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Introduction

This issue ofAenautical Engineering, A Continuing Bibliography wittdexegNASA SP-7037)
lists 144 reports, articles, and other documents recently announced in the NASA STI Database.

Thecoverage includes documents on the engineering and theoretical aplesigin, construction,
evaluation, testing, operation, and performance of aircraft (including aircraft engines) and associ-
atedcomponents, equipment, and systems. It also includes research and development in aerodynam
ics, aeronautics, and ground support equipment for aeronautical vehicles.

Each entry in the publication consists of a standard bibliographic citation accompanied, in most
cases, by an abstract.

Two indexes—subject and author are included.

The NASA CASI price code tableddresses of ganizations, and document availability informa
tion are located at the back of this issue.
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01 nique. Although the development of this technique was
AERONAUTICS promptedby the failure of aging aircraft lap joints, it mag
appliedto any thin, conductive bonded structure.

Dissert. Abstr

Adhesive Bonding; Bonded Joints; Lap Joints; Nondestruc-
tive Tests; Optical Measement;Magnetic Effects; Debord
ing (Materials)

19960017087 96N22683 Johnsklopkins Univ, Baltimore,
MD USA
Electromagnetic stressing/opticaldetection technique for
detectionof disbonds in aging aicraft
Mayton, Donna Jean, Johns Hopkins Univ., USA; 1994, pp.
84; Also announced as 19960017087; No Copyright; Avail: 19960017278 96N22869 Aircraft Research Association
Univ. Microfilms Order No. DA9429546, Hardcopylicro- Ltd., Bedford, UK
fiche Collaboration in Aerospace: One Euopean’s Perspective

A novel electromagnetic stressing/optical detection Green, J. E., Aircraft Research Association Ltd., UK; May
methodhas been developed in response to the need for bettejggs pp. 26; In English; PICAST2-AACS, 20-23 Mdr995,
nondestructivevaluation techniquesr the detection of dis  pelpourne Australia; Also announced as 19960017278

bonds in aging aircraft lap joints. This technique uses mag-report No.(s): ARA-TM-414; No Copyright; Avail: CASI;
netic pressure to pull the top surface of a thin conductive A03 Hardcopy; A01, Microfiche

bondedsheet and senses the out-of-plane displacement of the  Thjs |ecture reviews European experience of collabora-
methodof inspection has the advantages of being noncentact grence to collaboration in aircraft development and
ing, relatively cheap, and because it pulls on the top surfaceproduction it rangesfrom national and international collabo

is a promising candidate for the detection of ‘kissing’ dis- ration in the provision of major wind tunnels, through inter-
bonds-- a condition in which there is no material missing from governmental collaboration on military aircraft and

thejoint, but the adhesive has failed. A series of three modelsinter-companycollaboration on civil aircraft to collaboration

were developed and implemented to fully simulate the tech-petween aeronautical research organizations and also
niquefrom the driving circuitry to the measured response of petween learned societies. Finally, the general lessons to be
the sample. The driving circuit was computer modeled and the grawn from this experience are outlined and their relevance

was predicted. An analytical pressure model was developedg discussed.

to predict pressure on the sample as a function of time for aathor

given current input. The predicted pressure was used as th@erospacdndustry; Aicraft Design; International Coopera
driving function in a finite element structural model which jon: Europe; Reseah

predicted displacement of the sample surface. Laboratory

experimentsvere conducted on simple bonded and unbonded

samples, and the two cases exhibited large differences 9960017307 96N22898 Defenc&cience anddchnology
amplitude resonant frequencynd damping. 8sts were also  OrganisationCanberra, Australia

performedon a simulated aircraft lap joint and timechanical F-111 Air craft Fatigue Data Analysis System (AFDAS) in
response of bonded and unbonded regions distiaguish ServiceDevelopment Progress Report, No. 1

ablein the frequency domain. The series of models was usedwalker, K., Defence Science and Technology Organisation,
successfully to predict the displacement of the bonded andAustralia; Jul. 01, 1995, pp. 84; Also announced as
unbonded samples and compared to experimental result49960017307

usinga prototypesystem. The close correspondence betweenReport No.(s): AD-A301201; DSTO-TR-05; DODA-
predicted and measured results indicates that the models ar&R-008-992; No Copyright; Avail: CASI; A05, Hardcopy;
a useful tool in the design and implementation of this tech- AO1, Microfiche



The Aircraft Fatigue Data Analysis System (AFDAS) is topicsattests to the breadth of research and techndiemg
atwelve channel, strain based fatigue data collection and anal pursuedand to the skill mix of the stathat makes it possible.
ysissystem. The RAAF have recognized that AFDAfenrsf Author
significant potential improvements over fatigue meters and Research and Development; Aeronautical Engineering;
parametricdbasedsystems for the purpose of fatigue monitor AerospaceéEngineering; Spac8tation Feedom; Spacecraft
ing and structural integrity management. AFDAS has there- Instruments; Flight Instruments; NASAdgrams
fore been implemented on a number of aircraft types,
including the F-111. The system does, however, require fur-
ther development and refinement. AMRL was requested by 02
the RAAF to provide assistance and advice on the F-111 AERODYNAMICS
AFDAS installation. This report details the progress made so , , o ,
far on the current AMRL F-IL AFDAS support activityThe ~ '¢/Udes aerodynamics of bodies, combinations, wings,

. . . . rotors, and control surfaces; and internal flow in ducts and
activity has included aspects which are unique to the F'lllturbomach/'nery,
and also some aspects which have a general applicability to

the AFDAS installation on other aircraft types. Significant 19960015583 96N22391 Old Dominion Univ., Norfolk
progresshas been made in the following areas: (1) establish 5 " ;A N '

ing why the strain sensor I_o cations were chgsen and how theySimulation of active control of asymmetric flows around
relateto other locations of importance for fatiguestructural slenderpointed forebodies

Iif'e'mor'litoring. reasons; (2) e”m‘,”a“”g operational ereors SharafEl-DinHazem Hafez, Old Dominiodniv., USA; Jan.
d|ff|cult|(_es which decrease th_e integrity of the d_ata; and (3) 01, 1994, pp. 236, In English; Also announced as
develop_lng new datz_;\ screening procedures which check the19960015583!:\10 Copyright; Avail: Univ. Microfilms Order
datafor inconsistencies and invalid results. No. DA9514746, HardcopyMicrofiche
DTIC . ) S . . At high angles of attack, the flowfield over slentiee-
F'll.l Alrcraft Struc.tural .Fa'lwe’. Fa}tlg.ue (Materials); bodies becomes asymmetric with substantial side force,
Strain Measuremept, Strain Distribution; Computer Pro- which may exceed the available control capability. The
grams;Data Reduction unsteady compressible Navier-Stokes equations are used to
investigatethe efectiveness of diérent active control meth
19960017732 96N23263 NASA Lewis Research Center, ods to alleviate and possibly eliminate the flow asymmetry
Cleveland OH USA and the subsequent side force. Although the research work
Reseach and Technology 1992 focuses oractive control methods, a passive control method
1992, pp. 170; In English; Also announced as 19960017732hasbeen investigated. The implicRoe flux-diference split
Report No.(s): NASA-TM-105924; E-7425; NAS 1.15: ting, finite volumescheme is used for the numerical computa
105924; No Copyright; Avail: CASI; A08, Hardcopy; A02, tions.Bothlocally-conical and three-dimensional solutions of
Microfiche the Navier-Stokes equations are obtained. The asymmetric
This report selectively summarizes the NASA Lewis flow over five-degree semi-apex angle cone is used as a refer
ResearclCentets research and technology accomplishments ence case to which tlaifferent control methods are applied
for the fiscal year 1992t comprises approximately 200 short and compared. For the passive control method, the side-
articles submitted by the stahembers of the technical direc  strakescontrol is investigated. The parametric study includes
torates.The report is @anized into six major sections: Aero  the control effectiveness of the strake span length. For the
nautics, Aerospacesthnology Space Flight SystemSpace activecontrol methods, flow injection in the normal and-tan
Station Freedom, Engineering and Computational Support,gential directions to the body surface has been investigated.
andLewis ResearciAcademy A table of contents by subject Both uniform and pressure-sensitive mass flow injection are
has been developed to assist the reader in finding articles oépplied,and the d&cts of mass flow rate, injection angle and
specialinterest. This repois not intended to be a comprehen injectionlength have also been studied. Injection, with a-para
sive summary of all the research and technology work donebolic profile, is applied fronthe cone sides tangent to its-sur
overthe past fiscal yeaMost of the work is reported in Lew  face.Surface-heating, where temperaturéhaf cone surface
is-publishedechnical reports, journalrticles, and presenta isincreased, is also investigated. Thieetiveness of a hybrid
tions prepared by Lewis staff or by contractors. In addition, method of flow control, which combines injection with sur-
universitygrants have enabled faculty members and graduatefaceheating, has been studied. The cone spinning and rotary
students to engage in sponsored research that is reported ascillation around its axis are applied as an active control
technical meetings or in journal articles. For each article in method.The computational applications include thieefs of
this report a Lewis contact person has been identified, anduniform spinning rates and periodic rotary oscillations at dif
where possible, a reference document is listed so that addiferentamplitudes and frequencies on the flow asymmetry
tional information can be easily obtained. The diversity of Dissert. Abstr



Flow Distribution; Active Control; Forebodies; Compress- 249;In English; Also announced as 19960015653; No €opy
ible Flow; Unsteady Flow; NavieBStokes Equation; Flux Dif right; Avail: Univ. Microfilms Order No. DA9516632, Hard
ference Splitting; Finite Volume Method; Computational copy,Microfiche

Fluid Dynamics Obligue detonations and their propulsive applications
werestudied by numerically integrating the two-dimensional,

19960015598 96N22406 Bronto Univ, Ontario Canada reactiveEuler equations in generalized, curvilinear coordi

A study of the fortified Navier-Stokes approach for vis- ~ Natesystem. The integration was accomplished using the Roe

cousairfoil computations scheme combined with fractional stepping: nonlinear flux

Bergeron, Maurice Denis, Toronto Univ., Canada; Jan. 01,limiting was used to prevemnphysical solution oscillations
1994,pp. 153; In English; Also announced as 19960015598; near discontinuities. The method was verified on one- and
ISBN 0-315-92601-5; No Copyright;vail: Univ. Microfilms two-dimensionaflows with exact solutions, and its ability to

OrderNo. DANN92601, Hardcopicrofiche correctly predict one-dimensional detonation instability was
In general, the application of current computational demonstrated. Unsteady phenomena were considered in a
methodsgo attached viscous airfdibw results in lift predie studyof straight oblique detonations attached to curved walls.

tionsto within 3 percent and drag predictions to within 5 per Usingthe exact, steady oblique detonation solution as an ini
cent of experimental values. For separated flows, the errordial condition, the numerical simulation predicted both steady
canbe considerabljarger These errors are a combination of andunsteady oblique detonation solutions when a detonation
physical-model errors and numerical errors. Very fine grids Parameter known as the normal overdrive was varied. The
arerequired to reduce numerical errors in drag to acceptablehormaloverdrive value awhich the oblique detonation tran
levels which drastically increases the computer resourcessitionedfrom steady to unsteady behaweas slightly higher
required’ especia”y in three-dimensional Computations_ than the Corresponding value for a one-dimensional detona-
Therefore, there is considerable motivation to examine tion. An oblique detonation application was considered to
numerical methods which might reduce the number of grid determine the steady propagation speed of an idealized ram
points required to achieve a given level of accuracy in drag.accelerator. Propagation speeds were found which gave rise
One such method is the fortified Navier-Stokes (FNS) to shocks of such strength as to induce a reaction zone to be
approach' A g|0ba| Navier-Stokes solution Computed on ain a region which allowed the combustion induced thrust to
coarsegrid is 'fortified’ with a boundary layer solution which ~ Palance the wave drag. For fixed heat release greater than a
is obtained efficiently on a fine grid superimposed near the critical value, twosteady propagation speeds were predicted.
body surface. Other authors have demonstrated that FNJ he solution at the higher Mach number was stable to static
increases the efficiency and accuracy of a Navier-StokesPerturbations while the solution at the lower Mach number
solverwhen it is applied to flat platéows. In this work, FNS ~ Wasunstable. The Chapman-Jouguet velocity in the direction
is extended to viscous airfoil computations. Factdiectihg ~ Of projectile propagation was found to be relevamly as an

the fortification process are investigated, suitable blendingoverly conservative lower bourfdr possible flight speeds. In
functions are developed and an overall fortification strategy thefar-field the detonation wave angle was found to be that of
is implemented with the diagonal form of an impliajtproxi aChapman-Jouguet oblique detonation.
mate-factorizatioralgorithm. Computational results are pre  Dissert. Abstr

sented for five subsonic and transonic viscous airfoil casesPetonationVaves; Perturbation; Diffential Equations; Far
which display avariety of attached and separated flow condi Fields; Heat Tansfer; Stability; Thrust Cond

tions. In all cases, the FNS approach is successful in reducing

numericalerrorsin drag, particularly for cases dominated by 19960015728 96N21512 Pennsylvania State Univ., Uni-
friction drag. However, due to constraints on the amount of yersity Park, A USA

forcing which can be applied, the FNS approach is only par Numerical Study of Steady and Oscillatory Flow Struc-
tially effective atimproving the accuracy of the pressure field tyres in an Axisymmetric Supersonic Inlet

relative to the coarse-mesh Navier-Stokes solution. There-on, Jong Yin, Pennsylvania State UniWSA; Jan. 01, 1994,
fore, the approach is moappropriate for attached and mildly  pp. 183; In English; Also announced as 19960015728; No

separatedlows. Copyright; Avail: Univ. Microfilms Order No. DA9504264,
Dissert. Abstr Hardcopy,Microfiche
Navier-Stokes Equation; Viscous Flow; Computational Steady and oscillatory flowfields of an axisymmetric
Grids; Airfoils; Friction Drag mixed-compression supersonic inlet have been numerically
studiedby solvingthe compressible Euler and Navi&tokes
19960015653 96N22461 Notre Dame Uniy IN USA equations. Turbulence in the boundary layers is modeled
Numerical simulations of steady and unsteady oblique  usingthe algebraic model of Baldwin ah@max for steady-
detonation phenomena with application to populsion state flow calculations and the two-layer model of Rodi for

Matthew, John, Notre Dame Univ., USA; Jan. 01, 1994, pp. unsteadyflow calculations. The governing equations are dis



cretized with the finite-volume method, and the discretized flow visualization are used to reveal the flowfield structure of
equationsare solved by the LU implicit scheme for the steady- theseinteractions. Theisualizations show that the flowfield
state flows and by the fogtage Runge-Kutta explicit scheme is comprised of a complex, irregular crossing of the two-indi
for the unsteady flows. The upwind TVD scheme of Harten vidual shock/boundary layer interactions created by each fin.
and Yee is adopted to capture shocks without numericalQuantitative surface data are obtained through wall static
oscillations.Steady-state axisymmetifiowfields are inves pressureand skinfriction coeficient measurements. The skin
tigatedunder various engine-operating conditions. Fivés- friction measurements, made using a laser interferometer skin
cid-flow results indicate that a vortex sheet, extending friction meter, reveal regions with zero shear as well as
downstream from the shock intersection point, creates non+egionsof extremely high sheaQuantitative flowfielddata,
uniform flowfields in the radial direction at downstream of the obtainedthrough five-hole probe surveys, show the presence
terminalshock because of f&rent compression histories of of a lage, low-Mach-numbefow-total-pressure region ceom
theflow just upstream of the shock. The viscous-flow results prised of the separated incoming boundary layer fluid. The
show that the boundary layers are thickened and separatiocombinedexperimental dataset is used to formulate a detailed
bubbles are formed across the terminal shock due to shockilowfield model of the crossing-shock interaction. Beic
boundary-layer interactions. Unsteady axisymmetric flow- ture of these interactions is found to be similar over a broad
fields are also analyzed to study the shock/acoustic-waverangeof interaction strengths and is dominated by gdasep
interactions. As the normal shock oscillates because of thearated, viscous flow region which forms on the interaction
fluctuating pressure imposed at the exit, the shock intersecplaneof symmetry Additionally, the experimental resulése

tion point also fluctuates which can add one more mode ofcompared with two available computational solutions to
oscillation to the flowfields, especially to the velocity field. assesghe capabilities of current CFD programs to model such

Finally, steady-state three-dimensiofialvfields with finite complexinteractions.

angles of attack are investigated. When the angle of attack iDissert. Abstr

not zero, the terminal shock is skewed due tiedht cor Turbulent Boundary Layer; Shock Wave Interaction; Flow
pressiorhistories and the degree skewness becomes greater Distribution; Oblique Shock Waves; Supersonic Flow; Free
with the increased angle of attack. Flow; Separated Flow; igcousFlow; Angle of Attack; Fins;
Dissert. Abstr Flow Visualization

Steady Flow; Oscillating Flow; Supersonic Inlets; Axisym-

metric Bodies; Inlet Flow; Inviscid Flow; Mathematical 19960015741 96N21525 Pennsylvania State Univ., Uni-
Models; Viscous Flow; Unsteady Flow; Sound Waves; versity Park, A USA
Compressible Flow; Navier-Stokes Equation; Euler Equa- 5, Experim,ental Study of Fluctuating Pressure Loads

tionsof Motion BeneathSwept Shodk Wave/Boundary Layer | nteractions
Garg,Sanjay Pennsylvania State UnjWSA; 1994, pp. 156;
19960015740 96N21524 Pennsylvania State Univ., Uni- In English; Also announced 49960015741; No Copyright;

versity Park, A USA Avail: Univ. Microfilms Order No. DA9504210, Hardcopy,
The Interaction Between Crossing-Shock Waves and a  Microfiche
Turbulent Boundary Layer An experimental research program providing basic

Garrison, Timothy Jon, Pennsylvania State Univ.,, USA; knowledge and establishing a database on the fluctuating
1994,pp. 297; In English; Also announced as 19960015740; pressure loads produced on aerodynamic surfaces beneath
No Copyright; Avail: Univ. Microfiims Order No. three-dimensionahock wave/boundary layer interactiosis
DA9504213 Hardcopy, Microfiche described. Such loads constitute a fundamental problem of
An experimental study has been performed to investigatecritical concern to future supersonic and hypersonic flight
theflowfield structure created by two crossing oblique shock vehicles. A turbulent boundary layer on a flat plate is sub-
waves interacting with a turbulent boundary layer. Such anjected to interactions with swept planar shock waves gener-
interaction is of practical importance in the design of high- ated by sharp fins. Fin angles from 10 deg to 20 deg at
speed inlets. The interaction is created by a test model, confreestream Mach numbers of 3 and 4 produce a variety of
sisting of two sharp fins mounted at symmetric angles-of- interaction strengths from weak to very strong. Miniature
attack to a flat plate, placed in a supersonic freestream flowpressurdransducers flush-mounted in the flat plate have been
Theinteraction structure is examinéat a range of symmetric  used to measure interaction-induced wall pressure fluctua-
fin angles from 7 to 15 degreedftatestream Mach numbers tions.The distributions of properties of the pressure fluctua
of 3 and 3.85. This parametstudy produces a broad range tions, such as their rms level, amplitude distribution and
of interaction strengths, resulting in barely separated topowerspectra, aralso determined. Measurements have been
strongly separated flows. A variety of experimental tech- madefor the first time in the aft regions of these interactions,
niguesare used to study the crossing-shock interaction. Planarevealingfluctuating pressure levels as high as 155wi&ich
laserscattering visualization and kerosene lampblack surfaceplaces them in the category of significant aeroacoustic load



generatorsThe fluctuations near the foot of the fin are domi  marginal aeroelastic stability and feedback contol
natedby low frequency (0-5 kHz) components, and are causedTseng, Stephen Pai-Yu, Rensselaer Polytechnic Inst., USA;
by a previously unrecognized random motion of the primary Jan. 01, 1994, pp. 167; In English; Also announced as

attachment line. This phenomenon is probably intimately 19960015784No Copyright; Aail: Univ. Microfilms Order
linked to the unsteadiness of the separation shock at the staijo. DA9434604, HardcopyMicrofiche

of the interaction. The characteristics of the pressure fluctua Considerablgromise is seen in the application of strain
tions are explained in light of the features of the interaction actatortechnology as Smart Materials’ for fulfilling control
flowfield. In particular physical mechanisms responsible for ¢, tionsof various kinds in aircraft. Howevehe strain and
the generatiorof high levels of surface pressure fluctuatl_onS force capability of these actuators are knoterimpose limita
areproposedhased on the results of the stiiiye unstea tions. to overcome these limitations, the aeromechanical

ness of the flowfield of the surface is also examined via a _ . ' . . .
; . : . design of fixed and rotary wings from a control viewpoint
novel,non-intrusive optical technique. Reswdtow that the . . T .

. ) . have been investigated in this study. Three design analyses
entireshock structure generated by the interactiodegoes h b ducted usi imol del with a traili
relativelylow-frequency oscillations. ave been conducted using a simple modet with a trailing-

edge hinged flap or tab representing the strain actuators,

Dissert. Abstr ) ; _ _ -
Pressure; Pressure Distribution: Shock Wave Interaction; Includinga fixed wing-flap-tab with constant forward speed,

Three Dimensional Boundary Layer; Turbulent Boundary awing-flap with pulsating velocity superimposed on constant

Layer; Contiol Surfaces; Interactional Aedynamics forwardspeed, and a helicopter rotor blade in hovering flight.
A generalized two-dimensional, time-domain, finite-state,
Theodorsen-Greenberg unsteady aerodynamic model of the

19960015774 96N21558 California Univ., Los Angeles, ing-flapin a pulsating velocity field has been extendad

CA USA o ) _ applied in these analyses to calculate the aerodynamic loads
The control of 2-D wakes/mixing layers via suction atthe o the airfoils with a trailing-edge hinged control surface.

trailing edge of a splitter plate _ State space representations of those lifting surface aerody-
IiggilTZEng]_S EynA? California U dm’vufgéé]gg'lg%’? Alf9§4 gp- namicshave been derived in time-varying format. Single- and
;1N ENGLISh, AISO anhounced as ; NO ©Opy multi-objective design optimizations have then been con-

right; Avail: Univ. Microfilms Order No. DA9502028, Hard ducted to assess the capabilities of possible designs which

Microfich o . ; -
copy, Vicrofiche - . maximize the amplification of the rotations and minimize
Wakeand mixing layer flows controlled by suction at the ) .

force required of the control surfaces. As these optimal

trailing edge of a splitter are investigated both experimentally , R
and theoretically. The experiments are performed in a sheaf€S19ns optimizations have ten been conducted to assess the

layerwater channel. In the wake flow controlled by a suction, caPabilitiesof possible designs which maximize the amplifi
a threshold suction speed is found to be equal to one half ofationof the rotations and minimizee force required of the
freestream velocity. When the suction speed is below thecontrol surfaces. As these optimal designs tend to approach
thresholdthe wake flow is unstable. When the suction speed aeroelastic instability, Linear Quadratic Gaussian (LQG)
is above the threshold, the wake becomes staideno vortex ~ feedbackcontroller design has been applied to assuretthe
shedding exists. The stability analysis is performed in orderbility of resulting motions and improve the output perfor-
to understand the physical mechanism in this wake controlmance A discrete periodic time-varying LQG controller has
problem.The results show the vortex shedding frequency canalso been developed to stabilize the systems in the presence
bewell predicted by the velocity profile immediately behind of pulsating velocity effects. A dynamic inflow model has
the solid boundaryFurthermore, the threshold suction speed beenlinearized and included in the design analyses of the heli
canbe reasonably predicted by the global linear stability-anal copterrotor blade to represent the three-dimensitaaisient
ysis in a weakly non-parallel flow. The observed changes ofpehavior of the complete rotor. The results of this research
the.global flow fig!d are related to an absolute instability haveshown the feasibility of applying properly designed 4rail
regionnear the trailing edg&he non-parallel flow éécts are  jng_edgecontrol surfaces which make use of strain actuation
responsibléor this global instability breakdown. conceptgo both fixed and rotary wings. Further analyses and
Dllsgert. Abstr ) o L experimentsare expected to be required to develop this con
M|X|ng Layers(FIw_ds) ; F!QW Distribution; \_élocr[y Distribu cept of Smart Structure’ control surfaces to the point where
tion; Vortex Shedding; railing Edges; Suction; ¥kes; Shear h dv for practical aircraft apolications
Layers t eyare ready for p pp )

Dissert. Abstr

Aircraft Design; Lifting Bodies; Tabs (Control Surfaces);
19960015784 96N21568 Rensselaer Polytechnic Inst.,, Feedback Control; Aerodynamic Stability; Aeroelasticity,
Troy, NY USA Linear Quadratic Gaussian Control; Controllers; Design
Lifting surface design using trailing edge devices, Analysis;Trailing Edge Flaps



19960015881 96N21659 Instituto Nacional de Pesaciais curvefit was introduced to represent the spanwise coherence

EspaciaisSao Jose dos Campos Brazil of the cross-spectral density

Determination of Coefficeint of Drag of the Sphee-Cone Author

Configurations by Method of Belotserkovskii Determina- TurbulentBoundary Layer; \All Pressue; Pressue Oscilla
cao do Coefficiente de Arrasto de Configuracoes Esfera- tions; Aircraft Noise; Noise Reduction; Structurab¥ation;
ConePelo Metodo de BelotserkovskKii Computational Grids; Quantitative Analysis; Runge-Kutta

daSilva, Fernando Cachucho Canesin, Instituto Nacional deMethod; Crank-Nicholson Method
Pesaciai€spaciais, Brazil; Feb. 1995, pp. 123; In Portugese;

Also announced as 19960015881 _ 19960015887 96N21664 NASA Ames Research Center,
Report No.(s): INPE-5679-TDI/566; No Copyright; Avail:  noffett Field. CA USA

CASI; A06, Hardcopy; AD2, Microfiche o A Computational and Experimental Study of Nonlinear

A computational code based on the first aproximation of Aspectsof Induced Drag
the method of Belotserkovskii has been developed to Ca|CUSmith,Stephen C., NASA Ames Research CentSA: Feb.
latethe coeficient of drag of the sphere-cone configurations. 1996, pp. 140; In English; Also announced as 19960015887
In this method, the regioof integration is subdivided in sev  contract(s)/Grant(s): FOP 505-59-10
eral strips using curves which shapes are determined by th@eportNo.(s): NASA-TP-3598: A-960804: NAS 1.60:3598:
profile of the region. The basabjective is to integrate, over o Copyright; Avail: CASI; A07, Hardcopy; A02, Micro-
this strips, the governing partial differential equations with fiche
respect to one of the independent variables. Following the Despitethe 80-year history of classical wing theargn
integrands are approximated to m order polynomials in this sigerableresearch has recently been directed toward planform
variable. After integrating these polynomials an approxi- and wake effects on induced drag. Nonlinear interactions
matedsystem of ordinary diérential equations is obtained  petweerthe trailing wake and the wingfef the possibility of
afunction of the remaining independent variable. Tdwmults reducing drag. The nonlinear effect of compressibility on
obtainedfor the pressurand drag coéitients are compared  induceddrag characteristics may also influence wing design.

with the experimental data obtained in wind tunnels. This thesis deals with the prediction of these nonlinear aspects
Author of induced drag and ways to exploit them. A potential benefit
Drag Coefficients; Partial Differential Equations; Cones; of 0n|y afew percent of the drag represents@lma Savings
Aerodynamidrag for the world’'s commercial transport fleet. Computational

methodsmust be applied carefully to obtain accurate induced

drag predictions. Trefftz-plane drag integration is far more

reliablethan surface pressure integration, isutery sensitive
19960015882 96N21660 High Technology Corp., Hamp- o the accuracy of the force-free wake model. The practical

ton, VA USA useof Trefftz plane dragntegration was extended to transonic
Large-Eddy Simulation of Turbulent Wall-Pressure Fluc- flow with the Tranair full-potential code. The induced drag
tuations characteristics of a typical transport wing were studied with
Singer Bart A., High Bchnology Corp., USA; Feb. 1996, pp.  Tranair,a full-potential method, and A502, a high-order linear
38; In English; Also announced as 19960015882 panel method to investigate changes in lift distribution and
Contract(s)/Grant(s): NAS1-20059TRP 505-59-50-02 span efficiency due to compressibility. Modeling the force-

Report No.(s): NASA-CR-198276; NAS 1.26:198276; No freewakeis a nonlinear problem, even when the flow govern
Copyright;Avail: CASI; A03, Hardcopy; A01, Microfiche ing equation is linear. A novel method was developed for
Large-eddy simulations of a turbulent boundary layer computing the force-free wake shape. This hybrid wake-re-
with Reynolds numbeased on displacement thickness equal |axation scheme couples the well-behaved nature of the dis-
to 3500 were performed with two grid resolutions. The com crete vortex wake with viscous-core modeling and the
putations were continued for sufficient time to obtain fre- high-accuracy velocity prediction of the high-order panel
guency spectra with resolved frequencies that correspond tanethod.The hybrid scheme produced comyent wake shapes
the most important structural frequencies on an airduesi: that allowed accurate Trefftz-plane integration. An unusual
lage. The turbulent stresses were adequately resolved witlsplit-tip wing concept was studied for exploiting nonlinear
bothresolutions. Detailed quantitative analysis of a variety of wakeinteraction to reduced induced drdgis design exhib
statistical quantities associated with the wall-pressure fluc-its significant nonlinear interactions between the wing and
tuations revealed similar behavior for both simulations. The wake that produced a 12% reduction in induced drag
primary differences were associated with the lack of resolu-comparedo an equivalent elliptical wing at a lift cdiefent
tion of the high-frequency data in the coarse-gattulation of 0.7. The performance of the split-tip wing was afs@sti
andthe increased jitter (due to the lack of multiple realizations gated by wing tunnel experiments. Induced drag was deter-
for averaging purposes) in the fine-grid calculation. A new minedfrom forcemeasurements by subtracting the estimated



viscous drag, and from an analytical drag-decomposition Copyright;Avail: CASI; A06, Hardcopy; A02, Microfiche
method using a wake survey. The experimental results con-  Oneof the primary reasons for developing quiet tunnels

firm the computational prediction. is for the investigation of high-speed boundary-layer stability
Author and transition phenomena without the transition-promoting
InducedDrag; Nonlinearity; Vékes;Wng Tips; Interactional effectsof acoustic radiation from tunnel walls. In this experi

Aerodynamics ment, a flared-cone model under adiabatic- and cooled-wall

conditionswas placed in a calibrateduiet’ Mach 6 flow and
19960015890 96N21666 NASALangley ResearcBenter the stability of the boundary layer was investigated using a

Hampton,VA USA prototype constant-voltage anemometer. The results were
Effects of Winglets on the Drag of a Low-Aspect-Ratio compared with linear-stability theory predictions and good
Configuration agreement was found in the prediction of second-mode fre-

Smith, Leigh Ann, NASA Langley Research Center, USA; duencies and growth. In addition, the same 'N=10’ criterion
Campbell, Richard L., NASA Langley Research Center, used to predict boundary-layer transition in subsonic, tran-
USA; Feb. 1996, pp. 66; In English; Also announced as sonic,and supersonic flows was foutalbe applicable for the
19960015890 hypersonic flow regime as well. Under cooled-wall condi-
Contract(s)/Grant(s)RTOP 505-59-10-30 tions, a unique set of continuous spectra data was acquired
Report No.(s): NASA-TP-3563; L-17456l; NAS 1.60:3563; thatdocuments thénear, nonlineayand breakdown regions
No Copyright; Avail: CASI; A04, Hardcopy; AO1, Micro-  associated with the transition of hypersonic flow urider
fiche noise conditions.

A wind-tunnel investigation has been performed to deter Author
mine the effect of winglets on the induced drag of a low-as- Boundary Layer Stability; Boundary Layer Transition;
pect-ratiowing configuration at Mach numbers betwd&e80 HypersonicBoundary Layer; \id Tunnel Vélls; Hypersonic
and0.85 and a nominal angle-of-attack range from -2 deg to Wind Tunnels; Vihd Tunnel Bsts; Surface Cooling
20deg. Results of the tests at the cruise lift fioieiht showed
significantincreases in lift-dragatio for the winglet configu 19960015957 96N21692 Minnesota Univ., Duluth, MN
rationrelative to a wing-alone configuration designed for the ysa
same lift coefficient and Mach number. Further, even larger on the Dispersion of Particles in the Near \&ke of a Blunt
increases in lift-drag ratio were observed at lift coefficients opstruction

abovethe deSign valuat all Mach numbers tested. The addi Gomes, Marcos Sebastiao dePau|a, Minnesota Univ_, USA;
tion of these winglets had a negligildect on the static later Jan. 01, 1994, pp. 216; In English; Also announced as
al-directional stability characteristics of the configuration. No 19960015957No Copyright; Azail: Univ. Microfilms Order
tests were made to determine the effect of these winglets afyo. DA9501098, Hardcopicrofiche
supersonidachnumbers, where increases in drag caused by Thiswork examines the dispersion of particles in the flow
winglets might be more significant. Computational analyses around a blunt obstruction, more specifically the residence
werealso performed for the two configurations studied-Lin  time for particles in the neavake region after a source for the
earand small-disturbance formulations were used. The Code%erosc)'g']as beememoved_ It invo'ved the deve|0pment Of a
were found to give reasonable performance estimates suffinymericalmodeland several experiments for the validation of
cientfor predicting changes of this magnitude. the model and for extending our knowledge on the subject.
Author The numerical procedure was based on the kappa-epsilon
Aircraft Design; Drag Reduction; Winglets; Aerodynamic model of turbulence, using the SIMPLER algorithm (Patan-
Configurations; Low Aspect Ratio Wings; Induced Drag; kar, 1980), developed for inertialess particles. Preliminary
Angleof Attack; Vihd Tunnel Bsts; Mach Number; Aedy-  experiments in which the concentration was measured
namic Coefficients; Lift; Rrdiction Analysis &chniques through a sampling line proved inadequate. The dynamic
responsavas slow due to the convectigad difusive disper
19960015932 96N22123 Old Dominion Univ., Norfolk, sionof particles inside the tubing.&\nvestigated the preb

VA USA lem and developed a procedure that may be applied to other
An Experimental Investigation of Wall-Cooling Effectson aerosoimeasurements. Aftdruilding novel instrumentation,
Hypersonic Boundary-Layer Stability in a Quiet Wind new experiments were started. The dimensionless residence
Tunnel Final Report time for particles in the near wake region H = tau U/D (sug-

Blanchard Alan E., Old Dominion Uniy USA; Selby Greg gestedby Humphries and iMcent, 1976; r ishe time constant

ory V., Old Dominion Univ., USA; Feb. 1996, pp. 120; In for the concentration decay is the free-stream velocity and
English;Also announced as 19960015932 D is the plate width) was measured in the range of Reynolds
Contract(s)/Grant(s): NCC1-180TRP 505-59-50-02 numbers 1,000 less than or equal to Re less than or equal to
Report No.(s): NASA-CR-198287; NAS 1.26:198287; No 10,000.H was found to be approximately constant at aBout



+/- 1.5 for Re greater than or equal to 4,000. These resultputationally.Results obtained using the numerical model are
were in agreement with the numerical procedure. We thenpresented. As a result of this research the corona discharge
investigatedhe efect of free-stream turbulence for a range of neara surface of finite conductivity isow better understood
dimensionlessurbulence parameters A(sub f) = k(sub f)(exp asan electrostatic phenomena. The corona digehaetween
I/2) I(sub ) UD (k(sub f) is the turbulence kinetic egpeand wire-to-wire electrodes occurs if the electric potentiafetif
I(sub f) is the integral length scale of the freestream turbu-encebetween thelectrodes is raised to a value higher than the
lence)from 0.0015 to 0.071, for 1,500 less than or equal to Re coronaonset voltage. The corona current is proportional to the
less than or equal td 000. For Re above 4,000 H was 7.2 +/- potentialdifference between the electrodes and inversely pro
1.5for 0.0015 less than or equal to A(sub f) less than or equalportional to the corona wire diametét the same time it does
to 0.013, progressively increasing up to 10 for A(sub f) = notsignificantly respond to the gap length between the elec
0.071. This was explained by the interaction of the free- trodes until the corona wire diameter becomes large, then it
stream turbulence with the vortex shedding mechanism.varies inversely as the gap length. The corona digelaan
Finally, we performed experiments to investigate inertial beapplied to reduce drag on bodies when the Reynolds num
effects. The aerosol was in the aerodynamic diameter rangéeris relatively small. Thelrag reduction achieved by corona
from 14 to 47 micro m, corresponding to Stokes numbers (thedischarge inside a boundary layer is a function of many
ratio of particle response time to a time scale for changes inparameters. The drag reduction is proportional to both the
theRow) from 0.02 to 1.8. igualization of the particles’ tra  electric potential difference and the gap length between the
jectories identified organized structures as a consequence dafvo electrodes and inversely proportional to the free stream
centrifugal inertial effects, referred to as 'de-mixing’ by velocity. It is also proportional to the location of the corona
Crowe(1992). electrodes as measured from the plate leading edge and
Dissert. Abstr inversely proportional to the corona wire diameter. The
Reynolds Number; Vortex Shedding; Turbulence; Near increasedffect of corona dischge at low flow speedson
WakesK-Epsilon Tirbulence Model; Dynamic Response firms its ability to significantly enhance the cooling rate of a
hot body by boosting the convection of the flow around that

19960015961 96N21696 lowa State Univ. of Science and body. The quantitative analysis of electrostatic coolinthées
TechnologyAmes, IA USA naturalextension of this study

Numerical Evaluation of Corona Discharge as a Means of glsse(;t. Abitr Control: Bound Conditions: Electri
Boundary Layer Control and Drag Reduction ounadary Layer t.ontrol, boundary ©.onditions, tlectric

El-Khabiry, Samir Hamza, lowa State Univ. of Science and Corona; Drag Reduction; Viscous Drag; Finite Difference

TechnologyUSA; 1994, pp. 192; In English: Also announced Theory;Partial Differential Equations; Electrstatics
as 19960015961; No Copyright; Avail: Univ. Microfilms
OrderNo. DA9503549, Hardcoplicrofiche 19960016110 96N22148 NASA Ames Research Center,
Problems of viscous drag reduction and boundary layerMoffett Field, CA USA
controlhave been and continue to be objectives of research forA parametric study of supersonic laminar flow for swept
theireconomic impact and the enhancement of the fght wings using linear stability analysis
acteristicof flying vehicles. Corona dischg® is a new tech Cummings, Russell M., California Polytechnic State Univ.,
nigue in this regard. The study of this technique requiresUSA; Garcia, Joseph A., NASA Ames Research Center,
consideration of the electrostatics and fluid mechanics. InUSA; Tu, Eugene L., NASA Ames Research Center, USA;
order to effectively evaluate the technique with minimum 1995,pp. 13; In English; 26th AIAA Fluid Dynamics Confer
complicationsthe geometry chosen was a dc positive corona ence,19-22 Jun. 1995, Sddiego, CA, USA, Also announced
discharge on a flat plate of zero thickness at zero angle 0fas1996001610
attack with the fluid flow as steady state, two-dimensional, ReportNo.(s): NASA-TM-111258; NAS 1.15:11258; AIAA
incompressibleiscous one. Five coupled partialfdiential Paper 95-2277; Copyright Waived (NASA); Avail: CASI,
equationgyovern thismodel requiring the simultaneous solu  A03, Hardcopy; A01, Microfiche
tion of these equations. A finite difference method has been A parametric study to preditiie extent of laminar flow
employed to approximate these equations through anon the upper surface of a generic swept-back wing (NACA
appropriatescheme foeach equation. A clustered grid is used 64A010airfoil section)at supersonic speeds was conducted.
in the vertical direction to handle the high velocity gradient The results were obtained by using surface pressure predic-
inside the boundary layer. The insufficient boundary condi- tions from an Euler/Navier-Stokes computational fluid
tionsnecessary for the numerical solution of Poiss@gua dynamics code coupled with a boundary layer code, which
tion is compensated by making the numerical model find the predicts detailed boundary layer profiles, and finally with a
appropriate computational domain which leads to a uniquelinear stability code to determine the extent of laminar flow.
solution. Stability conditions of the five-point scheme The parameters addressed are Reynolds number, angle of
approximatingPoissors equation has been determined eom attack,and leading-edge wing sweep. The results of this study



showthat an increase in angdé attack, for specific Reynolds  theboundary-layer state phenomenon will be discussed based
numbersgcan actually delay transition. Therefore, higher lift ondata measured during these recent flight experiments.
capability,caused by the increased angle of attack, as well asAuthor

areduction in viscous drag due to the delay in transitiqoss In-Flight Monitoring; Boundary Layerransition; Subsonic
siblefor certain flight conditions. Speed; Transport Aircraft; Aerodynamic Configurations;
Author Lift; Flow Characteristics; Shear &s;Wind Tunnel Ests;

Swept Wings; Laminar Flow; Supersonic Flow; Supersonic Pressue; Flapping

Speedflow Stability; Pediction Analysis dchniquesPres-

sure; Applications Programs (Computers); Linear Equa-

tions; Upper Surface Blowing;istous Drag 19960016290 96N22176 NASA Lewis Research Center,
Cleveland OH USA
Effect of a delta tab on fine scale mixing in a turbulent two-
stream shear layer

19960016119 96N22157 CalifornidJniv., Davis, CA USA FossJ. K.,NASA Lewis Research CenféJSA: Zaman, K.

Analysis of in-flight boundary-layer state measurements B, M. Q., NASA Lewis Research CentetSA; Jan. 1996, pp.

on a subsonic transport wing in high-lift configuration 13; In English; 34th Aerospace Sciences Meeting and Exhibit,
vanDamC. P, California Univ, USA; Los, S. M., California  15-18 Jan. 1996, Reno, NV, USA; Sponsored by American
Univ., USA; Miley, S. J., Old Dominion UnivyUSA; Yip, L. Inst. of Aeronautics and Astronautics, USA; Also announced

P., NASA Langley Research Center, USA; Banks, D. W., as19960016290

NASA Langley Research Centé&fSA; Roback, VE., NASA Contract(s)/Grant(s): FOP 537-02-22

Langley Research Center, USA; Bertelrud, A., Analytical Report No.(s): NASA-TM-107131; E-10057; AIAA Paper
Servicesand Materials, Inc., USAL995, pp. 18; In English;  96-0546; NAS 1.15:107131; No Copyright; Avail: CASI;
1stAIAA Aircraft Engineering,Technologyand Operations ~ A03, Hardcopy; A01, Microfiche

Congress, 19-21 Sep. 1995, Los Angeles, CA, USA; Also Thefine scale mixing produced by a delta tab in a shear

announceds 1996001619 layerhas been studied experimentalliie tab was placeat
Contract(s)/Grant(s): NCC1-163; NCC1-207; NAS1-19000; thetrailing edge of a splitter plate which producetidulent
NAS1-19864 two-stream mixing layeihe tabapextilted downstream and

ReportNo.(s): NASA-CR-200146NAS 1.26:200146; AIAA into the highspeed stream. Hot-wire measurements in the 3-D

Paper 95-3911; Copyright Waived (NASA); Avail: CASI; space behind the tab detailed the three velocity components as

A03, Hardcopy; A01, Microfiche well as the small scale populatidistributions. These small
Flight experiments on NASA Langley’s B737-100 scaleeddies, which represent the peak in the dissipatior spec

(TSRV) airplane have been conducted to document flow-char trum, were identified and counted using the Peak-Valley-

acteristics in order to further the understanding of high-lift Counting technique. It was found that the small scale

flow physics, and taorrelate and validate computational-pre  populations were greater in the shear region behind the tab,

dictions and wind-tunnel measurements. The project is awith the greatest increase occurring where the shear layer

cooperative effort involving NASA, industry, and universi- underwent sharp turn. This location was neaut not coinci

ties. In addition to focusing on in-flight measurements, the dent, with the core of thetreamwise vortex, and away from

project includes extensive application of various computa- the region exhibiting maximum turbulence intensity. More-

tional techniques, and correlation of flight data with computa over,the tab increased the most probably frequency and strain

tional results and wind-tunnel measurements. Resultsrateof the small scales. It made the small scales smaaiér

obtained in the most recent phase of flight experiments aremore enegetic.

analyzedand presenteith this paperin-flight measurements  Author

include surface pressure distributions, measured using flushfabs (Control Surfaces); Turbulent Mixing; Mixing Layers

pressure taps and pressure belts on the slats, main elemer{Eluids); Shear Layers

and flap elements; surface shear stresses, measured using

Preston tubes; off-surface velocity distributions, measured

using shear-layer rakes; aeroelastic deformations of the flapl 9960016595 96N22239 Army Aviation Research and

elementsmeasured using an optical positioning system; and Development Command, Aeroflightdynamics Directorate.,

boundary-layer transition phenomena, measured using hotMoffett Field, CA USA

film anemometers and an infrared imaging system.aflag¢ Suppression of Dynamic Stall by Steady and Pulsed

sis in this paper primarily focuses on changes in the Upper-SurfaceBlowing

boundary-layestate that occurred on thats, main element, Weaver,D., California Polytechnic State UniWUSA; McAl-

and fore flap as a result of changes in flap setting and/or flightister,K. W., Army Aviation Researcland Development Com

condition.Following a detailed description of the experiment, mand, USA, $o, J., California Polytechnic State UniSA;



Feb. 01, 1996, pp. 106; In English; Also announced as(ENO)method is used to investigate the solutionmaicid,
19960016595 compressible flows with shocks in a quasi-one-dimensional
Contract(s)/Grant(sRTOP 505-59-87 nozzle flow. The design order of accuracy is achieved in the
Report No.(s): NASA-TP-3600; NAS 1.60:3600; USAAT- smooth regions of a steady-state test case. However, in an
COM-95-A-005;A-95103; No Copyright; ®ail: CASI; A06, unsteadytest case, only first-order results are obtained down
Hardcopy;A02, Microfiche streamof a sound-shock interaction. Thefitifilty in obtair

The Boeing-Vertol VR-7 airfoil was experimentally ing a globally high-ordeaccurate solution in such a case with
studied with steady and pulsed upper-surface blowing forashock-capturing methad demonstrated through the study
sinusoidal pitching oscillations described by alpha = of a simplified, linear model problem. Some of the difficult
alpha(sulm) + 10 deg sin(omega t). The tests were conductedissues and ramifications for aeroacoustics simulations of
in the U.S. Army Aeroflightdynamics Directorate’s Water flows with shocks that are raised by these results are
Tunnelat NASA AmesResearch Centefhe experiment was  discussed.
performed at a Reynolds number of 100,000. Pitch oscilla- Author
tionswith alpha(sub m) = 18eg and 15 deg and with reduced Aeroacoustics; Shock Wave Interaction; Shock Waves;
frequencies ranging from k = 0.005 to 0.15 were examined.AcousticSimulation
Blowing conditions ranged from C(sub mu) = 0.03 to (a66

F(+) = 0 to 3. Unsteady lift, drag, and pitching-moment loads 19960016641 96N22270 NASA Lewis Research Center,
weremeasured, and fluorescent-dye flow visualizations were cleveland OH USA

obtained. Steady, upper-surface blowing was found to becgjculation of Turbulent Subsonic Diffuser Flows Using
capableof trapping a separatidsubble near the leading edge the NPARC Navier-Stokes Code

during a portion of the airfoil's upward rotation. When this pydek,J. C., NASA Lewis Research CenteiSA; Geogia-
occurred, the lift was increased significantly and stall was gis, N. J., NASA Lewis Research CenteSA: Yoder D. A.,
averted. In all cases, steady blowing reduced the hysteresigincinnati Univ., USA; Feb. 1996, pp. 16; In English; 34th
amplitudes present in the loads and produced a large thrusherospace Sciences Meeting and Exhibit, 15-18 Jan. 1996,
force. The benefits of steady blowing diminished as the Reno,NV, USA; Sponsored by American Inst. Aéronautics
reduced frequency and mean angle of oscillation increasedandAstronautics, USA; Also announced as 19960016641
Pulsedblowing showed onlynawginal benefits for the condi  Contract(s)/Grant(s): FOP 505-62-52

tions tested. The greatest gains from pulsed blowing wereReport No.(s): NASA-TM-107177; E-10139; NAS

achievedat F(+) = 0.9. 1.15:107177; AIAA Paper 96-0497; No Copyright; Avail:
Author CASI; A03, Hardcopy; A01, Microfiche

Aerodynamic Stalling; Airfoils; Pitching Moments; Upper Axisymmetric subsonic diffuser flows were calculated
SurfaceBlowing with the NARC NavierStokes code in order to determihe

effectsvarious code features have on the flow solutidhs.
19960016631 96N22264 NASALangley ResearcBenter code features examined in this work were turbulence models

Hampton,VA USA andboundary conditions. Four turbulence models availiable
Computational considerations for the simulation of =~ NPARCwere used: the Baldwin-Lomax algebraic mot,
shock-inducedsound Baldwin-Barthone-equation model, and the Chien kappa-ep
CasperJay Old Dominion Univ, USA; CarpenteMark H., silon and Wilcox kappa-omega two-equation models. The
NASA Langley Research CentéfSA; Dec. 1995, pp. 26; In  threeboundary conditionsxamined were the free boundary
English;Also announced as 19960016631 the mass flux boundary and the subsonic outflow with vari-
Contract(s)/Grant(s): FOP 505-59-53-01 able static pressure. In addition to boundary condition type,

Report No.(s): NASA-TM-110222; NAS 1.15:110222; No the geometry downstream of the fdiéer was varied to see if

Copyright;Avail: CASI; A03, Hardcopy; A01, Microfiche upstream influences were present. The NPARC results are
The numerical study of aeroacoustic problems placescompared with experimental data and recommendations are

stringent demands on the choice of a computational algo-givenfor using NFARC to compute similar flows.

rithm, because it requires the ability to propagate disturbancesAuthor

of small amplitude and short wavelength. The demands areAXisymmetric Flow; Navier-Stokes Equation; Subsonic

particularlyhigh when shock waves are involved, becahse ~ Flow; Turbulence Models; Turbulent Flow; Diffusers;

choseralgorithmmust also resolve discontinuities in the solu  Incompressiblé=low; Computational Fluid Dynamics

tion. The extent to which a high-ordaccurate shock-captur

ing method can be relied upon for aeroacoustics applications19960016681 96N22293 Purdue Univ., School of Aero-

thatinvolve the interaction of shocks with other waves has not nauticsand Astronauticsindianapolis, IN USA

been previously quantified. Such a study is initiated in this High lift wake investigation Progress Report

work. A fourth-order-accurate essentially nonoscillatory Sullivan, J. P., Purdue Univ., USA; Schneider, S. P., Purdue
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Univ., USA; Hoffenberg, R., Purdue Univ., USA; Feb. 02, new hybrid domain decomposition implementation of LU-
1996,pp. 15; In English; 13th AIAA Appliederodynamics SGS to obtain good parallel performance on the SP-2.
Conference, Jun. 1995, USA; Also announced asTURNS demonstrates excellent parallel speedups for quasi-
19960016681 steadyand unsteady three-dimensional calculations of a heli
Contract(s)/Grant(sNAG2-854 copterblade in forward flight. The execution rate attained by
Report No.(s): NASA-CR-200256; AIAA Paper 95-1912; the code on 114 processors is six times faster than the same
NAS 1.26:200256; No Copyright; Avail: CASI; A03, Hard- cases run on one processor of the Cray C-90. The parallel
copy;A01, Microfiche Kirchhoff code also shows excellent parallel speedups and
The behavior of wakes in adverse pressure gradients idast execution rates. As a performance demonstration,
critical to the performance of high-lift systems for transport unsteady acoustic pressures are computed at 1886 far-field
aircraft. Wake deceleration is known to lead to sudthéck- observer locations for a sample acoustics problem. The cal-
eningand the onset of reversed flow; this 'wake bursting-phe culationrequires over two hundred hours of CPU timeooa
nomenon can occur while surface flows remain attached.C-90processor but takes only a few hours on 80 processors of
Although known to be important for high-lift systems, few the SP2. The resultant féield acoustic field inalyzedwith
studiesof such deceleratagakes exist. In this studthe wake stateof-the-art audio and video rendering of the propagating
of a flat plate has been subjected teadmerse pressure gradi  acousticsignals.
entin a two-dimensional difiser whose panels were forced Author
to remain attached by use of slot blowing. Pitot probe surveys,Helicopters;AepacousticsNavierStokes Equation; Paral
L.D.V. measurements, and flow visualizativewe been used lel Computers; Rotary Wing Aircraft; Sound Fields; Com-
to investigate the physics of this decelerated wake, throughputationalFluid Dynamics
theonset of reversed flaw
Author e ;
Wakes; Reversed Flow; Lift Devices; Pressure Gradients; 199'50016866 96N22495 Michigan Univ., Ann Arbor, MI
Flow Measurement; Pressure Effects; Wind Tunnel Tests

AR "The structure of sphere wakes at intermediate Reynolds
Flow Distribution; Pressue Measuement; Trbulent Flow P y

numbersin still and turbulent envir onments
Wu, Jong-Shinn, Michigan Univ., USA; 1994, pp. 158; In
19960016722 96N22308 Research Inst. for Advanced English; Also announced as 19960016866; No Copyright;

ComputerScience Moffett Field, CA USA Avail: Univ. Microfilms Order No. DA9501066, Hardcopy,
Efficient Helicopter Aerodynamic and Aeioacoustic Pe- Microfiche
dictions on Parallel Computers The structure of sphere wakes was studied for sphere

Wissink, Andrew M., Minnesota Univ., USA; Lyrintzis, Reynolds numbers in the range of 30-4000 in still environ-
AnastasiosS., Purdue Uniy USA; Strawn, Roger C., NASA ments and for sphere Reynolds numbers in the range of
Ames Research Center, USA; Oliker, Leonid, NASA Ames 130-1600in turbulent environments. Measurementduded
Research Center, USA; Biswas, Rupak, NASA Ames dyetraces illuminated by a laser light sheet for flow visualiza
ResearciCenter USA; Jan. 1996, pp. 14; In English; AIAA  tion and laser velocimetry for streamwise and cross-stream
34th Aerospace Sciences Meeting and Exhibit, 15-18 Janvelocities.Classical similarity results for turbulent alagini-
1996,Reno, NV USA; Also announced as 19960016722 nar wakes were used to interpret and correlate the measure-
Contract(s)/Grant(s): NAS2-13721 ments. There are three wake regions identified in still
Report No.(s): NASA-CR-199469; NAS 1.26:199469; environments: a fast-decay wake region that was observed
RIACS-TR-96-04; AIAA Paper 96-0153; No Copyright; only when vortex shedding was present (Re280), followed in
Avail: CASI; A03, Hardcopy; AO1, Microfiche succession by turbulent and laminar wake regions. Mean
This paper presents parallel implementations of two velocities within the turbulent and laminar wake regions
codes used in a combined CFD/Kirchhoff methodology to scaled according to classical similarity theories, with transi-
predictthe aerodynamics and aeroacoustics properties ef heli tion between these regions at conditions where their estimates
copters. The rotorcraft Navier-Stokes code, TURNS, com- of mean streamwise velocities along the axis were the same:
putes the aerodynamic flowfield near the helicopter bladesthis occurred at local wake Reynolds numbers, Re(sub w)10,
andtheKirchhoff acoustics code computes the noise in the far which is defined in terms of centerline velocity and wake
field, using the TURNS solution as input. The overall parallel width. Within the turbulent wake region, turbulence intensi-
strategyadds MPI message passing calls to the existnigl tiesalong the axis were rough86% for Re(sub w)70; how
codes to allow for communication betwegmocessors. As a  ever,as the onset of the laminar wake region aagroached,
result,the total code modifications required for parallel-exe turbulence intensities along the axis became proportional to
cutionare relatively small. The biggest bottleneckunning Re(subw)(exp 7/4), which is consistent with scaling proposed
the TURNS code in parallel comes from the LU-SGS algo- someyears ago by Batchelor andwnsend, and Philips, for
rithm that solves the implicit system of equations. We use athefinal decay period of axisymmetric turbulent wakes. The
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structure of sphere wakes were measured in the turbulenbuterlayer The method may further include the step of bleed
environments with streamwise integral scales much largering air off of the outer layer using the suction apparatus.
than the sphere diameter and Kolmogorov length scales lesSIASA

thanthe sphere diametekt theseconditions, some phenem  Blowing; Friction Reduction; Skin Friction; Suction; Fluid
enaobserved for sphere wakes at comparable Reynolds numFlow; Boundary Layer Contd

bersin nonturbulent environments were suppressed; instead,

while the wakes were turbulent, therean streamwise veloc 19960017257 96N22849 MCA Inst, San Jose, CA USA

ities sca(ljed_ like _felf-gresterv:ngb I?minarEvf\;akte_s btutbvvlith Numerical Simulation of the Flow About the F-18HARV
enhanced viscosities due to turbulence. Effective turbulenty " n e ot Auack Final Report

viscosities were relatively independent of position and the Murman, Scott M., MCA Inst., USA; Feb. 1995, pp. 38; In

ratiosof mtegral length scales and Kolmogorov. Iengt_h scales nglish;Also announced as 19960017257; Original contains
to sphere diameters; however, they progressively increase color illustrations

with sphereReynolds numbers. Low and high Reynolds aum Contract(s)/Grant(s): NCC2-729
ber regimes were observed, separated by a transition regimgeeport NO.(s): NASA-CR—200742' NAS 1.26:200742:

involving sphere Reynolds numbers in the rangg&0a-600 MCAT-95-13; No Copyright; Avail: CASI: A03, Hardcopy:
whichwas associated with the onset of vortex shedding in the , o4 Microfic;he ' ' ’ ’

Flfamatl)(el region.kae ‘T“X‘”Q propfefrties(;/vghirgthr?n;]inap h The flowfield about aircraft maneuvering at high angles
ke turbulent wake region were afiected by both the Sphere ¢ 5, o1 is characterized by large regions of separated flow,

Reynoldsnumber and thambient turbulence intensity in the theformation of strong vortical structures on the leeward side

low Re_ynold_s num_ber regime; in contrast, wake MIXING of the aircraft, and a close coupling between the flows about
propertiegmainly varied with the sphere Reynolds number in the separate components of the aircraft. As part of NASAs

the h_igh Reynolds number regime where wake turbulence WaSHigh Alpha Technology Prograntesearch has been aimed at
dominatecby wake generatesirbulence. Observed Strouhal developing and extending numerical methods to accurately

numbersassociated with eddy shedding were generally lower predictthe high Reynolds number flow about the NASA High

thar_l the values observed earlier in turbulence-free Alpha Research Vehicle (HAR17) at large angles of attack.
er_mronments. TheHARV is a highly-instrumented F-18 aircraft which has
Dlss_ert.Abstr ] ) ] been used for flight testing because of its exceptional high-
Lamlna.\r Wak_es,_ ngnglds Number; Spheres; TurbUIemangle—of-attaclcapability The resulting codes have beenval
Wakes;Flow Distribution; urbulence idated by comparison of the numerical results with in-flight
aerodynamic measurements and flow visualization obtained
onthe HAR/. These flight-validated numerical methods have
19960017161 96N22753 NASA Lewis Research Center, beenused to perform numerical analyses and optimization of
Cleveland OH USA new control concepts for high-alpha maneuverability. This
Skin friction r eduction by micro-blowing technique canlead to safer and morefiefent aircraft operating at high
Hwang, Danny P., Inventor, NASA Lewis Research Center, angles of attack. This report summarizes research done over
USA; 1 DEC. 1995, pp. 29; In English; Also announced as the pist two years as part of NASA Grant NCC 2-729. This
19960017161 researcthas been aimed at validating numerical methods for
Patent Info.: NASA-Case-LEW-15920-1; US-PATENT- computing thdlow about the complete F-18 HARat alpha
APPL-SN-566211; No Copyright; Avail: CASI; A03, Hard- = 30 deg and alpha = 45 deg. At 30 deg angle of attack, the
copy;A01, Microfiche flow aboutthe F-18 is dominated by the formation, and subse
A system and method for reducing skin friction of object quent breakdown, of strong vortices over the wing leading-
in relative motion to a fluid igiscussed. The prior art includes edgeextensiongLEX). As the angle of attack is increased to
air and water craft wherduids were pumped out of the craft alpha= 45 deg, thduselage forebody of the F-18 contains sig
to lower friction or provide other desirable qualities. The nificant laminar and transitional regions which are not present
invention includes a skin forming a boundary between the at alpha = 30 deg. Further, the flow over the LEX at alpha =
objectand the fluid, the skin having holes through which air 45deg is dominated by an unsteady shedding in time, rather
is blowable and a transmitting apparatus for transmitting air than strong coherent vortices. This complex physics, com-
throughthe skin. The skin has an inner layer and an outer layerbinedwith the complex geometry ef full-aircraft configura
theinner layer being a low permeable porous sheet, the outetion, provides a challenge for current computational fluid
layer being a plate having high porosity holes. The systemdynamics (CFD) techniques. The following sections present
may further include a suction apparatus for suctioning aira numerical method and grid generation scheme that was
from the outer layer into the inner lay@he method includes  used,a review ofprior research done to numerically model the
the steps of transmitting air through the inteyer and pass F-18HARYV, and a discussion of the current research.clire
ing the air transmitted through the inner layer through the rent research is broken into three main topics; the effect of
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engine-inlet mass-flow rate on the F-18 vortex breakdown the contours rise up and bedim roll over like a wave breaking
position,the results using a refined F-18 computational model on the beach. Thatationary-crossflow contours show that a
to compute the flow at alpha = 30 deg and alpd®deg, and  plumeof low-velocity fluid rises near the centafrthe wave
researchdoneusing the simplified geometry of an ogive-cyl lengthwhile high velocity regions develop near the surface at
inder configuration to investigate the physics of unsteady eachend of the wavelength. There is no distinct patteth¢o
shear-layeshedding. Théast section briefly summarizes the low-intensitytravelling-wave contours until a short distance
discussion. upstreanof the transition location where thravelling-wave
Author intensitysuddenly peaks near the center of the vortex and then
Angle of Attack; Computational Fluid Dynamics; F-18 Air- falls abruptly
craft; Flow Distribution; Grid Generation (Mathematics); Dissert. Abstr
Vortices;High Reynolds Number; Inlet Flow; Engine Inlets BoundarylLayer Tansition; Cioss Flow; Swept iigs; Trav-
eling Waves; Velocity Distribution; Vortices; Wind Tunnel

19960017462 96N23052 Virginia Polytechnic Inst. and ests:iBoundary Layer Stability

StateUniv., Blacksbug, VA USA
Crossflow stability and transition experiments in aswept- 19960017490 96N23080 Georgia Inst. of Tech., Atlanta,
wing flow GA USA
Dagenhart, John Ray, Virginia Polytechnic Inst. and State An experimental study of the interaction between aator
Univ., USA; 1993, pp. 291; In English; Also announced as wake and an airframe with and without flow separation
19960017462No Copyright; Arail: Univ. Microfilms Order Kim, Jaimoo, Geaia Inst. of Bch.,USA; 1993, pp. 212; In
No. DA9318183, Hardcopwiicrofiche English; Also announced as 19960017490; No Copyright;
An experimental examination of crossflow instability Avail: Univ. Microfilms Order No. DA9400426, Hardcopy,
andtransition on a 4Swept wing is conducted in the Arizona Microfiche
StateUniversity Unsteady Wid Tunnel. Thestationary-vor The present study investigated the viscous interaction
tex pattern and transition location are visualized using bothbetweera rotor wake and an airframewd different classes
sublimating-chemical and liquid-crystal coatings. Extensive of viscous interaction were considered, interaction without
hot-wire measurements are conducted at several measureandwith pre-existing separated flow on the airframe surface.
mentstations acrosssingle vortex track. The mean and trav  Two different simple configurations were used to simulate
elling-wave disturbances are measured simultaneouslythese situations: a rotor wake interaction with the boundary
Stationary crossflow disturbance profiles are determined bylayer on a hemispheric cylinder airframe and a rotor wake
subtractingeither a reference orspan-averaged velocity pro  interactionwith a free shear layer downstream of a backward-
file from the mean-velocity data. Mean, stationary-crossflow facingstep on the surface of the airframe. A tip vortex and a
and travelling-wave velocity data are presented as localcounter-rotatingyortex were observed from a study of the iso
boundary-layer profiles and as contour plots across a singldated rotor wake, and their effects on the airframe pressure
stationary-crossflowortex track. Disturbance-mogeofiles wereidentified. The tip vortex suction peak was observed all
and growth rates are determined. The experimental data araroundthe airframe and the flow visualization confirmed-sur
compared to predictions from linear stability theory. The vival of thevortex filament under the airframe. A secondary
mean-velocity profiles vary slightly across the stationary vortexwas visualized just upstream of the tip vortex when the
crossflowvortex at the first measurement station. The varia tip vortex interacted with the airframe surface. Ife@fwas
tion across the vortex increases with downstream distancenotedas a secondary suction peak on the airframe surface next
until nearly all of the profiles become highly-distorted to the tipvortex suction peak. Axial motion in the tip vortex
S-shapedaturves. Local stationamrossflow disturbance pro  wasvisualized and its &fct onthe airframe pressure was seen
files having either purely excess or deficit values develop atas a positive pressure peak. When the tip vortex interacted
the upstreanmeasurement stations. Further downstream thewith the shear layer generateddoy axisymmetric backward-
profilestake oncrossover shapes not anticipated by the linear facing step on the surface of the circular airfraimereased
theory. The maximum streamwise stationary-crossflow unsteadiness of the vortex location was observed with flow
velocity disturbances reach +/-20% of the edge velocity justvisualization and velocity histograms. Periodic destruction
before transition. The travelling-wave disturbances have andreconstruction of the shear layer were observed both in the
single lobes at the upstream measurement stations aflow visualization and vorticity contours calculated from
expected, but further downstream double lobed travelling- velocity measurement data. A velocity profile of the shear
wave profiles develop. The travelling-wave intensity is layer,measured with a fine vertical spacing, indicated that the
always more than an order of magnitude lower than the staflow reversal under the shear layer occurred only under the
tionary crossflow-vortex strength. The mean streamwise-influenceof the tip vortex. Periodic flapping of the shear layer
velocity contours are nearly flat and parallel to the model due to theip vortex efect was also observed in the velocity
surfaceat the first measurement station. Further downstream,profile. Measurements of the periodic surface pressure dis-

13



tribution showed the tip vortex fefct to be present all around as 19960017524; No Copyright; Avail: Univ. Microfilms
the airframe. Surface pressure spectra measured just dowr@rderNo. DA9334962, HardcopWMlicrofiche

stream of the backward-facing step indicated multiple har- The details of an interacting boundary layer algorithm
monics of blade passage frequency and the undisturbeaapableof calculating lage scale laminar separation paist
backstefdlow frequency foils at low speeds is given. Rationale behind various cenver
Dissert. Abstr gence acceleration methods is given. It is shown that linear
Airframes; Boundary Layer Separation; Flapping; Flow basedacceleration methods are limited to 50 percent savings
Visualization;Separated Flow; &ftices; Fluid-Solid Interae in convegence rate. A nonlinear extrapolation method is pro
tions; Configuration Interaction; Araft Wakes posed and tested on two simple model problems. Savings

exceed the 50 percent limitation of the previous methods.
19960017520 96N23110 Georgia Inst. of Tech., Atlanta, Boundary layer results for laminar flow past symmetric air-

GA USA foils at zero incidence are presented as a test of the methods.
A hybrid inverse optimization method for aerodynamic ~ Leading edge marginal separation results at finite Reynolds
designof lifting surfaces numbers are presented. Richardson extrapolation of succes-

Santos, Luis Carlos de Castro, Georgia Inst. of Tech., USA:sive calculations is used to improve accuracy. Results for a
1993,pp. 141; In English; Also announced as 19960017520; ZE€r0 thickness uncambered plate at angle of attack are
No Copyright; Avail: Univ. Microfilms Order No. Presented.

DA9400437 Hardcopy, Microfiche Dissert.Abstr.

The present state of the world economy, challenges theA€rodynamic Stalling; Laminar Flow; Boundary Layers;
aerospace industry to dramatically reduce the developmenfRe€ynoldsNumber;Leading Edges; Boundary Layer Separa
costof new designs. Adding thé the increasing demands in  tion; Uncambered Wings; Angle of Attack; Computational
the performance of aerospacehicles, more étient ways of ~ Fluid Dynamics; Grid Generation (Mathematics)
analysis and design of the aerodynamic configurations are

necessaryComputational fluid dynamics presents itself as an 1996001752596N23115 Old Dominion Univ., Hampton,
alternative to costly wind tunnel studies, and can reduceya UsaA

development costs, during the preliminary design phase. ABoundary layer influences on the subsonic neawake of a
hybrid inverse optimization design method was developed to family of three-dimensional bluff bodies

reduce the computational cost of the design procedure anghjcorn, Charles William, Old Dominion Univ., USA; 1993,
also incorporate the enforcement of constraints. An existingpp. 192; In English; Also announced as 19960017525; No
solverindependent inverse design technique was modified toCopyright; Avail: Univ. Microfilms Order No. DA9333593,
include an optimization routine. The kernel of the inverse HardcopyMicrofiche

design routine, which is the solution of the linear system, A study is reported on subsonic bluff body near-wake
resultingfrom finite difference approximation of an auxiliary  fiows. It has been determined that one family of bhddies,
equation, was replaced by an optimization technique. Usingnamelyslanted-base ogive cylinders, can experience either a
the conjugate direction method, the linear system is solved, inc|osed recirculating neavake or a longitudinal vortex near

the least squares sense. The constraints are simultaneousfyake depending on the base slant-angle and the Reynolds
enforced, keeping the computational cost very close to thenymber.This suggests a dependence of +veake parameters
originalinverse design method, and adding the versatility of o, the state of the boundary layer ahead of separation. This
an optimization method. The method is general. Severalreport addresses the influence of the boundary layer on the
applicationsof this approach to airfoil anding design, using  near wake of slanted-base bluff bodies. Experiments were
full-potentialand NavierStokes flow solversn the transonic  conducted in two facilities, the 6-inch Magnetic Suspension
flight regime are presented. The low computatiorfareénd and Balance System (MSBS) at NASA Langley Research
generality of the technique represent an improvement to thecenterand the Old Dominion Universitpw-speed wind tun
state-of-the-arin aerodynamic design and allow its applica nel. Interference-free drageasurements in the 6-inch MSBS

tion in a Multidisciplinary Design optimization structure.  yalidated previous drag results. Measurements in the ODU
Dissert. Abstr facility were made to determine base pressures, wake stagna
ComputationaFluid Dynamics; Cost Reduction; Finite Bif  tjon point locations, and boundary layer velocity profiles.-Fur

ferenceTheory; Multidisciplinary Design Optimization thermore, spectral and cross-spectral analyses of the

fluctuating streamwise velocity in the near-wake were per-
19960017524 96N23114 lowa State Univ. of Science and formedto determine frequencies and coherence gklarcale
TechnologyAmes, IA USA structures. It was determined that despite variations in the
A numerical investigation of laminar airfoil stall boundary layer state, base pressures and wake stagnation
Black, Daniel Wayne, lowa State Univ. of Science and pointlocations correlate with the Reynolds number based on
TechnologyUSA; 1993, pp. 183; In English; Also announced the boundary layer momentum thickness as the independent
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variable.Variations in the frequency and coherence @fdar  SystemsPSA; Karman, Steve L., JiLockheed Martin acti-
scalestructures were shown to exist with fixed boundary layer cal Aircraft Systems, USA; Mar. 1996, pp. 102; In English;
transition. A two-dimensional representation of a slanted- Also announced as 19960017672

base configuration was studied analytically using classical Contract(s)/Grant(s): NAS1-19000TRP 505-68-30-03
theoriesand computationally using an existing finite element Report No.(s): NASA-CR-4710; NAS 1.26:4710; No Ceopy
packageThis study confirmedhat the sudden changeover in right; Avail: CASI; A06, Hardcopy; A02, Microfiche

wake structure is a result of flow reattachment onto the The objective of the second phase of the Eukshihol-

slanted-base. ogy Assessment program was to evaluate the ability of Euler
Dissert.Abstr. computationafluid dynamics codes to predict compressible
Bluff Bodies; Boundary Layers; Nearakés; Reynolds Num  flow effects over a generic fighter wind tunnel model. This
ber; Thiee Dimensional Bodiesp¥ices; Whd TunnelTests; portionof the study was conducted by Lockheed MartatF
Subsonid-low; Reciculative Fluid Flow cal Aircraft Systems, using an in-house Cartesian-grid code

calledSPLITFLOW The Cartesian gritechnique dérs sev
19960017551 96N23132 Nationaherospace LabTokyo, eraladvantagesncluding ease of volume grid generation and

Japan reduced number of cells compared to other grid schemes.
Effect of Blade Tip Planform on Shock Wave of Advane SPLITFLOWalso includes grid adaption of the volume grid
ing Helicopter Blade during the solution to resolve high-gradient regions. The

Aoyama, Takashi, National Aerospace Lab., Japan; Saito SPLITFLOW code predictions of configuration forces and
Shigeru, National Aerospace Lab., Japan; Jul. 1995; ISSNMoments are shown to be adequate for preliminary design,
0389-4010, pp. 24; In Japanese; Also announced adncluding predictions of sideslip effects and the effects of

19960017551 geometry variations at low and high angles-of-attack. The
Report No.(s): NAL-TR-1275; No Copyright; Avail: CASI;  transonicpressure prediction capabilities of SPLITFLOW are
AO03, Hardcopy; A01, Microfiche shownto be improved over subsonic comparisons. The time

Shockwaves are generated on the advancing side of therequiredto generate the reSUItS from |n|t|a| Surfma iS on
bladetip of a helicopter rotoin the high-speed forward flight ~ theorder of several hours, including grid generation, which is
condition. They cause an increase in drag, vibration, andcompatiblewith the needs of the design environment.
noise.In this studythe efect of blade tip planform on behav ~ Author (revised)
ior of shock wave on the advancing rotor blade was investi-Compressibility Effects; Computational Fluid Dynamics;
gated in detail using a calculation method which solves Euler Equations of Motiontnstructued Grids (Mathemat
three-dimensional Euler equations by an implicit finite-dif- icS); Cartesian Coatinates; Tansonic Flow; rtices
ference method. The Newton iterative method was added to

obtain the unsteady solution in forward flight. The calcula- 19960017689 96N23221 Ecole Polytechnique, Montreal,
tions were performed for blades having the NACAQ0012 air- QuebedCanada

foil section along the entire blade span to investigate thea Mmulti-Block Euler Method for the Complete Challenger
planform effect alone. The parametric study clarified the Configuration

effectof the sweep and the taper on shock wave behanior  Kafyeke,Fassi, Ecole Polytechnique, Canada; 1993, pp. 287;
addition, a guideline of the blade planform design for the |5 English; Also announced as 19960017689; ISBN-O-

advancingladewas suggested, and a newly-devised tipplan  315-90020-2; No Copyright; Avail: Univ. Microfilms Order
form which prevents shock wave generation was proposedno. DANN90020, HardcopyMicrofiche

The effectiveness of the BERP and ONERA PF 2 planform The present work proposes a methodo|ogy for So|ving the

which are examples of advanced tip planforms were alsogylerequations governing the flow of invisa@mpressible
presented. fluids. This methodology wadeveloped with the objective of
Author predicting such flows around complex aircraft configura-
Planforms; Blade Tips; Rotary Wings; Horizontal Flight; tions.The main application sougtstthe modelling of Canad
Shock Waves; Finite Difference Theory; Euler Equations of ajr’s Challenger CL-601 aircraft featuring turbofan nacelle
Motion; Computational Fluid Dynamics closely coupled with the wing. The particular Euler method
proposedn this work was implemented in the MBTEC pro
19960017672 96N23205 Lockheed Martin Tactical Air- gram (MultiBlock Transonic Euler Code). In the MBTEC
craft SystemsFort Worth, TX USA model,the Euler equations are cast in their unsteady conserva
Euler Technology Assessment for Preliminary Aircraft tive form, indicating balances of mass, momentum and
Design: Compressibility Predictions by Employing the energy.The equations can be solved as an initial value-prob
Cartesian Unstructured Grid SPLITFLOW Code Pro- lem. Starting with a uniform flow approximation, the final
gressReport 1 Feb. - 30 Sep. 1995 steady flow is obtained by integrating the equations in time
Finley, Dennis B., Lockheed Martin Tactical Aircraft until convergence is reached. The numerical solution is
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obtained by discretizing the equations using a finite volume shock wave/boundary layer interaction (SWBLI) that
explicit method. The discretization is made using a structuredincludesthe efects of surface catalysi$he catalysis model
body-fittedgrid defined around the aircraft. The spatial deriv.  from Jumpey Seward, and Newman was used to calculate the
atives are centrally differenced. The scheme is stabilized byatomic oxygen and nitrogen recombination on a reaction-
theaddition of artificial viscosityleading to the definition of  cured glass (RCG) surface. Also, catalysis rates for recom-
shockwaves without oscillations. The integration of the equa binationon coppenxide were used as well. Furthermore, the
tions in time is made using a five-stage Runge-Kutta algo- surfacetemperature was determined by coupling the thermal
rithm with excellent stability properties. to further improve conduction inside the surface with the convective heat flow
the convergence of the computations, local time-stepping isdueto the external fluid dynamics, for a reasonable heat pipe
used, advancing everywhere the solution at the largest timeconfiguration. Results demonstrate that RCG, though rela-
stepallowed by the Courant, Friedriechs and Lewy |aoat tively benign with regard to oxygen, does catalyze the atomic
dition. The application to complex three-dimensional nitrogenat the surface, enough to make an appreciabfierdif
configurationds by way of a particular multi-blodechnique encein the surface heating. Results have also shown that for
whichis original in the method that we have developed. The highly catalytic surfaces, such as copmetric oxide forma
spacearound the aircraft is divided into subdomains or blocks, tion is considerable, even though its productioneiglected
eachsimply connected and topologically equivalent to a cube, from the catalytic mechanisms. With regard to the coupling
with six faces and eight corners. The Euler equations arebetween catalytic heating and the separation region fo the
solvedin each block in sequence. The numerical information SWBLI, a comparison of results obtained from both mildly
is transferred from block to block using an effective block andhighly separated flow indicate that surface catalyigjs
interfacingschemeThe program uses one type of boundary nificantly increases the heat transfer downstream of the sepa
conditionper block face but angne of the following bound ration region. Howevebecause the majority of the chemical
ary conditions can be specified for any face of any block in the recombination is contained inside the separation zone and
field: solid surface condition, symmetry condition, inflow and away from the region of peak heating, the effects of surface

outflow conditions and, in particulagngine inlet anéxhaust
conditions.A progressive testing method was used in otaer
validate the multiblock code. Starting with simple isolated

catalysison the peak heat transfer is not criticallfeafed by
the separation zone size.
Dissert. Abstr

wing cases, we have adjusted the block interface boundanshock Wave Interaction; Hypersonic Shock; Boundary Lay-

conditions the convective flux accumulatiotie addition of
artificial viscosity in a multi-block grid and other numerical
detailsto guarantee satisfactory congenceof the computa

ers; Catalysis; Separated Flow; Conductive Heat Transfer;
Convective Heat Transfer; Mathematical Models; Hyper-
sonicFlow; NonequilibriumFlow; Recombination Reactions

tionsevenin the most complex cases. The program was then

used to model the isolated nacelle of the General Electriclg960017819 96N23337 Nationaherospace LabTokyo
CF-34engine powering th€L-601 ChallengerCalculations Japan '
were made for the complete, powered CL-601. This mOdel’FIat Spin of Axisymmetric Bodies Near the Critical
made of 600 blocks and 1,571,580 nodes yielded excellemiQeynoldsNumber Region

comparisons with experimental data, demonstrating ONCeTate, Atsushi, National Aerospace Lab., Japan; Iwasaki; Aki
morethe excellent accuracy of the code in the ncostplex ' j ' ’ {

hito, National Aerospace Lab., Japan; Fujita, Toshimi,
cases. National Aerospace Lab., Japan; Yoshinaga, Takashi,
Dissert.Abstr.

: : . _ . National Aerospace Lab., Japan; Jun. 1995; ISSN 0389-4010,
Aircraft Configurations; Euler Equations of Motion; Runge- P P

- . Y pp. 24; In Japanese; Also announced as 19960017810
Kutta Method; Finite ¥lume Method; Engine Inlets; Inviscid . . iRt e .
' ’ ' R t No.(s): NAL-TR-1271; No C ht; Avail: CASI,
Flow; Multiblock Grids; Trbofans; Vihgs eport No(s) © Lopyrg val

A03, Hardcopy; A01, Microfiche

A series of flat spin experiments for recovering re-enter
ing bodies have been conducted in a wimghel with cylin
der,cone-cylinderand bicone-cylinder models in thatical
and supercritical Reynolds number regions. Using the free
rotationmethod, the steadstate spin rate was measured as a
function of the freestream Reynolds number. Two modes of
flat spin, a high spin mode, and a low spin mode were found
right; Avail: Univ. Microfilms Order No. DA9507959, Hard  to exist. The high spin mode was initiated in a fairly narrow
copy, Microfiche freestreanvelocity region near theritical Reynolds number

To accurately determine the local heat loads that couldand continued in the supercritical Reynolds number region.
occuron a hypersonic vehicle, this dissertation presents a real During the high spin mode, the circumferential velocity of
istic numerical calculation of a hypersonic nonequilibrium cylindrical models reached the magnitude of the freestream

19960017751 96N23282 Maryland Univ., College Park,

MD USA

The effects of surface catalysis on the hypersonic shock

wave/boundarylayer interaction

Grumet, Adam Abraham, Maryland Univ., USA; 1994, pp.
233;In English; Also announced as 19960017751; No €opy
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velocity, In the case of theicone-cylinderthe spin rate was  Reehorst, Andrew, NASA Lewis Research Center, USA,
shownto be erratic, appearing sensitive to small irregularities PotapczukMark, NASA Lewis Research Cent&iSA; Rat
in the nose shape. Slim triangular prisms on these cylindervasky, Thomas, NASA Lewis Research CentdEA,; Laflin,
surfaces, aligned with the body axis, are effective to reduceBrenda Gile, NASA Langley Research Center, USA; Jan.
the steady state spin rate. 1996, pp. 28; In English; 34th Aerospace Sciences Meeting
Author andExhibit, 15-18 Jan. 1996, Reno, NWSA; Sponsored by
Spin; Conical BodiesAxisymmetric Bodies; Angle of Attack; American Inst. of Aeronautics and Astronautics, UKo
Reynolds Number; Spin Reduction; Wind Tunnel Stability announceds 19960015899
Tests Contract(s)/Grant(s): FOP 505-68-10

Report No.(s): NASA-TM-107143; NAS 1.15:107143;
19960017814 96N23339 Nationalerospace LabTokyo, E-10073;AlIAA Paper 96-0871; No Copyright;vail: CASI;

Japan A03, Hardcopy; A01, Microfiche
The Effect of Time Lag on the Stability of HOPE Model A series of wind tunnel tests were conducted to assess the
in a Dynamic Wind Tunnel Test effects of leading edge ice contamination upon the perfor-

Motoda, Toshikazu, National Aerospace Lab., Japan; Sasamnanceof a short-hautransport. The wind tunnel test was €on
Shuichi, National Aerospace Lab., Japan; Yanagihara,ducted in the NASA Langley 14 by 22 foot facility. The test
Masaaki, National Aerospace Lab., Japan; Tukamoto, Taroarticle was a 1/8 scale twin-engine short-haul jet transport
NationalAerospace Lab., Japan; Af995; ISSN 0389-4010, model.Two separate leading edge ice contamination configu

pp. 20; In Japanese; Also announced as 19960017814 rations were tested in addition to the uncontaminated baseline
Report No.(s): NAL-TR-1265; No Copyright; Avail: CASI;  configuration.Several aircraft configurations were examined
A03, Hardcopy; A01, Microfiche including various flap and slat deflections, with and without

The first dynamic wind tunnel experiment of the HOPE landinggear Data gathered included force measurements via
16%scale model was conducted in 1992. In one experiment,an internal six-component force balance, pressure measure-
the motion of the model plane became unstable when the ele ments through 700 electronically scanned wing pressure
von deflected suddenly and enormously. The mode changgports,and wing surface flow visualization measurements. The
from altitude control tattitude control caused serious elevon artificial ice contamination caused significant performance
deflection, but the attitude control system was theoretically degradatiorand caused visible changes demonstrated by the
stable and still worked at that time. The problem is that theflow visualization.The data presented here is just a portion of
unstablemotion happened in spite of the theoretiegbecta thedata gathered. A more complete data report is planned for
tion of stable model motion. Theffect of time lag of the con publicationas a NASA €chnical Memorandum and data sup
trol system on the stability of the HOPE model was plement.
investigated using a Nyquist diagram and computer simula-Author
tion. The aerodynamic data of the static wind tunnel test wasAircraft Icing; Wind Tunnel Tests; Aircraft Performance;
used for these analyses. The time lag required to make th&low Msualization; Aicraft Configurations
motion unstable was derived from the Nyquist diagram, and
thgresults were confi.rmeldy numeric_al simqlation.based ON 19960016586 96N22230 Johns Hopkins Univ., Center for
alinear mot|.0.n equation. AIso,.non—Ilnear S|mulfat|on showed Injury Research and PoligyBaltimore, MD USA
thatthe stability of the system isfa€ted by non-linear char

acteristicsf the model plane. Remedial Appr oaches Final Report

Author _ _ Baker,Susan P Johns Hopkins UniyUSA; Lamb, Magaret
Hope Aerospace Plane; Altitude Control; Attitude Control; \n/ jonns Hopkins Univ., USA: Li, Guohua, Johns Hopkins

Elevons; Nyquist Diagram; Time Lag; Wind Tunnel Tests; ;. USA; Dodd, Robert S., Johns Hopkins Univ., USA;
Deflection Feb. 01, 1996, pp. 46; In English; Also announced as
19960016586

Contract(s)/Grant(sFAA-93-G-045

Crashes of Instructional Flights: Analysis of Cases and

03 Report No.(s): DOT/FAA/AM-96/3; No Copyright; Avail:
AIR TRANSPORTATION AND SAFETY CASI: A03, Hardcopy; A01, Microfiche
Includes passenger and cargo air transport operations; and Instructional flights experience more than 300 crashes
alrcraft accidents. annuallyand are involved in more than one-thircall midair

collisions. Research was undertaken to identify the circum-
1996001589996N21672 NASA Lewis Research Center, stance®f instructional crashes and descraetors related to

Cleveland OH USA pilots, aircraft, and the environment. NTSB data tapes were
Wind Tunnel Measured Effects on a Win-Engine Short- analyzedor crashes during 1989-1992 that involved a student
Haul Transport Caused by Simulated Ice Accetions pilot or a flight for instructional purposes. From this study it
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wasfound that a greater emphasis during flight training needsto 85. During this period, Class A mishaps per 100,000 flying
to be placedn avoiding stalls and midair collisions, manag hours, referred to as the mishap rate, also decreased from
ing crosswinds, and understanding the elements of tb&edf about 4.3 to 1.5. The value of Clas A losses remained fairly
landing flight dynamics prior to solo touch-and-go practice. constanbver the last 6 years, ranging from a high of about 1.6
Instructors contribute to crashes both directly during dual billion dollars in fiscal yeat993 to a low of 1.2 billion in fis
instruction and, less directly, through failure to successfully calyear 1994.

monitor their students and convey the elements of safe anderived from text

proficient flight. Problems identified in this study should be Aircraft Safety; Flight Safety

communicated to flight instructors in their initial training as

instructors,during prgpayation fdlheir biennial re-licenSure, 19960017458 96N23048 Massachusetts Inst. of Tech.,
Zrl:(t:i;grrough dissemination of materials to all instructors. CambridgeMA USA

Flight Training; Crash Landing; Midair Collisions; Flight
Safety;Students; Instructors; Assessmentscift Contol

Multidisciplinary design of an integrated microburst
alerting system
Wanke,Craig R., Massachusetts Inst. &ch., USA; 1993; In
English; Also announced as 19960017458; No Copyright;
19960016966 96N22572 Wichita State Univ., National  ayail: Issuing Activity (MIT Libraries, Rm. 14-0551, Cam-
Inst. for Aviation ResearchWichita, KS USA bridge,MA), Hardcopy Microfiche
FY95 annual report and strategic plan: FY96-FY2000 A user-centered approach was applied to identify and
Oct. 1995, pp. 97; In English; Also announced as analyzecritical system design issues in a seriemaftidisci
19960016966; No Copyright; Avail: CASI; AO5, Hardcopy; plinary studies. This approach is designed to optimize the
A02, Microfiche decision-making performance of the end user, and thereby
The National Institute for Aviation Research (NIAR) optimizethe operational étiency of the microburst alerting
presentsn assessment of the work accomplished in FY 1995.system The primary end users of microburst alerts are flight
This assessment includes progress made, goals met, milecrews,so the initial task was to determine which information
stones marked, budgets, and expenditures. The major areas required by the crew for effective microburst alerting and
concentrated on in FY95 included crash dynamics, compos-+the most effective presentation techniques for this informa-
ites, aerodynamics, and CAD/CAM. Also reported is the tion. This was done with pilot survey and with two piloted
NIAR Faculty Fellows program, other cooperative programs, part-tasksimulatorexperiments. Iconic graphical alerts were
andtechnology applications. The Institiggroposed plan of  foundto be significantly more useful than verloaltext com
actionand goals for FY96 throughY2000 are summarized.  munications, and several format and procedural issues for

CASI o _ implementation of graphical alerts were examined. These
Technology Utilization; Management Planning; Budgets; studiesincluded developmertf a part-task flight simulator
ResearctManagement; Riject Management; Aenautics basednan advanced workstation with powerful graphics and

rapid prototyping capabilities, which was found to be an

1996001714596N22737 General Accounting Office, exceptionally useful tool for preliminary evaluation of
WashingtonDC USA advanceatockpit information systems. Next, the issue of pro
Briefing Report to the Ranking Minority Member, Sub- ducing the required alert information -- the alert generation
committee on Military Procurement, Committee on task-- was addressed. Possible hazard metricsiforoburst
National Security, House of Representatives. Military intensitywere compared, arah efective one selected based
Aircraft Safety: Significant Improvements Since 1975 on a batch flight simulation technique. The energy-based
Cekala,Sharon A., General Accountingfieke, USA; Beusse, ’'F-factor’ criterion averaged over 3000 ft of aircraft flight
William E., General Accounting ®fe, USA; Brady Hugh, pathwas found to be a much better indicator of airdnaftard
General Accounting Office, USA; Reid, Sharon, General thanthe 'delta-V’ (total headwind-to-tailwind change) crite
Accounting Office, USA; Taylor, Harry E., Jr., General rion currently used by the Terminal Doppler Weather Radar
AccountingOffice, USA; Feb. 1996pp. 32; In English; Also ~ (TDWR) microburst detection system and the Low Level
announceas 19960017145 Windshear Alert System (LLWAS). A method was then
ReportNo.(s): GAO/NSIAD-96-69BRB-270647; No Copy developed for establishing a multilevel microburst alerting
right; Avail: CASI; A03, Hardcopy; A01, Microfiche; GAO,  structureusing threshold values afhazard metric based on
POBox 6015, Gaithershgr MD 20877 HC; GAO, PO Box  measurable airmass parameters. The method was applied to
6015,Gaithersbuy, MD 20877 HC determinethree-level alertinghresholds for jet transports on

DOD aviation safety has improved significantly over the approach to landing. Alert generation requires estimates of
last21 years. Between fiscal years 1975 and 1995 for €xam microburst characteristics; a model-based data assimilation
ple, the annual number of Class A mishaps decreased frontechniqueor estimating microburstharacteristics from mul
309to 76, while the number of fatalities decreased from 285 tisensor measurements was therefore developed. The
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extendedalman filterbased technique incorporatlemen

tary fluid mechanics and statistical characteristics of micro-

bursts to improve estimation accuracy, and to allow
estimationof quantities which cannot be directly measured.

Dissert. Abstr

Flight Crews; Graphical User Interface; Warning Systems;
Microbursts (Meteorology); Aviation Meteorology; Human

FactorsEngineering; Flight Hazais

04
AIRCRAFT COMMUNICATIONS AND NAVIGATION

Includes digital and voice communication with aircraft; air
navigation systems (satellite and ground based); and air traf-
fic control.

19960016111 96N22149 NASA Ames Research Center,
Moffett Field, CA USA
Effects of ATC automation on precision approaches to
closelyspace parallel runways
Slattery, R., NASA Ames Research Center, USA; Lee, K.,
SterlingSoftware, Inc., USA; Sanfor@., Sterling Software,
Inc., USA; 1995, pp. 9; In English; AIAA Guidance, Naviga
tion, and Control Conference, 7-10 Aug. 1995, Baltimore,
MD, USA; Also announced as 199600161
ReportNo.(s): NASA-TM-111255; NAS 1.15:11255; AIAA
Paper 95-3367; Copyright Waived (NASA); Avail: CASI;
A02, Hardcopy; AO1, Microfiche

Improved navigational technology (such as the Micro-

Air Traffic Control; Automatic Control; Aircraft Landing;
Airborne Radar Approach; Flight Simulation; Distance
MeasuringEquipment; Aicraft Appioach Spacing

19960016183 96N22162 NASA Ames Research Center,
Moffett Field, CA USA
Knowledge-based scheduling of arrival aicraft
Krzeczowski, K., NASA Ames Research Center, USA,
Davis,T., NASA Ames Research Cent&lSA; Erzbeger, H.,
NASA Ames Research Center, USA; Lev-Ram, I., Sterling
FederalSystems, Inc., USA; Bgh, C., Massachusetts Inet.
Tech.,USA; Aug. 10, 1995, pp. 12; IBnglish; AIAA Guid
ance, Navigation, and Control Conference, 7-10 Aug. 1995,
Baltimore,MD, USA; Also announced as 19960016183
ReportNo.(s): NASA-TM-11254; NAS 1.15:11254; AIAA
Paper 95-3366; Copyright Waived (NASA); Avail: CASI;
A03, Hardcopy; A01, Microfiche

A knowledge-based method for scheduling arrival air-
craftin the terminal area has been implemented and tested
real-time simulation. The scheduling system automatically
sequences, assigns landing times, and assigns runways to
arrival aircraft by utilizing continuous updates of aircraft
radardata and controller inputs. The scheduling algorithms is
drivenby a knowledge base which was obtained in ower
thousand hours of controller-in-the-loop real-time simula-
tion. The knowledge base contains a series of hierarchical
'rules’ anddecision logic that examines both performance cri
teria,such as delay reduction, as well as workload reduction
criteria,such as conflict avoidance. The objective of the-algo
rithms is to devise an efficient plan to land the aircraft in a
manneracceptable to the air tfaf controllers. This paper will

wave Landing System and the Global Positioning System)describe the scheduling algorithms, give examples of their

installed in modern aircraft will enable air fiafcontrollers
to better utilize available airspad@onsequentlyarrival traf

use,and present data regarditigir potential benefits to the
air trafiic system.

fic can fly approaches to parallel runways separated byAuthor

smallerdistances thaare currently allowed. Previous simula

Air Traffic Control; Knowledge Based Systems; Knowledge

tion studies of advanced navigation approaches have foun(BaseS (ArtIfICIal Inte”igence); SChedu”ng; Artificial Intelli-

thatcontroller workload is increased when there is a corabina
tion of aircraft that are capable of following advanced naviga
tion routes and aircraft that are not. Research into Psffit

gence;Decision Making; Contl Systems Desigigommand
and Contiol; Self Adaptive Contd Systems; Automatic Land
ing Contol; Controllers

Control automation at Ames Research Center has led to the

development of the Center-TRACON Automation System
(CTAS). The Final Approach Spacing Tool (FAST) is the
componenbf the CAS used in the TRACON area. The work

19960016283 96N22174 Galaxyscientific Corp, Atlanta,
GA USA
Design of a cooperative problem-solving system for en-

in this paper examines, via simulation, the effects of FAST route flight planning: An empirical evaluation

usedfor aircraft landing on closely spaced parallel runways.
The simulation contained various combinations of aircraft,

equippedand unequipped with advanced navigation systems.

A set of simulations was run both manually avith an aug

Layton,Charles, Galaxy Scientific Corp., USA; Smith, Philip
J., Ohio State Univ., USA; McCoy, C. Elaine, Ohio Univ.,
USA; Jan. 01, 1994, pp. 26; In English; Also announced as
19960016283

mented set of FAST advisories to sequence aircraft, assigrContract(s)/Grant(sNCC2-615
runways, and avoid conflicts. The results of the simulations Report No.(s): NASA-CR-200217; NAS 1.26:200217; No
areanalyzed, measuring the airport throughput, aircraft delay Copyright;Avail: CASI; A03, Hardcopy; A01, Microfiche

lossof separation, and controller workload.
Author

Both optimization techniques and expert systems
technologies are popular approaches for developing tools to
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assist in complex problem-solving tasks. Because of thetively. Doppler rate was found to have thegkst efect on the
underlying complexity of many such tasks, however, the performance.

modelsof the world implicitly or explicitly embedded in such  Author

toolsare often incomplete and the problem-solving methods Global Positioning System; Ear Analysis; Multipath fans-
fallible. The result can be "brittleness’ in situations that were mission;Least Squas Method; Algorithms; Noise &paga-
not anticipated by the system designers. to deal with thistion; Attitude Control; Fast Fourier Transformations;
weaknessif has been suggested that 'cooperative’ rather thanRegressiomnalysis

'automated’ problem-solving systems be designed. Such

cooperative systems are proposed to explicitly enhance the

collaboratiorof the person (or a group of people) and the-com 19960016862 96N22491 New Brunswick Univ, Frederic-
puter system. This study evaluates the impact of alternative,y, New Brunswick Canada

designconcepts on the performang&30 airline pilots inter Composite GPS receiver modelling, simulations and
acting with such a cooperative system designed to S“ppor'épplications

enroute flight planning. The results clearly demonstrate thachuang, Weihua, New Brunswick Univ., Canada; 1993, pp.
different system design concepts can strongly influence the262; In English; Also announced as 19960016862:
cognitive processes and resultant performances of USer§sBN-0-315-89235-8; No Copyright; Avail: Univ. Micro-
Based on think-aloud protocols, cognitive models are pro-fjims Order No. DANN89235, Hardcopiicrofiche

posed to account for how features of the computer system  p global positioning system (GPS) receiver has been
interactedwith specific types of scenarios to influence explo modeled, analyzed, and implemented in software. The
rationand decision making by the pilots. The results are then ecejver has the L1-C/A, L1-P, and L2-P channels, with the
used to develop recommendations for guiding the design ofoytput of GPS observables including the pseudorange time

cooperativesystems. delay,carrierbeat phase, and Doppler frequency shift. Based
Author onthe fundamentals of the GPS system tuedsignal struc
Problem Solving; Flight Plans; Expert Systems; Decision tyre,various relationships among the input signal parameters,
Making; Planning internal variables of the receiver, and the GPS observables

havebeen modeled mathematically digital enegy detector
is designed for the initial pseudorandom noise (PRN) code

_ coarsesynchronization on the time and frequency uncertainty
19960016580 96N22224 Colorado Univ., Boulder, CO region with double-dwell, straight line, and expanding-win-

USA . dow serial search strategies. A digital delay lock loop (DDLL)
A study of GPS measuement errors due to noise and mul - with full-time early-late high speed correlators is modeted
tipath interference for CGADS Final Report despreadhe input signal and to extract the input cptiase

Axelrad,Penina, Coloradtniv., USA; MacDoran, Peter,F  delay.From the power spectral density analysis of both input
ColoradoUniv., USA; Comp, Christopher J., Colorado Univ  signaland noise, the closed form expressions of the detection
USA; Jan. 31, 1996, pp. 21; In English; Also announced asand false-alarm probabilities of the code phase acquisition
19960016580 processand the variance of the code phase tracking areor
Contract(s)/Grant(sNCC5-67 derived.The linear and nonlinear performance of the DDLL
Report No.(s): NASA-CR-200249; NAS 1.26:200249; No is analyzed for optimizing the DDLL parameters with the
Copyright;Avail: CASI; A03, Hardcopy; A01, Microfiche trade-offbetween the trackingrrors due to receiver dynamics
This report describes a study performed by the Colorado andinput noise. A digitaphase-locked loop (DPLL) is used
Center for Astrodynamics Research (CCAR) on GPS mea-to extract the input carrier phase from the code-free signals
suremenerrors in the Codeless GPS Attitude Determination after the DDLL. Upon analysis of the characteristics of the
System (CGADS) due to noise and multipath interference.input phase noise, stable second and third order DPLL's are
Preliminary simulation models fo the CGADS receiver and designedand analyzed witemphasis on the performance of
orbital multipath are described. The standard FFT algorithms the noise suppression and dynamic tracking capability. The
for processing the codeless data is described andltarma Dopplershift is estimated based on the DPLL residual phase
tive algorithms - an auto-regressive/least squares (AR-LS)error. The output data volume of the observables is com-
method, and a combined adaptive notch filter/least squarespressed by polynomial fit. The receiver functions are imple-
(ANF-ALS) method, are also presented. Effects of systemmented with source code written mostly in C language.
noise,quantization, baseband frequersgfection, and Dep Simulationswith the software package are performed respec
pler rates on the accuracy of phase estimates with each of thévely under the UNIX and TSO programming environments,
processingnethods are shownypical electrical phase errors  which verify the theoretical performance analysis of the mod
for the AR-LS method are 0.2 degrees, compared to 0.3 anctledreceiver The software receivdras been applied to ana
0.5 degrees for the FFT and ANF-ALS algorithms, respec- lyze the multipath interferencefetts onthe GPS observables
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whichis in accordance with theoretical analysis, and to study 05

the effects of GPS antenna characteristics, including the AIRCRAFT DESIGN, TESTING
antenna residual phase and antenna center (best-fit sphere) AND PERFORMANCE
movement, on the GPS observables. The software receive;nclu des aircraft simulation technology,
providesan additional approach to GIP&earch in positien

ing accuracy and is an important tool in designing the GPS
receiversaand in analyzing the fefcts of signal disturbances on

GPSobservables. WakayamaSean Rikio, Stanford UnivUSA; Jan. 011995,

Dissert. Ab,SFr . ) pp. 181; In English; Also announced as 19960015635; No
Global Positioning System; Mathematical Models; Channel Copyright; Avail: Univ. Microfilms Order No. DA9516930

Noise; Radio Receivers; Signal Processing; Radio Sig”als?Hardcopy,Microfiche

Navigationlnstruments Lifting surface design is affected by many consider-
ations;drag, weight, and high-lift are particularly important.
Theseeffects place dferent and often opposite requirements
onwing shape, complicating tleelection of a best configura

19960017677 96N23209 Advisory Group for Aerospace tion. to assist this selection, a preliminary design method

Research and Development, Mission Systems Panel.usingnonlinear optimization has been developed igafated

19960015635 96N22443 StanfortUniv., CA USA
Lifting surface designusing multidisciplinar y optimization

Neuilly-Sur-Seine,France lifting surface design problem is formulated from aircraft
Twenty-five Years of Contributions to Air Traffic Han- mi_ssior_l parameters, typically to caIC_uI_ate the platform and
dling (Reseach, DevelopmentOperations and History): twist minimizing cruise drag or maximizing range, subject

controle du trafic aerien (recherches, developpement, lift. Solving this with optimization requires very fast analy_ses
operationset historique): Une bibliographie that are capable of capturing théeefs of detailed changes in

Benoit, Andre, Editor European Qyanization for the Safety wing shape. This motivated significant improvements that

) Co o ) .~ were made to structural calculations and maximum-lift pre-
of Air Navigation, Belgium; Feb. 1996, pp. 168; In English; diction methods for preliminary design. A method was devel
Also announced as 19960017677

_ ' ~ oped to evaluate wing weight and stiffness considering
Report No.(s): AGARD-R-811; ISBN-92-836-1029-6; engingand buckling strengtt critical section method was

Copyright Waived; Avail: CASI; A08, Hardcopy; AO2, modified to enable the prediction of flaps-down maximum
Microfiche lift, correcting for induced camber near the #ajge. The lift
Over 25 years, the Guidance and Control Panel of theing surface optimization method performs platform design
Advisory Group for Aerospace Research and Development towhile accounting for many effects: static aeroelasticity,
the North Atlantic Treaty Oganization has devoted part of its weightevaluated from multipletructural design conditions,
activities to the fascinating field known historically as Air induced drag, profile drag, compressibility drag, maximum
Traffic Control, covering also Air Traffic Management, and lift, static stabilityand control power constraints. The method
moregenerallyAir Traffic Handling. This Report provides a  Wasused to explore the influence of thesieetf on optimal
list of thesummaries of the papers which were presented at the/Vings, demonstrating how strongly lifting surface design is
symposiaand included in the AGARDographs devoted to this mflu_encedby n_1aX|mur_n-I|ft_ constraints, The_ meth(_)d was also
wide and most challenging subjectvering essentiallyir appliedto studies of wing tip shape and optimal wing-tail-con

, i . figurations. In many cases, the optimizer exploits physical
Traffic Control Systems (1972); A Survey of Modern Air effects, creating design features that are easy to interpret in

Traffic Control, Vols. 1 and 2 (1975); Plans and Develop- hindsightbut difficult to predict in advance. In creating these

ments for Air T.raffic Systems (1.975); Air Traffic Manage-  gesigns, the method has demonstrated that optimization can
ment (1979); Air Traffic Control in Face of Users’ Demand pe 3 valuable tool for lifting surface design.

andEconomy Constraintd 982); Eficient Conduct of Indi Dissert. Abstr

vidual Flights and Air Traffic (1986); Aircraft Trajectories, Lifting Bodies; Surface Pperties; Multidisciplinary Design
Vols. 1, 2 and 3 (1990); Machine Intelligence in Air Traffic Optimization;Lift; Stiffness; Wgs; Structural Design; Aa-
Management (1993); and On-Line Handling of Air Traffic dynamicConfigurations

(1994).The Report is completed by two indexes, an extended

subjectindex, and an Authors and Contributors Index. 19960015693 96N21477 Stanford Univ, CA USA

Author New approaches to optimizationin aerospace conceptual
Bibliographies;Air Traffic Control; Air Traffic; Management  design

Methods;Contiol Systems Design Gage, Peter James, Stanford Univ., USA; Jan. 01, 1995, pp.
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188;In English; Also announced as 19960015693; No €opy advanced geometry and composite rotors. Aeroelastic and
right; Avail: Univ. Microfilms Order No. DA9516823, Hard  sensitivity analyses of the rotor based on a finite element
copy, Microfiche methodin space and time are linked with automatetimiza
Aerospacealesign can beiewed as an optimization pro  tion algorithms to perform optimization of a febladed, soft-
cess. A multi-dimensional search is conducted, with theinplane hingeless rotor. For the advanced geometry rotor,
physical description modified to produce the best functional design variables include nonstructural mass and its place-
performanceDespite this character and the wide availability ment,blade bendingtiffness (flap, lag and torsion) and blade
of optimization software, conceptual design is rarely per- geometry(sweep, droop and planform taper) at five spanwise
formedusing formal search algorithms. The failure to exploit stations. The objective function constitutes minimization of
the benefits of optimization is examined in this thesis, and all six vibratory hub loads subject to constraints on frequency
three key issues that restrict the success of automatic searghlacement, autorotational inertia and aeroelastic stability of
are found. New approaches are introduced to address théhe blade in forward flight Optimizatiomesults show reduc
integration of analyses and optimizers, to avoid the need fortion in the 4/rev hub loads of 25-60 percent. In another part of
accurate gradient information and a smooth search spac¢his study, aeroelastic optimization is performed for a com-

(requiredfor calculus basedptimization), and to remove the
restrictions imposed by complexity problem formulations.
Conceptuatlesign of aircraft is a ditult endeavourThe dis
ciplines are tightly coupled and performance assessmgstt

posite rotor with the blade span modeled as a single-cell as
well asa two-cell box-beam. The design variables are the ply
anglesof the cross-section of the blade spiptimizationis
performedfor several layups and configurations and it is-con

be precise, so a design system is a complex combination o€ludedthat elastic stfhesseseduce the objective function by

largeanalysis modules. Optimization sholle performed in

about 20-40 percent; composite couplings yield a further

a flexible, extensible environment that conveniently links reductionin the objective of about 10-15 percent. Using vibra
these modules and automatically co-ordinates their executory hub loads alone in the objective function can cause an
tion. A quasi-procedural architecture provides such an envi-increasean the blade roabending moments leading to higher
ronment.and its dficient control of a lage-scale design task  dynamic stresses. This issue is addressed by performing a
is demonstrated. Calculus-based optimizers use gradientnulti-objectiveoptimization on the composite rotor by using
information to search for performance improvement. For a combination of vibratory hub loads and vibratory bending
manydesign tasks, gradients cannot be accurately computedmomentsn the objective function. Optimum designs for the
becauseariables have discrete values, analyses are,rayisy multi- objective optimization show a reduction in the objec-
the search space has discontinuous topolégyeneticalgo tive function of about 30 percefrbm the starting design; 20
rithm that provides a search method for such domains is stud percentof thisreduction is due to elastic $tiess and 10 per

ied. Applications demonstrate the utility of genetic cent due to composite coupling (flap bending-torsion cou-
optimization.Therelationship between the genetic algorithm pling). As compared to the starting design, the optimum
usea complete a priori prescription of the search space, which,solutionresults in a 15-60 percergduction of the 4/rev hub

to a lage degree, definesdesign concept. The value of each loads as well as a reduction in the peak-to-peak flap and lag
variableis optimized, but the search scheme cannottiéer bending moments of 11 and 14 percent, respectively,
fixed set of parameters. A variable-complexity genetic-algo compared to the starting design. Starting from an initially
rithm is created to permit more flexibb@rameterizatiorso infeasible design with a 3 percent requirement on lag mode
that the level of characteristics are identified in simple damping, the optimum solution with composite chordwise
designsand refined by increasing description details. Struc bending-torsion coupling results in an increase in lag mode
tural and aerodynamic applicatiopovethat this optimizer ~ dampingof 130-200 percent, compared to the starting design.
can discover novel designs. Dissert.Abstr.

Dissert. Abstr Aeroelasticity; Rotary Wings; Design Analysis; Finite Ele-
Aircraft Design; Aepspace Industry; Optimization mentMethod; Airfoil Piofiles

19960015849 96N21633 Maryland Univ., College Park,
MD USA
Aeroelasticoptimization of advancedgeometry and com
posite helicopter rotors
Ganguli, Ranjan, Maryland Univ., USA; Jan. 01, 1994, pp.
398; In English; Also announced as 19960015849; No €opy
right; Avail: Univ. Microfilms Order No. DA9514522, Hard ~ zona State Univ., USA; Jan. 1995, pp. 19; In English; Also
copy, Microfiche announceds 19960015856

Using an analytical approach, sensitivity analyses andContract(s)/Grant(s): NCC2-5127
aeroelastic optimization procedures are developed forReport No.(s): NASA-CR-200626; NAS 1.26:200626; No

19960015856 96N21635 Arizona State Univ., Dept. of
Mechanicaland Aerospace Engineerintempe, AZ USA
Developmentof Continuous and Discete Approaches for
Aerodynamic Sensitivity Analysis Progress Report
Chattopadhyay, Aditi, Arizona State Univ., USA; Narayan,
Johnny R., Arizona State Univ., USA; Xu, Wensheng, Ari-
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Copyright;Avail: CASI; A03, Hardcopy; A01, Microfiche computationaprocedures make possible a formal description
A comparative study of discrete and continuous semi- of anticipated random processes at the intra-ply level, and the

analyticalsensitivity analysis techniquésr evaluating aero relatedeffects of these on composite properties.

dynamic sensitivities in optimization procedures involving Author

CFD solvers for accurate and detailed flow solutions, was pro Fiber CompositesGraphite-Epoxy Composites; ¢trability

posed. Although there is extensive literature on the discreteTheory; Micromechanics; Monte Carlo Method; Computer-

andcontinuousapproaches for calculating aerodynamic-sen izedSimulation; Random Bcesses; Reinfoing Fibers

sitivities, a study of the relative #tiencies of the approaches

has not been performed. This study is crucial in selecting am 9960016113 96N22151 NASALangley Research Center
appropriatesensitivity analysis technique for dgr scale, mul Hampton,VA USA

tidisciplinary design optimization problems using compre- ajrpreathing hypersonic vehicle design and analysis
hensive analysis procedures. The study will compare themethods

accuracyand computational gfiency of the two techniques | ockwood, Mary Kae, NASA Langley Research Center,
using representative model optimization problems. The ysa: Petley, Dennis H., NASA Langley Research Center,
nature of the optimum solutions and the computational time ysa: Hunt, James L., NASA Langley Research Cent@A;
(CPUhours) required for arriving at optimudiesigns are also  Martin, John G., Lockheed Martin Engineering and Sciences
of interest. The purpose of the present research is to extend thgo. USA; Jan. 18, 1996, pp11in English; 34th Aerospace
ongoing effort on semi-analytical sensitivity analysis tech- sciences Meeting and Exhibit, 15-18 Jan. 1996, Reno, NV,
niquesby performing this important comparative study of the ysa: Also announced as 19960016113; Original contains 1
two techniques. The proposed study will compare the accu-cg|orillustration

racyand computational fiency of the two techniques using ReportNo.(s): NASA-TM-111249; NAS 1.15:11249; AIAA

representative model optimization problems. The nature ofpaper 96-0381; Copyright Waived (NASA); Avail: CASI;
the optimum solutions and the CPU time required for conver a03, Hardcopy; A01, Microfiche

gence will also be of interest. Finally, parallelization of the The design, analysis, and optimization of airbreathing
developed sensitivity analysis procedures is proposed tohypersoniosehicles requires analysesolving many highly
improvethe computational &€iency and the adaptabilitp coupled disciplines at levels of accuracy exceeding those
avariety of CFD solvers. traditionally considered in a conceptual or preliminary-level
Derived from text design. Discipline analysis methods including propulsion,
Multidisciplinary Design Optimization; Design Analysis; structures, thermal management, geometry, aerodynamics,
ComputationaFluid Dynamics; Flow DistributionAeiody- performance, synthesis, sizing, closure, and cost are dis-
namicCoefficients; Aicraft Design cussedAlso, the on-going integration of these methods into

aworking environment, known as HOLISIE described.
19960015868 96N21647 Cleveland State Univ., Dept. of Author

Civil Engineering.OH USA Air Breathing Engines; Air Rrathing Boosters; Design Aral
Probabilistic Fiber Composite Micromechanics Final ysis; Hypersonic Vehicles; Propulsion System Configura-
Report tions; Structural Analysis

Stock, Thomas A., Cleveland State Univ., USA; Jan. 1996,

pp. 196; In English; Also announced as 19960015868 19960016182 96N22161 NASALangley ResearcBenter
Contract(s)/Grant(s): NAG3-550;TRP 505-63-5B Hampton,VA USA

Report No.(s): NASA-CR-198443; E-10082; NAS Equivalent plate modeling for conceptual design of air-

1.26:198443; No Copyright; Avail: CASI; A09, Hardcopy; craft wing structures

A03, Microfiche Giles,Gary L., NASA Langley Research CentedSA; 1995,
Probabilistic composite micromechanics methods are pp. 18; In English; 1st AIAA Aircraft Engineering Technol-

developed that simulate expected uncertainties in unidirec-ogy and Operations Congred9-21 Sep. 1995, Los Angeles,

tional fiber composite properties. These methods are in theCA, USA; Also announced as 19960016182

form of computational procedures using Monte Carlo simula ReportNo.(s): NASA-TM-111263; NAS 1.15:11263; AIAA

tion. The variables in which uncertainties are accounted forPaper 95-3945; Copyright Waived (NASA); Avail: CASI;

includeconstituent and void volume ratios, constituent elastic A03, Hardcopy; A01, Microfiche

propertiesand strengths, and fiber misalignment. A graphite/ This paper describes an analysis method that generates

epoxy unidirectional composite (ply) is studied to demon- conceptual-level design data for aircraft wing structures. A

stratefiber composite material property variations indubgd  key requirement is that this data must be produced in a timely

randomchanges expected at the material micro level. Regres manner so that is can be usefetively by multidisciplinary

sion results are presented to show the relative correlatiorsynthesisodes for performing systems studies. Such a-capa

betweerpredictor and response variables in the stlitigse bility is being developed by enhancing an equivalent plate
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structuralanalysis computer code to providenore compre namics, and Simultaneous Optimization of Structures Com-
hensive, robust and user-friendly analysis tool. The paperbinedWith Active Control.

focuseson recent enhancementsthe Equivalent Laminated  Author

Plate Solution (ELAPS) analysis code that significantly Multidisciplinary DesignOptimization; Mathematical Mad
expands the modeling capability and improves the accuracyels; Active Contol

of results. Modeling additions include use of out-of-plane

platesegments for representing winglets and advanced wing

concepts such as C-wings along with a new capability for ; 9960017096 96N22692 Maryland Univ., College Park
modelingthe internal rib and spar structure. The accuracy of MD USA ’ ’
calculated results is improved by including transverse shearA
effects in the formulation and by using multiple sets of rotor helicopters in turning flight

assumed displacement functions in the analysis. TypicalSpence Anne Marie Oetting, Maryland Univ., USA; 1994
results are presented to demonstrate these new featureﬁl0 343'_ In English; Also anﬁounced as 199é0017696' N'o

Example configurations include a C-wing transport aircraft, Copyright: Avail: Univ. Microfilms Order No. DA9514584
arepresentative fighter wing and a blended-wing-body trans Hardcopy'Microfiche '

port. These appliqations are intended to demonstrqte and This dissertation describes a mathematical model for a
quantify the benefits of using equivalent plate modeling of hingeless rotor helicopter capable of flight in both steady,

wing structures during conceptual design. level and turning flight regimes. The rotor blade is modeled
Author . . ] asa Bernoulli-Euler beam undgwing moderately lage elas
Plgtes (Str_uctura_ll Me.:mb_ers), Mf_:lthe.mr?\tlcal 'V'Od?'s’_Bf?dy' tic deflections in coupled flap-lag-torsion. In turn, the fuse-
Wing Conflgurathns, ng Proflles, Alrcr_aft Design; Air- lageis described by nonlinear Euler equations valid faydar
craft Structure;, . W”.‘g'ets’ Appllcat_|0|_"|s _ Programs fuselageattitudes and rates. The combinef@efs of turn rate,
(Computers)Multidisciplinary Design Optimization aircraft speed, and flight path angle on the blade response,
aeromechanicatability and flight dynamic stability are dis
19960016674 96N22287 NASALangley Researc@entey cussedThe results indicate that steddyel turns tend to sta

design-oriented aeromechanical analysis for hingeless

Hampton,VA USA bilize the lag mode, while descending turns are destabilizing
Multidisciplinary aer ospacedesign optimization: Survey andmay limit the maneuver envelope of the helicoptertdue
of recent developments instabilities in the progressive and differential lag modes.

Sobieszczanski-SobieslaroslawNASA Langley Research ~ These instabilities, however, tend to be weak. Judicious
Center, USA; Haftka, Raphael T., Florida Univ., USA; Jan. choiceof flap and lag fundamental frequencies is necessary to
01,1995, pp. 38; In English; 34th Aerospace Sciences-Meet insure stability of the lag mode in descending flight. Minor
ing and Exhibit, 15-18 Jan. 1995, Reno, NV, USA; Also modificationsare made to the original aeromechanical analy

announceas 19960016674 sisto provide frequency response informationdomparison
Report No.(s): NASA-TM-111250; AIAA Paper 96-0711; with the new helicopter handling qualities specifications. The
NAS 1.15:11250; Copyright Vilived (NASA); Avail: CASI; effect of selected rotor design parameters on the handling
A03, Hardcopy; A01, Microfiche qualitiesratings, aeromechanic and night dynamic character

The increasing complexity of engineering systems hasistics of a hingeless rotor helicopter are then analyzed. The
sparkedncreasing interest in multidisciplinary optimization resultsindicate that a decrease in the flapping frequency and
(MDO). This paper presentssarrvey of recent publications in  a positive elastic axis/aerodynamic center offset have a
thefield of aerospace where interest in MDO has been particu degradingeffect on handling qualities while forward center of
larly intense. The two main challenges of MDO are computa gravity offset improves the overall handling qualiti®&egres
tional expense and organizational complexity. Accordingly sivelag mode stability is improved by a positive elastic axis/
the survey is focussed on various way$edént researchers  aerodynamic center offset and by decreasing the flapping
useto deal with these challenges. The surveyganizedby frequencywhile a forward center of gravity fset causes the
a breakdown of MDO into its conceptual components. regressive lag mode to be destabilized. The addition of roll
Accordingly, the survey includes sections on Mathematical attitude feedback can also be used to stabilize an unstable
Modeling, Design-oriented Analysis, Approximation Con- regressivdag mode, although gains are limited by the stabil
cepts, Optimization Procedures, System Sensitivity, andity of the coupled roll/regressive flap mode. A method is
Human Interface. With the authors’ main expertise being in describedor the calculation of the sensitivities of blade root
the structures area, the bulk of the references focus on théoads,hubloads and modal loads to changes of blade design
interactionof the structures discipline with othéisciplines. parameters using a chain rule differentiation approach. The
In particular two sections at the end focus on two such4inter algorithmexploits features of the formulation thie blade and
actions that have recently been pursued with a particularfuselagesquations of motion, and of tselution technique to
vigor: Simultaneous Optimization of Structures and Aerody calculate the sensitivities at a fraction of the cost of an aero-
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elastic analysis. The results indicate that the semi-analyticaMultiengine\khicles; Bkeoff; Helicopter Contd; Helicop-
techniques very accurate and computationallficént. ter Engines
Dissert. Abstr

AerodynamicStability; Aepelasticity; Equations of Motion; ) _
Helicopter Control; Helicopters; Mathematical Models; 19960017241 96N22833 Naval Air Warfare Center, Air-

Turning Flight; Rotor Dynamics craft Div.., Patyxent Riven\/ID.USA .
DevelopingFlight Test Techniques to Ensue Proper Rig-

_ ] . ging of Highly Augmented Aircraft
19960017104 96N22700 Minnesota Univ., Duluth, MN  Trayen Ricardo, Naval Air Warfare Center, USA; Whitley,

USA , , . . SusarE., Naval Air Warfare CentgtUSA; Sep. 05, 1995, pp.
Optimal helicopter operation from a clear heliport in the 12; In English; Also announced as 19960017241

eventof one engine failue Report No.(s): AD-A300965; No Copyright; Avail: CASI:
Sharma, Vivek, Minnesota Univ., USA; 1994, pp. 200; In pq3 Hardcopy; AO1, Microfiche

English; Also announced as 19960017104; No Copyright;  yncommandedolling moments have been considered a
Avail: Univ. Microfilms Order No. DA9514680, Hardcopy, natyral part of the aging process of some F/A-18 airplanes.
Microfiche Theserolling moments can range from an annoyance requir

The Federal Aviation Administration (FAA) certifies a  jng constant trimming to a serious degradation in handling
transporthelicopter as either Category-A or Category-B. The qualities which can cause premature departures during
Category-A certification applies to multiengine helicopters maneuveringdlight. Uncommanded rolling moments in flight
with independent engine systems, and requires that the he”éangenerally be eliminated with riggingtiie surface which
coptercan either continue flight or land safely in the ev&nt ;g causing the roll is known. Due to the highly augmented
single engine failure. The Category-B certification applies 10 flight control architecture of the F/A-18, it is veryfaitilt to
either single engine or multiengine helicopters, and only jsojate the actual control surface that is causing the uncom-
requiresthata safe landing be possible in the case of an enginey,anded rolling moment since so many surfaces are active.
failure. For a Category-Aelicoptey the decision to land orto  NAWC-AD has developed techniques to identify the flight
'stay up’ depends on the conditions at engine failure. If an ¢qnirol surface causing uncommanded rolling moments.

engine fails during a normal takeoff before the helicopter Thesetechniquediave been used successfully on four F/A-18
reacheshe takedfdecision point (TDP), the pilot must reject  gjrplaneso identify which flight control surface was causing

thetakeof (RTO). If an engine fails after passing the Tl uncommandedbll rates. Additional flight tests are planned to
pilot must continue the takddCTO). If an engine fails dur  frther refine the techniques described in this paper. These
ing a normal landing approach before reaching the landingiechniquesiave been demonstrated to reduce uncommanded

decisionpoint (LDP), the pilot may either continue or balk the rolling moments in the F/A-18 and can be applied to all
landing(BL). The pilot must continue the landing (CL) for an  5ircraft.

enginefailure past the LDPOptimal clear heliport operation  p|c

of a Category-A helicopter is studied using nonlirgatimal ~ Fjight Tests; Flight Control; Control Systems Design;
control theory. The objectives are to maximize the payload Rigging; Roll

capacity and to minimize the runway length requirements,

subjectto the AA safety requirements. A point-mass model

of the UH-60A helicopter is used for trajectory optimizations. 19960017250 96N22842 Naval Air Warfare Center, Air-
Theresults reveal essential features of Category-A helicoptercraft Div., Patuxent RivetMD USA

flight. In either CO or BL, the helicopter needs ¢timb out. US Navy T-45A Departure and Spin Evaluation

The rotor speed stays at its minimum limit for some time so Mortensen,Joseph A., Naval Air ffare CentelUSA; Aug.

that rotational energy is transformed to potential and kinetic 03,1995, pp. 19; In English; Also announced as 19960017250
energy.The maximumweight is determined by the OEI power Report No.(s): AD-A300964; No Copyright; Avail: CASI;
availableand the minimum height allowed. In eithéF@&or A03, Hardcopy; A01, Microfiche

CL, the helicopter needs to land. The rotor speed stays atits  U.S.Navy F45A departurend spin evaluation was con
maximumlimit for some time so that the stored rosoregy ducted from 8 Julyo 30 September 1994. The initia’bA
canbe used to cushion the touchdown. The helicopter weightflight manual departure and spin recovery procedevai+
doesnot afect the landing trajectories significantyptimal atedproved unsatisfactory in providing consistent recoveries
trajectoriegprovide the minimum runway length requirement, from inverted spin modes. Specifically, the procedures
and the maximum payload capacity of the helicopter, with allowedthe rudder to blow-out in thero-spin direction dur

guaranteedafety The solutions are useful for choosimgti- ing recovery, resulting in spin mode transitions and delayed
mal critical decision points for specified conditions. recoveriesFurthermore, a third sustaingtverted spin mode
Dissert. Abstr was discovered during flight tests. The initial flight manual

Control Theory; Engine Failure; Helicopters; Heliports; procedures were successfully modified to reduce the occur-
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rence of rudder blow-out during recovery attempts and pro-

vided more consistent recovery characteristics.

DTIC

Flight Tests; Tirbopop Engines; Acraft Performance; Air
craft Contiol; Aircraft Maneuvers

19960017296 96N22887 Defenc&cience anddchnology
Organisation, Airframes and Engines Div., Canberra,
Australia

Vibration Test on a Nomad N24A Aicraft Fitted with One
Modified Aileron

Farrell,R. A., Defence Science aneédhnologyOrganisation,

Second, questionnaire data for 333 aviators and crewmen
addressinghe use of and problems with each visual port were
collected and analyzed. Third, a search of the U.S. Army
SafetyCenter accident database was collected to identify the
frequency of accidents in which impaired vision was a pos-
siblefactor

DTIC

Aircraft Pilots; Position (Location); Rotary Wing Aircraft;
Visual Observation; sual Flight

19960017336 96N22927 Navahir Warfare CenterPatux
entRiver, MD USA

Australia; Dunn, S. A., Defence Science and Technology Integrated New Test Aircraft Capability (INT AC)
Organisation, Australia; Rider, C. D., Defence Science andCarico,Dean, Naval Air ViirfareCenter USA; Aug. 1L, 1995,

TechnologyOrganisation, Australia; Jun. 199ap. 41; Also
announced as 19960017296

Report No.(s): AD-A301189; DSTO-TN-0010; DODA-
AR-009-262; No Copyright; Avail: CASI; A03, Hardcopy;
AO01, Microfiche

pp. 1; ITEA International Symposium, 2-5 Oct. 1995, Hunts
ville, AL, USA; Also announced as 19960017336
Report No.(s): AD-A300966; No Copyright; Avail: CASI;
A03, Hardcopy; A01, Microfiche

The current and projected emphasis on declining bud-

Following doubt raised about the loads experienced ongets,reduced st&$, andtightened schedules, while trying to

the flap and aileron of Nomad aircraft in flight, a flight test

maintainor improve productivitydictates a new approach to

program was formulated to measure these loads. An aileroriT&E that takes advantage of the ongoing technology explo-
fitted with strain gauges and the associated wiring wassion.Automation and standardization, combined with analy

installedon a Nomad N24A aircraft but thisndered the air
craft non-standard. to verify the aeroelastic stability of the air
craftwhen fittedwith the instrumented aileron, a flight flutter

sisand hightechnology simulation options, permit a new look
at traditional Developmental Testing (DT). This proposed
concept, called Integrated New Test Aircraft Capability

trial was proposed. An abbreviated Ground Vibration Test (INTAC), involves using a high-fidelity, physical model

(GVT) was conducted on the aircraft to support the flutter

basedgeneric structursimulation to certify the aircraft in a

trial, and this report describes the GVT and presents thevirtual environment, and using the aircraft to certify the simu

results.

DTIC

Flight Tests; Ground Tests; Ailerons; Research Aircraft;
Vibration Tests; Flight Stability Tests; Flaps (Control
Surfaces)

19960017304 96N22895 Army Aeromedical
Lab., Fort RuckerAL USA

Utilization of Visual Ports in U.S. Army Rotary-Wing Air -
craft Final Report

Ivey, Rebecca H., Army Aeromedical Research Lab., USA;
Rash,Clarence E., Army Aeromedical Research Lab., USA;
Levine,Richard R., Army Aeromedical Research Lab., USA;
Wentworth, Sean L., Army Aeromedical Research Lab.,
USA; McGowin, Everette, Ill, Army Aeromedical Research
Lab., USA; Aug. 1995, pp. 192; Also announced as
19960017304

Contract(s)/Grant(sBM162787A879

Report No.(s): AD-A301143; No Copyright; Avail: CASI;
A09, Hardcopy; A02, Microfiche

Research

lation model. INTAC includes supporting, enhancing, aug-
menting, and ultimately automating traditional T&E and
making this capability available at the pilot/engineer work
area.INTAC promises to reinvent T&E by allowing test team
memberdo do testing bettefaster cheaperand saferA high
fidelity virtual air vehicle life cycle simulation capabilitike
INTAC, also gives the program manager better information
on how to optimize the application of scarce future test
dollars.

DTIC

Flight Simulation; Aircraft Performance; Flight Tests;
Performancelests

19960017361 96N22952 Naval Air Warfare Center, Air-
craft Div., Patuxent RivetMD USA

E-6A Precipitation Static Assessments

Haines Joel, Naval Air Virfare CenteilUSA; Clelland, Mike,
Naval Air Warfare CentelUSA; Whitaker Mike, Naval Air
WarfareCentey USA; DePasquale, Miam, Dual, Inc., USA;
Lubosch, Bernd, Dual, Inc., USA; Sep. 27, 1995, pp. 33; In

This report documents the location and extent of visual English; Also announced as 19960017361

ports (windows) in U.S. Army rotary-wing aircraft and

Report No.(s): AD-A300960; No Copyright; Avail: CASI;

assesses utilization and associated problems. The study was03, Hardcopy; A01, Microfiche

conductedn three parts: First, the visual ports of each aircraft

Electromagneti&nvironmental Bects (E3)is a serious

typewere documented through visual plots and photography concern in today’s Navy. As part of the E3 life-cycle effort,
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P-Static Assessments of TACAMO Fleet aircraft being con- neeringStandard C5033. The region hasomplex stress dis
ducted.These assessments are used to monitor aircraft bondtribution due to the stabilizer skin panels terminating at the
ing integrity and maintenance procedures throughout thefuselage. Laboratory investigation of this stress distribution
aircraftlife-cycle. to minimize the problems associated with has been brought about by the availability of a suitable test
E3, aircraft bonding integrity must be maintained. A P-Static articleand has provided valuable ancillary information.
assessmerig a quick-look method for finding bonding incon  Author

sistencies on the skin of the aircraft. Working hand in hand Stress-StraifRelationships; Skin (Structural Member); éts
with the Fleet, problem areas can be identified and mainte-Distribution; Bonded Joints; Horizontal Tail Surfaces; Air-
nance actions initiated to correct them. In the future, the craft Structues; Coriosion; P-3 Aicraft; Load Ests

P-Static assessments will be incorporated intdeEthiganced

Phase Maintenance (EPM) procedures. The P-Static assess-

mentsconsist of power éttesting along with dc bonding mea 19960017632 96N23188 Virginia Univ., School of Engi-
surementsf the static dischging system. The Fleet receives neeringand Applied ScienceCharlottesville, X USA
a brief report describing problems found during the assess\ASA-UVA Light Aerospace Alloy and Structures

mentwith recommended fixes. A database will be developed TechnologyProgram (LA2ST) ProgressReport 1 Jul. - 31
to document all problem areas and note any similarities pec.1995

betweenaircraft. Scully, John R., Virginia Univ., USA; Shiflet, Gary J.,
DTIC Virginia Univ., USA; StonerGlenn E., Wginia Univ, USA;
Electronic Aircraft; Flight Tests; Aircraft Reliability; Life  wert, John A., Virginia Univ., USA; Jan. 1996, pp. 168; In
CycleCosts English;Also announced as 19960017632

Contract(s)/Grant(s): NAG1-745

19960017585 96N23163 Defenc&cience anddchnology ~ Report No.(s): NASA-CR-200723; NAS 1.26:200723;
Organisation, Airframes and Engines Div., Melbourne, UVA/528266/MSE96/119No Copyright; Aail: CASI; A08,

Australia Hardcopy;A02, Microfiche

Orion P3C Horizontal Stabiliser Strain Survey andCor- The NASA-UMA Light Aerospace Alloy and Structures
rosion Repair Development Technology(LA2ST) Program was initiated in 1986 and €on
Kaye,Robert H., Defence Science arechinology Oganisa- tinues with a high level of activity. The objective of the

tion, Australia; Jones, R., Monash Univ., Australia; Hayes, LA2ST Program is to conduct interdisciplinary graduate stu
Peter, Defence Science and Technology Organisation,der_‘t research on the performance_ of next generation, Iight-
Australia;Nov. 1995, pp. 50; In English; Also announcesi ~ Weight aerospace alloys, composites and thermal gradient
19960017585 structuresn collaboration with NASA-Langley researchers.
Report No.(s): DSTO-TR-0196; AR-009-445; Copyright; Specific technical objectiveare presented for each research
Avail: Issuing Activity (DSTO Aeronautical and Maritime ~Project.We generally aim to produce relevant data and basic
Research Lab., PO Box 4331, Melbourne, Victoria 3001, Understandingf material mechanical responggyvironmen
Australia),Hardcopy, Microfiche tal/corrosion behavior, and microstructure; new monolithic

This report presents results afi experimental investiga ~ and composite alloys; advanced processing methods; new
tion into the stress/strain field at the lower skin root region of Solidand fluid mechanics analyses; measurement and model
the P3 horizontal stabilizehermo-elastic and strain gauge ing advances; and a pool of educated graduate students for
methodswere used with a bare structure P3 tail-pleaeled aerospace technologies. Three research areas are being
underlaboratory conditions. Applied load was restricted to 60 activelyinvestigated, including: (1) Mechanical and environ
percentof design limit by the nature of the test article and the Mental degradation mechanismsadvanced light metals, (2)
loading rig. The results show that the stresses in the region of\€rospacematerials science, and (3) Mechanicsnatterials
interestare predominantly spanwise in direction. Stress con for light aerospace structures.
centrations consisting typically of 30 percent in-plane shearAuthor
stressand 70 percent Spanwise stress were found to occur neaAircraft Construction Materials; Aircraft Structures; nght
the inboard corners of each of the three lower skin planks. TheAlloys; Spacecraft Construction Materials; CosionResist
largest of these was found at the forward corner of the forward@nce;Microstructue; Fracture Stength; Crack Popagation
plank.The load transfer between thlen panels and the spars
wasfound to take place over the inboard 100 mm of the-stabi
lizer. A bondedrepair to corrosion damage has been presented1996001771596N23246 Nationaherospace LabTokyo,
on the basis of the bonded joints in the repair being strongedapan
thanthe surrounding parent materid@his repair design is not  Simulation Study for a Fire Helicopter
in any way dependent on the stress/strain test results and fall©kuno,Yoshinori, National Aerospace Lab., Japan; Funabiki,
within the requirements of the recently produced RAAF Engi Kohei, National Aerospace Lab., Japan; Saito, Shigeru,
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06
AIRCRAFT INSTRUMENTATION

National Aerospace Lab., Japan; Harada, Masashi, National
Aerospacd.ab., Japan; May 1995; ISSN 0389-4010, pp. 30;
In Japanese; Also announced as 19960017715
Report No.(s): NAL-TR-1269; No Copyright; Avail: CASI;
AO03, Hardcopy; A01, Microfiche

Thefeasibility of the concept afsing a helicopter to sup
press fires in high-rise buildings was investigated by means of
flight simulations and flight tests. The piloted simulations
using a flight simulator were performed to investigate the 19960015616 96N22424 Michigan Univ., Ann Arbor, Ml
safety and effectiveness of the fire fighting operation. The USA
resultsdemonstrated that nearly 90%tbé dischaged water ~ Computing range maps for low-altitude rotorcraft flight
canbenhit on the taget window at wind speeds of up to 7 m/s USing computer vision and a hierachical framework

when the operator of the water discharge boom cooperate%eB_la”C' Df?“’iq J., Michigan UnivUSA; Jan. 01, 1_994' Pp.
with the helicopter pilot. On thether hand, flight tests were ~ 203:In English; Also announced as 19960015616; No €opy

conducted, in which the pilots performed hovering at a dis- right; Avail: Univ. Microfilms Order No. DA9500979, Hard

tanceof 20 m from a real high-rideuilding and tried to keep copy,Mlcroﬂch_e o . . .
. . . ! Computewision is one of many sensing modalities suited
the searchlight, which was mounted on the helicopter, fixed . . :
tanet window It intecbut that the fire helicopt for obstacle detection onboard autonomous vehicles navigat
ona taget win JOWTL Was poInted®ut that e Tir€ nElicopter ing in unknown or only partially known environments. For
should be equipped with an indicator of the distance to the

o i ) i rotorcraft flying at very low altitudes, the use of image
building wall to improve the safety andfiefency during the o4 ences from cameras mounted to the vehicle is desirable

fire fighting operation. The results of these experiments vali acause vision is passive and provides rapid sensing of the
datedthe feasibility of the fire helicopter and also clarified the anvironmentvith near infinite range and a wide field of view
problemsto be solved to realize this concept. Unfortunately, the processing of visual images to generate
Author range maps of the nearby environment is computationally
Helicopters; Fie Fighting; Flight Simulation expensive, and currently cannot be performed in real time,
even using relatively low-performance cameras. Further-
more,this problem will be exacerbated by the use of new high-
performance cameras whose high resolution is necessary to
providetherange map denseness required for safe navigation.

Includes cockpit and cabin display devices, and flight
instruments.

19960017815 96N23340 Nationaherospace LabTokyo,

Japan We propose a hierarchical set@mputations that guarantees
Wing Rock of Delta Wings with an Analysis by the Phase  that range maps based on feature points can be computed in
Plane Method realtime. This is achieved by selecting, at regular intervals in

Tate,Atsushi, National Aerospace Lab., Japan; Noda, Junichi, time, a subset of features to track, such that the onboard com
National Aerospace Lab., Japan; Yoshinaga, Takashiputing resources are not exceeded. This is enabled and
NationalAerospace Lab., Japan; Af995; ISSN 0389-4010, enhanced by an efficient multirate, multiresolutional
pp. 22; In Japanese; Also announced as 19960017815 approachto tracking features. A high level computatibeter

Report No.(s): NAL-TR-1266: No Copyright; Avail: CASI; mineswhich features to track, then assigns daelture to one
A03, Hardcopy: A0, Microfiche of many parallel slave processors, allocating a maximum

Experimental investigation of the rolling motion of thin amount of pomputing resources for the feature. Features are
deltawings with varying sweep angles, using using a free-to- chosen to improve overall range map accuracy feature den-

roll method was conducted. The boundaries of dynamically sity, as requiredor the nay|gat|on objectives. Cqmputa’uons
. . 7 atthe feature level select image data from a multirate and mul
stableand unstable regions of the delta wings were obtained

d 4 with vort ¢ drtex burst tiresolution image data structure to produce the best range
andcompared with vortex Symmetry auartex burst CUVES o i ateguhile using only the available computing resources.

on a plane of angle of attack of the roll axis vs. delta Wing 1 resyit is a more &tient and more focused processing of
sweepangle.An analytical expression of the rolling moment 346 data, more control over the distribution of features in

using a phase plane method was found to be satisfactory fof,e range map, and a guarantee of real time computing
generating the limit cycle similar to the one experimentally performance.

obtained. Using this expression, energy transfer in thepjssert.Abstr

unsteadymotion was calculated.

Author

Delta Wings; Thin Wings; Sweep Angle; Angle of Attack;
Rolling Moments; Wg Oscillations
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19960016374 96N22180 NASA Ames Research Center, flow may be absorbed by Ekman layers on the boundaries, if

Moffett Field, CA USA the Rossby number is law his will occuron the impingement
Human-Centered Aviation Automation: Principles and platedirectly in the path of the jet if the Rossby number is less
Guidelines thanthe square root of the Ekman number; cainarea sur

Billings, Charles E., NASA Ames Research Center, USA; rounding the jet nozzle if the Rosshymber is highewup to
Feb. 1996, pp. 222; In English; Also announced as approximatelyone. The first case is trivighn analytical solu
19960016374 tion is presented for the second case, including the starting
Contract(s)/Grant(sNAG2-810 transient, and observations of the flow are made. At higher
Report No.(s): NASA-TM-110381; A-961056; NAS Rossby numbers, the near-field flow resembles that of an
1.15:110381; No Copyright; Avail: CASI; A10, Hardcopy; impingingjet in an inertial frame of reference, but a transition
A03, Microfiche to columnar, rotation-dominated flow is observed within a
This document presents principles and guidelines for few jet-diameters from the impingement poinbriical struc
human-centeredutomationn aircraft and in the aviation sys  tures are suppressed in this columnar regime so the implica-
tem. Drawing upon operational experiensi&h highly aute tion is that the radial extent of effective cooling will be
mated aircraft, it describes classes of problems that havdimited. Transverse jets in the same range of Rossby humber
occurredn these vehicles, thefettsof advanced automation  also exhibit the transition to columnar Row within a few jet-
on the human operators of the aviation system, and ways irdiameterdrom the impingement poinand the radial flow on
whichthese problems may be avoided in the desidatafe theimpingement plate breaks up into a pair of planar wal cur
aircraft and air traffic management automation. Many inci- rents proceeding outward in opposite directions. Vortical
dentsand a few serious accidents suggest that theddems structuresare changed from a radial pattern to a columnar pat
are related to automation complexity, autonomy, coupling, tern. An interesting asymmetry is observed. One of the wall
andopacity or inadequate feedback to operators.afitoma currents is prone to separation because of a low pressure
tion philosophy that emphasizes improved communication, regionclose to the wall, while thether is very persistent due
coordination and cooperation between the human andto a high pressure region along the wall. Implications on tur
machine elements of this complex, distributed system isbinecooling are discussed.
required to improve the safety and efficiency of aviation Dissert. Abstr
operationsn the future. Jet Impingement; Jet Flow; Turbine Blades; Wall Flow;
Author RotatingFluids
Operator Performance; Complex Systems; Human Factors

Engineering;Aircraft Accidents; Aicraft Safety; Automation 19960015803 96N21587 Stanford Univ, CA USA

An adaptive optimal combustion contiol strategy
Padmanabhan, Krishnan Turlough, Stanford Univ., USA;

07 1994,pp. 189; In English; Also announced as 19960015803;
AIRCRAFT PROPULSION AND POWER No Copyright; Avail: Univ. Microfiims Order No.

Includes prime propulsion systems and systems components, DA9508425 Hardcopy, Microfiche
e.g., gas turbine engines and compressors; and onboard auxil- A strategy for optimizing the performance of a laborato
fary power plants for aircraft. ry-scale combustor with respect to volumetric heat release

(increase) and pressure fluctuations (decrease) has been

19960015715 96N21499 Washington Univ., Seattle, WA developedThis strategyitilizes (1) actuation techniques that
USA simultaneously control volumetric heat release and pressure
Effects of rotation on impinging jets for turbine cooling fluctuations; (2) sensing techniques that measure combustor
Aronstein, David Claude, Washington Univ., USA; Jan. 01, performance; and (3) an adaptive optimal control strategy.
1994,pp. 128; In English; Also announced as 19960015715; Actuationtechniques werehosen for their ability to alter the
No Copyright; Avail: Univ. Microfims Order No. unsteadyflow associated witlthe shear layer and recirculat
DA9504590 Hardcopy, Microfiche ing flow regions of the combustdPeriodic spanwistorcing

The effects of background rotation on impinging-jet of the inlet boundary layer is used to reduce combustion-in-
flows are studied using flow visualization in a rotating water duced pressure fluctuations. Crossflow jets upstream of the
tank.Implications onimpingement cooling of rotating turbine inlet are usedo control volumetric heat release. Sensing-4tech
bladesare inferred based astablished properties of jets and niques were selected to measure or estimate the two perfor-
thevortical structures they generate. The problem is dividledmance parameters to be controlled. A fast-response
into two parts, depending upon the orientation of the jet rela piezoelectrigpressure transducer measures the magndfide
tive to the rotation axis. An axial jet is parallel to the rotation the pressure fluctuationg\ streamwise array of photodiodes
axis,while a transversgt is perpendicular or at a substantial measures light emission from the flame and enables estima-
angleto the rotation axis. In the case of axial jets, all of the jet tion of volumetric heat release. Combustor performance is
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explicitly defined in terms of a cost function that is a weighted vice-versa. Leakage losses can be made small at reasonable
combination of the rms pressure fluctuation level and the gapsizes.
meanvolumetric heatelease. The control strategy performs Author
anon-line minimization of the cost function lepntinuously Rotors; Gas Turbines; Losses; Leakage; Energy Storage;
seekingthe optimal combination of actuateettings and sub Ports (Openings); Friction Factor
sequentlymaintaining the cost at a minimum when the eom
bustor is subject to unknown inlet condition changes. The 19960016115 96N22153 NASA Lewis Research Center,
strategy has been experimentally tested with unknown inletCleveland OH USA
condition changes, such as flow disturbances, changes iMacroscopic balance model for waveators
equivalenceatio, and changes in inleelocity Sample opti Welch,Gerard E., NASA Lewis Research Centé8A; Jan.
mization results show the control strategy to be capable 0f1996, pp. 22; In English; 34th Aerospace Sciences Meeting
indirectly sensing these inlet condition changes and to beandExhibit, 15-18 Jan. 1996, Reno, N¥SA; Sponsored by
effective at finding the new optimal actuator settings that American Inst. of Aeronautics and Astronautics, UB/s0
reminimize the cost function within thirty seconds to four announceds 19960016815
minutesof large and small inlet condition changes. Contract(s)/Grant(s): RTOP 505-62-75; DA Praj.
Dissert. Abstr IL1-61102-AH-45
AdaptiveContiol; Combustion Chambers; Combustion €on  Report No.(s): NASA-TM-107114; ARL-TR-925; AIAA
trol; Optimal Control; Pressure Oscillations; Combustion Paper 96-0243; E-10022; NAS 1.15:107114; No Copyright;
Temperature Avail: CASI; A03, Hardcopy; A01, Microfiche
A mathematical model for multi-port wave rotors is

described. The wave processes that effect energy exchange

within the rotor passage are modeled using one-dimensional
19960015938 96N22129 NYMA, Inc., Brook Park, OH gasdynamics. Macroscopic mass and gydsalances relate

USA volume-averagethermodynamic properties in the rofms
An Experimental Determination of Losses in a 3-Port  sage control volume to the mass, momentum, and energy
Wave Rotor Final Report fluxesat the ports. Lossodels account for entropy produc

Wilson, Jack, NYMA, Inc., USA; Feb. 1996, pp. 20; In tion in boundary layers and in separating flows caused by

English; Turbo Expo 1996, 10-13 Jun. 1996, Birmingham, blade-blockage, incidence, and gradual opening and closing

England,USA; Also announced as 19960015938 of rotor passages. The mathematical model provides a basis

Contract(s)/Grant(s): NAS3-271867RP 505-62-75 for predicting design-pointave rotor performance, port im

Report No.(s): NASA-CR-198456; E-10079; NAS ing, and machine size. Model predictions are evaluated

1.26:198456; No Copyright; Avail: CASI; A03, Hardcopy; through comparisons with CFD calculations and three-port

A01, Microfiche waverotor experimental data. A fogort wave rotor design
Waverotors, used in a gas turbine topping cycléerad exampleis providedto demonstrate model applicabilifphe

potential route to higher specific power and lower specific modeling approach is amenable to wave rotor optimization

fuel consumption. In order to exploit this potential properly, studiesand rapid assessmaepftthe trade-dé associated with

it is necessary to have some realistic means of calculatingntegratingwave rotors into gas turbine engine systems.

wave rotor performance, taking losses into account, so thatAuthor

wave rotors can be designed for good performance. This inRotors; Balance; Mathematical Models; Gas Turbine

turnrequires a knowledge tfie loss mechanisms. The exper Engines;Tradeoffs

iment reported here was designed as a statistical experiment

to identify the losses due to finite passage opening time, fric 19960016375 96N22181 NASA Lewis Research Center,

tion, and leakage. For simplicity, the experiment used aClevelandOH USA

3-port, flow divider, wave cycle, but the results should be An integration of the turbojet and single-throat ramjet

applicableto other cycles. A 12 inch diameter rotor was used, Trefny, C. J., NASA Lewis Research Center, USA; Benson,

with two different lengths, 9 inches and 18 inches, and twoT. J., NASA Lewis Research Cent&/SA; Nov 1995, pp. 14;

differentpassage widths, 0.25 inch and 0.54 inch, in order toIin English; 1995 Airbreathing Propulsion Subcommittee

vary friction and opening time. to vary leakage, moveable Meeting,5-9 Dec. 1995, dmpa, FL, USA, sponsored by the

end-walls were provided so that the rotor to end-wall gap Joint Army-Navy-NASA-Air Force Interagency Propulsion

could be adjusted. The experiment is described, and theCommittee;Also announced as 19960016375

resultsare presented, together with a parametric fit to the data.Contract(s)/Grant(s): FOP 466-02-01

Thefit shows that thereill be an optimum passage width for Report No.(s): NASA-TM-107085; E-9963; NAS

a givenwave rotoy since, as the passage width increases, fric 1.15:107085; No Copyright; Avail: CASI; A03, Hardcopy;

tion losses decrease, but opening-time losses increase, and01, Microfiche
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A turbine-engine-based hybrid propulsion system is This paper presents a technique for quantifying the wear
describedTurbojet engines are integrated with a single-throat or damage ofjearteeth in a transmission system. The proce
ramjet so as to minimize variable geometry and eliminate duredeveloped in this study can be applied as a part of either
redundant propulsion components. The result is a simplean onboard machine health-monitoring system or a health
lightweightsystem that is operable from takietf high Mach diagnostic system used during regular maintenance. As the
numbersNon-afterburning turbojets are mounted witttie developed methodology is based on analysis of gearbox
ramjet duct. They exhaust through a converging-diverging vibrationunder normal operating conditions, no shutdown or
(C-D) nozzle into a common ramjet burner section. At low specialmodification ofoperating parameters is required-dur
speed the ejector effect of the C-D nozzle aerodynamicallying the diagnostic process. The process of quantifying the
isolates the relatively high pressure turbojet exhaust streamwearor damage of gear teeth requires a set of measured vibra
from the ramjet duct. As the Mach number increases, and thetion data and a model of the gear mesh dynamics. An opti-
turbojetpressure ratio diminishes, the system is biased natu mizationproblem is formulated to determine the profile of a
rally toward ramjet operation. The common ramjet burner is time-varying mesh stiffness parameter for which the model
fueledwith hydrogen and thermally choked, thus avoiding the output approximates the measured data. The resulting stiff-
weight and complexity of a variable geometry, split-flow ness profile is then related to the level of gear tooth wear or
exhaustystem. The mixed-compressisapersonic inletand  damage. The procedure was applied to a data set generated
subsonic diffuser are also common to both the turbojet andartificially and to another obtained experimentally from a spi
ramjetcycles. As the compressor face total temperature limit ral bevel gear test rig. The results demonstrateititity of the
is approached, a two-position flap within the inlet is actuated, procedureas part of an overall health-monitoring system.
which closes off the turbojet inlet and provides increased Author
internalcontraction for ramjet operation. Similar actuation of Gear Beth; Structural Mration; Damage Assessmeiys
the turbojet C-D nozzle flap completes the enclosure of thetems Health Monitoring; ilne Dependence
turbojet. Performance of the hybrid system is compared
hereinto that of the discrete .tlfrbojet aramjet engi.nes from 19960017007 96N22613 Cornell Univ, Ithaca, NY USA
takeoffto Mach 6. The speC|f|_n:npuIse of the hyb”d system' An analytical and numerical study of passive enhance-
falls below that of the non-ln.tegrated turbopt and rgmjet ment of stability margin in axial flow compression systems
becal_Jse of ejgctor and Raylelgh_ losses. Unlike the discret est,William E, Jt, Cornell Univ, USA; 1993, pp. 121; Also
turbojetor ramjet howevethe hybrid system produces thrust announced as 19960017007; No Copyright; Avail: Univ.

over the entire Mach number range. An alternate mOdE,’ Oficrofilms Order No. DA9401876, HardcopMlicrofiche
operationfor takeof andlow speed Is also descnped. In .th's The provision of adequate stability margin allowing
mo_de the C-D nozzle f""?p IS deflected.to. a third position, maximumperformance of axial flow compression systems is
which closes off the ramjet duct and eliminates the ejector great importance to the engine designer. It is shown that
total pressure loss. thesesystems initially lose stability to nonaxisymmetric-dis
Author . i : . . turbances athethrottle is closed past the peak of the steady
Conyerggnt-DlyergenF NO_ZZIGS' Hybrid Propulsion; Ramjet performance curve. The growth of these disturbances may
Engines;Turbojet Engines; Thuats eventuallylead to suge or rotating stall depending primarily
on the plenum parametétassive control strategies based on
19960016953 96N22560 NASA Lewis Research Center, variationof inlet and compressor geometry to inhibit nonaxi

ClevelandOH USA symmetricdisturbance growthre evaluated. A parallel shear
Quantification of Gear Tooth Damage by Optimal Tack- flow inlet distortion model is developetihe parameter repre
ing of Vibration Signatures sentingreciprocal blade passage fluid inertia is found te sig

Choy,F. K., Akron Univ, USA,; Veillette, R. J., Akron Uniy nificantly effect stability margin and steady performance
USA,; Polyshchuk, \f Akron Univ, USA; Braun, M. J., Ak losses for the case of constant amplitude distortion. In addi-
ron Univ., USA; Hendricks, R. C., NASA Lewis Research tion, a study of circumferential variation of reciprocal passage
Center,USA; Mar. 1996, pp. 22; In English; 6th International lag yields further improvements in distortion tolerance imply
Symposium on Transport Phenomena and Dynamics ofing that stator stagger may be varied to minimize the compati
RotatingMachinery 25-29 Feb. 1996, Honolulu, HA, USA, bility problems associated with particular inlet and
Sponsoredby the PacificCenter of Thermal Fluids Engineer  compressor combinations. A survey of numerical methods
ing and the US Tirbo and Powekachinery Research Center; appliedto the compression system analysipresented. The
Also announced as 19960016953 limitationsof Spectral and Pseudospectral mettindise rep
Contract(s)/Grant(s): FOP 242-20-06 resentation of nonlinearity induced by the compressor charac
Report No.(s): NASA-TM-107100; E-10029; NAS teristicis discussed. A Point Collocation methodiéveloped
1.15:107100; No Copyright; Avail: CASI; A03, Hardcopy; that avoids these problems. The numerical method is vali-
A01, Microfiche datedby application to the calculation of equilibrium rotating
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stall performance. The reciprocal passage lag parameter iimein 1992 amounted to 599 hours, of which 147 hours were
shownto be influential in the determination of stall cell shape enginetesting and 452 were hot rig testing.

and steady performance. A two mode analysis is presented\uthor

thatgives good agreement wittumerical results suggesting Ceramics; Automobile Engines; Engine Design; Engine
thatthe influence of reciprocal passage lag is primarily due to Tests; Gas Turbine Engines; Design Analysis; Refractory
inhibition and phase shifting of higher harmonic stall cell Materials

componentsAn analysis is presenteiggesting that stagna

tion of circumferential velocity in the inlet duct would inhibit 19960017556 96N23137 NASA Lewis Research Center,
nonaxisymmetric disturbances. A singularity distribution clevelandOH USA

methodbased on thin-airfoil theory is deVelOped to model the Performance Benefits for Wave Rotor-Topped Gas Tur-

unsteady inlet flow due to a finite chord divider placed pine Engines

upstream of the compressor. The reciprocal passage lagonesScott M., NASA Lewis Research CentgiSA; Welch,

parameters againfound to be influential in determination of  GerardE., Army Research Lab., USA; Mdr996, pp. 16; In

optimumestall inhibiting divider chord and gap combinations. English; 41st Turbo Expo 1996, 10-13 Jun. 1996, Birming-

Dissert.Abst. ham, UK; Sponsored by American Society of Mechanical

Axial Flow; Compressors; Flow Distortion; Systems Analy- EngineersPSA; Also announced as 19960017556

sis; Systems Stability; Tolerances (Mechanics); UnsteadyContract(s)/Grant(s): FOP 505-62-75

Flow Report No.(s): NASA-TM-107193; E-10168; NAS
1.15:107193; ARL-TR-1065; No Copyright; Avail: CASI;
A03, Hardcopy; A01, Microfiche

19960017152 96N22744 AllisorEngine Ca.Engineering Thebenefits ofwave rotoitopping in turboshaft engines,
Dept, Indianapolis, IN USA subsonic high-bypass turbofan engines, auxiliary power
Advanced Turbine Technology Applications Project units, and ground power units are evaluated. The thermody-
(ATTAP) Annual Report, 1992 namiccycle performance is modeleding a one-dimensionall
Dec. 1993, pp. 106; In English; Also announced as Steady-state code; wave rotor performance is modesied
19960017152 one-dimensional design/analysis codes. Design and off-de-
Contract(s)/Grant(s): DEN3-336; DE-A101-90CE-50300; Sign engine performance is calculated for baseline engines
RTOP778-32-21 andwave rotoftopped engines, where the wave rotor acts as

Report No.(s): NASA-CR-195446; E-9499; NAS a high pressure spool. The wave rotor-enhanced engines are

1.26:195446; DOE/NASA/0336-5; EDR-17038; No Copy- Shown to have benefits in specific power and specific fuel

right; Avail: CASI; A06, Hardcopy; A02, Microfiche flow over the baseline engines without increasing turbine inlet
The Advanced Turbine Technologies Application Proj- temperature. The off-design steady-state behavior of a wave

ect(ATTAP) is in the fifth year of a multi-yeatevelopment ~ rotortopped engine is shown ke similar to a conventional

programto bring the automotive gas turbine engina state ~ €ngineMission studies are performed to quantify aircpeit

at which industry can make commercialization decisions. formance benefits for various wave rotor cycle and weight

Activities during the past yeancluded reference powertrain ~Parameters. Gas turbine engine cycles most likely to benefit

design updates, test-bed engine design and developmenffom wave rotor-topping are identified. Issues of practical

ceramiccomponent design, materials and component charac integration and the corresponding technical challenges with

terization,ceramic component process development and fab Variousengine types are discussed.

rication, ceramic component rig testing, and test-bed engineAuthor

fabrication and testing. Engine design and developmentTurbofan Engines; Thermodynamic Cycles; Rotors; Turbo-

included mechanical design, combustion system develop-machinery;Turboshafts; Populsion System Performance

ment,alternate aerodynamic flow testing, and controls devel

opment. Design activities included development of the 19960017557 96N23138 NASA Lewis Research Center,

ceramic gasifier turbine static structure, the ceramic gasifierCleveland OH USA

rotor, and the ceramic power turbine rotbtaterial character Two-Dimensional Computational Model for Wave Rotor

izationefforts included the testingnd evaluation of five can Flow Dynamics

didate high temperature ceramic materials. CeramicWelch,Gerard E., Army Research Lab., USA; MBE996,pp.

component process development and fabrication, with thel4; In English; 41sfurbo Expo 1996, 10-13 Jun. 1996, Bir

objectiveof approachin@utomotive volumes and costs, eon mingham,UK; Sponsored by American Society of Mechani

tinued for the gasifier turbine rotor, gasifier turbine scroll, cal Engineers, USA; Also announced as 19960017557,

extruded regenerator disks, and thermal insulation. EngineQOriginal contains 3 color illustrations

and rig fabrication, testing, and development supported Contract(s)/Grant(s): FOP 505-62-75

improvements in ceramic component technology. Total testReport No.(s): NASA-TM-107192; E-10164; NAS
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1.15:107192; ARL-TR-924; No Copyright; Avail: CASI; threevelocity) with thrust, angle of attack, and bank aragle

A03, Hardcopy; A01, Microfiche thecontrol variables. There are bounds on the maximum angle
A two-dimensional (theta,z) Navier-Stokes solver for of attack, thrust, and normialad factor This dissertation also

multi-port wave rotor flowsimulation is described. The finite- presentsiumerical results for loop, barrel roll, and minimum

volumeform of the unsteady thin-layer Nawi8tokes equa time turning maneuvers with three different sets of terminal

tionsare integrated in time on multi-block grids that represent conditionsfor an F-4H aircraft. The results of this study could

the stationary inlet and outlet ports and theving rotor pas beused in evaluation of pilot performance and in improving

sages of the wavetor. Computed results are compared with pilot training.

three-portwave rotor experimental data. The model is applied Dissert. Abstr

to predict the performance of a planned fport wave rotor Aircraft Maneuvers; Pilot Training; Pilot Performance;

experiment. Two-dimensional flow features that reduce Angleof Attack; Thrust; Spherical Codinates

machineperformance and influeneetor blade and duct wall

thermal loads are identified. The performance impact of 19960016758 96N22331 California Univ., Los Angeles,

roundingthe inlet port wall, to inhibit separation during pas ca USA

sagegradual opening, is assessed. A study of aeromechanical problems with active con-

Author trols Final Report 15 Nov 1987 - 30 Sep. 1994

Rotor Dynamics; MultibloclGrids; NavierStokes Equation;  Friedmann, Peretz RCalifornia Univ, USA; Sep. 30, 1994,
Finite \blume Method; Wo Dimensional Models; Computa  pp. 4; In English; Also announced as 19960016758

tional Fluid Dynamics; Wo Dimensional Flow; Gasurbine Contract(s)/Grant(s): NAG2-477
Engines Report No.(s): NASA-CR-200213; NAS 1.26:200213; No
Copyright;Avail: CASI; A01, Hardcopy; A01, Microfiche
The principal accomplishments, under the grant were the

08 developmenbf the first sophisticated aeroelastic simulation
AIRCRAFT STABILITY AND CONTROL of higher harmonic control (HHC) usirigne domain aerody
Includes aircraft handling qualities; piloting; flight controls; and namics.The principal finding in this study was that vibration
autopilots. reductionin hingeless rotors using HHC is much mordidif
cultthan in articulated rotors. In addition, the first rotorAlex
19960015788 96N21572 StanfortUniv., CA USA ible fuselage model including HHC was developed. A four
Inverse and optimal contol for air craft maneuvers bladed hingeless rotor, with nonlinear coupled flap-lag-tor-

Bryson, Arthur E., Stanford Univ., USA; Jan. 01, 1995, pp. sionaldynamics was combined with a flexible fuselage repre

176;In English; Also announced as 19960015788; No Copy Sented by four bending and two torsional modes. The

right; Avail: Univ. Microfilms Order No. DA9516871, Hard  Principal findings of this study were: vibration reduction at

copy, Microfiche thehub due to HHC is not equivalent to acceleration reduction
This dissertation determines control input histories for at specific locations in the flexible fuselage; simultaneous

flying 3-D precision aerobatic and minimum time 180 deg reduction of hub vibratory loads and fuselage acceleration

turning maneuvers using inverse-control and optimization requiresa combination of 2, 3, 4, and 5/reitch inputs in the

methodsInverse control involves determining the inputhis ~ rotatingreference frame.

tories that produce the desired output histories. ChoosingCAS!

cylindrical coordinates for the position vector and spherical Rotary Wing Aircraft; Rigid Rotors; Vibration Damping;

coordinategor the velocity vector yields very simple inverse Vibratory Loads

solutions for most of the standard aerobatic maneuvers. The

inverse solutions are nonlinear feedback laws i.e. one finds19960017566 96N23145 Lockheed Martin Engineering

the controls as functions of the states and parameters of thandSciences CoHampton, YA USA

maneuver. Two coordinate systems are used. The first treat®erformance Validation of Version 152.0 ANSER Contol

motionsalong a horizontal helix, whidncludes barrel rolls,  Laws for the F-18 HARV

loops, Immelman turns, and split-S maneuvers. The secondMessina, Michael D., Lockheed Martin Engineering and

treats motions along a vertical helix, which includes steep Sciences Co., USA; Jan. 1996, pp. 176; In English; Also

turns,Chandelles, and wing-overs. In some cases, the inversennounceés 19960017566

control histories or secondary output histories (e.g. normalContract(s)/Grant(s): NAS1-19000TRP 505-68-30-05

load factor) may violate constraints, and/or the final statesReport No.(s): NASA-CR-198250; NAS 1.26:198250; No

may be far from those desired. Optimal control methods may Copyright;Avail: CASI; A09, Hardcopy; A02, Microfiche

be used to modify the inverse control histories to satisfy the The Actuated Nose Strakes for Enhanced Rolling

constraintsat the expense of small deviations from the desired (ANSER) Control Laws were modified as a resofitPhase 3

path.The dynamic model used has six states (three positionF/A-18 High Alpha Researchehicle (HARY) flight testing.
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The control law modifications for the next software release andfollow the nominal landing path approximately in wind
weredesignated version 152.0. TAda implementation was  shear, and the designed robust controllers are insensitive to
tested in the Hardware-In-the-Loop (HIL) simulation and both external windshear disturbance and the model parame-
results were compared to those obtained with the NASAters variation with change in flight conditions. The different
Langley batch Fortran implementation of the control laws results between manual operations and autopilot control for
which are considered the 'truth model.” This report docu- againstwindshear are also compared.
ments the performance validation test results between theséuthor
implementationgor ANSER control law version 152.0. Wind Shear; Aicraft Contol; Aircraft Landing; Flight Con
Author trol; Inverse Kinematics
F-18 Aircraft; Ada (Pogramming Language); ResehrAir-
craft; Longitudinal Contol; Lateral Contol

09

19960017716 96N23247 Nationaherospace LabTokyo, RESEARCH AND SUPPORT FACILITIES (AIR)
Japan. . . . ) Includes airports, hangars and runways, aircraft repair and
H(sub infinity) Control for Air craft Take off in Windshear overhaul facilities; wind tunnels; shock tubes; and aircraft
Wang, Lixin, National Aerospace Lab., Japan; Jul. 1995; engine test stands.

ISSN 0389-4010, pp. 12; In English; Also announced as

19960017716 19960015861 96N21640 NASA Lewis Research Center,
ReportNo.(s): NAL-TR-1273T No Copyright; Asail: CASI, Cleveland OH USA
A03, Hardcopy; AO1, Microfiche Mach-6 Integrated Systems Tests of the NASA Lewis

Results are presented from an application of the mostResearchCenter Hypersonic Tunnel Facility
recentlydeveloped H(sub infinity) control design methedol Thomas, Scott R., NASA Lewis Research Center, USA:
ogy to astabilizing controller for an aircraft during také wf Woike, Mark R., NASALewis Research CentddSA; Pack,

a windshear. The emphasis is on the formulation of H(subyjlliam D., NASA Lewis Research Center, USA: Jan. 01,
infinity) optimal control synthesis problemtine state space.  1996,pp. 18; InEnglish; 1995 Airbreathing Propulsion Sub
Simulation tests are performed in a six degree-of-freedomcommittee Meeting, 5-8 Dec. 199%fipa, FLUSA, Spon
flight simulator for diferent windshear histories andfeifent soredby the Joint Army-Navy-NASA-Air Force Interagency
takeoff conditions, these results demonstrate that the conpropulsionCommittee; Also announced as 19960015861
trolled aircraft could take off in windshear safely, and the Contract(s)/Grant(s): FOP 505-70-62

designed controller provides stability robustness to bothReport No.(s): NASA-TM-107083; E-9960; NAS
externawindshear disturbance as well as the model parame 1.15:107083; No Copyright; Avail: CASI; A03, Hardcopy;

tersvariation with changes in flight conditions. A01, Microfiche

Agthor _ . _ This report documents the results for a series of 15 Inte
Wind Shear; Optimal Control; Aircraft Control; Aircraft  grated Systems Tests which were conducted at the NASA
Stability Lewis Research Center’s Hypersonic Tunnel Facility (HTF)

with test conditions simulating up to Mach-6 flight condi-
19960021251 96N23230 Nationaherospace LabTokyo, tions. Facility stagnation conditions up to 3050 R and 1050

Japan psiawereobtained with typical test times of 20 to 45 sec. The
Inverse Dynamics Control for Aircraft Take Off and HTF is a free-jet, blowdown propulsion test facility that can
Landing in Windshear simulateup to Mach-7 flight conditions wittrue air composi

Wang, Lixin, National Aerospace Lab., Japan; Jul. 1995; tion. Mach-5, -6, and -7 facility nozzles, each with a 42-in. exit
ISSN 0389-4010, pp. 16; In English; Also announced asdiameter, are available. The facility, without modifications,

19960021251 canaccommodate models approximately 10 ft long. Nitrogen
ReportNo.(s): NAL-TR-1274T No Copyright; Avail: CASI; is heated using a graphitere induction heateambient oxy
A03, Hardcopy; A01, Microfiche genis added downstream to produce simulatedT&ie com

This paper is concerned with the guidance cdiagcraft bination of clean-air, large-scale, and Mach-7 capabilities is
flight in the presence of windshear. Based on following a unique to the HTF. Reactivation of the HTF was accom-
nominal approach path relative to the growamt] subjectto  plished between 1990 and May 1994. This activity included
a minimum airspeed constraint, two guidance laws are syn-+efurbishing the graphite heater, the steam generation plant,
thesizedby inverse dynamics technique for takeswid land the gaseous oxygen system, and all control systems. All sys
ing respectively. Simulation tests are performed in atems were checked out and recertified, and environmental
six-degree-of-freedom flight simulator for different wind- systems were upgraded to meet current standards. The data
shear histories and different flight conditions, these resultssystems were also upgraded to current standards and a com-
illustrate that the controlled aircraft could takeoff and safely munication link with NASA-wide computers was added. In
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May 1994 a short-duration integrated systems test (approx. 2Air Flow; Dew Point; Supersonic Wind Tunnels; On-Line

sec) was conducted to verify facility operability. This test
activity identified several modifications and corrections to the
HTF which were required to improve overall facility perfor
mance From the end of 1994 to April 1995 these items were
completed, and the 3000-ft long, 30-in.-diam. steam supply
line was insulated to improve system efficiency and allow
operation in all weather conditions. Through May 1995 the
test series which will be described in this report were con-
ducted. During this activity, significant test experience was
gained.The graphite storage heater was used at up to the maxi
mumoperating temperatuef 5000 R, several improvements
weremade tovarious facility systems and test procedures, and
some operational problems experienced in the past wer
resolved (i.e., elimination of water backflow during shut-
down).The HTF was operated with significant run times for
thefirst time since being reactivated, and for the first time in
morethan 20 yrOverall this test program resultedsmooth,
relatively trouble-free facility operation and served to suc-
cessfullydemonstrate the operating capability and reliability
of the HTFE

Author

Hypersonic Wind Tunnels; System Effectiveness; System
Integration; Flight Simulation; Test Facilities; Hypersonic
SpeedpPerformance dsts

1996001588596N21663 NYMA, Inc., Brook Park, OH
USA

High Response Dew Point Measurement System for a
SupersonicWind Tunnel Final Report

Blumenthal Philip Z., NYMA, Inc., USA; Feb. 1996, pA6;

SystemsHygrometers; Realilhe Operation

19960016875 96N22504 Georg@ashington Uniy Wash-
ington,DC USA
An automated maintenance management system for
international airports
Khozeimeh)ssa D., Geare Washington Uniy USA; Jan. 01,
1994,pp. 297; In English; Also announced as 19960016875;
No Copyright; Avail: Univ. Microfims Order No.
DA9512248 Hardcopy, Microfiche

This study was undertaken to develmpd document the

functionalrequirements for an automated maintenanee

eagement system (AMMS) suitable for international airports.

The need for such a system was identified in 1990 by the
Maintenance Committee of the Airport Association Council
International AACI). As an integral part of this research, an
in-depthinvestigation was madmncerning the availability
adaptability, and feasibility of modifying any commercially
availableAMMS that might have been developed for a simi
larly sized industryto develop the detailed requirements for
the maintenance management module, a formal questionnaire
Was created and distributed worldwide to international air-
ports.The survey inquired about the automatievel of their
maintenance management efforts, the specific requirement
for various modulesand management information reports. to
validate the questionnaire, a pilot study was conducted by
reviewing the questions during interviews with personnel at
otherU.S. airports. Consequentiye final questionnaire was
modified and sent to international airports worldwide. The
surveyresults were analyzed using descriptive statistical tech
niquesincluding frequency distribution of responses; central

In English; 42nd International Instrumentation Symposium, tendency and dispersion measures such as mean, standard
5-9 May 1996, San Diego, CA, USA, Sponsored by the Aero deviation, and range of criterion variable; and the mainte-
space Industries and Test Measurement Divisions of thenancemanagement functional requirements developed.-Anal
Instrument Society of America; Also announced as ysis of the returned questionnaire identified several factors

19960015885

Contract(s)/Grant(sNAS3-27186; ROP 505-62-82

Report No.(s): NASA-CR-198453; E-10111; NAS
1.26:198453; No Copyright; Avail: CASI; A03, Hardcopy;
A01, Microfiche

considered minimum requirements for the AMMS and for
typesof management information reports that would contrib
uteto more eficient and efflective operation. The respondents
were also asked to provide additional comments concerning
maintenance procedures at their facilities and possible

A new high response on-line measurement system hasmprovement in particular areas. These participants were
been developed to continuously display and record the aircommonly concerned about management budgetary prob-

streamdew point in the NASA Lewis 10 x 10 supersonic wind
tunnel.Previous instruments gafed from such problenas

lems,staf and equipment management problemadequate
computersystemsand software for maintenance management

very slow response, erratic readings, and high susceptibilityapplicationsjnadequate training on current managensgst
to contamination. The system operates over the entire prestems, inadequate level of standardized training for mainte-

surelevel range of the 10 x 10 SWifom less than 2 psia to
45 psia, without the need fonecuum pump to provide sam
ple flow. The system speeds up tunnel testing, providge lar
savingsin tunnel power costs and provides the dew point input
for the data-reduction subroutines whidiculate test section
conditions.

Author

nancestaf, imbalanceof funds allocation, improper methods
for evaluating existing equipment depreciation, anficdilf
tiesin upgrading maintenance management systems te inter
face with the older fragmented systems in place. The study
alsoexamined aganizational structure of the Engineering and
Maintenance Division of Washington Dulles International
Airport and compared it with airports of similar size as well
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as with other complex maintenance organizations. Thistion the collector and lensf a lamp are designed to properly
examinatiorrevealed a need for realignment of various main focusa plurality of light beams onto a segmented turmiig
tenance branches for more effective management in allocaror. The path of light rays are traced from the lamghe col

tion of labor and resources. lector and then finally to the lens to control the solid and
Dissert. Abstr tangential magnification of the solar simulator. The seg-
Airports; Management Information Systems; Surveys; Air- mentedturning mirror is located at the focal point of the light
craft Maintenance; User Reg@iments beamand redirects the light into a vacuum chamber

NASA

Lenses; Light Beams; Solar SimulatoracMumChambers;
Optical Equipment; Solar Collectors; Segmented bfisr

19960017102 96N22698 Dayton Univ, OH USA
Designin aeroelastically scaled wind tunnel models using
sensitivity-basedparameter identification
French Richard Mark, Dayton UniyUSA; 1993, pp. 220; In
English; Also announced as 19960017102; No Copyright; 19960017165 96N22757 NYMA, Inc., Brook Park, OH
Avail: Univ. Microfilms Order No. DA9333076, Hardcopy, USA
Microfiche Enhancing the Capabilities of NASA Lewis’ 8x6/9x15
Designingaeroelastically scaled wind tunnel modelais  Wind Tunnel Complex Through Drive System Modifica-
commontask in flight vehicle development prograriviodel tions Final Report
designmethodshowevey often rely heavily on repeated anal Becks,Edward A., NYMA, Inc., USA; Feb. 1996, pp. 20; In
ysis,experience and intuition. This work presents a procedureEnglish;42nd International Instrumentation Symposium, 5-9
which uses numerical optimization techniques to automateMay 1996, San Diego, CA, USA, Sponsored by the Aero-
themodel design processhe proposed methodfefs many spacedndustries and st Measurement Divf the Instrument
advantages over current ones. The model structure can b&ocietyof America; Also announced as 19960017165
madeas complex as necessafyso, no unrealististructural Contract(s)/Grant(s): NAS3-27186TRP 505-62-82
assumptionare required of the designany structure which  Report No.(s): NASA-CR-198455; NAS 1.26:198455;
canbe discretized using a finildement approximation may E-10121;No Copyright; Arail: CASI; A03, Hardcopy; AO1,
be considered. The method uses readily available flexibility Microfiche
and modal response data from the full scale structure to size  This paperdescribes the conclusions to date derived from
elements in the wind tunnel model structure automatically, a series of activities that began in January 199%etermine
eliminatingrepeated analysis. Several variations orofite the potential power savings from running a three maionel
mization-based approach are evaluated here using a low-asdrive system on less than a full complement of three motors.
pect ratio fighter wing as a sample problem. Desired flutter This paper also discussé® now proven fact that one mador
characteristics are compared to those calculated for the finaminimumoperating speed ithis type of drive train is inher
modeldesign. to verify the numerical work, a sample model ently slower than the minimum speed of three motors running
structurehas been fabricateahd tested using laser metrology atthe same set of operating characteristics, as well as the bene
techniques. Results of static and modal tests compare welfits derived from this method of operation. The tunnel drive
with numerical predictions. consists of three mechanically-coupled 29,000 HP wound
Dissert. Abstr rotorinduction motors driving an axiflbw compressolLig-
Parameter Identification; Wind Tunnel Models; Finite Ele- uid rheostats are used to vary the impedance of the individual
mentMethod; Aeoelasticity; Scale Models; Airaft Models motor rotor circuits, thus varying the speed of the drive sys-
tem. The resistance of the electrolyte in the rheostat tanks is

1996001713896N22731 NASA Lewis Research Center, inversely proportional to temperature. This paper discusses

Cleveland OH USA
Compact solar simulator with a small subtense angle and
controlled magnification optics
JensenKenneth A., InventoiNASA Lewis Research Center
USA; Curren, Arthur N., Inventor, NASA Lewis Research
Center, USA; Roman, Robert F., Inventor, NASA Lewis
ResearclCenter USA; 11 Oct. 1994, pp. 48; In English; Also
announces 19960017138
Patent Info.: NASA-Case-LEW-15462-1; US-PATENT-
APPL-SN-322862; No Copyright; Avail: CASI; A03, Hard-
copy;A01, Microfiche

Thepresent invention is directed to a method of simulat
ing apseudosun using a solar simulatarthe present inven
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themanipulation of these factors to enhance the ovepalia

tion of the facility

Author

Control Systems Design; SupersonimtVTunnels;Subsonic
WindTunnels; Subsonic Flow; Md Tunnel Drives; Mechan
ical Drives

19960017256 96N22848 Aircraft Research Association
Ltd., Bedford, UK

Reinventing T and E Internationally: The View from an
IndependentEuropean WIind Tunnel

Green, J. E., Aircraft Research Association Ltd., UK; Oct.
1995, pp. 22; In English; ITEA 1995 Symposim, 2-5 Oct.



1995,Huntsville, AL, USA; Also announced as 19960017256 10
Report No.(s): ARA-TM-418; No Copyright; Avail: CASI; ASTRONAUTICS
A03, Hardcopy; A01, Microfiche

Thepaper discusses the current status and fiutieok Includes astronautics (general); astrodynamics, ground sup-
for wind tunnel testing from an international perspective. port systems and facilities (space); launch vehicles and space
More particularly, it presents the view of an independent, vehicles; space transportation; space communications, space-
commercial, European wind tunnel operator. The technical,craft communications, command and tracking; spacecraft
economic, and political factors influencing the futawelu design, testing and performance; spacecraft instrumentation;
. . . . and spacecraft propulsion and power.
tion of wind tunnel testing are considered and the challenge
from computational fluid dynamics and the importance of
continued investment in facility enhancement are high-

lighted. The present and future balance between supply and 9960017101 96N22697 Michigan Univ., Ann Arbor, Ml
demand is discussed and efforts by the European researciysa

establishments to deal with problems of overcapacity areQptimal trajectories of reentry vehicle by serial and
noted. Finally, an appeal is made to accelerate progressisymptotic matching

towardsanend state, which the author believes to be inevita Han, Dongsuk, Michigan Univ., USA; 1993, pp. 115; In
ble, in which most wind tunnel testing is done in facilities English; Also announced as 19960017101; No Copyright;
which are free of government restraint and operate withoutAvail: Univ. Microfilms Order No. DA9332078, Hardcopy,

governmensubsidy Microfiche

Author With the advent of aeroassist technology for orbital trans
Wind Tunnels; Echnology Assessmengchnological Foe- fers, it isof interest to have explicit optimal control laws for

Casting; Commerce; Europe; Constraints; Economic aerodynami(c:ontrol duringatmospheric passage of the space
Factors; Politics vehicle. Dueto the nonlinearity of the equations of motion the

exactanalytic solutions are natvailable. Previous)yanalytic

solutions were available only for the simplified problems,

usually separated into two different regions namely, for the
19960017571 96N23150 Federalviation Administration orbital flight and atmospheric flight. In this thesis, an analytic

Civil Aeromedical Inst.Oklahoma CityOK USA optimal control law uniformly valid in both regions is

Qualification Guidelines for Personal Computer-Based obtained. The differential equations for the optimal lift con-
Aviation Training Devices: Instrument Training Final trol coupled with the state equations can be fully integrated
Report analytically by neglecting either the gravity or the aerody-

Williams, Kevin W, Federal Aiation Administration, USA: namic force terms. A serial matching technique for the skip
Feb. 1996, pp. 80; In English; Also announced as trajectoryis proposed using the two controls obtained in these
19960017571 ' ' two separate regions. The switching condition between the

Report No.(s): DOT/FAA/AM-96/8; No Copyright; Avail: two controls is derived and the solution is compared thi¢h
CASI: A05. Ha;rdcopy' AOL Microfi,che ’ " exact solution for a sample trajectory. This technique shows

. . ... a good estimation of the cost function and provides a good
Thisis areport of the analytical development of qualifi ) . .
. o o . physical explanation of the lift control as well. A matched
cationguidelines for personal compuieased aviation train . . . .
. . } . . . asymptotic expansion method is used, coupled with the full
ing devices (PCATD's) for use in instrument flight training.

™ includ K vsis of i fiiah " knowledgeof the physical propertiesf the exact integrals of
ereport includes a task analysis of instrument flight tasks, motion,to derive the explicit optimal control laws for lift and

along with baseline and task-specific guidelines that werey, o maquiation during the entiyhase. The results from this
developed as a result of the analysis. In addition a PCATDcontroIstrategy by the matched asymptotic expansion method
qualification tool is presented in the appendix for use in grecompared wittthe exact numerical solutions for a variety
approving a Part 141 flight school curriculum that incorpo- ¢ skip and glide entryrajectories. Its performance is excel
ratesa PCA'D for use as a ground training aid. Th@&pose  |entin the sense that the control exhibits the same characteris

of this paper is to provide the reader with an understanding oftic behavior as the exact solution and it also leads to nearly the
the process and reasoning behind the development of thgamecost function.

PCATD qualification guidelines. Dissert. Abstr

Author Optimal Control; Transfer Orbits; Differential Equations;
Flight Training; Training Devices; Flight Instruments; Reentry Vehicles; Trajectory Control; Asymptotic Series;
Aircraft Contol; Pilot Training; Pilot Performance SeriesExpansion; Equations of State; Lift

37



Subject T erm Index

A

ACOUSTIC PROPAGATION, 43
ACOUSTIC SCATTERING, 54
ACOUSTIC SIMULATION, 10
ACTIVE CONTROL, 3, 24

ADA (PROGRAMMING LANGUAGE),
34

ADAPTIVE CONTROL, 30
ADHESIVE BONDING, 1
AEROACOUSTICS, 10, 11, 43, 53, 54

AERODYNAMIC COEFFICIENTS, 7,
23

AERODYNAMIC CONFIGURATIONS,
7,9, 21, 42,49

AERODYNAMIC DRAG, 6

AERODYNAMIC HEAT TRANSFER,
38, 45

AERODYNAMIC LOADS, 43

AERODYNAMIC NOISE, 53, 54

AERODYNAMIC STABILITY, 5, 25, 42

AERODYNAMIC STALLING, 10, 14

AERODYNAMICS, 48, 49

AEROELASTICITY, 5, 22, 25, 36

AERONAUTICAL ENGINEERING, 2

AERONAUTICS, 18

AEROSPACE ENGINEERING, 2

AEROSPACE INDUSTRY, 1, 22

AEROTHERMODYNAMICS, 46

AILERONS, 26

AIR BREATHING BOOSTERS, 23

AIR BREATHING ENGINES, 23

AIR FLOW, 35, 42

AIR TRAFFIC, 21

AIR TRAFFIC CONTROL, 19, 21

AIRBORNE RADAR APPROACH, 19

AIRCRAFT ACCIDENTS, 29

AIRCRAFT APPROACH SPACING, 19

AIRCRAFT CONFIGURATIONS, 16,
17, 48

AIRCRAFT CONSTRUCTION
MATERIALS, 27

AIRCRAFT CONTROL, 18, 26, 34, 37,
55

AIRCRAFT DESIGN, 1, 5, 7, 22, 23, 24,

45, 48, 49
AIRCRAFT DETECTION, 40
AIRCRAFT ENGINES, 48, 49
AIRCRAFT ICING, 17
AIRCRAFT LANDING, 19, 34

AIRCRAFT MAINTENANCE, 36, 48,
51

AIRCRAFT MANEUVERS, 26, 33, 52
AIRCRAFT MODELS, 36

AIRCRAFT NOISE, 6, 53

AIRCRAFT PARTS, 55

AIRCRAFT PERFORMANCE, 17, 26,
45

AIRCRAFT PILOTS, 26

AIRCRAFT RELIABILITY, 27, 41

AIRCRAFT SAFETY, 18, 29, 51

AIRCRAFT STABILITY, 34

AIRCRAFT STRUCTURES, 24, 27

AIRCRAFT TIRES, 47

AIRCRAFT WAKES, 14

AIRFOIL PROFILES, 22

AIRFOILS, 3, 10, 39, 42

AIRFRAMES, 14

AIRPORTS, 36

ALGORITHMS, 20, 48

ALTITUDE CONTROL, 17

ALUMINUM ALLOYS, 50

ANGLE OF ATTACK, 4, 7, 13, 14, 17,
28, 33, 47

APPLICATIONS PROGRAMS (COM-
PUTERS), 9, 24

ARCHITECTURE (COMPUTERS), 48
ARTIFICIAL INTELLIGENCE, 19
ASSESSMENTS, 18, 55
ASYMPTOTIC SERIES, 37
ATMOSPHERIC MODELS, 53
ATTITUDE CONTROL, 17, 20
AUTOMATIC CONTROL, 19

AUTOMATIC LANDING CONTROL,
19

AUTOMATION, 29
AUTOMOBILE ENGINES, 32
AVIATION METEOROLOGY, 19
AXIAL FLOW, 32, 45
AXISYMMETRIC BODIES, 4, 17
AXISYMMETRIC FLOW, 10, 46

B

BACK INJURIES, 51
BALANCE, 30
BIBLIOGRAPHIES, 21
BLADE SLAP NOISE, 53
BLADE TIPS, 15

BLADE-VORTEX INTERACTION, 45,
53

BLOWING, 12
BLUFF BODIES, 15

BODY-WING CONFIGURATIONS, 24,
42

BONDED JOINTS, 1, 27

BOUNDARY CONDITIONS, 8
BOUNDARY LAYER CONTROL, 8, 12
BOUNDARY LAYER EQUATIONS, 40
BOUNDARY LAYER FLOW, 40, 41

BOUNDARY LAYER SEPARATION,
14, 42

BOUNDARY LAYER STABILITY, 7,
13, 40

BOUNDARY LAYER TRANSITION, 7,
9, 13, 40, 41, 49

BOUNDARY LAYERS, 14, 15, 16, 38

BUDGETS, 18

C

CARTESIAN COORDINATES, 15
CATALYSIS, 16

CERAMICS, 32

CHANNEL NOISE, 21

CHEMICAL EQUILIBRIUM, 46
CIVIL AVIATION, 51, 55

CLIMBING FLIGHT, 52
COMBUSTIBLE FLOW, 46
COMBUSTION CHAMBERS, 30, 38
COMBUSTION CONTROL, 30
COMBUSTION TEMPERATURE, 30
COMMAND AND CONTROL, 19
COMMERCE, 37

COMMERCIAL AIRCRAFT, 40, 55
COMPLEX SYSTEMS, 29
COMPONENT RELIABILITY, 41
COMPRESSIBILITY EFFECTS, 15
COMPRESSIBLE FLOW, 3, 4, 43, 45
COMPRESSORS, 32
COMPUTATIONAL FLUID DYNAM-

ICS, 3, 10, 11, 13, 14, 15, 23, 33, 42,

43, 46, 47, 48, 49, 54
COMPUTATIONAL GRIDS, 3, 6, 39

COMPUTER ASSISTED
INSTRUCTION, 51

COMPUTER PROGRAMS, 2, 49, 51
COMPUTER VISION, 28

COMPUTERIZED SIMULATION, 23,
40, 42

CONDENSATION NUCLEI, 50
CONDUCTIVE HEAT TRANSFER, 16
CONES, 6

CONFIGURATION INTERACTION, 14

ST-1



CONGRESSIONAL REPORTS, 55
CONICAL BODIES, 17
CONSTRAINTS, 37

CONTACT LOADS, 47

CONTROL SURFACES, 5

CONTROL SYSTEMS DESIGN, 19, 21,
25, 36

CONTROL THEORY, 25
CONTROLLERS, 5, 19
CONVECTIVE HEAT TRANSFER, 16

CONVERGENT-DIVERGENT
NOZZLES, 31

COOLANTS, 41

CORROSION, 27

CORROSION RESISTANCE, 27
COST REDUCTION, 14

CRACK PROPAGATION, 27, 50
CRANK-NICHOLSON METHOD, 6
CRASH LANDING, 18
CRASHWORTHINESS, 51
CROSS FLOW, 13

CYLINDRICAL BODIES, 43

D

DAMAGE ASSESSMENT, 31
DATA REDUCTION, 2
DEBONDING (MATERIALS), 1
DECISION MAKING, 19, 20
DEFLECTION, 17

DELTA WINGS, 28

DESIGN ANALYSIS, 5, 22, 23, 32
DETECTION, 50

DETONATION WAVES, 3, 40
DEW POINT, 35

DIFFERENCE EQUATIONS, 39
DIFFERENTIAL EQUATIONS, 3, 37
DIFFUSERS, 10

DIFFUSION FLAMES, 38

DISTANCE MEASURING EQUIP-
MENT, 19

DRAG COEFFICIENTS, 6
DRAG REDUCTION, 7, 8
DYNAMIC RESPONSE, 8

E

ECONOMIC FACTORS, 37
ELECTRIC CORONA, 8
ELECTRONIC AIRCRAFT, 27
ELECTROSTATICS, 8
ELEVONS, 17

ENERGY STORAGE, 30
ENGINE DESIGN, 32, 48
ENGINE FAILURE, 25

ST-2

ENGINE INLETS, 13, 16
ENGINE TESTS, 32
EQUATIONS OF MOTION, 25
EQUATIONS OF STATE, 37
ERROR ANALYSIS, 20

EULER EQUATIONS OF MOTION, 4,
15, 16

EUROPE, 1, 37
EXPERT SYSTEMS, 20

F

F-111 AIRCRAFT, 2
F-18 AIRCRAFT, 13, 34
FAR FIELDS, 3, 53

FAST FOURIER TRANSFORMA-
TIONS, 20

FATIGUE (MATERIALS), 2, 41
FATIGUE LIFE, 41, 50

FAULT DETECTION, 48, 52
FEASIBILITY, 48
FEASIBILITY ANALYSIS, 41
FEEDBACK CONTROL, 5, 39
FIBER COMPOSITES, 23
FILM COOLING, 41, 44

FINITE DIFFERENCE THEORY, 8, 14,
15

FINITE ELEMENT METHOD, 22, 36,
47, 49

FINITE VOLUME METHOD, 3, 16, 33
FINS, 4

FIRE FIGHTING, 28

FLAME STABILITY, 38

FLAPPING, 9, 14

FLAPS (CONTROL SURFACES), 26
FLAT PLATES, 42, 44

FLEXIBLE BODIES, 51

FLIGHT CONTROL, 25, 34

FLIGHT CREWS, 19

FLIGHT HAZARDS, 19

FLIGHT INSTRUMENTS, 2, 37, 52
FLIGHT OPTIMIZATION, 52
FLIGHT PATHS, 52

FLIGHT PLANS, 20

FLIGHT SAFETY, 18

FLIGHT SIMULATION, 19, 26, 28, 35,
51

FLIGHT STABILITY TESTS, 26
FLIGHT TESTS, 25, 26, 27, 55
FLIGHT TRAINING, 18, 37
FLOW CHARACTERISTICS, 9
FLOW DISTORTION, 32

FLOW DISTRIBUTION, 3, 4, 5, 11, 12,
13, 23, 44, 47

FLOW MEASUREMENT, 11
FLOW STABILITY, 9, 54

FLOW VISUALIZATION, 4, 14, 17
FLUID DYNAMICS, 39, 49

FLUID FILMS, 42

FLUID FLOW, 12

FLUID-SOLID INTERACTIONS, 14
FLUX DIFFERENCE SPLITTING, 3, 39
FLUX VECTOR SPLITTING, 46
FORCED CONVECTION, 42
FOREBODIES, 3

FRACTURE STRENGTH, 27
FREE FLOW, 4, 45

FRICTION, 47

FRICTION DRAG, 3

FRICTION FACTOR, 30
FRICTION REDUCTION, 12

G

GAS JETS, 38

GAS TURBINE ENGINES, 30, 32, 33,
41, 44, 47, 49

GAS TURBINES, 30
GAS-LIQUID INTERACTIONS, 42
GEAR TEETH, 31

GLOBAL POSITIONING SYSTEM, 20,
21

GOVERNMENT PROCUREMENT, 55
GRAPHICAL USER INTERFACE, 19
GRAPHITE-EPOXY COMPOSITES, 23

GRID GENERATION (MATHEMAT-
ICS), 13, 14

GROUND TESTS, 26, 55

H

HANDBOOKS, 52

HEAT TRANSFER, 3, 41, 44

HEAT TRANSFER COEFFICIENTS, 44
HELICOPTER CONTROL, 25
HELICOPTER ENGINES, 25
HELICOPTER PERFORMANCE, 41

HELICOPTERS, 11, 25, 28, 45, 48, 51,
53

HELIPORTS, 25
HIGH REYNOLDS NUMBER, 13

HOLE DISTRIBUTION (MECHANICS),
44

HOPE AEROSPACE PLANE, 17
HORIZONTAL FLIGHT, 15, 53
HORIZONTAL TAIL SURFACES, 27
HORSESHOE VORTICES, 44
HUMAN BODY, 51

HUMAN FACTORS ENGINEERING,
19, 29, 51

HUMAN PERFORMANCE, 51



HUMAN REACTIONS, 53

HYBRID PROPULSION, 31
HYDROGEN FUELS, 38
HYGROMETERS, 35

HYPERSONIC BOUNDARY LAYER, 7
HYPERSONIC FLIGHT, 40
HYPERSONIC FLOW, 16, 46
HYPERSONIC HEAT TRANSFER, 46
HYPERSONIC SHOCK, 16
HYPERSONIC SPEED, 35
HYPERSONIC VEHICLES, 23
HYPERSONIC WIND TUNNELS, 7, 35

IMAGE PROCESSING, 28

IMAGING TECHNIQUES, 40

IMPACT TESTS, 51

IN-FLIGHT MONITORING, 9, 48

INCOMPRESSIBLE FLOW, 10, 45

INDUCED DRAG, 7

INLET FLOW, 4, 13, 46

INSPECTION, 51

INSTRUCTORS, 18

INTERACTIONAL AERODYNAMICS,
5,7,45

INTERNAL FLOW, 41

INTERNATIONAL COOPERATION, 1

INVENTORY MANAGEMENT, 55

INVERSE KINEMATICS, 34

INVISCID FLOW, 4, 16, 46

J

JET AIRCRAFT NOISE, 54
JET FLOW, 29, 38
JET IMPINGEMENT, 29, 44

K

K-EPSILON TURBULENCE MODEL,
8, 42
KNOWLEDGE BASED SYSTEMS, 19

KNOWLEDGE BASES (ARTIFICIAL
INTELLIGENCE), 19

L

LAGRANGE MULTIPLIERS, 47
LAMINAR BOUNDARY LAYER, 44
LAMINAR FLOW, 9, 14

LAMINAR HEAT TRANSFER, 47
LAMINAR WAKES, 12

LANDING GEAR, 47, 50

LAP JOINTS, 1
LATCHES, 43

LATERAL CONTROL, 34
LEADING EDGES, 14
LEAKAGE, 30

LEAST SQUARES METHOD, 20
LENSES, 36

LIFE (DURABILITY), 44
LIFE CYCLE COSTS, 27
LIFT, 7,9, 21, 37

LIFT DEVICES, 11
LIFTING BODIES, 5, 21
LIGHT ALLOYS, 27
LIGHT BEAMS, 36
LINEAR EQUATIONS, 9

LINEAR QUADRATIC GAUSSIAN
CONTROL, 5

LIQUID-VAPOR INTERFACES, 42
LOAD TESTS, 27

LOADS (FORCES), 45
LOGISTICS, 55

LONGITUDINAL CONTROL, 34
LONGITUDINAL STABILITY, 42
LOSSES, 30

LOW ASPECT RATIO WINGS, 7
LOW VISIBILITY, 51

M

MACH NUMBER, 7
MAGNETIC EFFECTS, 1

MANAGEMENT INFORMATION SYS-
TEMS, 36

MANAGEMENT METHODS, 21, 55
MANAGEMENT PLANNING, 18
MANAGEMENT SYSTEMS, 52

MATHEMATICAL MODELS, 4, 16, 21,
24, 25, 30, 47

MEASUREMENT, 50
MECHANICAL DRIVES, 36

METEOROLOGICAL PARAMETERS,
53

MICROBURSTS (METEOROLOGY),
19

MICROMECHANICS, 23
MICROSTRUCTURE, 27

MIDAIR COLLISIONS, 18
MILITARY OPERATIONS, 55
MIXING LAYERS (FLUIDS), 5, 9
MONTE CARLO METHOD, 23, 50
MULTIBLOCK GRIDS, 16, 33

MULTIDISCIPLINARY DESIGN OPTI-
MIZATION, 14, 21, 23, 24, 48

MULTIENGINE VEHICLES, 25
MULTIPATH TRANSMISSION, 20

N

NAP-OF-THE-EARTH NAVIGATION,
28

NASA PROGRAMS, 2, 55

NAVIER-STOKES EQUATION, 3, 4, 10,
11, 33, 39, 42, 47

NAVIGATION AIDS, 28

NAVIGATION INSTRUMENTS, 21

NEAR FIELDS, 53

NEAR WAKES, 8, 15

NOISE GENERATORS, 53

NOISE PREDICTION, 53

NOISE PREDICTION (AIRCRAFT), 43

NOISE PROPAGATION, 20

NOISE REDUCTION, 6

NONDESTRUCTIVE TESTS, 1

NONEQUILIBRIUM FLOW, 16, 46

NONLINEAR PROGRAMMING, 48

NONLINEARITY, 7

NOSE FINS, 42

NYQUIST DIAGRAM, 17

O

OBLIQUE SHOCK WAVES, 4
ON-LINE SYSTEMS, 35

ONE DIMENSIONAL FLOW, 46
OPERATOR PERFORMANCE, 29
OPTICAL EQUIPMENT, 36
OPTICAL MEASUREMENT, 1
OPTICAL RADAR, 40

OPTICAL RANGE FINDERS, 28
OPTIMAL CONTROL, 30, 34, 37
OPTIMIZATION, 22
OSCILLATING FLOW, 4

P

P-3 AIRCRAFT, 27
PARALLEL COMPUTERS, 11, 48

PARALLEL PROCESSING (COMPUT-
ERS), 28

PARAMETER IDENTIFICATION, 36

PARTIAL DIFFERENTIAL EQUA-
TIONS, 6, 8

PARTICLES, 50

PERFORMANCE TESTS, 26, 35
PERTURBATION, 3
PHOTOGRAMMETRY, 43

PILOT PERFORMANCE, 33, 37, 51
PILOT TRAINING, 33, 37

PINS, 43

PITCHING MOMENTS, 10
PLANETARY BOUNDARY LAYER, 53

ST-3



PLANFORMS, 15
PLANNING, 20

PLATES (STRUCTURAL MEMBERS),
24

POLITICS, 37
PORTS (OPENINGS), 30
POSITION (LOCATION), 26
PREDICTION ANALYSIS TECH-
NIQUES, 7, 9
PRESSURE, 5, 9
PRESSURE DISTRIBUTION, 5
PRESSURE EFFECTS, 11
PRESSURE GRADIENTS, 11
PRESSURE MEASUREMENT, 11
PRESSURE OSCILLATIONS, 6, 30

PROBABILITY DENSITY FUNC-
TIONS, 50

PROBABILITY THEORY, 23
PROBLEM SOLVING, 20
PROJECT MANAGEMENT, 18
PROPELLER NOISE, 43
PROPELLERS, 43

PROPULSION SYSTEM CONFIGU-
RATIONS, 23

PROPULSION SYSTEM PER-
FORMANCE, 32

Q

QUANTITATIVE ANALYSIS, 6

R

RADAR IMAGERY, 40

RADAR TARGETS, 40

RADAR TRACKING, 40
RADIATIVE HEAT TRANSFER, 46
RADIO RECEIVERS, 21

RADIO SIGNALS, 21

RAMJET ENGINES, 31

RANDOM PROCESSES, 23
RANGEFINDING, 28

RAY TRACING, 40

REAL TIME OPERATION, 28, 35
RECIRCULATIVE FLUID FLOW, 15
RECOMBINATION REACTIONS, 16
REENTRY VEHICLES, 37
REFRACTORY MATERIALS, 32
REGRESSION ANALYSIS, 20, 50
REINFORCING FIBERS, 23
RESEARCH, 1

RESEARCH AIRCRAFT, 26, 34, 55

RESEARCH AND DEVELOPMENT, 2,
55

RESEARCH MANAGEMENT, 18

ST-4

REVERSED FLOW, 11

REYNOLDS NUMBER, 8, 12, 14, 15,
17,41, 49

RIGGING, 25

RIGID ROTORS, 33

ROLL, 25

ROLLING MOMENTS, 28

ROTARY WING AIRCRAFT, 11, 26, 33

ROTARY WINGS, 15, 22

ROTATING DISKS, 40, 49

ROTATING FLUIDS, 29

ROTOR AERODYNAMICS, 47

ROTOR DYNAMICS, 25, 33, 45

ROTORS, 30, 32, 43, 47, 53

RUNGE-KUTTA METHOD, 6, 16

S

SAFETY DEVICES, 51
SCALE MODELS, 36
SCHEDULING, 19
SEGMENTED MIRRORS, 36

SELF ADAPTIVE CONTROL SYS-
TEMS, 19

SEPARATED FLOW, 4, 14, 16, 42

SERIES EXPANSION, 37

SHEAR FLOW, 54

SHEAR LAYERS, 5, 9

SHEAR STRESS, 9

SHELL THEORY, 47

SHOCK WAVE INTERACTION, 4, 5,
10, 16, 42

SHOCK WAVE PROPAGATION, 42

SHOCK WAVES, 10, 15, 42

SIGNAL PROCESSING, 21

SIZE (DIMENSIONS), 50

SKIN (STRUCTURAL MEMBER), 27

SKIN FRICTION, 12

SOLAR COLLECTORS, 36

SOLAR SIMULATORS, 36

SONIC BOOMS, 53

SOUND FIELDS, 11

SOUND WAVES, 4, 53

SPACE STATION FREEDOM, 2

SPACECRAFT CONSTRUCTION
MATERIALS, 27

SPACECRAFT INSTRUMENTS, 2, 52
SPACECRAFT TRAJECTORIES, 52
SPARE PARTS, 55

SPECIFIC IMPULSE, 40

SPHERES, 12

SPHERICAL COORDINATES, 33
SPIN, 17

SPIN REDUCTION, 17

SPINE, 51

STABILITY, 3

STAGNATION FLOW, 38
STAGNATION POINT, 38, 45
STARTING, 47

STATIC LOADS, 47

STEADY FLOW, 4

STIFFNESS, 21

STRAIN DISTRIBUTION, 2
STRAIN MEASUREMENT, 2
STRATOSPHERE, 50

STRESS DISTRIBUTION, 27
STRESS-STRAIN RELATIONSHIPS, 27
STRUCTURAL ANALYSIS, 23
STRUCTURAL DESIGN, 21, 49
STRUCTURAL FAILURE, 2
STRUCTURAL VIBRATION, 6, 31
STUDENTS, 18

SUBSONIC FLOW, 10, 15, 36
SUBSONIC SPEED, 9
SUBSONIC WIND TUNNELS, 36
SUCTION, 5, 12
SUPERCOMPUTERS, 48
SUPERSONIC COMBUSTION, 38

SUPERSONIC COMBUSTION RAM-
JET ENGINES, 40

SUPERSONIC DIFFUSERS, 46

SUPERSONIC FLIGHT, 55

SUPERSONIC FLOW, 4, 9, 38

SUPERSONIC INLETS, 4

SUPERSONIC JET FLOW, 54

SUPERSONIC SPEED, 9, 55

SUPERSONIC WIND TUNNELS, 35, 36

SURFACE COOLING, 7

SURFACE PROPERTIES, 21

SURFACE ROUGHNESS, 44

SURVEYS, 36

SWEEP ANGLE, 28

SWEPT WINGS, 9, 13, 40

SYNTHETIC APERTURE RADAR, 40

SYSTEM EFFECTIVENESS, 35

SYSTEMS ANALYSIS, 32

SYSTEMS HEALTH MONITORING,
31, 41, 48, 52

SYSTEMS INTEGRATION, 35

SYSTEMS SABILITY, 32

T

TABS (CONTROL SURFACES), 5, 9
TAKEOFF, 25

TECHNOLOGICAL FORECASTING,
37

TECHNOLOGY ASSESSMENT, 37
TECHNOLOGY UTILIZATION, 18
TEMPERATURE DISTRIBUTION, 44



TEMPORAL DISTRIBUTION, 53
TEST FACILITIES, 35
THERMODYNAMIC CYCLES, 32
THIN WINGS, 28

THREE DIMENSIONAL BODIES, 15

THREE DIMENSIONAL BOUNDARY
LAYER, 5, 40, 42

THREE DIMENSIONAL FLOW, 42, 53
THROATS, 31

THRUST, 33

THRUST CONTROL, 3

THRUST PROGRAMMING, 52
TIME DEPENDENCE, 31

TIME LAG, 17

TOLERANCES (MECHANICS), 32
TOPPING CYCLE ENGINES, 47
TRADEOFFS, 30

TRAILING EDGE FLAPS, 5
TRAILING EDGES, 5

TRAINING DEVICES, 37
TRAINING EVALUATION, 51
TRAJECTORY CONTROL, 37
TRAJECTORY OPTIMIZATION, 52
TRANSFER ORBITS, 37, 52
TRANSITION FLOW, 49
TRANSONIC FLOW, 15, 39, 53
TRANSONIC WIND TUNNELS, 43, 49
TRANSPORT AIRCRAFT, 9, 50, 51
TRAVELING WAVES, 13
TURBINE BLADES, 29, 41
TURBINE ENGINES, 44
TURBINES, 41
TURBOCOMPRESSORS, 49
TURBOFAN ENGINES, 32
TURBOFANS, 16

TURBOJET ENGINES, 31
TURBOMACHINERY, 32
TURBOPROP ENGINES, 26
TURBOSHAFTS, 32
TURBULENCE, 8, 12, 47, 53, 54
TURBULENCE EFFECTS, 38, 45

TURBULENCE MODELS, 10, 41, 42,
a7

TURBULENT BOUNDARY LAYER, 4,
5, 6, 42, 44, 45

TURBULENT FLOW, 10, 11, 42, 54
TURBULENT HEAT TRANSFER, 45
TURBULENT JETS, 54
TURBULENT MIXING, 9
TURBULENT WAKES, 12
TURNING FLIGHT, 25

TWISTING, 43

TWO DIMENSIONAL FLOW, 33, 46
TWO DIMENSIONAL MODELS, 33

U

U-2 AIRCRAFT, 50
UNCAMBERED WINGS, 14

UNSTEADY FLOW, 3, 4, 32, 45, 47, 53,
54

UNSTRUCTURED GRIDS (MATH-
EMATICS), 15

UPPER SURFACE BLOWING, 9, 10
USER REQUIREMENTS, 36

Vv

VACUUM CHAMBERS, 36
VANES, 41, 44

VARIATIONAL PRINCIPLES, 47
VELOCITY DISTRIBUTION, 5, 13
VIBRATION DAMPING, 33
VIBRATION TESTS, 26
VIBRATORY LOADS, 33
VISCOUS DRAG, 8, 9

VISCOUS FLOW, 3, 4, 42, 43, 46
VISUAL FLIGHT, 26

VISUAL OBSERVATION, 26
VORTEX BREAKDOWN, 45
VORTEX RINGS, 44

VORTEX SHEDDING, 5, 8
VORTICES, 13, 14, 15, 44
VORTICITY, 38

w

WAKES, 5, 7, 11, 47

WALL FLOW, 29

WALL PRESSURE, 6

WALL TEMPERATURE, 44
WARNING SYSTEMS, 19
WAVERIDERS, 47

WEIGHT INDICATORS, 45
WIND SHEAR, 34

WIND TUNNEL APPARATUS, 45
WIND TUNNEL CALIBRATION, 45
WIND TUNNEL DRIVES, 36
WIND TUNNEL MODELS, 36

WIND TUNNEL STABILITY TESTS,
17

WIND TUNNEL TESTS, 7, 9, 11, 13, 15,
17, 49

WIND TUNNEL WALLS, 7
WIND TUNNELS, 37
WING OSCILLATIONS, 28
WING PROFILES, 24
WING TIPS, 7
WINGLETS, 7, 24
WINGS, 16, 21, 42, 43

ST-5



A

Acrivos, Andreas, 42

Alcorn, Charles William, 14
Andrews, Aaron Keith, 40
Aoyama, Takashi, 15
Armand, Sasan C., 49
Aronstein, David Claude, 29
Ashford, Sandra Anderson, 40
Ashpis, David E., 41

Axelrad, Penina, 20

Ayers, Theodore G., 55

B

Baker, Susan P., 17
Banks, D. W., 9

Barlow, Douglas Neal, 44
Becks, Edward A., 36
Benoit, Andre, 21
Benson, T. J., 30
Bergeron, Maurice Denis, 3
Bergh, C., 19

Berke, Laszlo, 48
Bertelrud, A., 9

Beusse, William E., 18
Bielefeld, S., 40

Billings, Charles E., 29
Biswas, Rupak, 11
Black, Daniel Wayne, 14
Blanchard, Alan E., 7
Blumenthal, Philip Z., 35
Boulanger, Patrice Marc, 53
Brady, Hugh, 18

Braun, M. J., 31
Brentner, Kenneth S., 53
Bryson, Arthur E., 33
Burner, Alpheus W., 42

C

Campbell, Richard L., 7
Carico, Dean, 26
Carpenter, Mark H., 10
Casper, Jay, 10

Cekala, Sharon A., 18
Chattopadhyay, Aditi, 22
Choy, F. K., 31

Clelland, Mike, 26
Colonius, Tim, 54

Comp, Christopher J., 20
Coroneos, Rula M., 48
Cronkhite, J., 40
Cronkhite, James, 48
Cummings, Russell M., 8
Curren, Arthur N., 36

D

Dagenhart, John Ray, 13

daSilva, Fernando Cachucho Canesin, 6

Davis, T., 19
DePasquale, William, 26
Dickson, B., 40

Dodd, Robert S., 17
Dou, Xinyu, 38

Dudek, J. C., 10

Dunn, S. A., 26

E

El-Khabiry, Samir Hamza, 8
Elbert, Gregory Joseph, 46
Eppard, William Marcus, 45
Erzberger, H., 19

F

Farrell, P. A., 26

Finley, Dennis B., 15
Foss, J. K., 9

Fox, Michael Dennison, 44
French, Richard Mark, 36
Friedmann, Peretz P., 33
Fujita, Toshimi, 16
Funabiki, Kohei, 27, 51

G

Gage, Peter James, 21
Ganguli, Ranjan, 22
Garcia, Joseph A., 8
Garg, Sanjay, 4
Garrison, Timothy Jon, 4
Georgiadis, N. J., 10
Giles, Gary L., 23

Goad, William K., 43

Gomes, Marcos Sebastiao dePaula, 7

Green, J. E., 1, 36, 48, 49

Personal Author Index

Grumet, Adam Abraham, 16
Guruswamy, G., 42

H

Haftka, Raphael T., 24
Haines, Joel, 26

Han, Dongsuk, 37
Hanford, Anthony James, 44
Harada, Masashi, 28
Hayden, R., 40
Hayes, Peter, 27
Hendricks, R. C., 31
Hoffenberg, R., 11
Hong, Yin Paw, 51
Hopkins, Dale A., 48
Huang, Weicheng, 39
Hunt, James L., 23
Hwang, Danny P., 12

Ivey, Rebecca H., 26
Iwasaki, Akihito, 16

J

Jensen, Kenneth A., 36
Jones, R., 27
Jones, Scott M., 32

K

Kafyeke, Fassi, 15
Kakuta, Yoshiaki, 49
Karman, Steve L., Jr., 15
Kawahara, Hiroyasu, 51
Kaye, Robert H., 27
Khozeimeh, Issa D., 35
Killian, L., 40

Kim, Jaimoo, 13

Knight, Doyle D., 42
Kramer, Joel M., 43
Krzeczowski, K., 19

L

Laflin, Brenda Gile, 17
Lamb, Margaret W., 17

PA-1



Layton, Charles, 19
LeBlanc, David J., 28
Lee, K., 19

Leu, Tzong-Shyng, 5
Lev-Ram, I., 19

Levine, Richard R., 26

Li, Guohua, 17

Lim, Teck-Bin Arthur, 43
Lockwood, Mary Kae, 23
Los, S. M., 9

Lubosch, Bernd, 26
Lundgren, Thomas S., 53
Lyrintzis, Anastasios S., 11

M

Ma, Deren, 50
MacDoran, Peter F., 20
Markopoulos, Nikos, 52
Marshall, Jeffrey S., 45
Martin, John G., 23
Matthew, John, 3

Mayton, Donna Jean, 1
McAlister, K. W., 9
McCoy, C. Elaine, 19
McGowin, Everette, Ill, 26
Messina, Michael D., 33
Miley, S. J., 9

Mortensen, Joseph A., 25
Motoda, Toshikazu, 17
Murman, Scott M., 12

N

Narayan, Johnny R., 22
Noda, Junichi, 28

O

Oh, Jong Yun, 3
Okuno, Yoshinori, 27
Oliker, Leonid, 11

P

Pack, William D., 34

Padmanabhan, Krishnan Turlough, 29
Patnaik, Surya N., 48

Paxson, Daniel E., 47

Petley, Dennis H., 23

Polyshchuk, V., 31

Potapczuk, Mark, 17

PA-2

R

Rao, Ram Mohan, 53
Rash, Clarence E., 26
Ratvasky, Thomas, 17
Reehorst, Andrew, 17
Reid, Sharon, 18
Rider, C. D., 26
Roback, V. E., 9
Roman, Robert F., 36
Romero, Raylund, 48
Ryan, James S., 47

S

Saito, Shigeru, 15, 27
Saltzman, Edwin J., 55

Sanford, B., 19

Santos, Luis Carlos de Castro, 14
Sasa, Shuichi, 17

Schneider, S. P., 10

Scully, John R., 27

Selby, Gregory V., 7
SharafEl-Din, Hazem Hafez, 2
Sharma, Vivek, 25

Shepherd, William T., 51

Shiflet, Gary J., 27

Shimokawa, Toshiyuki, 49
Simon, Frederick F., 41
Simoneau, Robert J., 41

Singer, Bart A., 6

Slattery, R., 19

Smith, Leigh Ann, 7

Smith, Philip J., 19

Smith, Stephen C., 6
Sobieszczanski-Sobieski, Jaroslaw, 24
Spence, Anne Marie Oetting, 24
Spruill, Jim, 51

Stock, Thomas A., 23

Stoner, Glenn E., 27

Strawn, Roger C., 11

Sullivan, J. P., 10

Summers, Harold, 48

T

Tanaka, Keiji, 51

Tanner, John A., 47

Tate, Atsushi, 16, 28
Taylor, Harry E., Jr., 18
Thomas, Scott R., 34
Traven, Ricardo, 25
Trefny, C. J., 30

Tsai, Bor-Jang, 46
Tseng, Stephen Pai-Yu, 5

Tso, J., 9

Tu, E., 42

Tu, Eugene L., 8
Tukamoto, Taro, 17
Tusar, Liz, 45

Vv

vanDam, C. P,, 9
\eillette, R. J., 31

W

Wahls, Richard A., 43
Wakairo, Kaoru, 51
Wakayama, Sean Rikio, 21
Walker, K., 1

Wang, Lixin, 34

Wang, Mengjie, 39
Wanke, Craig R., 18
Watanabe, Akira, 51
Weaver, D., 9

Welch, Gerard E., 30, 32
Wentworth, Sean L., 26
Wert, John A., 27

West, William E, Jr., 31
Whitaker, Mike, 26
Whitley, Susan E., 25
Williams, Kevin W., 37
Wilson, Jack, 30

Wilson, James Charles, 50
Wilson, Moses Lee, 51
Wissink, Andrew M., 11
Woike, Mark R., 34

Wu, Jong-Shinn, 11

X

Xu, Wensheng, 22
Xue, Yu, 52

Y

Yanagihara, Masaaki, 17
Yip, L. P, 9

Yoder, D. A, 10

Yoon, Youngbin, 38
Yoshinaga, Takashi, 16, 28

Z

Zaman, K. B. M. Q., 9
Zhuang, Weihua, 20



Avallability of Cited Publications

Open Literature Entries (A96-60000 Series)

Inquiries and requests should be addressed to:
NASA Center for AeroSpace Information
800 Elkridge Landing Road
Linthicum Heights, MD 21090-2934.

Orders are also taken by telephone, (301) 621-0390, e-mail, help@sti.nasa.gov, and fax, (301) 621-0134.
Please refer to the accession number when requesting publications.

STAR Entries (N96-10000 Series)

Oneor more sources from which a document announc&dAR is available to the public is ordinarily given

on the last line of the citation. The most commonly indicated sources and their acronyms or abbreviations are
listed below and their addresses are listed on page APP-3. If the publication is available from a source other
thanthose listed, the publisher and his address will be displayed on the availability line or in combination with
the corporate source line.

Avail:  NASA CASI. Sold by the NASA Center for AeroSpace Information. Prices fordwog (HC) and
microfiche(MF) are indicated by price code following the letters HC or MF in BB€ARKcitation.
Current values for the price codes are given in the tables on page APP-5.

Noteon Odering Documents: Whendgring publications fsm NASA CASI, use the N accession number or
otherreport numberlt is also advisable to cite the title and other bibliographic identification.

Avail:  SOD (or GPO). Sold by the Superintendent of Documents, U.S. Government Printing Office, in
hard copy.

Avail:  BLL (formerly NLL): British Library Lending Division, Boston Spa, Wetherby, Yorkshire,
England.Photocopies available from thisgganization at th@rice shown. (If none is given, inquiry
should be addressed to the BLL.)

Avail: DOE Depository Libraries. Organizations in U.S. cities and abroad that maintain collections of
Departmentf Enepgy reports, usually in microfiche form, are listed in EjyeResearch Abstracts.
Services available from the DOE and its depositories are described in a blb@&eTechnical
Information Center—Its Functions and Servi¢@$D-4660), which may be obtained without
charge from the DOE Technical Information Center.

Avail: ESDU. Pricing information on specific data, computer programs, and details on ESDU
International topic categories can be obtained from ESDU International.

Avail:  Fachinformationszentrum Karlsruhe. Gesellschaft fur wissenschaftlich-technische Information
mbH 76344 Eggenstein-Leopoldshafen, Germany.

Avail:  HMSO. Publications of Her Majesty'Stationery (fce are sold in the U.S. by Pendragon House,
Inc. (PHI), Redwood City, CA. The U.S. price (including a service and mailing charge) is given,
or a conversion table may be obtained from PHI.

Avail:  IssuingActivity, or Corporate Authomor no indication of availabilitynquiries as to the availability
of these documents should be addressed to gfamiaation shown in the citation as the corporate
author of the document.

Avail:  NASA Public Document Rooms. Documents so indicated may be examined at or purchased from
the National Aeronautics and Space Administration (JBD-4), Public Documents Room (Room

APP-1



1H23),Washington, DC 20546-0001, or public document rotwroated at NASA installations, and
the NASA Pasadena Office at the Jet Propulsion Laboratory.

Avail:  NTIS. Sold by the National Technical Information Service. Initially distributed microfiche under
theNTIS SRIM (Selected Research in Microfiche) are available. For information conc#hising
service, consult the NTIS Subscription Section, Springfield, VA 22161.

Avail:  Univ. Microfilms. Documents so indicated are dissertations selected from Dissertation Abstracts
andare sold by University Microfilms as xerographic copy (HC) and microfilm. All requests should
cite the author and the Order Number as they appear in the citation.

Avail:  US Patent and Trademark Office. Sold by Commissioner of Patents and Trademarks, U.S. Patent
and Trademark Office, at the standard price of $1.50 each, postage free.

Avail:  (US Sales Only). These foreign documents are available to users within the United States from the
National Technical Information Service (NTIS). They are available to users outside the United
Stateghrough the International Nuclear Information Service (INIS) representative in their country
or by applying directly to the issuing organization.

Avail:  USGS. Originals of many reports from the U.S. Geological Survey, which may contain color
illustrations, or otherwise may not have the quality of illustrations preserved in the microfiche or
facsimile reproduction, may be examined by the public at the libraries of the USGS field offices
whoseaddresses are listed on page APP-3. The librariebmgueried concerning the availability
of specific documents and the possible utilization of local copying services, such as color
reproduction.

Federal Depository Library Program

In order to provide the general public with greater access to U.S. Government publications, Congress estab
lished the Federal Depository Library Program under the Government Printing Office (GPO), with 53
regional depositories responsible for permanent retention of material, inter-library loan, and reference ser-
vices.At least one copy of nearly every NASA and NASA-sponsored publication, eithgnfad or micre

fiche format, is received and retained by the 53 regional depositories. A list of the regional GPO libraries,
arrangedhlphabetically by state, appears on the inside back cover of this issue. These libraries are not sales
outlets.A local library can contact a regional depository to help locate specific repadisecrcontact may

be made by an individual.

Public Collection of NASA Documents

An extensive collection of NASA and NASA-sponsored publications is maintained by the British Library
LendingDivision, Boston Spa, @therby,Yorkshire, England for public access. The British Library Lending
Division also has available many of the non-NASA publications cit&T/R European requesters may
purchasdacsimile copy or microfiche of NASA and NASA-sponsored documents, those identified by both
thesymbols # and * from FIZ—Fachinformation Karlsruhe—Bibliographic Service, D-76344 Eggenstein-
Leopoldshafen, Germany and TIB—Technische Informationsbibliothek, P.O. Box 60 80, D-30080 Han-
nover, Germany.

APP-2



Addresses of Organizations

British Library Lending Division
Boston Spa, Wetherby, Yorkshire
England

Commissioner of Patents and Trademarks
U.S. Patent and Trademark Office
Washington, DC 20231

Department of Energy
Technical Information Center
P.O. Box 62

Oak Ridge, TN 37830

European Space Agency—

Information Retrieval Service ESRIN
Via Galileo Galilei
00044 Frascati (Rome) Italy

ESDU International
27 Corsham Street
London
N1 6UA
England

Fachinformationszentrum Karlsruhe

Gesellschaft fur wissenschaftlich—technische

Information mbH
76344 Eggenstein—Leopoldshafen, Germany

Her Majestys Stationery Office
P.O. Box 569, S.E. 1
London, England

NASA Center for AeroSpace Information
800 Elkridge Landing Road
Linthicum Heights, MD 21090-2934

National Aeronautics and Space Administration

Scientific and Technical Information Office
(Code JT)

Washington, DC 20546—-0001

APP-3

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Pendragon House, Inc.
899 Broadway Avenue
Redwood City CA 94063

Superintendent of Documents
U.S. Government Printing Office
Washington, DC 20402

University Microfilms
A Xerox Company
300 North Zeeb Road
Ann Arbor, M| 48106

University Microfilms, Ltd.
Tylers Green
London, England

U.S. Geological Survey Library National Center
MS 950

12201 Sunrise Valley Drive

Reston, Y 22092

U.S. Geological Survey Library
2255 North Gemini Drive
Flagstaff, AZ 86001

U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025

U.S. Geological Survey Library
Box 25046
Denver Federal Center, MS914
Denver, CO 80225



The New NASA Video
Catalog is Her a

To order your?gopy

call the NASA Access Help Desk at
(301) 621-0390,
fax to
(301) 621-0134,
e-mail to
help@sti.nasa.gov,
or visit the NASA STI program
homepage at
http://www.sti.nasa.gov/STIl-homepage.html

(Select STI Program Bibliographic Announcements)

Explore the Universe!

APP—4


http://www.sti.nasa.gov/STI-homepage.html

NASA CASI Price Code T able

(Effective July 1, 1996)

CASI NORTH
PRICE AMERICAN FOREIGN
CODE PRICE PRICE
AO1 $6.50 $ 1300
A02 10.00 20.00
A03 19.50 39.00
A04-A05 21.50 43.00
A06 25.00 50.00
AO07 28.00 56.00
A08 31.00 62.00
A09 35.00 70.00
A10 38.00 76.00
All 41.00 82.00
Al2 44.00 88.00
Al3 47.00 94.00
Al4-A17 49.00 98.00
Al18-A21 57.00 114.00
A22-A25 67.00 134.00
A99 Call For Price Call For Price

Important Notice

The $1.50 domestic and $9.00 foreign shipping and handling fee currently being charged will remain the
same. Foreign airmail is $27.00 for the first 1-3 items, $9.00 for each additional item. Additionally, a new
processing fee of $2.00 per each video ordered will be assessed.

For users registered at the NASA CASI, document orders may be invoiced at the end of the magati, char
againsta deposit account, or paid by check or credit card. NASA CASI accepts American Express, Diners’
Club, MasterCard, and VISA credit cards. There are no shipping and handling charges. To register at the
NASA CASI, please request a registration form through the NASA Access Help Desk at the numbers or
addresses below.

Return Policy

The NASA Center for AeroSpace Information will gladly replace or make full refund on items you have
requested if we have made an error in your order, if the item is defective, or if it was received in damaged
condition and you contact us within 30 days of your original request. Just contact our NASA Access Help
Desk at the numbers or addresses listed below.

NASA Center for AeroSpace Information E—mail: help@sti.nasa.gov
800 Elkridge Landing Road Fax: (301) 621-0134
Linthicum Heights, MD 21090-2934 Phone: (301) 621-0390
Rev. 6/96

APP-5



Report Documentation Page

1. Report No.
NASA SP-7037 (333)

2. Government Accession No. 3. Recipient’s Catalog No.

4. Title and Subtitle
Aeronautical Engineering

A Continuing Bibliography (Supplement 333)

5. Report Date
August 1996

6. Performing Organization Code

JT

7. Author(s)

8. Performing Organization Report No.

10. Work Unit No.

9. Performing Organization Name and Address

NASA Scientific.and. Technical.lofarmation. Qffice 11. Contract or Grant No.

12. Sponsoring Agency Name and Address

National Aeronautics and Space Administration Special Publication
Washington, DC 20546-0001

13. Type of Report and Period Covered

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

This report lists 144 reports, articles and other documents recently announced in the NASA §

Database.

5T

17. Key Words (Suggested by Author(s))
Aeronautical Engineering
Aeronautics
Bibliographies

18. Distribution Statement

Unclassified — Unlimited
Subject Category — 01

19. Security Classif. (of this report)
Unclassified

20. Security Classif. (of this page) 21. No. of Pages 22. Price

Unclassified

76 AO5/HC

For sale by the NASA Center for AeroSpace Information, 800 Elkridge Landing Road, Linthicum Heights, MD 21090-2934



ALABAMA

AUBURN UNIV. AT MONTGOMERY
LIBRARY

Documents Dept.

7300 University Dr.

Montgomery, AL 36117-3596

(205) 244-3650 Fax: (205) 244-0678

UNIV. OF ALABAMA

Amelia Gayle Gorgas Library

Govt. Documents

P.O. Box 870266

Tuscaloosa, AL 35487-0266

(205) 348-6046 Fax: (205) 348-0760

ARIZONA

DEPT. OF LIBRARY, ARCHIVES,
AND PUBLIC RECORDS

Research Division

Third Floor, State Capitol

1700 West Washington

Phoenix, AZ 85007

(602) 542-3701 Fax: (602) 542-4400

ARKANSAS

ARKANSAS STATE LIBRARY

State Library Service Section
Documents Service Section

One Capitol Mall

Little Rock, AR 72201-1014

(501) 682-2053 Fax: (501) 682-1529

CALIFORNIA

CALIFORNIA STATE LIBRARY

Govt. Publications Section

P.O. Box 942837 — 914 Capitol Mall
Sacramento, CA 94337-0091

(916) 654—-0069 Fax: (916) 654-0241

COLORADO

UNIV. OF COLORADO - BOULDER
Libraries — Govt. Publications
Campus Box 184

Boulder, CO 80309-0184

(303) 492-8834 Fax: (303) 492-1881

DENVER PUBLIC LIBRARY

Govt. Publications Dept. BSG

1357 Broadway

Denver, CO 80203-2165

(303) 640-8846 Fax: (303) 640-8817

CONNECTICUT
CONNECTICUT STATE LIBRARY
231 Capitol Avenue

Hartford, CT 06106

(203) 566-4971 Fax: (203) 566-3322

FLORIDA

UNIV. OF FLORIDA LIBRARIES
Documents Dept.

240 Library West

Gainesville, FL 32611-2048

(904) 392-0366 Fax: (904) 392-7251

GEORGIA

UNIV. OF GEORGIA LIBRARIES
Govt. Documents Dept.

Jackson Street

Athens, GA 30602-1645

(706) 542—-8949 Fax: (706) 542-4144

HAWAII

UNIV. OF HAWAII

Hamilton Library

Govt. Documents Collection

2550 The Mall

Honolulu, HI 96822

(808) 948-8230 Fax: (808) 956-5968

IDAHO

UNIV. OF IDAHO LIBRARY
Documents Section

Rayburn Street

Moscow, ID 83844-2353

(208) 885-6344 Fax: (208) 885-6817

ILLINOIS

ILLINOIS STATE LIBRARY

Federal Documents Dept.

300 South Second Street

Springfield, IL 62701-1796

(217) 782-7596 Fax: (217) 782-6437

Federal Regional Depository Libraries

INDIANA

INDIANA STATE LIBRARY
Serials/Documents Section

140 North Senate Avenue
Indianapolis, IN 46204-2296

(317) 232-3679 Fax: (317) 232-3728

IOWA

UNIV. OF IOWA LIBRARIES

Govt. Publications

Washington & Madison Streets

lowa City, IA 52242-1166

(319) 335-5926 Fax: (319) 335-5900

KANSAS

UNIV. OF KANSAS

Govt. Documents & Maps Library
6001 Malott Hall

Lawrence, KS 66045-2800

(913) 864-4660 Fax: (913) 864-3855

KENTUCKY

UNIV. OF KENTUCKY

King Library South

Govt. Publications/Maps Dept.
Patterson Drive

Lexington, KY 40506-0039

(606) 257-3139 Fax: (606) 257-3139

LOUISIANA

LOUISIANA STATE UNIV.

Middleton Library

Govt. Documents Dept.

Baton Rouge, LA 70803-3312

(504) 388-2570 Fax: (504) 388-6992

LOUISIANA TECHNICAL UNIV.
Prescott Memorial Library

Govt. Documents Dept.

Ruston, LA 71272-0046

(318) 257-4962 Fax: (318) 257-2447

MAINE

UNIV. OF MAINE

Raymond H. Fogler Library

Govt. Documents Dept.

Orono, ME 04469-5729

(207) 581-1673 Fax: (207) 581-1653

MARYLAND

UNIV. OF MARYLAND — COLLEGE PARK
McKeldin Library

Govt. Documents/Maps Unit

College Park, MD 20742

(301) 405-9165 Fax: (301) 314-9416

MASSACHUSETTS
BOSTON PUBLIC LIBRARY
Govt. Documents

666 Boylston Street

Boston, MA 02117-0286
(617) 536-5400, ext. 226
Fax: (617) 536—7758

MICHIGAN

DETROIT PUBLIC LIBRARY

5201 Woodward Avenue

Detroit, MI 48202-4093

(313) 833-1025 Fax: (313) 833-0156

LIBRARY OF MICHIGAN

Govt. Documents Unit

P.O. Box 30007

717 West Allegan Street

Lansing, M| 48909

(517) 373-1300 Fax: (517) 373-3381

MINNESOTA

UNIV. OF MINNESOTA

Govt. Publications

409 Wilson Library

309 19th Avenue South

Minneapolis, MN 55455

(612) 624-5073 Fax: (612) 6269353

MISSISSIPPI

UNIV. OF MISSISSIPPI

J.D. Williams Library

106 Old Gym Bldg.

University, MS 38677

(601) 232-5857 Fax: (601) 232-7465

MISSOURI

UNIV. OF MISSOURI — COLUMBIA
1068 Ellis Library

Govt. Documents Sect.

Columbia, MO 65201-5149

(314) 882-6733 Fax: (314) 882-8044

MONTANA

UNIV. OF MONTANA

Mansfield Library

Documents Division

Missoula, MT 59812-1195

(406) 243-6700 Fax: (406) 243-2060

NEBRASKA

UNIV. OF NEBRASKA — LINCOLN
D.L. Love Memorial Library

Lincoln, NE 68588-0410

(402) 472-2562 Fax: (402) 472-5131

NEVADA

THE UNIV. OF NEVADA
LIBRARIES

Business and Govt. Information
Center

Reno, NV 89557-0044

(702) 784-6579 Fax: (702) 784-1751

NEW JERSEY

NEWARK PUBLIC LIBRARY
Science Div. — Public Access

P.O. Box 630

Five Washington Street

Newark, NJ 07101-7812

(201) 733-7782 Fax: (201) 733-5648

NEW MEXICO

UNIV. OF NEW MEXICO

General Library

Govt. Information Dept.
Albuquerque, NM 87131-1466

(505) 277-5441 Fax: (505) 277-6019

NEW MEXICO STATE LIBRARY

325 Don Gaspar Avenue

Santa Fe, NM 87503

(505) 827-3824 Fax: (505) 827-3888

NEW YORK

NEW YORK STATE LIBRARY
Cultural Education Center
Documents/Gift & Exchange Section
Empire State Plaza

Albany, NY 12230-0001

(518) 474-5355 Fax: (518) 474-5786

NORTH CAROLINA

UNIV. OF NORTH CAROLINA —
CHAPEL HILL

Walter Royal Davis Library

CB 3912, Reference Dept.

Chapel Hill, NC 27514-8890

(919) 962-1151 Fax: (919) 962—-4451

NORTH DAKOTA

NORTH DAKOTA STATE UNIV. LIB.
Documents

P.O. Box 5599

Fargo, ND 58105-5599

(701) 237-8886 Fax: (701) 237-7138

UNIV. OF NORTH DAKOTA

Chester Fritz Library

University Station

P.O. Box 9000 — Centennial and
University Avenue

Grand Forks, ND 58202-9000

(701) 777-4632 Fax: (701) 777-3319

OHIO

STATE LIBRARY OF OHIO
Documents Dept.

65 South Front Street

Columbus, OH 43215-4163

(614) 644-7051 Fax: (614) 752-9178

OKLAHOMA

OKLAHOMA DEPT. OF LIBRARIES
U.S. Govt. Information Division

200 Northeast 18th Street
Oklahoma City, OK 73105-3298
(405) 521-2502, ext. 253

Fax: (405) 525-7804

OKLAHOMA STATE UNIV.

Edmon Low Library

Stillwater, OK 74078-0375

(405) 744-6546 Fax: (405) 744-5183

OREGON

PORTLAND STATE UNIV.

Branford P. Millar Library

934 Southwest Harrison

Portland, OR 97207-1151

(503) 725-4123 Fax: (503) 725-4524

PENNSYLVANIA

STATE LIBRARY OF PENN.

Govt. Publications Section

116 Walnut & Commonwealth Ave.
Harrisburg, PA 17105-1601

(717) 787-3752 Fax: (717) 783-2070

SOUTH CAROLINA
CLEMSON UNIV.

Robert Muldrow Cooper Library
Public Documents Unit

P.O. Box 343001

Clemson, SC 29634-3001

(803) 656-5174 Fax: (803) 656-3025

UNIV. OF SOUTH CAROLINA
Thomas Cooper Library

Green and Sumter Streets

Columbia, SC 29208

(803) 777-4841 Fax: (803) 777-9503

TENNESSEE

UNIV. OF MEMPHIS LIBRARIES
Govt. Publications Dept.

Memphis, TN 38152-0001

(901) 678-2206 Fax: (901) 678-2511

TEXAS

TEXAS STATE LIBRARY

United States Documents

P.O. Box 12927 — 1201 Brazos
Austin, TX 78701-0001

(512) 463-5455 Fax: (512) 463-5436

TEXAS TECH. UNIV. LIBRARIES
Documents Dept.

Lubbock, TX 79409-0002

(806) 742—2282 Fax: (806) 742-1920

UTAH

UTAH STATE UNIV.

Merrill Library Documents Dept.
Logan, UT 84322-3000

(801) 797—2678 Fax: (801) 797-2677

VIRGINIA

UNIV. OF VIRGINIA

Alderman Library

Govt. Documents

University Ave. & McCormick Rd.
Charlottesville, VA 22903-2498

(804) 824-3133 Fax: (804) 924-4337

WASHINGTON

WASHINGTON STATE LIBRARY
Govt. Publications

P.O. Box 42478

16th and Water Streets

Olympia, WA 98504-2478

(206) 753-4027 Fax: (206) 586-7575

WEST VIRGINIA

WEST VIRGINIA UNIV. LIBRARY
Govt. Documents Section

P.O. Box 6069 — 1549 University Ave.
Morgantown, WV 26506—-6069

(304) 293-3051 Fax: (304) 293-6638

WISCONSIN

ST. HIST. SOC. OF WISCONSIN
LIBRARY

Govt. Publication Section

816 State Street

Madison, WI 53706

(608) 264-6525 Fax: (608) 264-6520

MILWAUKEE PUBLIC LIBRARY
Documents Division

814 West Wisconsin Avenue
Milwaukee, W1 53233

(414) 286-3073 Fax: (414) 286-8074



	Cover
	Introduction
	E-SCAN notice
	Typical Citation
	Table of Contents
	01 Aeronautics
	02 Aerodynamics
	03 Air Transportation & Safety
	04 Aircraft Communications & Navigation
	05 Aircraft Design, Testing & Performance
	06 Aircraft Instrumentation
	07 Aircraft Propulsion & Power
	08 Aircraft Stability & Control
	09 Research & Support Facilities (Air)
	10 Astronautics

	Page 2 - TOC
	Term Index
	Author Index
	Appendix
	Addresses of Organizations
	Video Catalog Notice
	Price Code Table
	RDP
	Fed. Dep. Libraries

