Stratospheric Clear Alr Turbulence and Synnpbic Meteorological
Parameters QOver the Western United States Batwecn 12-20 km Altitude.

NASA CR-143837, 1975,

285, Mark, William D.; and Fischer, Raymond W.: Investigation of the Effect:
of Nonhomogeneous {or Nonstationary) Behavior on the Fpeckrs af
Atmospheric Turbulence. NASA CR-2745, 1976,

A new serles expansion of the instantaneous power spe.v::wm is used by Bolt
Beranek and Newman, Inc. that has for its first term the uw.n: ¢vasi-scationary
spectrum approximation. The minimum duration of a burst of Lurbulence and the
minimum rise time of an abrupt onset of turbulence that will avt give rilse to
changes in the spectrum due to the nonstationary behavine are determined. A
general criterion for envelope behavior that will not glve rise to changes in
the spectrum is also determined, Spectra computed from recorded turbulence time
histories are shown to be consistent with the theoretical predictiona,

Articles, Meetings, and Company Reporta

Structure Concepts Studies

286, Robinson, James C.; Yates, E, Carson, Jr.; Turner, M, Jonathan; and Grande,
Donald L.: Application of an Advanced Computerized Structural Design
System to an Arrow-Wing Supersonic Cruise Aircraft. AIAA Paper
No. 75-1038, Aug. 1975.

257. Sakata, I. F.; Davis, G. W.; Robinson, J. C.; and Yates, E. C., Jr.:
Design Study of Structural Concepts for an Arrow-Wing Supersonic Crulse
Aircraft. ATAA Paper No. 75-1037, Aug. 1975.

Structure Technology

288. Morineo, Luigl: Unsteady Cumpressible Potential Flow Arwuund Lifting
Bodies: General Theory. AIAA Paper No. 73~196, Jan. 1973,
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291,
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294,

295.

296.

297.

298,
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Morino, Luipi; and Kuo, Ching~-Chiang: Unateady Subsoni. Compressible
Flow Around Finite Thickneas Wings. AIAA Paper No., 73-313, Mar. 1973,

Chen, Lee~Tzong; Suciu, Emil O.; and Morino, Luigi: A Finite Element
Method for Potentinl Aerodynamics Around Complex Configurationa, AIAA
Paper No. T4#-107, Jan.-Feb. 1974,

Haftka, Raphael T.; Starnes, James H., Jr.; and Burton, Furman W.: A
Comparison of Two Typea of Structural Optimlzation Procedures for Satis-
fying Flutter Requirements, AIAA Paper No., TU-H05, Apr. 1974,

Haftka, Raphael T.4 and Yates, E. Carson, Jvr.: Un Repetitive Flutter Cal-
culations in Structural Design. AIAA Paper No. TH-141, Jan.-Feb. 1974,

Mook, D, T.; and Maddox, S, A.: Extension of a Vortex-Lattice Method To
Include the Effects of Leading-Edge Separation. J. Alrer., vol. 11,
no, 2, Feb., 1974, pp. 127-128.

Morino, Luigil; and Kuo, Ching-Chiang: Subsonic Potantlal Aerndynamics
for Complex Configurations: A General Theory. AIAA J., vol. 12,
no. 2, Feb, 1974, pp. 191-197.

Murrow, Harold N.; and Rhyne, Richard H.: The MAT Project - Atmoapherie
Turbulerce Measurements With Emphasis on Long Wavelengths. Proceedings
of the Sixth Conference on Aercgpace and Aeronautical Meteorology of the
American Meteorclogical Society, Nov. 1974, pp. 313-316.

Ruo, S, Y.; Yates, E. Carson, Jr.,; and Theisen, J, G,: Calvulation of
Unateady Transonic Aerodynamics for Oscillating Wingzs With Thickness.
J. Airer., vol. 11, no. 10, Oect. 1474, pp. 601-608,

Braewer, G. Daniel; and Morris, Robert E.: Tank and Fuel Systems Considera-
tions for Hydrogen Fueled Airecraft. [Preprin{] 7561093, Soc. Automot.
Eng., Nov. 1975,
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AERODYNAMIC PERFORMANCE

NASA Inhoune Roports

Aorodynamics

338, Medan, Richard T.: Geometry Program for Aerodynamic Lifting Surface
Theory. NASA TM X~62,309, 1973,

A computer program that provides the geometry and boundary conditions
appropriate for an analysic of a lifting, thin wing with control surfac @3 in
linearized, subsonle, steady flow 1ls presented. The kernel function method
lifting ourface theory ic applied. The data which are generated by the program
are ntored on diso flles or tapes for later use by programs which caleulats an
influence matrix, plot the wing planform, and evaluate the loads on the wing.

339. Medan, Richard T.: Steady, Subsonic, Lifting Surface Theory for Wings
With Swepi, Partial Span, Tralling Edge Control Surfaces., NASA
N D-7251, 1973.

A method for computing the lifting pressure distribution on a wing with
partial span, swept control surfaces is presented. This method is valid within
the framework of linearized, steady, potential flow theory. This technique is
valid for both the flap pressure mode and regular pressure modes and could be
usad to improve existing lifting surface methods. It is concluded that the
method oan lead to an efficient and accurate solution of the mathematiecal
problem when a partial span, trailing-edge flap ig involved.

340. Medan, Richard T.; and Ray, K. Susan: Boundary Condition Program for
Aerodynamic Lif%*pg Surface Theory. NASA TM X~62,323, 1973.

Users' manuzl is descrived for & USA FORTRAN IV computer program which
determines boundary conditions for a thin wing lifting sv.face program. This
program, the geometry program, and several other programs are used together in
the analysis of lifting, thin wings in steady, subsonic flow according to a
kernel function lifting surface theory. The program calculates specific types
of boundary conditions automatically such as those necessary to determine pitch
and rcll damping derivatives. The program also accepts desuripticons of the
camber or downwash and twils. in the form of tables and/or coefficilents of
equations.

341. Medan, Richard T.; and Ray, K. Susan: Influence Matrix Program for Aerow-
dynamic Lifting Surfzce Theory. NASA TM X~b62,324, 1973.

A deseription and users' manual are presented for a USA FORTRAN IV cnmputer
program which computes an aerodynamic influence matrix and is one of several
computer programs used to analyze lifting, thin wings in steady, subsonic flow
according to a kernel function method lifting surface theory. The most signifi-
cant features of the program are that it ecan treat unsymmetrical wings, control
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points can be placed on the leading and/or treiling edges, and a stable, effi-
cient algorithm is used to compute the influence matrix.

342, Medan, Rrchard T.; and Ray, K. Susan: Plotting Program for Aerodynamic
Lifting Surface Theory. NASA TM X-62,321, 1973,

Description and a users' wanual are presented for a USA FORTRAN IV com-
puter program which plots the planform and contrel points of a wing. The pro-
gram also plots some of the configuration data such as the aspect ratio. The
planform data are storr! on a disc file which is created by a geometry program.
This program, the geometry program, and several other programs are used together
in the analysis of lifting, thin wings in steady, subsonic flow according to
a kernel function lifting surface theory

343. NASA YF-12 Flight Loads Program. NASA TM X-3061, 1974,

The YF-12 research program In aerodynamic loade concentrated on both the
measurement of flight loads and the evaluatlon of state-of-the-art loads pre-
diction techniques. Experimental data were acquiraed from flight tests, wind-
tunnel model tests, and static thermal tests of the airplane, and aerodynamio
and structural analyses were made for correlation with the experimental results.
The experimental data alsc form a reference source for the verifileation of other
methods of aeroelastiec and structural analysis.

This volume lncludes papers that deseribe the tests performed and appen
dixes that contain measured deflection, temperatire, atrain, and airloads «
from laboratory and flight tests of the alrplane. It also includes aerody ..»
and structural descriptions of the airplane to permit the reader to make & 3Ly-
ses using his own methods. A supplement on milcrofilm and miocrofiche contains
wind-tunnel pressure survey data, results from NASTRAN and FLEXSTAB computer
analyses, and the structural sectlon properties necessary to set up a struc-
tural analysis model. Such extensive documentation is unusual, but it was felt
that the unique and somprehengive nature of the project warranted the effort
necessary t- make the data availlable.

344, Medan, Richard T.: Improvements to the K. 'nel Function Method of Steady,
Subsonic Lifting Surface Theory. NASA T™M X-62,327, 1974.

The application of a kernel function lifting surface method to threa-
dimensional, thin wing theory is discussed. A technique for determining the
influence functions is presented. The report introduces and employs an aspect
of the kernel runction method which apparently has never been used before and
which significantly enhances the efficiency of the kernel function approach.
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345, Medan, Richard T.; and Lemmer, Opal J.: Equation Solving Program for Aero-
dynamic Lifting Surface Theory. NASA T™ X-62,325, 1974,

A deseriptlion and ugers' manual are presented for one of a group of FORTRAN
programs, which, together, can be used for the analysis and design of wings in
steady, subsonic flow according te a kernel function method lifting surface
theory. This program has the capability of striking out rows and columns of
the aerodynamic influence matrix and rows of tha associated boundary condition
vectors (right-hand sides), This capability significantly enhances the effec-
tiveness of the kernel functicn method of lifting surface theory because the
number of control pointa can be done with the calculation of only a single
influence matrix.

346, Medan, Richard T.; and Ray, K. Susan: Normal Loads Program for Aerodynamic
Lifting Surface Theory. NASA TM X-62,326, 1974.

A description and users! manual are presented for a USA FORTRAN IV computer
program which evaluates spanwise and chordwise loading distributions, 1lift
coefficlent, ~ tching-moment coeffleilent, and other atability derivatives ¢y
thin wings in ! nearized, steady, subsonic flow. The program 1a baged on a
kernel function method Llifting surface theory and is applicable to a large class
of planforms including asymmetrical ones and cnes with mixed, straight, and
curved edges.

347. Ehlers, F. Edward; Johnson, Forrester T,; and Rubbert, Paul E.: Advanced
Panel~Type Influence Coefficient Methods Applied to Subsonic and Super~
sonlc Flows. Aerodynamic Analyses Requiring Advanced Computers -

Part II, NASA SP-347, 1975, pp. 939~984,

Advanced techniques are presented for solving the linear integral equations
of subsonic and supersonic potentizl Fflow in three dimensions. Both analyais
(Neumann) and design (Dirichlet) boundary conditions are treated. Influence
coefficient methods are used that encompass both source and doublet panels ag
boundary surfaces, The methods employ curved panels possessing singularity
strengths which vary as polynomials. These and other features were selected
to produce a stable, relilable, accurate, and economical gcheme that overcomes
many problems experisnced with earlier methods.

348. Manro, Marjorie E.; Tinoco, Edward N.; Bobbitt, Percy J.; and Rogers,
John T,: Comparisons of Theoretical and Experimental Pressure Distribu-
tions on an Arrow-Wing Configuration at Transonic Speeds. Aerodynamic
Analyses Requiring Advanced Computers - Part II, NASA 3P-347, 1975,
pp. 1141~1188,

A wind-tunnel test of an arrow-wing—body configuration employing both a
twisted and a flat wing, as well as a variety of leading- and trailing-edge
flap deflections, has been conducted to provide an experimental data base for
comparison with theoretical methods. The purpose of these comparisons was to
delineate conditions under which the theoretical predictions are valid for
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agroelastic caloulations and to explore the use of empirical methods to correct
the theorctical methods where theory is deficient.

349. Miller, David S.; and Middleton, Wilbur D.; An Integrated System for the
Aerodynamic Deaign and Analyais of Supersonie Aircraft. Aerodynamic
Analyses Requiring Advancea Computers - Part II, NASA SP-347, 1975,
pp. 10491055,

An integrated syatem of computer programs for the asrodynamic design and
analysis of complete supersonic alrceraft has bizen developed as a result of
reaearch efforts conducted over a period of years at Langley Research Center
and a recent Langley contract with The Boeing Company. The goals of the systom
have been to develop an ecasily used supersonic design and analysis capability
with reccognition of the need for conastraints on linear theory to provide physi-
cal realism and with inclusion of interactive graphics capability for inecreased
control over the deaign and analysis iteration coycles,

350. Morino, Luigi; and Chen, Lee-Tzong: Indicial Compressible Potential
fAerodynamics Around Complex Aireraft Configurations. Aerodynamic
Analyses Requiring Advanced Computers - Part II, NASA SP-347, 1975,
pp. 1067-1110,

A general theory for indinial potential compressibie aerodynamics around
comi. lex configurations is presented., The motion i3 assumed to consist of con~
stant subsonic or supersonic speed for time t S 0 (steady state) and of small
perturbations around the steady state for time t > 0. The theory is embedded
in a computer code, SUSSA ACTS, which is briefly described. Numerical results
are presented for steady and unsteady, subsonic and supersonic, flows and indi-
cate that the code is not only general, flexible, and simple to use, but also
accurate and fast.

351. Weber, James A.; Brune, Tuenter W.; Johnson, Forrester T.; Lu, Paul; and
Rubbert, Paul E.: A Three-Dimensional Solution of Flows Over Wihgs With
Leading Edge Vortex Separation. Aerodynamic Analyses Requiring Advanced
Computers ~ Part II, NASA SP-347, 197%, pp. 1013-1032.

The application of a new, general, potential flow computational tech-
nique to the solution of the subsonie, three-dimensional flow over wings with
leading-edge vortex separation is presented. The present method is capable of
predinting forces, moments, and detailed surface pressures on thin, sharp-edged
wings of rather arbitrary planform. The wing geometry is arbitrary in the sense
that leading and trailing edges may be curved or kinked and may have arbitrary
camber and twist distributions. The method is verified by numerous computed
results.
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382, Coe, Paul L,, Jr.; and Fournier, Paul G.: Applicatlon of Powered-Lift
Concepts for Improved Cruise Efficiency of Long-Range Aireraft.
Powered-Lift Aerodynamics and Acoustics, NASA SP-l06, 1976, pp. 89-101,

The present paper summarizes results of recent studles conducted at the
NASA Langley Research Center to explore the use of pcwered-lift concepts for
improved low-speed performance of long-range subs nie and supersonic erulse
vehicles. The results indicate that powered lifh can provide significant
improvements in low-speed performance, as well as substantial increases in
eruise efficlency and range for both subsonic and supersonic cruise
configurations.

353, Coe, Paul L., Jr,; McLemore, H, Clyde, and Shivers, James P.: Effects
of Upper-Surface Blowing and Thrust Vectoring on Low-Speed Aerodynamie
Characteristics of a Large-Scale Supersonic Transport Model., NASA
TN D-8296, 1976,

Teats were conducted in the Langley full-scale tunnel to determine the
low-speed aerodynamic characteristics of a large-scale arrow wing supersonic
transport configured with engines mounted above the wing for upper-surface
blowing, and conventional lower-surface englnes with provisions for thrust
vectoring, A limited number of tests were conducted for the upper-surface
engine configucation in the high-1ift condition for a sideslip angle of 109
in order to evaluate lateral-~directional characteristics, and with the right
engine inoperative to evaluate the engine-out condition.

354, Davis, J. E.; Bonnett, W. S.; and Medan, R. T.: NASA Ames Thrae-
Dimensional Potential Flow Ana'ysis System (POTFAN) Equation Solver
Code (SOLN) Versien 1. NASA TM X-73,07H4, 1976.

4 computer prograr known as SOLN was developed as an independent segment
of the NASA Ames Three-Dimensional Potential Flow fnalysis Systems of linear
algebraic equations, Methods used include: LU decomposition, Householder's
method, a partitioning scheme, and a bloek successive relaxation method. Due
to the independent modular nature of the program, it may be used by itself and
not necessarily in conjunction with other segments of the POTFAN system.

355. Mascitti, Vincent R.: Aerodynamic Performance HBtudies for Supersonic
Cruise Aireraft. NASA TM X-73915, 1976.

Technical progress made in each of the disciplinary research areas affect-
ing the design of supersoniec cruise aircraft is discussed. The NASA SCAR pro-
gram has supported an expanded research program in aerodynamics including an
evergrowing experimental data base, methodology development acrosz the Mach
number range, and sonic boom. Progress in the aerodynamics area could facili-
tate the choice of the highly swept subsonic leading-edge arrow wing known for
superior supersonic cruise effilcienay.
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356, Medan, R, T.; and Bullock, R, B.: NASA Ames Potential Flow Analysis
(POEFAN) and Geomebry Program (POTGEM) - Version 1. NASA TM X-73127,
1976.

A computer program known as POTGEM is reported which has been developed
as Jan independent segment of a Three-~Dimensional Linearized, Potential Flow
Annlysis System and which is used to generate a panel point desoription of
arbitrary, three-dimensional bodies from convenlent engineering descriptions
consisting of equations and/or tables. Due to the independent, modular nature
of the program, it may be used to generate corner points for other computer
programs.

357. Parlett, Lysle P.; and Shivers, James P.: Low-Speed Wind-Tunnel Tests of
a Large-Scale Blended-Arrow Advanced Supersonic Transport Model Having
Variable-Cycle Engines and Vectoring Exhaust Nozzles. NASA TM X-72809,
1976,

Variables tested include (1) engine mode (cruise or low-speed), (-, engine
exit nozzle deflection, (3) leading-edge flap geometry, and (U) trailing-udge
flap deflection. Test variables included values of gross thrust coefficient
from 0 to 0.38, values of angle of attack from -10° to 309, values of angle of
gigeslipsfrom -50 to 5°, and values of Reynolds number from 3.5 x 1060 o

B ox 109,

358. Shivers, James P.; MelLemore. ii. {lyde; and Coe, Paul L., Jr.: Low-Speed
Wind-Tunnel Investigation of a Large-Scale Advanced Arrow-Wing Supersonic
Transport Configuration With Engines Mounted Above Wing for Upper-Surface
Blowing. NASA TN v~8350, 1976.

Tests were conducted in the Langley full-scale tunnel to determine the
low-speed aerodynamic characteristics of a large-scale advanced arrow wing
supersonic transport configuration with engines mounted above the wing for
upper-surface blowing. Configuration variables ineluded trailing-edge flap
deflection, engine jet-nozzle angle, engine thrust coefficient, engine-out
operation, and asymmetrical trailing-edge boundary-layer control for providing
roll trim. Downwash measurements at the tall were obtained for different thrust
coeflicients, taill heights, and at two fuselage stations.

359. Bobbitt, Percy J.; and Manro, Marjorie E.: Theoretical and Experimental
Pressure Distributions for a 71.2° Swept Arrow-Wing Configuration at
Subsonic, Transonie, and Superscnle Speeds. Proceedings of the SCAR
Conference - Part 1, NASA CP-001, [1¢77], pp. 85-122.

A wind-tunnel test of an arrov wing body configuration consisting of flat
and twisted wings, as well as a variety of leading- and trailing-edge control-
surface deflections, has been conducted at Mach numbers from 0.40 to 2,50 to
provide an experimental data base for comparison with theoretical methods.
Theory~tn-~experiment; comparisons of detailed pressure distributions have been
made by using current state-of-the-art and newly developed attached- and
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separated-flow methods. Current star--of-the-art linear and nonlinear attached-
flow methods were adequate only at small angle-of-attack cruise conditions,

Of the several "“separated-vortex" methods evaluated, only the cone utilizing a
combination of linear source and quadratically varying doublet panels ahowed
promise of yielding acourate load distributions at moderate to large angles of
attack.

360. Coe, Paul L., Jr.; and Graham, A. B,: Results of Recent NASA Research on
[,ow-Speed Aerodynamic Characteristics of Supersonic Cruise Aircraft.
Pr. edings of the SCAR Conference - Part 1, NASA cP-001, [1977],
pp. 123-136,

The present paper summarizes the results of recent NASA research on the
low-speed aerodynamlc ocharacterisgtics of supersonic erulse aircraft. Although
acceptable low-lpeed performance is obtainable for the configurations currently
under study, the low-speed deficiencies dictate a design compromise which pro-
hibits such configurations from achieving maximum range poteniial. However,
through the use of more efficient high-1ift systems and the ~lication of
prepulsive-1if't concepta, it 1s possible to optimize the er . irframe design
for maximum range potential and also to provide good low-s~ . poarformance.

The results also indicate that nose strakes provide significrit Improvements
in directional stability.

361. Erickson, Larry L.; Johnson, Forrester T.; and Ehlers, F. Edward: Advanced
Surface Paneling Method for Subsonic and Supersoniec Flow. Proceedings
of the SCAR Conference - Part 1, NASA €P-001, [1977], pp. 25-54.

Numerical results illustrating the capabiiities of an advanced aercdynamic
surface paneling method are presented. The method is applicable to both sub-
sonic and supersonic flow, as represented by linearized potential flow theory.
The method is based on linearly varying sources and quadratically varying dou-
blets which are distributed over flat or curved panels. These¢ panels can be
applied to the true surface geometry of aibitrarily shaped three-dimensional
aerodynamic configurations. The method offers the user a variety of modeling
options and is both stable and accurate, the numerical results displaying a
marked insensitivity to panel arrangement.

362, Gloss, Blair B.; and Johnson, Forrester T.: Development of an Aerodynamic
Theory Capable of Predicting Surface Loads on Slender Wings With Vortex
Flow, groceedings of the SCAR Conference - Part 1, NASA CP-Q01, DQ??],
Pp. 55"' 70

With the advent of supersonic cruise aireraft that utilize vortex lift at
some point in their flight envelope, the need for an analytical method capable
of accurately predicting loads on wings with leading-edge separation has become
evident. The Boeing Commercial Airplane Company, under contract to NASA Langley
Research Center, has developed an inviscid three-dimensional 1ifting surface
method that shows promise in being able to accurately predict loads, subsonic
and supersonic, on wings with leading-edge separation and reattachment.
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363. Heyson, Harry H.; Riebe, Gregory D.; and Fulton, Cynthia L,: Theoretical
Parcmetric Study of the Relative Advantages of Winglets and Wing-Tip
Extensions, NASA TM X-74003, 1977,

Thig study provides confirmation, for a wide range of wings, of the recom-
mendations of Whitcomb in NASA TN D-8260. For identical inecreases in bending
moment, a winglet provides a greater gain in induced efficiency than tip exten-
slon. Winglet tow angle allows design trades between eff'iciency and root
moment, Both induced efficiency and bonding moment increase with winglet
lengts and outward cant, Root bending moment is proportional to the minimum
walrciie of bending material required in the wing; thus, it is a valid index of
the impact of tip modiflcations on a new wing design.

364. Mercer, Charles E.; and Carson, George T., Jr,: Upper Surface Nacelle
Influence on SCAR Aerodynamic Characteristics at Transonic Speeds,
Proceedings of the SCAR Conference - Part 1, NASA CP-001, [1977],
pp. 137-154,

An investigation has been conducted in the Langley 16-foot transoniec tunnel
to determine the influcnce of upper-surface nacelles on the aerodynamic charac-
teristics of a SCAR configuration at Mach numbers from 0.6 to 1.2, Tests were
made with varlous nacelle chordvise, spanwise, and vertical height locations
over the Mach number, angle-of-atback, and jet total-pressure ratio ranges.

The results show that deflecting the wing-tip leading-edge flap from 0° to -109
inereased the maximum lift-drag ratio by 1.0 at subsonic speeds., Installation
of upper-surface nacelles {(no wing/nacelle pylons) Ilnereased the wing-body
pitching moment at all Mach numbers and decreased the drag of the wing-body
configuration at subsonie Mach numbers.

365. Miller, Lavis S.; Carlson, Harry W.; and Middleton, Wilbur D,: A
Linearized Theory Method of Constrained Optimization for Supersonic
Cruise Wing Design. Proceedings of the SCAR Conference - Part 1, NASA
cP-001, [1977], pp. 9-24.

A linearired theory wing design and optimization procedure which allows
physical realism and practical considerations to b : imposed as constraints on
the optimum (least drag due to 1lift) solution is discussed and examples of
appli~ "imen are presented. In addition to the usual constraints on 1ift and
pitehing sioment, constraints can also be imposed on wing surface ordinates and
wing upper surface pressure levels and gradients. The design procedure also
provides the capability of including direetly in the optimization process the
effects of olher aircraft components such as a fuselage, canards, and nacelles.

366. Roensch, Robert L.: Aerodynamic Validation of a SCAR Design. Proceedings
of the SCAR Conference - Part 1, NASA CP-001, [1977], pp. 155-168.

The results of a wind-tunnel test of a model of the MecDonnell Douglas

supersonic cruise airecraft justify the design procedures used to develop the
configuration. The data obtained with a baseline fuselage model and an improved
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performance wing auppeort the analysis and design methoda, The minimum drag io
almost exactly as predicted. Despite small disci-pancies in the predicted level
of drag due to lift, the inocrements between configurations are as predicted and
can be used to ldentify further improvements in performance. The results also
varified the aerodynamic wlficiency of the configuration with a demonstrated
maximum lift-drag ratio of 9.1,

367, Townsend, James C.: The Role of Finite-Difference Methods in Design and
Analysis for Supersonic Crulse. Proceedingsn of the SCAR Confercance -~
Part 1, NASA CP-001, [1977], pp. 69-84,

Finite-difference methods for analysls of steady, inviseild supersonic flowa
are desoribed, and their present state of development 1a ussessed with particu-
lar attentlon to their applicablility to vehicles designed for efficient cruisze
flight. As an illustration, cs’:ulations of the supersonic flows over delta
wings are compared with experimeibtal pressure distributions. The overall agree-
ment with experiment 1ls very good, even well beyond the angles of atiack where
linearized theory mcsthods are applicable., Current work ls described which will
allow greater geometric latitude, impove treatment of embadded shock wav: and
relax the requilrement that the axial veloecity must be supersonic.

Noise

368. Carlson, Harry W.; Barger, Raymond L.; and Mack, Robert J.: Application
of Sonie-Beom Minimization Concepts in Supersonic Transport Design,
NASA TN D-7218, 1973,

The applicability of sonic boom minimization concepts in the design of
large supersonic transport alrplanes capable of a range of 2500 n.mi. at a
cruise Mach number of 2.7 is considered. Aerodynamics, weight and balance,
and mission performance, as well as sonic boom factors, have been taken into
account. [urther study of qualified airplane design teams is required to
ascertain sonic boom shock-strength levels actually attainable for practical
supersonic transports.

369. Lung, J. L.; Tiegerman, B.; Yu, N. J.; and Seebass, A. R.: Advances in
Sonic Boom Theory. Aerodynamic Analyses Requiring Advanced Computers ~
Part IT, NASA SP-3U7, 1975, pp. 1033-1047.

This paper discusses recent advances in three aspects of sonic boom theory
and brirfly addresses the role of numerical caleulations in each. First, the
maximun extent to which the sonic boom of supersoniec ailrcraft can be reduced
by careful aerodynamic design is discusserd, and a computer program is described
that determines the air<raft area development required to minimize various sonic
boom signature parameters. Next, a result that predicts the minimum sonic boom
of hypersonic vehicles is described. Finally, a report is given on numerical
results that advance our understanding of the behavior of soniec boom signals
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in the vicinity of a caustie surface. The numerinal pro.coduras developed for
the latter problem have proved effective in caleculating Lrowsonic flous with
embedd *4 phock waven,

370, Davig, J. E.; and Medan, R. T.: NASA Ames Three-Dimensional Potential i"low
Analyoio System (POIFAN) Boundury Condition Code (BCLDN) Version 1, NASA
™ X-73,187, 1976,

This document describes a computor program known as BCDN which hus heen
developed as an independent ccgment of %he NASA Ames Threo-Dimensional PoLentlal
Flow Analysis System (POTFAN)., This segment of the POTFAN osyatem is used to
generate right-hand sides (boundary conditions) of the system of eguations
agsoclated with the flow field under congideration. These opecified flow
boundary conditions are encountered in the oblique derivative bounudary value
problem (boundary value problem of the third kind) and contain N:umann boundary
condition as a apecial case. Arbitrary angle-of-attack and/cr sideslip and/or
rotation rates may be gpecified, ag well as arbitrary, nonuniform external flow
field and the influence of prescribed singularity distributioas.

NASA Contractor Reports

Aerodynamics

371, Rubbert, Paul E.: Sideslip of Wing-Body Combinations, HNASA CR-114716,
1972,

372, Mercer, J. E.; Weber, J, A.; and Lesfer', E, P.: Aeropdynamic Influence
Coefficient Method Using Singularit® Splines. NASA CR-2423, 1974.

A numerlcal lifting surface formulation, including computed results for
planny wing cases la presented by The Boeing Company. This formulation,
refurred to as the "vortex spline" gcheme, combines the adaptability to com-
plex shapes offered by paneling loading function methods, The current formu-
lation usez the elementary horsashoe vortex as the basic singularity and ias
therefore restricted to linearized potential flow. Also, 4 . ~nond-order side-
slip analysis based on an asymptotic expansion was investigated by using the
singularity aspline formt*lation.

373. Radkey, R. L.: An Analysis of the Impact of Cabin Floor Angle Restrictions
on L/D for a Typical Supersonic Transport. NASA CR-132508, 1474,

374, Brune, Guenter W.; Weber, James A,; Johnson, Forrester T.; Lu, Paul; and
Rubbert, Paul E.: A Three~Dimensional Solution of Flows Over Wings With
Leading-Edge Vortex Separation., Part I - Engineering Document., NASA
CR-132709, 1975.
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375, Fromme, J. A.; and Halotead, D. W.: Solutions to Kisoner's Integral Bquae
tion in Unzteady Flow Using Local Basia Funetiona, NASA CR-137719,
1975.

37€. Middleton, W. D.; and Lundry, J. L.: Aerodynamic Design and Analysis
System for Supersonic Alreraft, Part 1 - General Deseription and
Theoretical Development. NASA CR-2520, 1975.

An integrated system of computer programs has been developed by the Boeing
Commeroial Airplane Company for the design and analysis of supersonic confizu-
rations, The system uses lineariged theory methods for the caleulation of
surface pressures and supergonic area-ruie concepts in combination with linear-
lzed theory for calculation of aerodynamic force coefficients., Interactive
graphica are optional at the user's request. This part presents a general
description of the system and describes the theoretical methods used.

377, Manro, Marjorie E.; Manning, Kenneth J. R.j Hallstaff, Thomas H.; and
Rogera, John T.: Transonie Presst-e Measurements and Comparison of
Theory to Experiment for an Arrow-Wing Configuration - Summary Report.
NASA CR-~2610, 1976,

Wind-tunnel tests of an arrow-wing—body configuration conaisting of flat
and twisted wings, as well as a variety of leading- and trailing-edge control-
surface deflections, were conducted at Mach numbers from 0.4 to 1.1 by the Boeing
Commercial Airplane Cempany to provide an experimental pressure data base for
comparison with theoretical methods. Theory~to-experiment comparigons of
detailled pressure distributions were made using current state-of-the-art
attached- and separated-flow methods.

378. Middleton, W. D.; Lundry, J. L.; and Coleman, R. G.: A Computational
System for Aerodynamic Design and Analysis of Supersonie Aireraf't.
Part 2 - User's Manual, NASA CR-2716, 1976.

An integrated system of computer programs was developed by the Boelng Com-
mercial Airplane Company for the design and analysis of supertonice eonfigura-
tions. The system uses linearized theory methods for the calculation of surfare
pressures and supersonic area-rule concepts in combination wit.. linearized theory
for caleculation of aerodynamic force coefficients. Interactive graphies are
optional at the user's request. This users' manual containg a dencription of the
syatem, an explanation of its usage, the input definiti.n, and example output.

379. Radkey, R. L.; Welge, H. R.; and Felix, J. E.,: Aerodynamic Characteristics
of a Mach 2.2 Advanced Supersonic Cruise Aireraft Configuration at Mach
Numbers From 0.5 to 2.4. NASA CR-145004, 1977.
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380, Kane, EBdward J.: A Study To Determine the Feasibility of a Low Sonie Boom
Supersonie Tranoport. NASA CR-330, 1974,

A atudy wis made by the Booing Commereial Atrplane Company to determine
the feanibility of superaonie trancport confipur tionn deaigned to pradace a
goal oonie boom sipgnature with low overpresgure,  Thoe results indicate what,
in principle, such a eoacapt represerta a potentially realistle deaign hDDPO&Ch
asouming technology of the 1985 time period, Tuo nonie boom pgoiala were nelected
which ineluded: {1) Xt high-gpaad denipgn that would produce shook waves no
ateonger than 48 N/m?, and (2) an intermediate Maoh sumber {mid-Mach) deoign
that would produce chook waves no atronger than 24 N/iw’, The high-speed aip-
plane deaign wan a Mach 2.7 blended arrow wing confipuration which wan eapable
of carrying 183 passengers a dintance of 7000 km while meeting the signature
goal, The mid-Mach airplane deocipn was a Maech 1.5 low arrow wing configuration
with a horizontal tail whiech cculd earry 180 passenpers a digtance of 5960 km,

381, Guinn, Wiley A.; Balena, Frank J.j and Soovere, Jaak: Sonie Environment
of Adreraft Structure Immersed in a Supersonie Jot Flow Stream, HNASA
CR-144996, 1976,

Artienles, Meetings, and Company Roports

Aeradynamicn

382. Mercer, J. E.; Weber, J. A.; and Leaferd, B, P.: Aerodynamic Influenece
Goeffirient Method Using Singularity Splines, AIAA Paper No. 73-123,
Jan. 1973,

383, Callaghan, J. G.: Aerodynamic Predietion Methodn for Aire,aft at Low
Specds With Mechanieal High Lift Devices. Prediotion Methods for
Aircraft Acrodynamic Characteristics, AGARD-LS-67, May *1Q7H4,
pp. 2-1 - 2-52,

384, Fromme, J.; and Halstead, David: f%.ae Use of Local Basia Funotions in
Unsteady Aerodynamics. AIAA Paper 75-100, Jan. 1975.

385. Johnson, F. T.; and Rubbert, P. E.: Advanced Panel-Type Influence Coeffi-
ecient Methods fLpplied to ubsonic Flowa., AIAA Paper 7%=50, Jan. 1974,

386. Campbell, J. F.; Gloss, B. B.; and Lamar, J. E.: Vortex Maneuver Lift for
Super-Crulse Configurations. Design Conference Proceedings - Technology
for Supersonic Cruise Military Aireraft, Volume I, AFFDL-TR-77-85,

Vol. I, U.S8. Air Force, 1976,
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387, Coe, Paul L., Jr.: Propulsive-Lift Concepts for Improved Low~-Speed Pere
formance of Supersonic Crulse Arrow-Wing Configurationz, Proceedingsd -
ATAA 3rd Atmoopheriec Flight Mechanics Confercnca, June 1976, pp. 65=69,

388, Coe, Paul L., Jr.; and Gilbert, William P.: Application of Low-Speced
Aerodynamic Charactoriatics of Highly Swept Arrow-Wing Configurations
to Supersonie Cruise Tactleal Fighter Designs. Deaign Conference
Proceedings - Technology for Supersonic Cruise Military Aireraft,
Volume I, AFFDL-TR-77-8%, Vol. I, U,S. Air Force, 1976,

389. Dollyhigh, Samuel M,; Ayers, Theodore G.; Morris, Odell A.; and Miller,
David M.: Designing for Supercruilse and Maneuver. Design Conference
Proceedings - Technology for Supersonic Cruise Military Aircraft,
Volume I, AFFDL-TR-77-85, Vol. I, U.S. Air Force, 1976.

390. Ehlers, F. Edward; Johnson, Forrester T,; and Rubbert, Paul E.: A
Higher Order Panel Metheod for Linearized Supersonic Flow, AIAA Paper

391. Rettie, Ian H.: Computer-Alided Aercdynamle Deszign for Supercruiag,
Deslign Conference Procecedings - Technology for Supersonia Cruige Mili-
tary Aireraft, Volume I, AFFDL-TR-77-85, Vol. I, U.S. Air Force, 1976.

392. Shreut, Barrett L,; Morris, Odell A,; Robins, A. Warner; and Dollyhigh,
Samuel M.: HReview of NASA Supercruise Conf'iguration Studies., Design
Conference Proceadings - Technology for Supersonic Cruise Military
Aireraft, Volume I, AFFDL-TR~77-85, Vol. I, U.S. Air Forece, 1976.

393. Sorrells, Russell B.; and Fosg, Willard E.: Trade Studies on a Long Range
Mach 2,7 Supercruiser. Design Conference Proceedings - Technology for
Supeirsonioc Cruise Military Aireraft, Volume I, AFFDL-TR-77-85, Vol. I,
U.S. Air Force, 1976,

394, Manro, Marjorie E.; Bobbitt, Percy J.; and Rogers, John T.: Comparisons
of Theoretical and Experimental Pressure Distributions on an Arrow-Wing
Configuration at Subsonie, Transonic, and Supersonic Speeds. Prediction
of Aerodynamic Loading, AGARD-CP-204, Peb. 1977, pp. 11-1 - 1114,

Noise
395. Ferri, Antonio; Sielari, Michael, and Ting, Lu: Sonic Boom Analysis for

High Altitude Flight at High Mach Number. AIAA Paper No. 73-103Y4,
Qet. 1973.

78



STABILITY AND CONTROL

NASA Inhouse Reports

396, Abel, Irving; and Sandford, Maynard C.: Status of Two Studios on Active
Control of fAeoroeloatic Response, NASA TM X-2909, 1973,

The applieation of active control technology to the suppression of fiuttor
has been successfully demonstrated during two recent studies in the Langley
trangonic dynamies tunnel. The fira’ study involved the implamentation of an
aerodynamic enorgy criterlion using both leading- and trailing-edge controla to
suppreas flut*er of a simplified delta-wing model. The gecond atudy was cone
ducted to establish the effect of active flutter suppression on a model of the
Boeing B-52 Contrcl Configured Vehicle (CCV).

397. Brown, Stuart C.: Computor Simulation of Aircraft Motiona and Propulsion
System Dynamics for the YF-12 Alrcraft at Supersonic Oruise Conditions,
NASA 'TM X-62,245, 1973,

A computer simulation of the YF-12 ailrcraft motions and propulsion system
dynamics is presented. The propulslon system was represented in sufficient
detall so that interactions betwesen ailrecraft motions and the propulsion gystem
dynamles could be investigated. Effects of inlet moving geometry on aireraft
forces and moments as well as effects of ailrcraft motions on the inlet behav-
inr were simulated. The simulation was capable of operating in real time,

398. Gilyard, Glenn B.; Berry, Donald T.; and Belte, Daumants: Analysis of a
Lateral-Directional Airframe/Propulsion System Interaction, NASA
™ X-2829, 1973.

Lateral-directional flight data from a YF-12 airplane operating with the
yaw damper off showed positive Dutch roll damping during inleta-fixed operation
and a divergent response during automatic inlet operation. With inlet geometry
variables considered as control inputs, the Newhon-Raphson and time vector
derivative extraction techniques were applied to data from a set of supersonic
maneuvers displaying these dynamic characteristlcs to determine the cause of
the instability. A root locus analysis with the resulting force and moment
coefficients showed that a time lag of approximately 0.5 sec in the sideslip
gensor used to control the inlet geometry caused the instabiliuy.

399. Gilyard, Glenn B.; and Belte, Daumants: Flight-Determined Lag of Angle-
of -Attack and Angle-of-Sideslip Sensors in the YF-12A Airplane From
Analysis of Dynamic Maneuvers. NASA TN D-7819, 1474,

Magnitudes of lLags in the pneumatic angle-of-attack and angle-of-sideslip
sensor systems of the YF-12A airplane were determined for a variety of flight
conditions by analyzing stability and control data. The three analysis tech-
niques used are described. Because Mach number was closely related to altitude
for the available flight data, the individual effects of Mach number and
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altitude on the lag could not be separated ciearly. However, the reosulto indi-
cated tho influenco of factors other than simple pneumatic lag.

400, Tinoco, Edward N.: An Aeroelastic Analysis of the YF-12A Airplane Us.ng
the FLEXSTAB System. NASA YF-12 Flight Loads F:':gram, NASA TM X-3061,
19?“, ppa 559"623»

An aeroclastic analysis of the Lockheed YF.124 alpplane was made w. .. the
FLEXSTAB system of computer programs. A deseraption of the FLEXSTAB systeu #0d
its use in analyzing the airplane is presented. Aerodynamic modeling techniy.es
used in representing the airplane are discuased.

Comparisona are made between computed results, wind-tunnel test wata, and
flight test data. These comparisons verify that the FLEXSIAB systen of con-
puter progrua™y i3 capable of analyzing complex alrcraft eonflgurations like
that of the YF-12A airplane, Theoretical results generally <ompare well with
experiment «xcept in the region of the forebody., In this region, there is
significant discrepancy between the theoretical analysis, wind-tunnel data, and
flight test data. The discrepni.cy may be attributed to vortex flow on the fore-
body cuine, which the theory nannot simulate and which differa for wind-tunnel
and tlight conditions.

401, Sandford, Maynard C.; Abel, Irving; znd Gray, David L.: Development and
Demonstration of a Flutter~Suppresaion System Using Active Controls.
NASA TR R-450, 1975,

The application of astive control technology to suppress flutter was demon-
strated successfully in the Langley transoalc dynamics tunnel with a delta-wing
model. The meodel was a simplified version of a proposed supersonic transport
wing design. An active flutter-suppression method based on an aerodynamic
cnergy ¢riterion was verified by using three different control laws. Analytical
methods were developad i{c predict both open~-loop and closed-loop stabllity, and
the results agreed reasonably well with the experimental. resulta.

402. Albers, James A.: Status of the NASA YF-12 Propulsion Research Program.
NASA TH X-56039, 1976.

The YF-12 researcn program was initiated to establish a technology base
for the design of an efflcient propulzion system for supersonic cruise aircraft.
The major technology arezs under investigation in this program are inlet design
analysis, propulsion system steady-state performance, propulsion system dynamic
performance, inlet and engine centrol systems, and ajrframe/propnlsion system
interactions. Discussed are the results obtained to date by the NASA Ames,
Lewis, and Dirryden Research Centers.
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403. Berry, Donald T.; and Gilyard, Glenn B.: A& Roview of Supersonic Cruise
Flight Path Control Experience With the YF-12 Airaraft. Aircraft
Safety and Opernting Problems, NASA SP-M16, 1976, pp. 147-163.

Flight research with the YF-12 aireraft indicates that solutiona to many
handling qualities probiems of supersonic criise are at hand., Airframe/
propulsion system interactions in the Dutech roll mode can be alleviated by the
use of passive filters or additional feedback loops in the propulsion and flight
control systems., Mach and altitude excursions due to atmospheric temperature
fluctuations can be minimized by the use of a cruise autothrottle. Autopilot
instabilities in the altitude hold mede have beer traced to angle-~of-attack
senagitive static ports on the compensated nose boom. For the YF-12, the feed-
back of high-pass pitch rzte to the autopilot resolves this problem. Manual
flight-path control is significantly improved by the use of an inertial rate
of c¢limb display in the ecckpit.

Lo4, Berry, Donald T.; and Schweikhard, William G.: Potential Benefits of
Propulsion and Flight Contrel Integration for Superscnic Crulse Vehicles.
Advanced Contral Technology and Itas Potential for Future Tranaport
Alreraft, NASA TM X-3109, 1976, pp. 433-452.

Typical airframe/propulsion interactions such as Mach/altitude excursions
and inlet unstarts are reviewed. The improvements in airplane performence and
flight control that can be achieved by improving the interfaces between propul~
sion and flight control are estimated. A research program to determine the
feasibility of integrating propulsion and flight control is described., This
program includes analytical studies and YF-12 flight tests.

405. Dogget  Robert V., Jr.; Abel, Irving; and Ruhlin, Charles L.: Some
Expe znces Using Wind-Tunnel Models in Active Control Studies. Advanced
Centy - L Technology and Its Potential for Future Transport Aireraft, NASA
TM X-3409, 1976, pp. 831-892.

A status report and review of wind-tunnel medel experimoatal techniques
that have been developed to study and validate the use of active control tech-
nology for the minimization of aeroelastic response are presented. The studies
include flutter mode suppression on a delta-wing model, flutter mode suppression
and ride quality control on a 1/30~s3ize model of he B~52 CCV aurplane, and an
active lift distribution control system on a 1/22-size C-5A model,

406. Nissim, E.; Caspi, A.; and Lottati, I.: Application of the Aerodynamic
Energy ‘oncept to Flutter Suppression and Gust Alleviation by Use of
Active Controls. NASA TN D-8212, 1976.

The effects of active controls on flutter suppression and gust alleviabilon
of the Arava twin turbopre STOL transport and the Westwind twinjet business
transport are investigated. The control law is based on the concept of aero-
dynamic energy and utilizes previously optimized control law param~ters based
on two-dimensional aerodynamic theory. The best locations of the activated
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system along the agpan of the wing are determined for beadinp-moment alleviation,
reduction in fuselage accelerations, and flutter suppreanion. The regults
indicate that flutter speecd can be zignificantly increased (over 70 percent
increase) and tiat the bending moment due to gust loading can be almost totally
eliminated by a contrcl gyatem of about 10 to 20 percent opan with reasonable
control surface rotations.

407, Pratt, Kermit G.: A Survey of Active Controls Benefits to Supersonic
Tranaports, Advanced Control Technology and Ita Potential for Future
Transport Aircraft, NASA TM X-3409, 1976, pp. 639-659,

Results are drawn from studlas of the impact of advanced technologivs on
the design of an arrow wing configuration, Informatlon presented includes
estimated benefits, effects of combinations of active control concepts, and
constraints., Emphasis is placed on characteristics that are uniquely related
to a large airframe featuring a glender body with a {ixed wing of low aspecrt
ratio, high sweep, and small thickness ratio.

408. Berry, Donald T.; Mallick, Donald L.; and Gilyard, Glunn B.: Handling
Gualities Aspects of NASA YF-12 Flight Experience. Proceedings of the
SCAR Caonfevrence - Part 1, NASA cp-001, [1977], pp. 193-213.

This paper reviews the handling qual.' 'es of the YF-12 airplane as observed
during NASA research flights over the past 5 years., Aircraft behavior durilng
take~off’, acceleration, climb, cruige, descent, and landing are discussed,

Pilot comments on the various flight phases and tasks are presented., Handling
qualitiey parameters are compared with existing and proposed handling gualiities
eriteria. The influence of the propulsion gystems, stability augmentation,
autopilot systems, atmospheric gusts, and temperature changes are also dis-
cussed. The results indicate that ¥F-12 experience correlates well with fly-
ing qualities aeriteria.

409. Doggett, Robert V., Jr.; and Townsend, James L.: Flutter Suppression by
Active Jontrol and Its Benefits. Proceedings of the SCAR Conference -
Part 1, NASA CP-001, [1977), pp. 303-333.

A general discussion of active flutter suppression systems is presented
with focus on supersconie crulse aireraft configurations. Toples addressed
include a brief historical review; benefits, risks, and concerns; methods of
application; and applicable configurations. Results show that significant
increases in flutter speed (or flutter dynamic pressure) can be accomplished
by using active flutter suppression.

Results of a study are presented where the direct operating costs and per-
formance benefits of an arrow wing supersonic cruise vehicle equipped with an
active flutter suppression system are compared with corresponding costs and
performance of the same baseline airplane where the flutter deficiency was cor-
rected by passive methods (increases in structural stiffness). The design,
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oynthesis, and conceptual mechanization of the active flutter suppression sys-
tem ars discussed, The results show that a substantial weight savings can be
accomplished and direct operating costs reduced by using the active system.

410. Grantham, William D.; Nguyen, Luat T.; Neubauwer, M. J., Jr.; and Smith,
Paul M.: Simulator Study of the Low-Sposd Handling Qualities of a
Supersonle Crulse Arrow-Wing Transport Configuration During Approach
and Landing. Proceedings of the SCAR Conference - Part 1, NASA CP-001,
[1977]), pp. 215-248.

A fixed-based simulator study was conducted to determine the low-speed
t.ight oharacteristics of an advanced supersonic cruise transport having an
arrow wing, a horizontal tail, and four dry turbojets with variable geometry
turbines. The primary pilating task was the approach and landing.

The results of the study indicated that the statically unstable {(longi-
tudinally) subject configuration has unacceptable low-speed handling qualities
with no augmentation. Therefore, a hardened stability augmentation system
(HSAS) will be required to achleve "acceptable! handling qualities should the
normal operational stability and contrcl augmentation system (SCAS) fail.
Although the SCAS developed 1n thls study to achleve satisfactery handling
qualities was complex, it is within current technology.

411, Perkin, Brian R.,; and Erickson, Larry L.: FLEXSTAB - A Computer Program
for the Prediction of Loads and Stahility and Control of Flexible Air-
ecraft. Proceedings of the SCAR Conference - Part 1, NASA CP-001,
(1977, pp. 2ug-280.

This paper describes and 1llustrates capabilities of the FLEXSTAP Computer
Program System. FLEXSTAB Is a system of computer programs for performing aero-
elastic analysis of a wide variety of current and future ailreraft configura-
tions. There are two versions of FLEXSTAB: an NASA controls-f'ixed version,
identified as Level 1 FLEXSTAB; and an Air Force version, identified as Level 2
FLEXSTAB, which provides for active controls analysis at low frecuencies. The
aerodynamic theory used in FLEXSTAB is appllcable to both steady and unsteady,
subsonic and superscnic, flow for multiple wing-body-tail-nacelle cenfigura-
tions with a plane of gymmetry. FLEXSTAB will trim the aircraft in steady ref-
erence flight and compute both static and dynamic stability and control deriva-
tives and the stability behavior about the trim condition. The airplane 1ifting
pressure distribution, aerodynamic and inertia loads, and deflected shape are
also computed.

412, Reukauf, Paul J.; and Burcham, Frank W., Jr.: Propulsion System/Flight
Control Integration. Progeedings of the SCAR Conference - Part 1,
NASA cP-001, [1977], pp. 281-302.

The NASA Dryden Flight Research Center is engaged in the YF-12 cooperative

control pregram. 1In th.: program, the existing analog air-data computer auto-
throttle, autopilot, and inlet control systems are to be converted to digital
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systems by using a general purpose airborne computer and interface unit. First,
the existing control laws are to be programed and tested in flight. Then, inte-
grated control lawa, derived by using accurabe mathematical models of the air-
plane and propulsion system in conjunction with modern control techniques, are
to be tested in flight. Analysis indicates that an integrated autothrottle-
autopilot gives good flight-path control and that observers can be used to
replace failed sensors.

4113, Sudderth, Bobert W.; and MeNeill, Walter E.: Development of Longitudinal
Handling Qualities Criteria for Large Advanced Supersonic Aircraft.
Proceedings of the SCAR Conference - Part 1, NASA CP-001, [1977],
pp. 171=192,

A piloted simulation study was conducted with the aim of advancing the
development of longitudinal handling qualities criteria for large supersonic
cruise aircraft. The areas of study, using the NASA Ames Flight Simulator for
Advanced Aircraft, included nigh-speed cruise maneuvering, stall-tecovery con-
trol power, and landing approcach for normal and minimum-safe operation. Only
the first two areas are disecussed in this paper. Comparisons were made with
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