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INTRODUCTION

This issue of Aeronautical Engineering — A Continuing Bibliography with Indexes (NASA SP-7037)
lists 413 reports, journal articles, and other documents recently announced in the NASA STI
Database.

Accession numbers cited in this issue include:
Scientific and Technical Aerospace Reports (STAR) (N-10000 Series) N95-15919 — N95-19505
Open Literature (A-60000 Series) A95-62971 — A95-65815

The coverage includes documents on the engineering and theoretical aspects of design, construc-
tion, evaluation, testing, operation, and performance of aircraft (including aircraft engines) and
associated components, equipment, and systems. It also includes research and development in
aerodynamics, 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. The listing of the entries is arranged by the first nine STAR specific cate-
gories and the remaining STAR major categories. This arrangement offers the user the most
advantageous breakdown for individual objectives. The citations include the original accession
numbers from the respective announcement journals.

Seven indexes—subject, personal author, corporate source, foreign technology, contract number,
report number, and accession number—are included.

A cumulative index for 1995 will be published in early 1996.

The NASA CASI price code table, addresses of organizations, and document évailability informa-
tion are located at the back of this issue.
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TYPICAL REPORT CITATION AND ABSTRACT

NASA SPONSORED

ACCESSION NUMBER —
TITLE —

AUTHORS —

CONTRACT NUMBERS —
REPORT NUMBERS —

BN MICROFICHE

N95-10318*# Dow Chemical Co., Midland, M..

NOVEL MATRIX RESINS FOR COMPOSITES FOR AIRCRAFT

PRIMARY STRUCTURES, PHASE 1 Final Report, Apr. 1989 -

Mar. 1992

EDMUND P.WOO, P. M. PUCKETT, S. MAYNARD, M. T. BISHOP,

K.J.BRUZA, J.P. GODSCHALX, AND M. J. MULLINS  Aug. 1992

164 p

(Contracts NAS1-18841; RTOP 510-02-11-02)

(NASA-CR-189657; NAS 1.26:189657) Avail: CAS! HC AOB/MFAQ2
The objective of the contract is the development of matrix resins

with improved processability and properties for composites for primarily

.aircraft structures. To this end, several resins/systems were identified

for subsonic and supersonic applications. For subsonic aircraft, a
series of epoxy resins suitable for RTM and powder prepreg was shown
to give composites with about 40 ksi compressive strength after impact
(CAl) and 200 F/wet mechanical performance. For supersonic applica-
tions, a thermoplastic toughened cyanate prepreg system has demon-
strated excellent resistance to heat aging at 360 F for 4000 hours, 40
ksi CAl and useful mechanical properties at greater than or equal to 310
F. An AB-BCB-maleimide resin was identified as a leading candidate for
the HSCT. Composite panels fabricated by RTM show CAl of approxi-
mately 50 ksi, 350 Fiwet perffoomance and excellent retention of
mechanical properties after aging at 400 F for 4000 hours. Author

¢« CORPORATE SOURCE

< PUBLICATION DATE

< AVAILABILITY AND

PRICE CODE

TYPICAL JOURNAL ARTICLE CITATION AND ABSTRACT

ACCESSION NUMBER —
TITLE —
AUTHORS —

PUBLICATION DATE —
REPORT NUMBER —

NASA SPONSORED

A95-60192* National Aeronautics and Space Administration. Ames.
Research Center, Moffett Field, CA.
AERODYNAMIC INTERACTIONS BETWEEN A ROTOR AND
WING IN HOVER
FORT F. FELKER NASA. Ames Research Center, Moffett Field,
CA, US and JEFFREY S.LIGHT NASA. Ames Research Center,
Moffett Field, CA,US  Joumal of the American Helicopter Society
2Jun. 1986 p. 53-61
(HTN-94-00714) Copyright

An experimental investigation of rotor/wing aerodynamic interac-

-tions in hover is described. The investigation consisted of both a large-

scale and a small-scale test. A 0.658-scale V-22 rotor and wing was
used in the large-scale test. Wing download, wing surface pressure,
rotor perfomance, and rotor downwash data from the large-scale test
are presented. A small-scale experiment was conducted to determine
how changes in the rotor/wing geometry affected the asrodynamic
interactions. These geometry variations included the distance between
the rotor and wing, wing incidence angle, wing flap angle, rotor rotation
direction, and configurations both with the rotor axis at the tip of the wing
(tilt rotor configuration) and with the rotor axis at the center of the wing
(compound helicopter configuration). Author (Hemer)
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A95-63520
LINEAR INSTABILITY WAVES IN SUPERSONIC JETS
CONFINED IN CIRCULAR AND NON-CIRCULAR DUCTS
K. VISWANATHAN  Pennsyivania State Univ., University Park, PA,
P.J. MORRIS, and G. CHEN Joumal of Sound and Vibration (ISSN
0022-460X) wvol. 171,n0.2 March 24, 1994 p. 231-253 refs
(BTN-94-E1X94341340068) Copyright

The linear instability of supersonic jets confined in circular and
non-circular ducts is investigated both analytically and numerically. In
the case of the non-circular duct, the numerical solution is based on the
boundary element method. Itis shown that the presence of an outer wall
introduces additional instability modes. A highly supersonic unconfined
jet possesses many modes of instability. These include the Kelvin-
Helmholtz instability and supersonic instabilities. The modifications to
these instabilities by a coflowing stream and an outer wall are exam-
ined. For the case of a circular jet in a circular duct, both a vortex sheet
model and a mode! that includes the effect of a finite thickness shear
layer are considered. The results of these calculations are compared
with those for unconfined supersonic jets with an extenal flow. Finally,
the effects of changes in the duct geometry on the instability modes are
examined. Author (El)

A95-63646
MATHEMATICAL MODELLING CONCERNING THE
DEVELOPMENT OF A SYSTEM OF SIMILAR INSTALLATIONS,
TAKING INTO ACCOUNT THEIR OPERATIONAL INTENSITY
(AN AIRCRAFT-HELICOPTER FLEET TAKEN AS AN
EXAMPLE)
R. T. SIRAZETDINOV KGTU, Kazan (Russia) lzvestiya VUZ:
Aviatsionnaya Tekhnika (ISSN 0579-2975) no.1 January-March
1994 p.63-68 In RUSSIAN
(BTN-94-E1X94461408763) Copyright

A problem conceming the development of a system of similar
installations is considered. it is assumed that these installations have
resources given. it means that each installation can be operated within
the permissible number of hours. The decommissioning of installations
due to their wear and ageing is taken into account. A system of
equations, describing the development of such systems, has been
obtained. An example of the development of anaircraft-helicopter fleet
has been given. El

A95-63655
CALCULATION OF GEOMETRY OF STAMPS WITH SMALL
ALLOWANCES FOR PIECES OF THE AERODYNAMIC
PROFILE -
A.N.LUNEV KGTU,Kazan(Russia)andl.T.MOISEEVA lzvestiya
VUZ: Aviatsionnaya Tekhnika (ISSN 0579-2975) no. 1 January-
March 1994 p.99-102 in RUSSIAN refs
(BTN-94-EIX94461408772) Copyright

Amethod has been developed to calculate geometry of stamps for
pieces of the aerodynamic profile. The method takes into account the

April 1995

distortion of stamps, caused by the mechanical treatment of pieces. A
system of equations has been used to implement the method. The
introduction of the method developed to calculate allowances gives the
opportunity to increase the utilization coefficient of the material twice as
much, to eliminate the milling of the profile part and to make the
mechanical treatment of pieces of the asrodynamic profile less labor-
intensive. ) El

A95-64608
AIRCRAFT SAFETY EVALUATION
ANON  Aerospace Engineering (Warrendale, Pennsylvania) (ISSN
0736-2536) vol. 13,n0.7 July 1993 p.7-9
(BTN-94-E1X94511309382) Copyright

The article presents a way to evaluate the airworthiness of aging
aircraft. Data in this article came from various aircraft, including single-
engine trainers and private aircraft, twin-engine turboprop executive
and training aircraft, and twin turbofan business jets, military trainers,
and commuters. The results were considered in customer support of
ongoing and past evaluations of these aircraft. El

A95-64610
FIBER-OPTIC TECHNOLOGY FOR TRANSPORT AIRCRAFT
ANON Aerospace Engineering (Warrendale, Pennsylvania) (ISSN
0736-2536) wvol. 13,n0.7 July 1993 p. 3540
(BTN-94-E1X94511309384) Copyright

Researchers at McDonnell Douglas Aerospace have been devel-
oping fiber-optic technology since the late 1970s. Fiber-optic systems
have been installed successfully in both military and commercial
aircraft. Application of fiber-optic technology for transport aircraft has
reduced system weight, complexity, cable routing paths, and mainte-
nance and manufacturing costs. ) El

A95-65339
IMPROVED ANALYTICAL SOLUTION FOR VARYING
SPECIFIC HEAT PARALLEL STREAM MIXING
JIYA CUI  Beijing Univ of Aeronautics & Astronautics, Beijing (China)
Tuijin JishwJoumal of Propulsion Technology (ISSN 1001-4055)
no.3 June 1994 p.1-5 INnCHINESE refs
(BTN-94-E1X94481415349) Copyright

In view of the fact that the original varying specific heat paraliel
mixing accurate solution by the author utilizes the critical temperature
that is not actually experienced by the physical process and may
introduce unnecessary errors, an improved set of formulae relying
mainly on the static parameters was hereby derived. Somg illustrative
examples show that the original accurate solution only gives very small
errors, yet the improved solution, being not only more rational but also
much simpler and quicker, is therefore more advanced.

Author (revised by El)

A95-65346

DIRECT SPLITTING OF COEFFICIENT MATRIX FOR
NUMERICAL CALCULATION OF TRANSONIC NOZZLE FLOW
XINGHONG JIANG  Northwestem Polytechnical Univ., Xi'an (China),
FULIANCHEN, and XINGPINGWU  Tuijin Jishu/Journal of Propulsion
Technology (ISSN 1001-4055) no.3 June 1994 p.44-48 In
CHINESE refs
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(BTN-94-EIX94481415356) Copyright
Some concise expressions for the direct splitting of coefficient
matrix were derived and presented in this paper, hence the computa-
tional work for matrix splitting can be greatly reduced and simplified. By
referring to Beam-Warming's explicit finite difference scheme, a sec-
ond-order accurate scheme in consistence with the SCM method was
constructed and analyzed, followed by a detail analysis onits numerical
characteristics. Our calculations show that this algorithm is stilt robust
aven when there is an oblique shock in thenozzle supersonic flow
region, and even without introducing any artificiat parameters to control
the numerical instability. The calculation resuts are in good agreement

with the experimental ones in a wide range of Mach number.
Author (revised by El)

A95-65347
AERODYNAMIC DESIGN AND CALCULATION OF FLOW
AROUND THE PLANE CASCADE OF TURBINE
JUNYOU SU! The 31st Research Inst., Beijing (China) Tuijin Jishw/
Joumal of Propulsion Technology (ISSN 1001-4055) n0.3 June 1984
p. 49-55 In CHINESE refs
(BTN-94-EIX94481415357) Copyright

A convenient and speedy method used for the aerodynamic
design and calculation of turbine cascade profiles, based on the
numerical integral of velocity potential equation and approximate
factorization procedure, was presented which is applicable to the
steady flows from subsonic, transonic to supersonic flow. Compared
with the widely used schemes which introduce the artificial compress-
ibility for the supersonic zone to control the numerical instability, this
method has its obvious superiority in predicting the performance
concerning with the presence of shock wave.

Author (revised by El)

N95-16249# Nanjing Univ. of Aeronautics and Astronautics, Nanjing,
Jiangsu (China).
JOINT PROCEEDINGS ON AERONAUTICS AND
ASTRONAUTICS (JPAA)
JIANYING ZHU, ed. and G. L. DEGTYAREV, ed. May 1993 271p
Prepared in cooperation with Kazan Inst. of Aviation, USSR
(ISBN-7-80-046602-7) Avail: CAS! HC A12/MF A03

These proceedings contain the papers presented at a joint Chi-
nese - Russian symposium dealing with: asrodynamic characteristics
of airfoils, aircraft design, liquid fue!ls for aircraft, wind tunnel equipment
and testing, mathematical modeling of dynamic systemns, signal pro-
cessing, aircraft engine testing and maintainability, radar imaging,
radioelectronic equipment design, aircraft landing systems, computa-
tional mathematics, computer aided design and manufacturing, and
robotics. For individual titltes, see N95-16250 through N95-16281.

N95-16560"# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
MEASUREMENTS OF UNSTEADY PRESSURE AND
STRUCTURAL RESPONSE FOR AN ELASTIC
SUPERCRITICAL WING
CLINTON V. ECKSTROM, DAVID A. SEIDEL, and MAYNARD C.
SANDFORD Nov. 1994 140p - -
(Contract(s)/Grant(s): RTOP 505-63-50-13)
(NASA-TP-3443; L-17073; NAS 1.60:3443) Avail: CAS| HC AO7/MF
A02

Results are presented which define unsteady flow conditions
associated with the high-dynamic structural response of a high-aspect-
ratio, elastic, supercritical wing at transonic speeds. The wing was
tested in the Langley Transonic Dynamics Tunnei with a heavy gas test
medium. The supercritical wing, designed for a cruise lift coefficient of
0.53 at a Mach number of 0.80, experienced the high-dynamic struc-
tural response from Mach 0.90 to 0.94 with the maximum response
occurring at about Mach 0.92. At the maximum response conditions of
the wing, the forcing function appears to be the oscillatory chordwise
movement of strong shocks located on the upper and lower surfaces of
the wing in conjunction with the flow separation on the lower surface of
the wing in the trailing-edge cove region. Author
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N95-17451 National Defence Research Estabfishment, Stockholm
(Sweden). Huvudavdelning foer Foersvarsanalys.

MILITARY AVIATION MAINTENANCE INDUSTRY IN

WESTERN EUROPE: CONCENTRATION AND
INTERNATIONALIZATION [MILITAERA
FLYGUNDERHALLSINDUSTRIN | VAESTEUROPA: DESS
KONCENTRATION OCH INTERNATIONALISERING]
K.BAECKLUND and K. NYBLOM Jan. 1994 129p InSWEDISH
(PB94-189180; FOA-C-10358-1.3) Avail: Issuing Activity (National
Technical Information Service (NTIS))

The study presents the market structure and its development in
the military aviation maintenance industry in Westem Europe. Chapter
1-3 gives the purpose, method, and theoretical frame of the report as
weli as some definitions. The situations and the companies on the
military aviation maintenance marketin Germany, GreatBritain, France,
Belgium, the Netherands, Spain, Portugal, and Italy are described in
chapter 4. The most important maintenance companies are compared
according to the variables the authors pointed out as the mostimportant
ones. They close the discussion in chapter 6 with conclusions and
reflections. The resutt of the study shows that although the market for
the military aviation maintenance is overestablished it is rare that
companies totally withdraw from the market. However, there is a clear
tendency among the companies to diversify away from the military
sector. NTIS

N95-17466 Battelle Columbus Labs., OH.
BICARBONATE OF SODA BLASTING TECHNOLOGY FOR
AIRCRAFT WHEEL DEPAINTING Report, Jun. 1991 - May
1992
A.S.C.CHEN, L. A. SMITH, and R. F. OLFENBUTTEL  Jul. 1994
82 p Prepared for Environmental Protection Agency, Cincannati,
OH Limited Reproducibility: More than 20% of this document may be
affected by microfiche quality
(Contract(s)/Grant(s): EPA-68-C0-0003)
(PB94-193323; EPA/600/R-94/127) Avail: CAS! HC A05

This evaluation addressed product quality, waste reduction/pollu-
tion prevention and economics in replacing chemical solvent strippers
with a bicarbonate of soda blasting technology for removal of paint from
aircraft wheels. Because the paint being removed contained hazardous
metal constituents, the liquid and solid wastes as well as the cloud of
spray generated were evaluated for metal concentrations present and
their lsachability. Analyses for Cd, Cr, Cu, Pb, Mn, Ni, and Zn were
made as well as total metals concentrations, pH, total suspended
solids, and oil and grease. The blasting technology is effective for
removing paint from aircraft wheels without significant damage to the
anodized surface under the paint. In comparison to sofvent depainting
this technology reduced the amount of hazardous waste generated as
well as cost savings due to operating and disposal costs, resulting in a
15% returmn on investment in about 4 years. NTIS

N95-17657"# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
MICROGRAVITY ISOLATION SYSTEM DESIGN: A CASE
STUDY
R.D. HAMPTON  (McNeese State Univ., Lake Charles, LA.), C. R.
KNOSPE (Virginia Univ., Charlottesville, VA.), P. E. ALLAIRE
(Virginia Univ., Charlottesville, VA.), and C. M. GRODSINSKY
Dec. 1994 21p Sponsored by Commonwealth of Virginia's Center
for Innovative Technology
(Contract(s)/Grant(s): NCC3-365; RTOP 963-70-OH)
(NASA-TM-106804; E-9282; NAS 1.15:106804) Avail: CASI HC A03/
MF AO1

Many acceleration-sensitive, microgravity science experiments
will require active vibrationisolation from manned orbiters on whichthey
will be mounted. The isolation problem, especially in the case of a
tethered payload, is a complex three-dimensional one that is best suited
to modem-control design methods. In this paper, extended H(sub 2)
synthesis is used to design an active isolator (i.e., controller) for a
realistic single-input-multiple-output (SIMO) microgravity vibration iso-
lation problem. Complex mu-analysis methods are used to analyze the



isolation system with respect to sensor, actuator, and umbilical uncer-
tainties. The paper fully discusses the design process employed and
the insights gained. This design case study provides a practical
approach for isolation problems of greater complexity. Issues ad-
dressed include a physically intuitive state-space description of the
system, disturbance and noise filters, filters for frequency weighting,
and uncertainty models. The controlled system satisfies ali the perfor-
mance specifications and is robust with respect to mods! uncertainties.

Author

N95-18044°# Rocket Research Corp., Redmond, WA.
ARCJET THRUSTER RESEARCH AND TECHNOLOGY, PHASE
2 Final Report, Mar. 1987 - Feb. 1990
STEVE E. YANO Cleveland, OH NASA Mar. 1991 254p
(Contract(s)/Grant(s): NAS3-24631; RTOP 506-42-31)
(NASA-CR-182276; E-9332; NAS 1.26:182276; REPT-91-R-1475)
Avail: CAS| HC A12/MF A03

The principle objective of Phase 2 was to produce an engineering
model N2H4 arcjet system which met typical performance, lifetime,
environmental, and interface specifications required to support a 10-
year N-S stationkeeping mission for a communications spacecraft. The
system includes an N2H4 arciet thruster, power conditioning unit
(PCU), and the interconnecting power cable assembly. This objective
was met with the successful conclusion of an extensive system test
series. Derived from text

N95-18197*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
MICROGRAVITY ISOLATION SYSTEM DESIGN: A MODERN
CONTROL SYNTHESIS FRAMEWORK
R.D.HAMPTON (McNeese State Univ., Lake Charles, LA.), C. R.
KNOSPE (Virginia Univ., Charottesville, VA.), P. E. ALLAIRE
(Virginia Univ., Charlottesville, VA.), and C. M. GRODSINSKY Dec.
1994 34p Sponsored by Commonwealth of Virginia's Center for
Innovative Technology
{Contract(s)yGrant(s): NCC3-365; RTOP 963-70-OH)
(NASA-TM-106805; E-9283; NAS 1.15:106805) Avail: CASI HC A03/
MF A01

Manned orbiters will require active vibration isolation for accelera-
tion-sensitive microgravity science experiments. Since umbilicals are
highly desirable or even indispensable for many experiments, and since
their presence greatly affects the complexity of the isolation problem,
they should be considered in control synthesis. A general framework is
presented for applying extended H2 synthesis mathods to the three-
dimensional microgravity isolation problem. The methodology inte-
grates control and state frequency weighting and input and output
disturbance accommodation techniques into the basic H2 synthesis
approach. The various system models neaded for design and analysis
are also presented. The paper concludes with a discussion of a general
design philosophy for the microgravity vibration isolation problem.

Author

N95-18486*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
MICROGRAVITY ISOLATION SYSTEM DESIGN: A MODERN
CONTROL ANALYSIS FRAMEWORK
R.D.HAMPTON (McNeese State Univ., Lake Charles, LA.), C. R.
KNOSPE (Virginia Univ., Charlottesville, VA.), P. E. ALLAIRE
(Virginia Univ., Charlottesville, VA.), and C. M. GRODSINSKY Dec.
1994 36p Sponsored by Commonwealth of Virginia’s Center for
Innovative Technology
(Contract(s)/Grant(s): NCC3-365; RTOP 963-70-OH)
(NASA-TM-106803; E-9281; NAS 1.15:106803) Avail: CASI HC A0Y/
MF AO1

Many acceleration-sensitive, microgravity science experiments
will requiire active vibration isolation from the manned orbiters on which

they will be mounted. The isolation problem, especially in the case of

a tethered payload, is a complex three-dimensional one that is best
suited to modem-control design methods. These methods, although
more powerful than their classical counterparts, can nonetheless go

AERODYNAMICS 02

only so far in meeting the design requirements for practical systems.
Once a tentative controller design is available, it must still be evaluated
to determine whether or not it is fully acceptable, and to compare it with
other possible design candidates. Realistically, such evaluation will be
an inherent part of a necessary iterative design process. In this paper,
an approach is presented for applying complex mu-anatysis methods
to a closed-loop vibration isolation system (experiment plus controller).
An analysis framework is presented for evaluating nominal stability,
nominal performance, robust stabifity, and robust performance of active
microgravity isolation systems, with emphasis on the effective use of
mu-analysis methods. Author

N95-18606# National Aerospace Lab., Bangalore (India). Structural
Integrity Div.
AGEING NUCLEAR POWER PLANT MANAGEMENT: AN
AERONAUTICAL VIEWPOINT
R.SUNDER Oct. 1993 15p Presented at the 77th Meeting of the
AGARD Structures and Materials Panel, Bordeaux, France, Sep. 1993
(NAL-PD-SN-9306) Avail: CASI HC A03/MF AO1

Aircraft like nuclear power plants are extremely safety critical.
Aircraft development programs have evolved over many decades and
the standards goveming their evolution are reasonably well estab-
lished. This paper attempts to describe ASIP (Aircraft Structural
Integrity Program) and ENSIP (Engine Structural Integrity Program)
standards for airframes and aeroengines and how their background
may interest specialists in the design, development and operation of
nuclear power plant faciliies including the management of ageing
plants. The accent of ASIP ENSIP is on inspectability and fail-safety to
enable maintenance on condition. Author
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Includes aerodynamics of bodies, combinations, wings, rotors, and
control surtaces; and intemal fiow in ducts and turbomachinery.

N95-15994# Naval Postgraduate School, Monterey, CA.
AN INVESTIGATION OF THE TRANSONIC PRESSURE DRAG
COEFFICIENT FOR AXI-SYMMETRIC BODIES M.S. Thesis
EDDY PRIYONO Mar. 1994 94p
(AD-A280990) Avail: CASI HC AOS/MF A01

This thesis investigates the pressure drag coefficient in the
transonic regime over an axi-symmetric body, with a set of unique
contour surfaces developed in a previous thesis. The contour surfaces
were obtained by an exact solution of the small perturbation transonic
equation, using the guidelines and tools developed at NPS. In this work,
computational fluid dynamics (CFD) was not only used to compute the
afterbody contour surface, but also to investigate a conical afterbody
and complete bodies, which are composed of an arbitrary forebody
(sllipsoid) and a variable afterbody (contour and conical). Euler as well
as Navier-Stokes flow-solvers were applied to the geometries of
interest, giving Mach-number contours for viscous and inviscid flow,
pressure drag coefficient magnitude, and depicting shock wave loca-
tion. On the basis of these results, it can be verified that our contour
surtace afterbodies will decrease by 15 percent the peak of the pressure
drag coefficient (C sub d) versus Mach number curves in the transonic
regime. These results canbe used to design low pressure drag surfaces
for missiles, projectiles, and aircraft engine nacelles. DTIC

N95-16038*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.

NUMERICAL SIMULATION OF SUPERSONIC COMPRESSION
CORNERS AND HYPERSONIC INLET FLOWS USING THE
RPLUS2D CODE

KAMLESH KAPOOR, BERNHARD H. ANDERSON, and ROBERT J.
SHAW Nov. 1994 14 p Orginal contains color illustrations
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(Contract(s)Grant(s): RTOP 537-02-23)
(NASA-TM-106580; E-8840; NAS 1.15:106580) Avail: CASI HC A0/
MF A01; 1 functional color page

A two-dimensional computational code, PRLUS2D, which was
developed for the reactive propulsive flows of ramjets and scramjets,
was validated for two-dimensionat shock-wave/turbulent-boundary-
layer interactions. The problem of compression comers at super-
sonic speeds was solved using the RPLUS2D code. To validate the
RPLUS2D code for hypersonic speeds, it was applied to a realistic
hypersonic inlet ggometry. Both the Baldwin-Lomax and the Chien
two-equation turbulence models were used. Computational results
showed that the RPLUS2D code compared very well with experi-
mentally obtained data for supersonic compression comer flows,
except in the case of large separated flows resulting from the
interactions between the shock wave and turbulent boundary layer.
The computational results compared well with the experiment re-
sults in a hypersonic NASA P8 inlet case, with the Chien two-
equation turbulence mode! performing better thanthe Baldwin-Lomax
model. Author

N95-16069*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
EXPERIMENTAL STUDY AT LOW SUPERSONIC SPEEDS OF
A MISSILE CONCEPT HAVING OPPOSING WRAPAROUND
TAILS
JERRY M. ALLEN and CAROLYN B. WATSON Nov. 1894 57p
(Contract(s)/Grant(s): RTOP 505-59-30-01)
(NASA-TM-4582; L-17337; NAS 1.15:4582) Avail: CASI HC A0O4/MF
A0

A wind-tunnel investigation has been performed at low super-
sonic speeds (at Mach numbers of 1.60, and 2.16) to evaluate the
aerodynamic characteristics of a missile concept capable of being
tube launched and controlled with a simpte one-axis canard control-
ler. This concept, which features an axisymmetric body with two
planar canards and four wraparound tail fins arranged in opposing
pairs, must be in rolling motion to be controllable in any radial plane
with the planar canards. Thus, producing a constant rolling moment
that is invariant with speed and attitude to provide the motion is
desirable. Two tail-fin shaping designs, one shaved and one bev-
eled, were evaluated for their efficiency in producing the needed
rolling moments, and the results showsd that the shaved fins were
much more desirable for this task than the beveled fins.  Author

N95-16076 Physical Sciences, Inc., Andover, MA.
ULTRAVIOLET EMISSIONS OCCURRING ABOUT
HYPERSONIC VEHICLES IN RAREFIED FLOWS Final Report,
4 Jun. 1993 - 4 Feb. 1994
GEORGE E. CALEDONIA and ROBERT H. KRECH  Apr. 1994
60p Limited Reproducibility: More than 20% of this document may
be affected by microfiche quality
(Contract(s)yGrant(s): DAAH04-93-C-0015)
(AD-A281452; PSI-1177/TR-1305; ARO-31210.2-EG-SDI)  Avail:
CASI HC A04

This report includes: (1) an investigation of the kinetic mecha-
nisms for the visible shuttle glow; (2) an overview of flight and
laboratory investigations of VUV to IR surface glows observed at
hypersonic velocities in low earth orbit conditions; (3) a summary of
the flight-measured absolute intensities observed for rarefied ram
flow at VUV, UV and visible wavelengths as a function of altitude;
and (4) a brief look at seeker sensor survivability/ viability issues
associated with a High Velocity Missile (HVM) intended for boost
phase interception. DTIC

N95-16099 Ohio State Univ., Columbus.
WING-BODY JUNCTURE FLOWS Final Report
RICHARD J. BODONYL Jan.1994 44p Limited Reproducibility:
More than 20% of this document may be affected by microfiche quality
(Contract(s)/Grant(s): DAAL03-90-G-0186)
(AD-A281526; ARO-28249.2-EG) Avail: Issuing Activity (Defense
Technical Information Center (DTIC))

Researchers have considered the flow structure near a small-
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scale wing-body combination within the framework of triple-deck
theory. Thin airfoil theory was used to obtain the pressure distribu-
tion around a wing which in tum triggers a viscous-inviscid interac-
tion near the wing-body juncture. As part of the formulation of the
probiem they have followed the lead of Smith and Gajjar, utilizing the
concept of an ‘effective hump shape’ in the formulation of the
nonlinear problem. This technique not only simplifies the pressure
expression but also enhances the convergence of the numerical
scheme even though the concept itself is just a transformation to
convert the wing-body problem into a more conventional problem for
computational efficiency. DTIC

N95-16160# Stanford Univ.,, CA. Dept. of Aeronautics and Astro-
nautics.
HIGH ALTITUDE HYPERSONIC FLOWFIELD RADIATION Final
Report, 1 Jan. 1990 - 31 Mar. 1994
ROBERT W. MACCORMACK and DEAN R. CHAPMAN  Apr. 1994
Sp
(Contract(s)/Grant(s): DAAL03-90-G-0031)
(AD-A281386; ARO-27480.6-EG-SDI) Avail: CAS| HC A02/MF AO1
Methods for computing radiation spectra and intensity are
compared with available experimental data from three flight tests
and five laboratory experiments. These involve both nonequilibrium
and equilibrium flow. The comparison was facilitated by develop-
ment of an improved radiation code, termed NEQAIR 2, incorporat-
ing vectorized programming to enable fine-structure spectra to be
computed in a practical amount of time. The main sources of
computational inaccuracy are found to stem from imperfect under-
standing of (1) what temperature or combination thereof in a
multitemperature flowfield govemns electronic excitation; (2) the
physics of rotational relaxation at very high temperatures; and (3)
the reaction rates for NO production at very high temperatures.
Computed radiation is most accurate atlow altitudes and hypersonic
velocities, and least accurate at high altitudes and velocities.
DTIC

N95-16251# Nanjing Univ. of Aeronautics and Astronautics, Nanjing,
Jiangsu (China). Research Inst. of Pilotless Aircraft.
AN APPROACH TO AERODYNAMIC CHARACTERISTICS OF
LOW RADAR CROSS-SECTION FUSELAGES
JIAZHENG PAN, YIFEI WANG, and CAIWEN ZHANG  In its Joint
Proceedings on Aeronautics and Astronautics (JPAA) p 11-18 May
1993
Avail: CASI HC A02/MF A03

This paper proves that polygonal section fuselages are better
than circular section fuselage not only in stealthy characteristics
(low radar cross section (RCS)), but also in aerodynamic character-
istics, especially in lift force and maximum lift-drag ratio, by inves-
tigating low speed aerodynamic characteristics for three ‘panel’
polygonal section fuselage models with low RCS and.one regular
circular section fuselage model, through low speed tunnel testing of
measuring forces, water tunnel field visualization and comparison
between the results of the engineering evaluation and experiments
at an angle of attack up to 50 degrees. Moreover, they can produce
steady side forces larger than those of the circular section fuselage
at high angles of attack and zero sideslip, and the produced angle
of attack is fower than that of a circular one. The calculation method
of polygonal section fuselages has not yet been perfected. In this
paper a correction evaluation method is proposed that is given
according to the contour characteristics of the corresponding sec-
tion on the basis of the calculation method of a low aspsct ratio wing
and the calculated results are in good agreement with those of the
experiments. Author (revised)

N95-16252# Nanjing Univ. of Aeronautics and Astronautics, Nanjing,
Jiangsu (China). Research inst. of Pilotiess Aircraft.
AN IMPROVED METHOD OF AIRFOIL DESIGN
CAIWEN ZHANG  /n its Joint Proceedings on Aeronautics and
Astronautics (JPAA) p19-22 May 1993 See also A91-44768
Avail: CAS! HC A01/MF A03

An improved method of airfoil design is propesed in this paper,



which transforms the design problem into the solution of a minimization
problem of a multivariable function. It can be applied to the subcritical
airfoil design, taking viscosity into consideration. Author

N95-16257# Nanjing Univ. of Aeronautics and Astronautics, Nanjing,
Jiangsu (China). Dept. of Aerodynamics.
WALL-SIGNATURE METHODS FOR HIGH SPEED WIND
TUNNEL WALL INTERFERENCE CORRECTIONS
QIWEI ZHANG  /n its Joint Proceedings on Aeronautics and
Astronautics (JPAA) p53-62 May1993 See also A93-20803
Avail: CASI HC A02/MF A03

Wall-signature methods for wall interference correction in NH-
1 high speed wind tunnel model tests are presented. The methods
correct tunnel wall interference effects using the measured pressure
distribution near tunnel walls and the model force data. They do not
require the knowledge of wall cross-flow properties, so can be used
for various ventilated wall or solid wall wind tunnels. Hundreds of test
cases of several models in various tunnels including solid wall,
adaptive wall, perforated wall, slotted wall test sections are cor-
rected by these methods. The test Mach number range is 0.5 t0 0.9.
The test Reynalds number range is 2x10(exp 6) to 1x10(exp 7). The
corrected results are compared with other correcting methods and
Navier-Stokes free-air solutions. The correctness and practicality of
these methods are proved. Author

N95-16563+# National Technical Univ., Athens (Greece). Lab. of
Thermal Turbomachines.
SINGLE-PASS METHOD FOR THE SOLUTION OF INVERSE
POTENTIAL AND ROTATIONAL PROBLEMS. PART 1: 2-D
AND QUASI 3-D THEORY AND APPLICATION
P. CHAVIAROPOULOS, V. DEDOUSSIS, and K. D. PAPAILIOU In
AGARD, Optimum Design Methods for Aerodynamics 19p  Nov.
1994
Copyright Avail: CASI HC AO3/MF A03

A methodology for the solution of the 2-D and 3-D inverse
inviscid subsonic flow problem is introduced. The proposed method-
ology handles the 2-D and axisymmetric rotational and the 3-D
potential target pressure problem in a single-pass manner. The
method is based on a potential function/stream function formulation
where the physical space is mapped onto a natural one using the
potential and stream function(s) as body-fitted coordinates. A novel
procedure based on differential geometry and generalized tensor
analysis arguments is employed to formulate the method in a
modular way. The governing equations for the inverse problem are
derived through the metrics compatibility condition on the natural
space. Geometry is determined by integrating generalized Frenet
equations along the natural coordinate lines. Rotationality, when
present, is due to incoming (stagnation) thermodynamic quantities
and/or preswirl gradients. The Clebsch formulation is, then, adopted
to decompose the velocity field into a potential and a rotational part.
To validate the method inverse calculation results are compared to
results of direct ‘reproduction’ calculations. The design procedure of
some optimized shapes is also presented. Part 1 of this lecture
focuses on 2-D and axisymmetric inverse potential or rotational flow
problems, while the fully 3-D inverse potential problem is considered
in Part 2. . Author

N95-16564# National Technical Univ.,, Athens (Greece). Lab. of
Thermmal Turbomachines.
SINGLE-PASS METHOD FOR THE SOLUTION OF INVERSE
POTENTIAL AND ROTATIONAL PROBLEMS. PART 2: FULLY
3-D POTENTIAL THEORY AND APPLICATIONS
P. CHAVIAROPOULOS, V. DEDOUSSIS, and K. D. PAPAILIOU In
AGARD, Optimum Design Methods for Aerodynamics 14p  Nov.
1994
Copyright Avail: CAS!| HC AO3/MF A03

A potential function/stream function formulation is introduced
for the solution of the fully 3-D inverse potential ‘target pressure’
problem. Potential function and two stream vectors are used as the
independent natural coordinates, whilst the velocity magnitude, as
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waell as, the aspect ratio and the cross-section angle of the elemen-
tary stream tubes are assumed to be the dependent ones. A novel
procedure based on differential ggometry is employed to formuiate
the method. The governing differential equations are derived by
requiring the curvature tensor of the flat 3-D physical Euclidean
space, expressed in terms of the curvilinear naturaf coordinates, to
be zero. The resulting equations are discussed and investigated with
particular emphasis to the existence and uniqueness of their solu-
tion. it is shown that the general 3-D inverse potential problem with
target pressure boundary conditions only, is ill-posed accepting
multiple solutions. This multiplicity is alleviated by considering
elementary stream tubes with orthogonal cross-sections. The as-
sumption of orthogonal stream surfaces reduces the number of
dependent variables by one, simplifying the governing equations to
an glliptic PDE, for the the velocity magnitude and to a second order
ODE for the stream tube aspect ratio. The solution of these two
equations provides the flow field. Geometry is determined indepen-
dently by integrating Frenet equations along the natural coordinate
lings, after the flow field has been calculated. The numerical imple-
mentation as well as validation test cases for the proposed inverse
methodology are presented in the last part of the lecture.  Author

N95-16589*# California Univ,, Davis, CA. Dept. of Mechanical and
Aeronautical Engineering.
NUMERICAL SIMULATION OF HELICOPTER ENGINE PLUME
IN FORWARD FLIGHT Final Report
ARSENIO C. B. DIMANLIG, CORNEL!S P. VANDAM, and EARL P. N.
DUQUE 1994 12p Original contains color illustrations
(Contract(s)/Grant(s): NCC2-5061)
(NASA-CR-197488; NAS 1.26:197488) Avail: CASI| HC AO3/MF A01;
5 functional color pages

Flowfields around helicopters contain complex flow features such
as large separated flow regions, vortices, shear layers, blown and
suction surfaces and an inherently unsteady flow imposed by the rotor
system. Another complicated feature of helicopters is their infrared
signature. Typically, the aircraft’s exhaust plume interacts with the rotor
downwash, the fuselage’s complicated flowfield, and the fuselage itself
giving each aircraft a unique IR signature at given flight conditions. The
goal of this project was to compute the flow about a realistic helicopter
fuselage including the interaction of the engine air intakes and exhaust
plume. The computations solve the Think-Layer Navier Stokes equa-
tions using overset type grids and in particular use the OVERFLOW
code by Buning of NASA Ames. During this three month effort, an
existing grid system of the Comanche Helicopter was to be modified to
include the engine inlet and the hot engine exhaust. The engine exhaust
was to be modeled as hot air exhaust. However, considerable changes
in the fuselage geometry required a complete regriding of the surface
and volume grids. The engine plume computations have been delayed
to future efforts. The results of the current work consists of a complete
regeneration of the surface and volume grids of the most recent
Comanche fuselage along with a flowfield computation. Author

N95-16808# Wright Lab., Wright-Patierson AFB, OH.
NUMERICAL SIMULATION OF TRANSIENT VORTEX
BREAKDOWN ABOVE A PITCHING DELTA WING Final
Report, 1 Jan. - 31 Dec. 1992
MIGUEL R. VISBAL 4 May 1994 43p
(Contract(s)/Grant(s): AF PRO.J. 2307)
(AD-A281075; WL-TR-93-3048) Avail: CASI HC A03/MF A01
Computational results are presented for transient vortex break-
down above a deita wing subject to a pitch-and-hold maneuver to high
angle of attack. The flows are simulated by soiving the full three-
dimensional Navier-Stokes equations on a moving grid using the
implicit Beam-Warming algorithm. An assessment of the effects of
numerical resolution and favorable comparison with experimental data
suggest the computational approach captures the basic dynamics of
this transient breakdown. The pressure gradient along the vortex axis
is found to play a dominant role in the initiation of breakdown. A
description of the three-dimensional instantaneous structure of the flow
field is provided using critical-point theory. The reversed-flow region in
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the vortex core is associated with pairs of opposite spiral/saddie critical
points. At its onset, the vortex breakdown is fairly axisymmetrc;
howaever, as it proceeds upstream and a stronger transition takes place
along the axis, asymmetric effects become important and result in the
formation of a bubble-type breakdown. This bubble structure is open
and contains within itself a pair of stagnation points which are diametri-
cally opposed and which rotate in the same sense as the base flow.
DTIC

N95-16824# Naval Postgraduate School, Monterey, CA.
MACH NUMBER, FLOW ANGLE, AND LOSS
MEASUREMENTS DOWNSTREAM OF A TRANSONIC FAN-
BLADE CASCADE M.S. Thesis
JEFFREY G. AUSTIN Mar. 1994 85p
(AD-A280907) Avail: CAS! HC AO5/MF AO1

Two dimensional flow measurements of Mach number and flow
angle were conducted downstream of a transonic fan-blade cascade
at a Mach number of 1.4 to provide baseline data for assessing the
effect of vortex generating devices on the suction surface shock-
boundary layer interaction. The experimental program consisted of
the design and calibration of a traversing three-port pneumatic probe
to measure Mach number and flow angle and initial cascade mea-
surements to provide baseline data for the fully-mixed-out total
pressure loss coefficient and flow tuming angle. Similar tests are
planned with the vortex generating devices installed. Comparisons
with and without the vortex generating devices are needed to
quantify the overall effect on the shock-boundary interaction in a
transonic fan-blade passage, and to assess the potential for using
vortex generating devices in military engine fans. DTIC

N95-16858*# National Aeronautics and Space Administration. Hugh
L. Dryden Flight Research Center, Edwards, CA.
DEVELOPMENT OF A LOW-ASPECT RATIO FIN FOR FLIGHT
RESEARCH EXPERIMENTS
DAVID M. RICHWINE (Planning Research Com., Edwards, CA.) and
JOHN H. DELFRATE Washington Aug. 1994 16p Presented
at the 6th Biennial Flight Test Conference, Colorado Springs, CO, 20-
23 Jun. 1993 Original contains color illustrations
(Contract(s)/Grant(s): RTOP 505-68-00)
(NASA-TM-4596; H-1993; NAS 1.15:4596; AIAA PAPER 94-2133)
Avail: CASI HC AO3/MF A01; 3 functional color pages

A second-generation flight test fixture, developed at NASA
Dryden Flight Research Center, offers a generic testbed for aerody-
namic and fluid mechanics research. The new fixture, a low-aspect
ratio vertical fin shape mounted on the centerline of an F-15B aircraft
lower fuselage, is designed for flight research at Mach numbers up
to 2.0. The new fixture is a composite structure with a modular
configuration and removable components for functional flexibility.
This report describes the multidisciplinary design and analysis
approach used to develop the fixture. The approach integrates
conservative assumptions with simple analysis techniques to mini-
mize the time and cost associated with its development. Presented
are the principal disciplines required for this effort, which include
aerodynamics, structures, stability, and operational considerations.
In addition, preliminary results from the first phase of flight testing
are presented. Acceptable directional stability and flow quality are
documented and show agreement with predictions. Future envelope
expansion activities will minimize current fimitations so that the
fixture can be used for a wide variety of high-speed aerodynamic and
fluid mechanics research experiments. Author

N95-16887*# Sverdrup Technology, Inc., Brook Park, OH.

AN ANALYSIS CODE FOR THE RAPID ENGINEERING ESTIMA-
TION OF MOMENTUM AND ENERGY LOSSES (REMEL) Final
Report

LAWRENCE J. DECHANT Cleveland, OH NASA Nov. 1994
86p

(Contract(s)/Grant(s): NAS3-25266; RTOP 505-69-50)
(NASA-CR-191178; E-8079; NAS 1.26:191178) Avail: CASI HC A05/
MF AD1
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Nonideal behavior has traditionally been modeled by defining
efficiency (a comparison between actual and isentropic processes),
and subsequent specification by empirical or heuristic methods.
With the increasing complexity of aeropropulsion system designs,

_the reliability of these more traditional methods is uncertain. Com-

putational fluid dynamics (CFD) and experimental methods can
provide this information but are expensive in terms of human
resources, cost, and time. This report discusses an alternative to
empirical and CFD methods by applying classical analytical tech-
niques and a simplified flow model to provide rapid engineering
estimates of these losses based on steady, quasi-one-dimensional
governing equations including viscous and heat transfer terms
(estmated by Reynold’'s analogy). A preliminary verification of
REMEL has been compared with full Navier-Stokes (FNS) and CFD
boundary layer computations for several high-speed inlet and -
forebody designs. Current methods compare quite well with more
complex method results and solutions compare very well with simple
degenerate and asymptotic results such as Fanno flow, isentropic
variable area fiow, and a newly developed, combined variable area
duct with friction flow solution. These solution comparisons may
offer an altemative to transitional and CFD-intense methods for the
rapid estimation of viscous and heat transferlosses in aeropropulsion
systems. Author

N95-16908*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
COMPARISON OF COMPUTATIONAL AND EXPERIMENTAL
RESULTS FOR A SUPERCRITICAL AIRFOIL
MELISSA B. RIVERS and RICHARD A. WAHLS Nov. 1994 30p
(Contract(s)/Grant(s): RTOP 505-59-10-31)
{NASA-TM-4601; L-17330; NAS 1.15:4601) Avail: CASI HC AGGMF
AD1

A computational investigation was performed to study the flow
over a supercritical airfoil mode!. Solutions were obtained for steady-
state transonic flow conditions using a thin-layer Navier-Stokes flow
solver. The results from this computational study were compared
withtime-averaged experimental data obtained over a wide Reynolds
number range at transonic speeds in the Langley 0.3-Meter Tran-
sonic Cryogenic Tunnel. Comparisons were made at a nominal
Mach number of 0.72 and at Reynolds numbers ranging from 6 x
10(exp 6) to 35 x 10(exp 6). Author

NS5-17178# Defence Science and Technology Organization,
Melbourne (Australia).
DATA ACQUISITION AND PROCESSING SOFTWARE FOR
THE LOW SPEED WIND TUNNEL TESTS OF THE JINDIVIK
AUXILIARY AIR INTAKE
S.S.LAM  Aug.1994 46p
(AD-A285455; DSTO-TR-0043; DODA-AR-007-100) Avail: CASI HC
AO3IMF AO1

Data acquisition software has been developed for the wind
tunnel tests of the auxiliary air intake of the Jindivik pilotiess target
aircraftin the AMRL Low Speed Wind Tunne! (LSWT) using the new
Pressure Systems Incomporated (PSl) 8400 Measurement System
under the contro! of an IBM PS/2 computer. The recent upgrade of
the data acquisition system for the LSWT and the replacement of the
mechanical Scanivalve pressure measuring system with PSI elec-
tronic pressure scanners has required major modifications to be
made to existing software. To minimize the changes needed and to
provide compatibility with data processing for previous tests, the
data acquired by the PS! electronic pressure equipment are trans-
ferred to the dedicated LSWT DEC PDP-11/44 mini-computer for
storage and processing. This report describes the development and
operation of new software for the LSWT tests of the Jindivik auxiliary
air intake. DTIC

N95-17273°# Vigyan Research Associates, Inc., Hampton, VA.
TRANSONIC NAVIER-STOKES CALCULATIONS ABOUT A 65
DEG DELTA WING Final Report

W. KELLY LONDENBERG NASA Nov.1994 71p



(Contract(s)/Grant(s): NAS1-18585; RTOP 505-59-54-01)
(NASA-CR-4635; NAS 1.26:4635) Avail: CASI HC AO4/MF AO1

A computational study has been conducted in which the CFL3D
Navier-Stokes solver coupled with an algebraic and a one-equation
nonequilibrium turbulence model has been used to predict the flow
over a 65 degree delta wing at transonic conditions for Reynolds
numbers ranging from 6 x 10(exp 6) to 120 x 10(exp 6) based on
mean aerodynamic chord. Solutions obtained indicated that the
computational method when used with the one-equation turbulence
model predicts results that compare well with experiment for at-
tached flow conditions. Comparisons with experimental pressure at
separated conditions show that the computational method, even
though primary flow-field features are predicted well, does not
predict secondary flow features. Author

N95-17291*# Jet Propulsion Lab., Califomnia Inst. of Tech., Pasa-
dena, CA. ‘
FIELD VERIFICATION OF THE WIND TUNNEL COEFFICIENTS
W. K. GAWRONSKI and J. A. MELLSTROM  /n jits The Telecommu-
nications and Data Acquisition Report p 210-220 15 Nov. 1994
(Contract(s)/Grant(s): RTOP 314-40-52-01-02)
Avail: CAS! HC AO3/MF A03

Accurate information about wind action on antennas is required
for reliable prediction of antenna pointing errors in windy weather
and for the design of an antenna controller with wind disturbance
rejection properties. The wind tunnel data obtained 3 years ago
using a scaled antenna model serves as an antenna industry
standard, frequently used for the first purpose. The accuracy of the
wind tunnel data has often been challenged, since they have not yet
been tested in a field environment (full-aized antenna, real wind,
actual terrain, etc.). The purpose of this investigation was to obtain
selected field measurements and compare them with the available
wind tunnel data. For this purpose, wind steady-state torques of the
DSS-13 antenna were measured, and dimensionless wind torque
coefficients were obtained for a variety of yaw and elevation angles.
The results showed that the differences between the wind tunnel
torque coefficients and the field torque coefficients were less than 10
percent of their values. The wind-gusting action on the antenna was
characterized by the power spectra of the antenna encoder and the
antenna torques. The spectra showed that wind gusting primarily
affects the antenna principal modes. Author

N95-17435 Naval Postgraduate School, Monterey, CA.
NUMERICAL OPTIMIZATION OF SYNERGETIC MANEUVERS
M.S. Thesis

JOHNC.NICHOLSON Jun.1994 181p Limited Reproducibility:
More than 20% of this document may be affected by microfiche quality
(AD-A283398) Avail: Issuing Activity (Defense Technical Information
Center (DTIC))

The use of atmospheric forces to produce an orbital plane
change requires less energy than a pure exoatmospheric propulsion
maneuver. The combination of aerodynamic and propulsive forces
to cause a change in orbital inclination is termed a synergetic
maneuver. Several methods have been proposed to contro! the
critical heating rate while performing-the procedure. This thesis
examines these control methods by numerically optimizing the
trajectory for several fuel weights and heat rate constraints. The
Program to Optimize Simulated Trajectories (POST) is used to
simulate the maneuvers and control schemes and to perform the
optimization. For no active heat constraints, itis shown that a gliding
atmospheric entry followed by a maximum throttle bang produces
significantly more inclination change than other proposed maneu-
vers. If the heat constraints are active, the recently proposed
aerobang maneuvers produces a substantial inclination change
while providing significant heating rate control and shows definite
advantages over the long-studied aerocruise maneuver. DTIC

N95-17846# Advisory Group for Aerospace Research and Develop-
ment, Neuilly-Sur-Seine (France). Fluid Dynamics Panel.
A SELECTION OF EXPERIMENTAL TEST CASES FOR THE
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VALIDATION OF CFD CODES, VOLUME 2 [RECUEIL DE CAS
D’ESSAI EXPERIMENTAUX POUR LA VALIDATION DES
CODES DE L’AERODYNAMIQUE, VOLUME 2]
Aug. 1994 577p See also 95N-14201 and diskette supplement
AGARD-AR-303-Suppl
(AGARD-AR-303-VOL-2; ISBN-92-836-1003-2) Copyright Avail:
CASI HC A25/MF A06

This report presents the results of a study by Working Group 14
of the AGARD Fluid Dynamics Panel. The thirty nine test cases that
are documented cover the subsonic, transonic, and supersonic flow
regimes and five classes of geometries. Included in the five classes
of geometries are: Two Dimensional Airfoils; Three Dimensional
Wings, designed for predominantly attached flow conditions; Slen-
der Bodies, typical of missile type configurations; Delta Wings,
characterized by a conical type of vortex flow; and Complex Configu-
rations, eitherin a geometrica!l sense or because of complicated flow
interactions. The report is presented in two volumes. Volume 1
provides a review of the theoretical and experimental requirements,
a general introduction, summary of the test cases and recommen-
dations for the future. Volume 2 contains detailed information on the
test cases. Relevant data has been compiled on floppy disks. For
individual titles, see N95-17847 through N95-17885.

N95-17848# Defence Research Agency, Famborough, Hampshire
(England).
MEASUREMENTS ON A TWO-DIMENSIONAL AEROFOIL
WITH HIGH-LIFT DEVICES
I.R.M.MOIR In AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume2 12p Aug. 1994
Copyright Avail: CASI HC AC3/MF A06

The tests detailed in this submission were carried out by the
former British Aircraft Corporation in support of the National High Lift
Programme. This Programme was a collaborative project between
the Royal Aerospace Establishment Famborough (now part of the
the DRA) and the aircraft industry with the aim of increasing the
understanding and knowledge of all aspects of high-lift systems, and
to provide a fund of data which would benefit the design of future
transport aircraft. Wind-Tunnel tests were carried out on four mod-
els: (1) A 3-D half model (RAE); (2) a swept panel wing (HSA
Hatfield); (3) a quasi-2D (end-plate) mode! (BAC Weybridge); and
(4) a 2D model (BAC Weybridge). BAC Warton also carried out
structural analyses on various leading-edge and trailing-edge de-
vices. The present cases are results from the 2D tests which
covered investigations into two leading-edge and two trailing-edge
devices. The model had a supercritical aerofoil section, a chord of
0.7635m, and was mounted between turnables in the floor and roof
of the BAC 3.96m x 2.74m low-speed wind-tunnel. Two-dimensional
conditions were maintained by local suction around the wing/wall
junctions. Surface pressures were measured on all the components
of the wing, at two spanwise stations, one near the tunnel centerline,
and one near the roof. These pressures were integrated to give
overall lift, drag and pitching moment coefficients. A pilot/static
transverse through the wake provided the total momentum deficit.
Traverses perpendicular to the wing surface at various chordwise
locations provided information on wake and boundary layer devel-
opment and interaction. Flow visualization was provided by tufting of
the wing surfaces. Author

N95-17849# Defence Research Agency, Bedford (England).
INVESTIGATION OF THE FLOW OVER A SERIES OF 14
PERCENT-THICK SUPERCRITICAL AEROFOILS WITH
SIGNIFICANT REAR CAMBER
P.R.ASHILL /nAGARD, A Selection of Experimental Test Cases for
the Validation of CFD Codes, Volume 2 13p  Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

The experiments described in this submission were performed
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on various airfoil sections, all of 14 percent thickness/chord ratio and
with significant rear camber. The main aim was to obtain an
improved understanding of viscous effacts on flows over airfoils with
severe adverse pressure gradients. Such gradients can be found at
the rear airfoils with significant rear camber and at the foot of shock
waves. The tests were performed in the 8ft x 8ft Pressurized, Subsonic/
Supersonic Wind Tunnel at the Defense Research Agency (DRA,
formerly the Royal Asrospace Establishment) Bedford between No-
vember 1976 and February 1982. This wind tunne! has solid walls and,
since the airfoil chord to tunnel height is relatively large (0.26), the data
are strictly not correctable. This was recognized from the outset, the
main concem of the investigation being studying flows rather than
performing tests on a prescribed shape. However, the wall boundary
conditions are well defined and so the data may be useful for validating
CFD codes which include allowance for the wind-tunnel walls. In
addition, measurements were made of the static pressures on the roof
and floor of the working section, providing an independent check on the
accuracy of the representation of the walls in any CFD method. Despite
the caveat above about correctability, it is believed that the cases
presented having weak shock waves may be used to assess free-air
calculation methods provided that allowance is made in the calculation
for wall-induced camber. Cases suitable for such work are highlighted
in Section 6.2 where details are also given of the camber comrection.
Author

N95-17850# National Research Council of Canada, Ottawa (Ontario).
Inst. for Aerospace Research.
SURFACE PRESSURE AND WAKE DRAG MEASUREMENTS
ON THE BOEING A4 AIRFOIL IN THE IAR 1.5X1.5M WIND
TUNNEL FACILITY
D. J. JONES and Y. NISHIMURA  /n AGARD, A Selection of
Experimental Test Cases for the Validation of CFD Codes, Volume 2
10p Aug. 1994
Copyright Avail: CASI HC A02/MF A06

This 10.2 percent maximum thickness to chord airfoil has become
a standard airfoil for Boeing wind tunnel tests in the IAR 1.5 X 1.5m
facility. In order to study wall constraint effects, several different chord
lengths have been used in the narrow span (38.1 cm) IAR facility and
a 30.5 cm chord mode! was tested in the 1.5 wide facility. The latter data
from the wide span facility are presented here. This data has a small
sidewall corraction while the upper and lower-walls are accounted for
using Mokry’s wall cormrection procedures. Transition was fixed at 10
percent and all runs were made at a chord Reynolds number of 14
miltion. The tests were carried out in June-July, 1991. Author

N95-17851# McDonnell-Douglas Corp., Long Beach, CA.
2-D AILERON EFFECTIVENESS STUDY
V.D.CHIN, C. J. DOMINIK, F. T. LYNCH, and D. L. RODRIGUEZ in
AGARD, A Selection of Experimental Test Cases for the Validation of
CFD Codes, Volume 2 20p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

The experimental data described in this contribution were
obtained in the IAR High Reynolds Number 60 x 15 (1.5m x 0.38m)
Two-Dimensional Test Facility. The purpose of the experiment was
to investigate the effects of Reynolds number and Mach number on
aileron effectiveness and to evaluate effectiveness of viscous
scaling techniques that attempt to simulate flow at higher Reynolds
numbers. The advent of the modem transport wing has prompted a
renewed interest in the transonic characteristics of ailerons. In
addition to their traditional role of lateral (roll} control, aileron are
used for wing load alleviation and to improve cruise performance
through the ‘drooped aileron’ concept. An understanding of the
prevailing flow physics which limit the transonic performance of
ailerons is necessary for the successful design of a contro! system
that satisfies the muiti-role requirements of the aileron. Results
showed a linear variation of lift for upward trailing edge deflections
but a highly noniinear variation for downward deflections. This
nonlinear behavior, equivalent to a loss in aileron effectiveness,
became worse at higher angles of attack and higher Mach numbers.
In addition, the viscous scaling technique that was used at lower
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Reynolds numbers was found to be inadequate for modeling flow at
higher Reynolds numbers. The data acquired from this test were for
a series of aileron deflections varying from -5 to +5 deg at Mach
numbers of 0.717 and 0.746 and chord Reynolds numbers of 5, 15,
and 25 million. The following types of data were obtained: airfoil
surface pressure distributions; wake drag, which was determined by
waka transversing probas; lift and drag forces and pitching moment,
which were determined by force balance readings and surface
pressure integrations; and floor and ceiling pressure distributions,
which were used to compute wall interference effects. One of the
difficutties in wind tunnel testing is accounting for the effects of wall
interference to reinterpret the data for ‘free air’ conditions. Correc-
tions for interference effects of the floor and ceiling and for the wall
sidewall boundary layer effects were applied to the data. The data
are available corrected for floor and ceiling effects, and corrected for
both floor and ceiling interference and sidewall boundary layer
effects. Author

N95-17852# Technische Hochschule, Aachen (Germany).
Aerodynamisches inst.
INVESTIGATION OF AN NLF(1)-0416 AIRFOIL IN
COMPRESSIBLE SUBSONIC FLOW
P. GUNTERMANN and G. DIETZ /n AGARD, A Selection of
Experimental Test Cases for the Validation of CFD Codes, Volume 2
10p Aug. 1994
Copyright Avail: CAS! HC AO2MF A06

The data presented in this contribution were obtained in the 40 x
40 sq cm Transonic Wind Tunnel at the Aerodynamisches Institut of the
RWTH Aachen within the research program ‘Entwicklung von
Berechnungsverfahren fur Probleme der Stromungsmechanik’ spon-
sored by the Stiftung Volkswagenwerk. The aim of the experimental
part of the research program was to investigate the influence of
compressibility on the location of transition. For this purpose a natural-
laminar-flow airfoil NLF (1)-0416, designed for incompressible flow,
was investigated. Starting with incompressible free stream conditions
the Mach number was increased until transonic flow was obtained. The
experiments on the NLF(1)-0416 should provide aerodynamical forces
such as lift and drag and data conceming the location and the
undertying physical mechanism of transition. Therefore different mea-
suring techniques, e.g. liquid crystal coating and multi-sensor hot-film
technique, were tested. To verify the existence of a laminar separation
bubble the topology of the boundary layer was visualized. Regarding
the different turbulence levels there is a good agreement of the
experimental results with those obtained at NASA-Langtey, which are
available up to Mach numbers of 0.4. Numerical results correspond to
the experiments at higher Mach numbers too. Experiments were
carried out to get information about the influence of small disturbances
of the profile surface on the pressure distribution, the drag, and the
location of transition. In continuation of this research a wind tunnel
mode! with adjustable geometry of its upper surface was developed and
manufactured. The influence of small surface variations on the location
of transition or separation will be investigated experimentally, but these
tests are not part of the presented data set. Author

N95-17853# Technische Hogeschool, Delft (Netherlands). Low Speed
Aerodynamics Lab.
EXPERIMENTS IN THE TRAILING EDGE FLOW OF AN NLR
7702 AIRFOIL »
L. H. J. ABSIL and D. M. PASSCHIER  /n AGARD, A Selection of
Experimental Test Cases for the Validation of CFD Codes, Volume 2
16p Aug. 1994
Copyright Avail: CAS!I HC AO3/MF A06

Detailed mean flow and turbulence properties are presented of the
flow in the vicinity of an airfoil trailing edge, to provide data for the
development of turbulence models and the validation of computational
methods. Author

N95-17854# National Aerospace Lab., Amsterdam (Netherands).
TWO-DIMENSIONAL 16.5 PERCENT THICK SUPERCRITICAL
AIRFOIL NLR 7301



S.0.T.H.HAN In AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume2 11p Aug. 1994
Copyright Avail: CAS! HC A03/MF A06

This thick supercritical airfoil designed for a lift-coefficient of
0.595 at a Mach number of 0.721 (potential flow conditions) was an
earty NLR design of a supercritical airfoil made in 1973. The airfoil
was designed with the hodograph method and has a rather blunt
nose with a roof-top type pressure distribution. A typical other
feature of this airfoil is that it is highly rear loaded, both on the upper
surface and on the lower surface. Because of this rear loading, the
airfoil is close to trailing edge separation on the upper surface and
separationin the cove region around 70% chord at the lower surface.
Tests have been made originally in the NLR (Transonic) Pilot Tunnel
at a Reynolds number of 2.2 million (the design condition). The
results of these tests have been included in AGARDograph AR-138.
At about the same time test were made in the Compressible Flow
Facility CFD) of Lockheed (Georgia, USA) for the Reynolds number
of 10, 20 and 30 million. In the eighties, when more advanced
computer codes became available that could cops with airfoils that
experienced a limited extent of separation, there was an urgent need
for reliable data to validate the computer codes for these conditions.
Also, the problem of scaling (low Reynolds number) wind tunnel
tests to (the much higher) flight Reynolds numbers raised (again)
considerably interest. For both reasons it was decided to repeat the
original NLR 7301 experiments on a larger two-dimensional model
in the large transonic wind tunnel HST of NLR. The tests covered the
low speed and transonic speed regimes whereas part of the mea-
surements was performed at constant lift for range of Reynolds
numbers of study the indirect Reynolds number effects in more
detail. Author

NS5-17855# National Aerospace Lab., Amsterdam (Netherands).
LOW-SPEED SURFACE PRESSURE AND BOUNDARY LAYER
MEASUREMENT DATA FOR THE NLR 7301 AIRFOIL
SECTION WITH TRAILING EDGE FLAP
B. VANDENBERG and J. H. M. GOODEN  /n AGARD, A Selection
of Experimental Test Cases for the Validation of CFD Codes,
Volume2 12p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

Test data are given for a two-dimensional wing flap configura-
tion, which has been so designed that nowhere flow separations
occur, apart from a small laminar separation bubble on the wing
nose. The 32% chord trailing edge flap is deflected 20 deg. Two
widths of the gap between wing and flap have been applied, with
mixing of the wing wake and filap boundary layer occurring with the
smaller gap. The experiment has been carried out at a Reynolds
number Re, ¢ = 2.51 * E6 and a Mach number of about Ma = 0.185.
The measurements comprise surface pressure data, from which lift
and pitching moment coefficients were calculated, at various angles
of attack from zero up to beyond stall. At three angles of attack the
drag has been determined from wake traverses. At these angles
mean flow measurements in the boundary layer and wake have been
executed at 16 stations. In addition turbulence data were obtained
at 5 stations in the wing wake above the flap. Surface flow visualiza-
tion data are also available. Author

N95-17856# Office National d’Etudes et de Recherches Aerospatiales,
Toulouse (France).
DATA FROM THE GARTEUR (AD) ACTION GROUP 02
AIRFOIL CAST 7/DOA1 EXPERIMENTS
A.MIGNOSI, J. P. ARCHAMBAUD, and E. STANEWSKY  (Deutsche
Forschungs- und Versuchsanstaitfuer Luft- und Raumfahrt, Goettingen,
Gemany.) /n AGARD, A Selection of Experimental Test Cases for
the Validation of CFD Codes, Volume 2 12p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

In order to gain a better understanding of the various forms and
the magnitude of wind tunnel interferences that may arise in two-
dimensional testing and to find improved methods of correction, a
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GARTEur Action Group was formed in 1979 with the primary
objectives of (1) comparing test results obtained with one airfoil
(CAST 7) in anumber of facilities in order to assess wall interference
in the individual tunnels and to assess the accuracy of correction
methods currently used and (2) evaluating three-dimensional inter-
ference effects associated with the side wall boundary layer. The
wind tunnels considered consisted of five conventional tunnels with
either slotted or perforated test section walls and two adaptive wall
wind tunnels. Based on a comparison of the results from these
tunnels, it was concluded that for these two-dimensional airfoil tests
the freestream conditions, Mach number and angle of attack, were
generally predicted with an accuracy of delta M infinity = plus or
minus 0.002 and delta alpha = plus or minus 0.1 deg to plus or minus
0.05 deg, respectively, and the lift and drag coefficients with an
accuracy of delta C(sub L) = plus or minus 0.015 and delta C(sub D)
= plus or minus 0.0003 deg, respectively. For the adaptive wall wind
tunnel T2 of ONERA/CERT the accuracy in freestream conditions
was determined to be delta M infinity = plus or minus 0.001 and delta
alpha = plus or minus 0.03 deg. Due to their relatively high accuracy,
only the ONERA T2 adaptive wall tests are considered hereafter.
The data, obtained with well defined boundary conditions, are
believed to be the most suitable for CFD - assessment. Author

N95-17857# Office National d’Etudes et de Recherches Aerospatiales,
Toulouse (France).
OAT15A AIRFOIL DATA
A. M. RODDE and J. P. ARCHAMBAUD /n AGARD, A Selection of
Experimental Test Cases for the Validation of CFD Codes, Volume 2
13p Aug. 1994
Copyright Avail: CASI HC A03/MF A06

The OAT15A airfoil is a supercritica! airfoil for transport aircraft
designed a few years ago within the framework of an ONERA/
Aerospatiale joint programme devoted to the study of various
designs. The design point is M = 0.73, C(sub L) = 0.65 and the
thickness to chord ratio of the airfoil is 12.3 percent. The tests which
were performed in the ONERA/CERT T2 wind tunnel were devoted
to the Reynolds number effects on the airfoil performance. These
effects were investigated within the range 3-20 10(exp 6) taking
advantage of the cryogenic capability of the tunnel. The adaptive top
and bottom walls of the tunnel give quasi free air conditions.
However some sidewall effects are present and are taken into
account in the correction procedure. Tests performed on another
model in the S3MA wind tunnel with perforated top and bottom walls
show good agreement with the T2 tests which give more confidence
concerning the quality of the data. The proposed test cases concern
mainly pressure distributions for various Reynolds numbers with
fixed transition. However for a selected number of test cases
boundary layer measurements with an external probe and LDV flow
field data are also given. The set of data can be used for different
purposes: (1) computer code capability for the prediction of Reynolds
number effect; and (2) detailed 2D computer code assessment.

Author (revised)

N95-17858'# National Aeronautics and Space Administration. Ames
Research Center, Moffett Field, CA.
A SUPERCRITICAL AIRFOIL EXPERIMENT
GEORGE G.MATEER, H. LEE SEEGMILLER, LAWRENCE A. HAND,
and JOACHIM SZODRUCH (Messerschmitt-Boelkow-Blohm
G.m.b.H., Bremen, Germany.) In AGARD, A Selection of Ex-
perimental Test Cases for the Validation of CFD Codes, Volume 2
12p Aug. 1994
Copyright Avail: CAS| HC AO3/MF A06

The purpose of this investigation is to provide a comprehensive
data base for the validation of numerical simulations. The initial
results of the study (single angle of attack) were presented in ref. 1,
where the effects of various parameters and the adequacies of
selected turbulence models were discussed. The objective of the
present paper is to provide a tabutation of the experimental data. The
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data were obtained in the two-dimensional, transonic flowfield
surrounding a supercritical airfoil. A variety of flows were studied in
which the boundary layer at the trailing edge of the model was either
attached or separated. Unsteady flows were avoided by controlling
the Mach number and angle of attack. Surface pressures were
measured on both the mode! and wind tunne! walls, and the flowfield
surrounding the mode! was documented using a laser Doppler
velocimeter (LDV). Although wall interference could not be com-
pletely eliminated, its effect was minimized by employing the follow-
ingtechniques. Sidewall boundary layers were reduced by aspiration,
and upper and lower walls were contoured to accommodate the flow
around the model and the boundary-tayer growth on the tunnei walls.
A data base with minimal interference from a tunnel with solid walls
provides an ideal basis for evaluating the development of codes for
the transonic speed range because the codes can include the wall
boundary conditions more precisefy than interference corrections
can be made to the data sets. ) Author

N95-178594 Bosing Commercial Airplane Co., Seattle, WA.
TWO-DIMENSIONAL HIGH-LIFT AIRFOIL DATA FOR CFD
CODE VALIDATION
G. W.BRUNE /n AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 13p  Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

The purpose of the experimental investigation summarized
below was to provide a complete data set for the validation of two-
dimensional multi-element airfoil computer codes. The airfoil model
used for this investigation features four elements including a double
slotted trailing edge flap and a slotted leading edge device repre-
senting a section of a transport wing in high-lift configuration with
take-off flap setting. The leading edge flap was testedin a nonoptimum
setting in order to produce a thick confluent boundary layer on the
upper airfoil surface. In this wind tunnel experiment, all data were
measured on a single high-lift airfoil configuration with a fixed flap
setting at one tunnel freestream condition. Emphasis was placed on
the acquisition of a few high quality airfoil data with many repeat runs
and redundant measurements. Measured data comprise airfoil lift,
drag, pitching moment, surface pressures, mean velocity profiles
and Reynolds stresses of the confluent boundary layer. The data
was obtained in the Boeing Research Wind Tunnel ocated in Seattie
at 0.11 Mach number and 1.55 million Reynolds number based on
tunnel freestream velocity and a flaps-up airfoil chord of 0.6096 m (2
ft). Care was taken to achieve a close approximation to two-
dimensional flow by means of tumtable and tunnel side wall blowing.
Two-dimensional flow was verified by comparing boundary layer
mean velocity and turbulence profiles at several spanwise stations,
and by various surface flow visualizations methods. In addition, lift
curves from balance measurements and an integration of surface
pressures were compared. Confiuent boundary layer measure-
ments weare conducted employing a Pitot probe and hot wires.
Probes were mounted on a machanical traverser designed to
minimize disturbances of overall airfoil circulation and of the local
flow at the measuring station. Author

N95-17860# Defence Research Agency, Famborough, Hampshire
(England). Aerodynamics and Propuision Dept.
MEASUREMENTS OF THE FLOW OVER A LOW ASPECT-
RATIO WING IN THE MACH NUMBER RANGE 0.6 TO 0.87
FOR THE PURPOSE OF VALIDATION OF COMPUTATIONAL
METHODS. PART 1: WING DESIGN, MODEL CONSTRUCTION,
SURFACE FLOW. PART 2: MEAN FLOW iN THE BOUNDARY
LAYER AND WAKE, 4 TEST CASES
M. C. P. FIRMIN and M. A. MCDONALD /n AGARD, A Sslection of
Experimental Test Cases for the Validation of CFD Codes, Volume 2
18p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

The experiments presented should improve the understandmg
of the flow over a wing as the speed is increased towards the buffet
and separation boundaries. These boundaries limit the flight enve-
lopes of both military and civil aircraft, and the measurements
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reported will allow Computational Fluid Dynamic (CFD) methods for
viscous flow to be validated. The measurements are reported in two
documents (Parts 1 & 2) giving detailed measurements of the
subsonic free stream flow over a low aspect-ratio wing (RAE Model
2155) at conditions where the boundary layers are subjected to
severe adverse pressure gradients. Part 1 provides measurements
of pressure distributions on both the wing and on the tunnel walls for
awide range of Mach numbers and lift coefficients, as well as of wing
surface skin friction and surface flow direction measurements for
four test cases, while Part 2 contains detailed mean flow measure-
ments within the shear layers. For this detailed study, the same four
test cases have been used, as presented in Part 1. They were
chosen to provide examples of flows with severe adverse pressure
gradients, including those with shock waves, and leading in some
cases to separation. Author

N95-17861# Defence Research Agency, Bedford (England).
DETAILED STUDY AT SUPERSONIC SPEEDS OF THE FLOW
AROUND DELTA WINGS
M. J. SIMMONS InAGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume2 17p Aug. 1994
Copyright Avail: CAS§ HC AO3/MF A06

The tests described in this submission were made on two half-
models of deita-wing/body configuration suitable for supersonic
combat aircraft. The aim of the program of work was to improve the
understanding of supersonic flows over wing with rounded leading
adges. The raason for choosing the large half-model design were:
(1) the attainment of high chordal Reynolds numbers; (2) the facility
to make detailed flow measurements; and (3) the ability to manufac-
ture the large wing 1o the desired model accuracy with conventional
machine tolerances. The last requirement is particularly importantin
the highly-curved region of the leading edge which controls the
development of transonic flows on the upper surface. Both wings are
of the same quasi-delta planform of 60 leading edge sweep and
thickness form of 4% thickness/chord ratio but with differing camber
distributions. Wing A has a complex camber surface with camber in
both spanwise and streamwise planes. Wing C has an umcambered
symmetrical section and was used as a datum case for the study.
The only design constraint on model size was the need to ensure that
the flow over the wing was not disturbed by shock-wave reflections
from the solid walls of the tunnel. The tests were performed in the 8ft
x 8ft Pressurized, Subsonic/Supersonic Wind Tunnel at the Defense
Research Agency (DRA Aerospace Division, formerly the Royal
Aerospace Establishment) Bedford in July 1985. Author (revised)

NS5-17862# Defence Research Agency, Bedford (England).
PRESSURE DISTRIBUTIONS ON RESEARCH WING W4
MOUNTED ON AN AXISYMMETRIC BODY
J.L.FULKER In AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 12p Aug. 1994
Copyright Avail: CASI HC AO3/MF AO6

The experiments described in this submission were performed
on a wing-body configuration suitable for a civil transport aircraft.
When the wing was designed (1972) it was recognized that, in order
to achieve an advance in technology,'a significant increase in rear
loading would be required compared to that of earlier designs. As a
consequence, the boundary layer conditions close to the trailing
edge on the upper surface were expected to be more adverse than
in previous designs. This requirement led to the need for a high test
Reynolds number, which was achieved by testing a large half model
in the Defense Resesarch Agency (DRA) 8ft x 8ft Wind Tunnel at
Reynolds numbers, based on geometric mean chord, of up to 15 x
10(exp 6). Complementary tests were also parformed on a smaller
complete model in order to provide an accurate assessment of the
drag characteristics of the wing. The wing was designed to have a
weak shock wave near mid chord on the upper surface at the cruise
condition {C{sub L) = 0.32, M = 0.78). The overall aims of the
investigation were to obtain an improved understanding of the
behavior of the flow over wings of this type over a wide range of
subsonic Mach numbers and Reynolds numbers. The tests were



performed during 1977 on the complete model and 1978 on the half
model. The wind tunnel has solid walls, and since the models are
relatively large, the data are strictly not correctable. However, the
wall boundary conditions are well defined and so the data may be
useful for validating CFD codes which include allowance for the
wind-tunne! walls. In addition measurements. were made on the
static pressures on the roof and floor of the working section,
providing an independent check on the accuracy of the representa-
tion of the walls in any CFD method. Derived from text

Ng5-17864# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Goettingen (Germany).
DLR-F5: TEST WING FOR CFD AND APPLIED
AERODYNAMICS
H. SOBIECZKY I/nAGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 11p Aug. 1994
Copyright Avail: CAS!| HC AO3/MF A06 :

A swept wing with symmetrical sections was originally created
1o serve two purposes. First, the surface generator used for data
definition was under development for aerodynamic design and
optimization. The wing created was intended therefore to be a
selected case of a whole family of configurations obtained by
variation of the input parameters. Aerodynamic design and optimi-
zation strategies call for such variations. Second, CFD code devel-
opment needs both accurate test case geometries as well as
experimental results from wind tunnels. The latter usually suffer from
corrections which still might suit practical purposes of measuring
asrodynamic coefficients but fall short of the requirement to define
the flow conditions to the same accuracy as geometrical boundaries
are known. Using the generator software, a compromise was chosen
by including the closed wind tunne! wail geometry as a channel
boundary surrounding an aerodynamic component. In order to also
avoid model support problems, a wing half mode! mounted on and
including a splitter plate was used as ‘configuration.” Geometry of
the flow boundaries was completely defined through the simple
rectangular channel geometry completed by chosen inlet and exit
planes. Flow data were required at these planes to formulate a
boundary value problem for CFD. In a workshop to compare CFD
results with the first test case experiment (1986), partners had
obtained and used a computer code to generate the wing and the
wind tunnel boundary conditions, along with the absolutely neces-
sary parameters to formulate fluid dynamic boundary conditions for
the Navier-Stokes equations. This software is a simplified version of
the geometry generator for aerospace configurations and CFD grid
generation which has since been further developed as an industrial
tool for design aerodynamics. The experiment and the refined half-
model technique was published and the results of the workshop,
comparing numerical results, have been summarized. Based on
these results we may conclude that for CFD this test case turns out
to be a complicated one basically because of the observed viscous
flow phenomena on the wing. On the other hand, the definition of the
complete boundary value problem makes the case rather unique
and, with the help of generator software and experimental data, easy
to implement for CFD validation. The workshop software and experi-
mental results for surface pressure distributions is made available in
one package. Derived from text

N95-17865"# National Aeronautics and Space Administration. Ames
Research Center, Moffett Field, CA.
LOW ASPECT RATIO WING EXPERIMENT
MIKE OLSEN and H. LEE SEEGMILLER /n AGARD, A Selection of
Experimental Test Cases for the Validation of CFD Codes, Volume 2
11p Aug. 1994
Copyright Avail: CASI HC AC3/MF A06

This test was initiated to provide validation data on low aspect
ratio wings at transonic speeds. The test was conducted so that the
data obtained would be useful in the validation of codes, and all
boundary condition data required would be measured as part of the
test. During the conduct of the test, the measured quantities were
checked for repeatability, and when the data would not repeat, the
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cause was tracked down and either eliminated or included in the
measurement uncertainty. The accuracy of the data was in the end
limited by wall imperfections of the wind tunnel in which the test was
run. Derived from text

N95-17866# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Cologne (Gemany). Hauptabeilung Windkanaele.
WIND TUNNEL INVESTIGATIONS OF THE APPEARANCE OF
SHOCKS IN THE WINDWARD REGION OF BODIES WITH
CIRCULAR CROSS SECTION AT ANGLE OF ATTACK
H.ESCH I/nAGARD, A Selection of Experimental Test Cases for the
Validation of CFD Codes, Volume2 16p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

Originally the model was designed to investigate differences in
the interference of fuselage and contro! surfaces attached to bodies
of circular and rectangular cross sections. During the test it was
found difficult to define the interference since the reference configu-
ration, the isolated body without controls, showed some distur-
bances in the pressure distribution at certain combinations of Mach
number and angle of attack. These disturbances are connected with
the appearance of shock waves on the windward side of isolated
circular bodies. By checking schlieren pictures made during earlier
test series of missiles the range could be defined in which this type
of shock occurs. Pressure distribution measurements were made in
order to find an explanation for the formation of the shocks and their
bending into the windward region. It is believed that three conditions
must be fulfilled: (1) Crossflow Mach number must be high enough
that a shock forms in front of the wedge-like primary separation. (2)
The primary separation line must move towards the windward side
of the body. As a result the local Mach number nomal to the
separation line decreases, and eventually the shock detaches - ifthe
crossflow Mach number is not too high. (3) When the local surface
Mach number normal to the body axis is less than one, the distur-
bances propagates towards the windward region of the body. in
some cases this type of disturbance may lead to confusion espe-
cially when there are not enough pressure taps: in the pressure
distribution one finds only one or two peaks and from this, one cannot
identify the shock trace. The model is extremely simple and thus the
generation of a grid should not be too expensive. The data are
considered valuable for CFD validation but on the other hand CFD
shoutd be useful to get more information of the outer fiow field and
further insight into this more fundamental flow phenomenon.

Derived from text

N95-17868# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Goettingen (Germany).
FORCE AND PRESSURE DATA OF AN OGIVE-NOSED
SLENDER BODY AT HIGH ANGLES OF ATTACK AND
DIFFERENT REYNOLDS NUMBERS
K.HARTMANN /n AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 13p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

Force, moment, flow field, and pressure measurements (steady
and unsteady) were carried out on an ogive-nosed circular cylinder
body with a smooth surface. The tests were performed in the two open
jet low speed wind tunnels of the DLR in Gottingen (NWG, test section
size 3 m x 3 m) and in Braunschweig (NWB, test section size 2.8 m x
3.25 m). A body diameter of D = 200 mm was chosen to achieve
Reynolds numbers as high as possible at the maximum speed in these
tunnels. The tests comprise angles of attack from 0 to 90 deg and
Reynolds numbers of 2.5 x 10(exp 5), 3.7 x 10(exp 5), and 7.7 x 10(exp
5) (based on body diameter and freestream conditions). For six angles
of attack between 20 and 70 deg the dependence on different roll
positions of the body was systematically investigated with a complete
coverage of 360 deg. In some cases the turbulence level of the
froestream was varied. The body vortices were visualized in a water
towing tank using hydrogen bubbles and in the wind tunnel with the aid
of smoke and a laser lightsheet. Derived from text
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N95-178704# Office National d’Etudes etde Recherches Aerospatiales,
Paris (France).
SUPERSONIC VORTEX FLOW AROUND A MISSILE BODY
D.BARBERIS /nAGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 - 11 p  Aug. 1994
Copyright Avail: CAS! HC AO3/MF A06

Boundary-layer separation occurring on a missile body at
moderate or high angle of incidence leads to the formation of well
organized vortical structures, especially at supersonic flight Mach
numbers. Even though a certain number of experimental results are
available for this type of flow, none of the published data provide
complete information for a supersonic flow. A experimental study of
the flowtield around a 3 caliber tangent ogive-cylinder body in a
supersonic flow has been carried out to provide a consistent
description of the flow. This experiment includes oil flow visualiza-
tions, primary separation line determination, surface pressure mea-
surements and five hole pressure probe surveys for a Mach number
of 2 and an angle of incidence varying from 0 to 20 deg. Results are
obtained for a natura! and fixed transition. Author

NS5-17872# National Aerospace Lab., Amsterdam (Netherlands).
WIND TUNNEL TEST ON A 65 DEG DELTA WING WITH A
SHARP OR ROUNDED LEADING EDGE: THE
INTERNATIONAL VORTEX FLOW EXPERIMENT
A. ELSENAAR /n AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 18p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

The windtunnel tests carried out on this model resulted from an
intemational co-operation that involved the aeronautical laborato-
ries AFWAL (US), DLR (Germany), FFA (Sweden), NLR (The
Netherlands) and the Universities of Braunschweig (Germany) and
Delft (The Netherlands). it was the basic aim of these measurements
to provide detailed pressure and flow field data on a 65 deg delta
wing configuration of a generic shape for the validation of CFD
methods, notably Euler methods. For this reason one of the basic
configurations had a sharp leading edge. However, there was also
considerable interest for configurations with more realistic features
and therefore other configurations were added. These featured a
wing with a smaller sweep angle (55 instead of 65 deg), a rounded
instead of a sharp leading edge shape, a drooped leading edge and
the addition of a canard wing. The windtunne! tests were made in
different wind tunnels with different models. They covered a large
range of flow conditions and measuring techniques (including force,
pressure and flow field measurements). The test case to be de-
scribed here covers only the force and pressure measurements as
carried out at NLR in the transonic windtunnel HST and the super-
sonic windtunnel SST. The measurements executed at DLR, includ-
ing flow field measurements, can be found in case D-4.  Author

N95-17873# Office National d’Etudes et de Recherches Aerospatiales,
Paris (France).
DELTA-WING MODEL
D. BARBERIS ./n AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume2 11p Aug. 1994
Copyright  Avail: CAS! HC AO3/MF AD6

A detailed study has been made on the flow around a 75 sweep
angle delta wing to provide reference material or numerical codes.
Experiments were carried outin the F2 wind tunnel of the ONERA Le
Fauga - Mauzac Centre. Firstly an examination of the surface flow
properties was carried out using surface pressure measurements an
surface flow visualizations with a viscous coating. The angle of
incidence was varied between 5 and 30 deg and the upstream
velocity between 10 and 75 m/s. Secondly,the aerodynamic field
was characterized by means of laser tomography visualizations and
surveys with a two component laser Doppler velocimeter system.
Mean and fluctuating velocity fields were determined in several
vertical planes normal to the wind tunnel longitudinal axis. These
measurements were carried out for an angle of incidence of 20 deg
and for two values of the upstream velocity (24 nv/s and 40 m/s).

Author
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N95-17874# Technische Hogeschool, Delft (Netherlands). Faculty of
Aerospace Engineering.
EXPERIMENTAL INVESTIGATION OF THE VORTEX FLOW
OVER A 76/60-DEG DOUBLE DELTA WING
N. G. VERHAAGEN and J. E. J. MASELAND  /n AGARD, A
Selection of Experimental Test Cases for the Validation of CFD
Codes, Volume2 15p Aug. 1994
Copyright  Avail: CAS) HC AO3/MF A06

Data was obtained from a low-speed wind-tunnel experiment
carried out on a sharp-edged 76/60-deg double-delta wing. The
objective of the investigation was to generate data on the vortex
interaction downstream of the strake-wing leading-edge kink of a
double-delta wing. An oil-flow and laseright-sheet technique was
used to visualize the flow on and off the surface of the wing. Balance
measurements were performed to determine the forces and mo-
ments acting on the wing. In addition, the pressure on the upper
surface of the wing was measured at several wing chordwise
stations. Using a thin five-hole probe, the flowfield over the wing
panel was surveyed in detail for an incidence of 20 deg. The data
provide information on the interaction process of the wing and strake
vortex as well as the development of the secondary separation
downstream of the leading-edge kink. Author

N95-17875# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Goettingen (Germany).
WIND TUNNEL TEST ON A 65 DEG DELTA WING WITH
ROUNDED LEADING EDGES: THE INTERNATIONAL VORTEX
FLOW EXPERIMENT
K. HARTMANN, K. A. BUETEFISCH, and H. PSZOLLA /nAGARD,
A Selection of Experimental Test Cases for the Validation of CFD
Codes, Volume 2 12p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

The wind tunnel tests carried out on this model resulted from an
international cooperation that involved the aeronautical laboratories
AFWAL (US), DLR {Germmany), FFA (Sweden), NLR (The Nether-
lands) and the Universities of Braunschweig (Germany) and Delft
(The Netherlands). It was the basic aim of these measurements to
provide detailed pressure and flow field data on a 65 deg delta wing
configuration of a generic shape for the validation of CFD methods,
notably Euler methods. For this reason one of the basic configura-
tions had a sharp leading edge. However, there was also consider-
able 'interest for configurations with more realistic features and
therefore other configurations were added. These featured a wing
with a smaller sweep angle (55 instead of 65 deg), a rounded instead
of a sharp ieading edge shape, a drooped leading edge and the
addition of a canard wing. The wind tunnel tests were made in
different wind tunnels with different models. They covered a large
range of flow conditions and measuring techniques including force,
pressure and flow field measurements. The test case to be de-
scribed here covers the force, pressure and flow field measurements
and flow visualization as carried out at DLR in the transonic wind
tunnel TWG on the smaller scale model with round leading edges.
This configuration was dasigned and manufactured by the MBB
company in Germany. Author

N95-17876# Aircraft Research Association Ltd., Bedford (England).
INVESTIGATION OF THE FLOW DEVELOPMENT ON A
HIGHLY SWEPT CANARD/WING RESEARCH MODEL WITH
SEGMENTED LEADING- AND TRAILING-EDGE FLAPS
D. STANNILAND  /n AGARD, A Selection of Experimental Test
Cases for the Validation of CFD Codes, Volume 2 18p Aug. 1994
Copyright Avail: CASI HC AO/MF A06

The results included in this submission are drawn from the
extensive testing which has been carried out on a simpie canard/
wing research model with a low aspect ratio (2.3), highly swept (58
deg) wing with leading- and trailing-edge flaps. The purpose of these
tests was to improve the understanding of the fiow development of



this class of configuration, to validate the CFD method and philoso-
phy used for the wing design and to provide and extensive data base
of pressure data on a precisely specified model geometry for the
validation of CFD methods which are capable of handling more
complex geometries. The wing was designed using an FP wing/body
code, aiming for attached flow at a high subsonic maneuver design
point. This results in a highly cambered and twisted wing with a
complex flow breakdown on the upper surface. The use of a
segmented leading-edge flap means that the vortical flow develops
as a series of part-span vortices, even at a constant flap setting with
the gaps between the flap segments sealed. The mode! has been
tested in the ARA 9ft by 8ft Transonic Wind Tunnel over the period
1985 - 1992 to investigate: (1) the effect of a canard, including
variation in its position and setting angle; (2) the effect of altemnative
leading- and trailing-edge flap angles, including both positive and
negative settings, although the model is capable of being tested with
graded settings across the span (this option has not been investi-
gated to date); (3) a three surface configuration (canard/wing/
tailplane); and (4) a blended wing/body derivative of the model,
using the existing outer wing and canard designs. Obviously these
tests provide an extensive data base and the results included here
comprise the datum wing without flap deflection, both with and
without a canard. Author

N95-17877# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Brunswick (Germany). Inst. fuer Entwurfsaerodynamik.
SUBSONIC FLOW AROUND US-ORBITER MODEL FALKE IN
THE DNW
R.RADESPIEL and A. QUAST /nAGARD, A selection of Experimen-
tal Test Cases for the Validation of CFD Codes, Volume2 13p Aug.
1994
Copyright Avail: CASI HC AO3/MF A06

The contribution describes wind tunnel measurements of aero-
dynamic forces, pressure distributions and surface visualization for
the FALKE model. FALKE is a mods! of the US-Orbiter in the scale
1:5.427. The test resuits taken in the subsonic wind tunnel DNW
enable validation of computational methods for reentry vehicles in
tanding conditions at high Reynolds numbers, where strong vortica
flow occurs on the upper side of the configuration. Author

N95-17878# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Brunswick (Germany). Inst. fuer Entwurfsaerodynamik.
PRESSURE DISTRIBUTION MEASUREMENTS ON AN
ISOLATED TPS 441 NACELLE
R. KIOCK and wW. BAUMERT (Deutsche Forschungsanstalt fuer
Luft- und Raumfahrt, Goettingen, Germany.) in AGARD, A
Selection of Experimental Test Cases for the Validation of CFD
Codes, Volume 2 9p Aug. 1994
Copyright Avail: CASI HC A02/MF A06
The demand for even more economic jet engines requires
extensive experimental investigations of the complete flow field
around wing-body-engine-pylon (WBEP) configurations. The en-
. gine can be simulated best by pressure-driven devices, so-called
Turbine-Powered Simulators (TPS). Though they have been appiied
for about 20 years, very few nacelle surface pressure measure-
ments were carried out up to now. The reason is seen in the small
size of the engine and in the poor theoretical capabilities in the past.
Nowadays, WBEP configurations are handled by the Euler code, but
experimental validation is required. One pre-step is the experimen-
tal investigation of the isolated nacelle which is presented here.
Author

N95-17879°# National Aeronautics and Space Administration.
Langtey Research Center, Hampton, VA.

SINGLE-ENGINE TAIL INTERFERENCE MODEL

BOBBY L. BERRIER /n AGARD, A Selection of Expefimental Test
Cases for the Validation of CFD Codes, Volume 2 23p Aug. 1994
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Copyright Avail: CASI HC AO3/MF A06
The data presented in this contribution were obtained in the
NASA Langley 16-Foot Transonic Tunnel. Multiple test entries were
completed and the results have been completely reported in five
NASA reports. The objective of the initial investigation was to
determine the effect of empennage (tail) interference on the drag
characteristics of an axisymmetric model with a single engine fighter
aft-end with convergent divergent nozzles. Two nozzle power set-
tings, dry and maximum afterburning, were investigated. Several
empennage arrangements and afterbody modifications were inves-
tigated during the initial investigation. Subsequent investigations
were used to determine the effects of other mode! variables includ-
ing tail incidence, tail span, and nozzle shape. For the final investi-
gation, extensive surface pressure instrumentation was added to
the model in order to develop and understanding of the flow
interactions associated with afterbody/empennage integration and
also to provide data for code validation. Extensive computational
analysis has been conducted on the staggered empennage configu-
ration at a Mach number of 0.6 utilizing a three-dimensional Navier
Stokes code. Most of the investigations were conducted at Mach
numbers from 0.60 to 1.20 and at ratios of jet total pressure to free
stream static pressure (nozzle pressure ratio) from 0.1 (jet off) to 8.0.
Some angle of attack variation was obtained at jet off conditions.
Author

N95-17880*# National Aeronautics and Space Administration.
Langtey Research Center, Hampton, VA.

TWIN ENGINE AFTERBODY MODEL

DAVIDJ. WING InAGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume2 17p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06 .

This test was originally conducted to determine the effects of
several empennage and afterbody parameters on the aft-end aerody-
namic characteristics of a twin-engine fighter-type configuration.
Model variables were as follows: horizontal tail axial location and
incidence, vertical tail axial location and configuration (twin-vs
single-tail arrangements), tail booms, and nozzle power setting. Jet
propulsion was simulated by exhausting high-pressure, cold-flow air
from the nozzles. Following a successful test conducted on a single
engine nacelle model to validate a CFD code, this model was chosen
to be instrumented with pressure taps on the afterbody and nozzles
and used as a follow-on test, providing a more complex geometry for
the CFD code validation. A more limited test matrix was run to collect
the pressure data, employing only the twin-tail configuration and
varying only the horizontal and vertical tail locations. Mach number
was varied from 0.6 to 1.2. Nozzle pressure ratio was varied from jet-
off to 8. Angle-of-attack varied from 0 to 8 deg. Author

N95-17881*# National Aeronautics and Space Administration. Ames
Research Center, Moffett Field, CA.
STOVL CFD MODEL TEST CASE
KARLINR.ROTH InAGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 16p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

The transitional flight characteristics of a geometrically simpli-
fied Short Take-Off Vertical Landing (STOVL) aircraft configuration
have been measured in the NASA Ames 7- by 10-Foot Wind Tunnel.
The experimentis the firstin a sequence of tests designed to provide
detailed data for evaluating the capability of computational fluid
dynamics methods to predict the important flow parameters for
powered lift. The model consists of a 60 deg cropped delta wing
platform, blended fuselage and two circular in-line jets that exit
perpendicularly from the flat lower surface. The measured flows
have a maximum freestream Mach number of 0.2. Model angle of
attack is varied between -10 and +20 deg. The flow is ambient
temperature in both jet exits and the nozzle pressure ratios are
varied between 1 and 3. The data presented includes forces and
moments, pressures measured at 281 surface pressure ports and
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the pressures of the jets. Measurements of the flow are also made
in the tunnel test section upstream and downstream of the model and
at the jet exits to guide boundary condition selection for the planned
computations. Flow visualization and total pressure measurements
in the jet plumes provide a description of the three-dimensional jet
efftux flowfield. Author

N95-17882# Aeronautical Research tnst. of Sweden, Bromma.
Flygtekniska Foersoeksanstaiten.
LOW SPEED PROPELLER SLIPSTREAM AERODYNAMIC
EFFECTS
. SAMUELSSON  /n AGARD, A Selection of Experimental Test
Cases for the Validation of CFD Codes, Volume2 21p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

The data presentsed in this contribution to AGARD WG-14:
‘EXPERIMENTAL TEST CASES FOR CFD VALIDATION' were
obtained at tests in the FFA Low Speed Wind Tunnel LT1 (diameter
3.6 m) as part of an aeronautical research programme sponsored by
the Swedish Board for Technical Development (STU). The intent of
the experiment was two-fold: (1) to gain some physical insight to the
complex aerodynamic interfarence phenomena occurring when the
slip-stream from a highly loaded propeller washes downstream
located surfaces (nacelle and wing); (2) to provide surface pres-
sures and flow field data for evaluation of three-dimensional flow
computation methods. The performed wind tunnel tests show that in
high power conditions at low speeds large asymmetrical loads can
develop on the nacelle and on the wing. For e.g. an aircraft with two
propellers having the same sense of rotation these loads do not
cancel out but combine to a net increase in asymmetrical loads (in
particular side force and yawing moment). These effects, if not
known or accounted for in advance, could lead to a resizing of the
aircraft control surfaces and/or necessary trim changes with subse-
quent increased trim drag. Author

N95-17883# Maryland Univ., College Park, MD. Center for Rotor-
craft Education and Ressearch.
EXPERIMENTAL DATA ON THE AERODYNAMIC
INTERACTIONS BETWEEN A HELICOPTER ROTOR AND AN
AIRFRAME
J. G. LEISHMAN and NAI-PE! Bl  In AGARD, A Selection of
Experimental Test Cases for the Validation of CFD Codas, Volume 2
17p Aug. 1994
Copyright Avail: CASI HC A03/MF A06

The data presented in this contribution were obtained at the
Center for Rotorcraft Education and Research at the University of
Maryland under part of a research program sponsored by the United
States Army Research Office. The experiments were performed in
several wind-tunnef entries during the period from June 1988 through
June 1990. The purpose of the experiments was to provide a better
understanding into the origin of rotor/airframe interactional aerody-
namic effects that are present on helicopters and other rotary wing
aircraft. The measured results provide several unique and challeng-
ing engineering test cases for computational fluid dynamic methods
used to model helicopter rotor wakes and rotor/airframe interaction
phenomena. Author

N95-178844# Aircraft Research Association Ltd., Bedford (England).
INVESTIGATION INTO THE AERODYNAMIC
CHARACTERISTICS OF A COMBAT AIRCRAFT RESEARCH
MODEL FITTED WITH A FORWARD SWEPT WING
D. STANNILAND /nAGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume2 26p Aug. 1994
Copyright Avail: CAS|I HC AO3/MF A0S

The submission covers a series of tests on a combat aircraft
research modei fitted with a forward swept wing. The purpose of the
tests was to investigate the flow development of the upper surface
of the wing and to establish a level of confidence in the CFD methods
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used for the wing design. The fuselage was specified algebraically
in order to permit a precise definition of the geometry both for CFD
calculations and model manufacture, and the model was fitted with
pressure tappings on the wing, fuselage and canard. The tests were
performed in the ARA 9ft x 8ft Transonic Wind Tunne! in February
1985. Author

N95-17885# Aircraft Research Association Ltd., Bedford (England).
INVESTIGATION OF THE INFLUENCE OF PYLONS AND
STORES ON THE WING LOWER SURFACE FLOW
D.STANNILAND /nAGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 16p Aug. 1994
Copyright Avail: CASI HC A03/MF A06

The submission describes a series of tests on a large half
model with a constant chord, untwisted, constant section wing with
25 sweep. The aim of these tests was to investigate the infiuence of
pylons and stores on the wing surtace flow, particularly the develop- .
ment of shocks and separations around the pylons with an associ-
atedincrease in drag. To this end alarge number of surface pressure
tappings were provided on the wing lower surface (17 stations), on
the inboard and outboard sides of each of the pylons and around the
mid-pylon store. Since these data were to be used primarily for the
validation of CFD codes, for this class of configuration, the fuselage
and store are precisely defined bodies of revolution which can be
modelled easily by the CFD geometry packages. The tests were
performed in the ARA 9ft x 8 ft Transonic Wind Tunne! in February
1986. Author

N95-18101*# National Aeronautics and Space Administration. Ames
Research Center, Moffett Field, CA-
PARAMETRIC STUDY ON LAMINAR FLOW FOR FINITE
WINGS AT SUPERSONIC SPEEDS
JOSEPH AVILA GARCIA Dec. 1984 101p
(Contract(s)/Grant(s): RTOP 537-07-00)
(NASA-TM-108852; A-94146; NAS 1.15:108852) Avail: CASIHC A06/
MF A02

Laminar flow control has been identified as a key elementin the
development of the next generation of High Speed Transports.
Extending the amount of laminar flow over an aircraft will increase
range, payload, and aititude capabilities as well as lower fuel
requirements, skin temperature, and therefore the overall cost. A
parametric study to predict the extent of laminar flow for finite wings
at supersonic speeds was conducted using a computationa) fluid
dynamics (CFD) code coupled with a boundary layer stability code.
The parameters investigated in this study were Reynolds number,
angle of attack, and sweep. The results showed that an increase in
angle of attack for specific Reynolds numbers can actually delay
transition. Therefore, higher lift capability, caused by the increased
angle of attack, as well as a reduction in viscous drag, due to the
delay in transition, can be expected simultaneously. This resuits in
larger payload and range. - Author

N95-18337 Department of the Navy, Washington, DC.
CORNER VORTEX SUPPRESSOR Patent
PROMODE R. BANDYOPADHYAY, inventor {to Navy) 19 Apr. 1994
6p Filed 22 Feb. 1993 Supersedes AD-D015772
(AD-D016423; US-PATENT-5,303,882; US-PATENT-APPL-SN-
020940; US-PATENT-CLASS-244-130) Avail: US Patent and Trade-
mark Office

A comer vortex forms at the comers of a square or rectangular
wind tunne! or water tunne! and disrupts the filow and creates
excessive drag, turbulence, noise and wake. The comers defined by
a wingffuselage interface creates the same type of situation. The
suppressor provides many small comers to prevent forming of the
single large vortex. A honeycomb or mesh provides parallel pas-
sageways, each having a size that is a fraction (1/5th to 1/10th) of
the depth of the boundary layer (defined as that point in the fluid flow
where the velocity is 99% of free stream velocity. DTIC



N95-18340# Anmy Natick Research and Development Command,
MA. Engineering Center.
PARACHUTE INFLATION: A PROBLEM IN AEROELASTICITY
Final Report
KEITH R. STEIN and RICHARD J. BENNEY Aug. 1994 86p
(Contract(syGrant(s): DA PROJ. 1L1-62786-D-283; DA PROJ. 1L1-
61102-AH-52)
(AD-A284375) Avail: CASI HC AO5/MF AQ1

In parachute research, canopy inflation is the least understood
and most complex process to model. Unfortunately, it is during the
opening process that the canopy experiences the largest deforma-
tions and loadings. The complexity of modsling the opening process
stems from the coupling between the structural dynamics of the
canopy, lines plus payload and the aerodynamics of the surrounding
fluid medium. The addition of a computational capability to model the
coupled opening behavior would greatly assist in understanding the
canopy inflation process. Ongoing research at the U.S. Army Natick
Research, Development and Engineering Center (Natick) focuses
on this coupled problem. The solution to this problem will assistin the
development of future U.S. Army airdrop systems, which include the
capability of deploying at low altitudes and high speeds. This report
describes research at Natick that currently involves coupling a
computational fluid dynamics (CFD) code to a mass spring damper
(MSD) parachute structural code. The model is described and
results are presented. DTIC

N95-18380 Lockheed Corp., Fort Worth, TX.

OVERVIEW OF UNSTEADY TRANSONIC WIND TUNNEL TEST
ON A SEMISPAN STRAKED DELTA WING OSCILLATING IN
PITCH Final Report, Mar. 1989 - Dec. 1993

ATLEE M. CUNNINGHAM, JR. and RUUD G. DENBOER Aug. 1994
57 p Limited Reproducibility: More than 20% of this document may
be affected by microfiche quality

(Contract(s)/Grant(s): AF PROJ. 2401)

(AD-A284097;, WL-TR-94-3017) Avail: Issuing Activity (Defense
Technical Information Center (DTIC))

A wind tunnel investigation was conducted in 1992 to investi-
gate the unsteady aerodynamic aspects of transonic high incidence
flows over a simple straked wing model. This test was designed to
show how low speed vortex type flows evolve into complicated
shock vortex interacting flows at transonic speeds. Requirements
for this test were based on a low speed test conducted in 1986 on a
tull span model in the NLR Low Speed Tunne!. The transonic model
was a semispan version of the low speed model with some modifi-
cations. It was equipped with a three-component semispan balance
to measure totaf wing loads, seven rows of high response pressure
transducers to measure unsteady pressures and 15 vertical accel-
erometers to measure model motion and vibrations. The mode! was
oscillated sinusoidally in pitch at various amplitudes and frequen-
cies for mean model incidences varying from 4 deg to 48 deg. In
addition, maneuver type transient motions of the model were tested
with amplitudes of 16 deg and 30 deg total rotation at various starting
angles. The test was conducted in the NLR HST in the Mach range
of 0.225 to 0.90 with some preliminary vapor screen flow visualiza-
tion data taken at M=0.6 and 0.9. - DTIC

N95-18457*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
MEASUREMENT OF GUST RESPONSE ON A TURBINE
CASCADE
A.P.KURKOVandB.L.LUCCI Jan.1995 12p Presented atthe
Turbo Expo 1895, Houston, TX, 5-8 Jun. 1995; sponsored by the ASME
(Contract(s)/Grant(s): RTOP 505-63-5B)
(NASA-TM-106776; E-9227; NAS 1.15:106776) Avail: CASI HC A0/
MF AO1

The paper presents benchmark experimental data on a gust
response of an annular turbine cascade. The experiment was
particularly designed to provide data for comparison with the results
of a typical linearized gust-response analysis. Reduced frequency,
Mach number, and incidence were varied independently. Except for
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the fowest reduced frequency, the gust velocity distribution was
nearly sinusoidal. For the high inlet-velocity series of tests, the
cascade was near choking. The mean flow was documented by
measuring blade surface pressures and the cascade exit flow. High-
response pressure transducers were used to measure the unsteady
pressure distribution. Inlet-velocity components and turbulence
parameters were measured using hot wire. In addition to the syn-
chronous time-average pressure spectra, typical power spectra are
included for several representative conditions. Author

N95-18503 National Aerospace Lab., Amsterdam (Netherands).
SECTIONAL PREDICTION OF 3D EFFECTS FOR SEPARATED
FLOW ON ROTATING BLADES

H. SNEL, R. HOUWINK, and W. J. PIERS 1992 31p Limited
Reproducibility: More than 20% of this document may be affected by
microfiche quality

(PB94-201696; NLR-TP-92409-U) Avail: Issuing Activity (National
Technical Information Service (NT!S))

A method is presented which allows the computation of air load
coefficients for rotor blade sections at attached and separated flow
conditions, including leading effects of blade rotation. The method
consists of an existing computer code for 2D unsteady flow with
strong viscous-inviscid interaction, in which the turbulent boundary
layer integral method has been modified by including leading terms
for steady 3D effects on a high aspect ratio rotating blade. A
summary is presented of the approach made, and a first set of
results are compared with wind-tunnel data for a wind-turbine model.
Computed 2D polars and corresponding pressure distributions for a
nonrotating and rotating blade section appear to be qualitatively
similar to experimental data, including high values of the lift coeffi-
cient measured at 30% of the tip radius. For sufficient accuracy in
practice, however, various aspects of the method need further
analysis and improvement. NTIS

N95-18539 Advisory Group for Aerospace Research and Develop-
ment, Neuilly-Sur-Seine (France). Fiuid Dynamics Panel.
A SELECTION OF EXPERIMENTAL TEST CASES FOR THE
VALIDATION OF CFD CODES. SUPPLEMENT: DATASETS A-E
(Diskette Supplement)
Aug. 1994 See also N95-14201 and N95-17846 Diskette
supplement: nine 3.5-inch DSHD diskettes
(AGARD-AR-303-SUPPL; NONP-AGARD-SUPPL-VT-95-38380)
Copyright Avail: CASI DK A18

Relevant data of all 39 test cases for the validation of Compu-
tational Fluid Dynamics (CFD) codes by Working Group 14 of the
AGARD Fluid Dynamics Panel is compiled on these 9 diskettes to
accompany Volumes 1 and 2 of the report. The test cases caver the
subsonic, transonic, and supersonic flow regimes. CAS!

N95-18565°# National Aeronautics and Space Administration. Hugh
L. Dryden Flight Research Facility, Edwards, CA.
IN-FLIGHT LIFT-DRAG CHARACTERISTICS FOR A
FORWARD-SWEPT WING AIRCRAFT AND COMPARISONS
WITH CONTEMPORARY AIRCRAFT)
EDWIN J. SALTZMAN  (PRC Kentron, inc., Edwards, CA.), JOHN
W. HICKS, and SUE LUKE, ed. Washington Dec.1994 61p
(Contract(syGrant(s): RTOP 505-68-50)
(NASA-TP-3414; H-1913; NAS 1.60:3414) Avail: CASI HC AO4/MF
A01

Lift (L) and drag (D) characteristics have been obtained in flight
for the X-29A airplane (a forward swept-wing demonstrator) for
Mach numbers (M) from 0.4 to 1.3. Most of the data were obtained
near an altitude of 30,000 ft. A representative Reynolds number for
M = 0.9, and a pressure altitude of 30,000 ft, is 18.6 x 10(exp 6)
based on the mean aerodynamic chord. The X-29A data (forward-
swept wing) are compared with three high-performance fighter
aircraft: the F-15C, F-16C, and F/A18. The lifting efficiency of the X-
29A, as defined by the Oswald lifting efficiency factor, e, is about
average for a cantilevered monoplane for M = 0.6 and angles of
attack up to those required for maximum L/D. At M = 0.6 the level of
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L/D and e, as a function of load factor, for the X-29A was about the
same as for the contemporary aircraft. The X-29A and its contempo-
raries have high transonic wave drag and equivalent parasite area
compared with aircraft of the 1940’s through 1960’s. Author

N95-18604# De Havilland Aircraft Co. of Canada Ltd., Downsview
(Ontario).
A REVIEW OF GUST LOAD CALCULATION METHODS AT DE
HAVILLAND .
JOHNGLASER /nAGARD, Aircraft Loads due to Turbulence and their
Impact on Design and Certificaton 9p Dec. 1994
Copyright Avail: CAS|I HC A02/MF A01

The development of an analysis system for the routine calcu-
lation of gust response loads is reviewed in some detail in this report.
While the system provides adequate design strength margins, a
more robust and effective system would reduce user workload,
computer costs and analysis time. it is suggested that other analysis
systems could benefit similarly, particularly when considering the
demands imposed by highly nonlinear aircraft systems, the trend
toward full finite element structural dynamic models and the relent-
less quest for structural efficiency. It is proposed that improvements
in analysis systems could evolve from the collective experience in
gust loads methodologies acquired within the aeronautical commu-
nity. To capitalize on that collective experience, it is recommended
that a working group of gust load specialists be formed to assemble
and evaluate current and promising methods for calculating gust
loads and to recommend standardized airplane test cases, both rigid
and elastic, for validating analysis methods and results.  Author

N95-18611# Army Research Lab., Aberdeen Proving Ground, MD.
STATIC AERODYNAMICS CFD ANALYSIS FOR 120-MM
HYPERSONIC KE PROJECTILE DESIGN Final Report, Sep.
1992 - Apr. 1994
BERNARD J. GUIDOS Sep. 1994 37p
(Contract(s)/Grant(s): DA PROJ. 1L1-62618-AH-80)
(ARL-MR-184) Avail: CAS! HC AGI/MF AO1

Computational fluid dynamics (CFD) predictions of static asro-
dynamic coefficients for large caliber (120 mm) M828-like come-
cylinder-flare kinetic energy (KE) projectile shapes are presented.
Zero-yaw drag and static pitch-plane aerodynamic coefficients are
presented for velocities in the range 1.5 to 3.0 km/sec for several
flare angles. The aerodynamic coefficients are required to assess
the velocity retardation and static stability of candidate configura-
tions that use the M829 projectile as a basis for design. Comparisons
of the asrodynamic coefficients are made with those of the fielded
M829 projectile, and a preliminary evaluation is made of the perfor-
mance of these shapes in hypersonic flight. Author

N95-18624# Federal Aviation Administration, Cambridge, MA.
National Transportation Systems Center.
AIRCRAFT WAKE VORTEX TAKEOFF TESTS AT O'HARA
INTERNATIONAL AIRPORT Final Report, Feb. - May 1992
J. YARMUS, D. BURNHAM, A. WRIGHT, and T. TALBOT Aug. 1994
88p
(AD-A283828; DOT-VNTSC-FAA-94-12; DOT/FAA/RD-94-25) Avail:
CAS! HC AQS/MF AO1

Three wake vortex measurement systems (anemomester, acous-
tic doppler, and laser doppler) were used to collect wake vortex data
from aircraft departing Runway 22L at Chicago’s O’'Hare Airport for
nine months in 1980. The data were analyzed to determine vortex
decay and vortex transport probabilities. The results support the
classification of all B-707 and DC-8 aircraft in the large wake vortex
class. The acoustic doppler system was found to be significantly
more sensitive than the ground anemometer system to vortices
transported long distances laterally by a crosswind. The most
efficient lateral transport was noted for crosswinds greater than
seven knots. The horizontal and vertical ground wind signatures of
a wake vortex are compared. DTIC
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N95-18645# National Renewable Energy Lab., Golden, CO.
WIND TURBINE BLADE AERODYNAMICS: THE COMBINED
EXPERIMENT .
M. C. ROBINSON (Colorado Univ., Boulder, CO.), M. W. LUTTGES
(Colorado Univ., Boulder, CO.), M. S. MILLER (Colorado Univ.,
Boulder, CO.), D. E. SHIPLEY (Colorado Univ., Boulder, CO.), and T.
S. YOUNG (Colorado Univ., Boulder, CO.)  Aug. 1994 10p
Presented at the Windpower 1993, San Francisco, CA, 12-16 Jul. 1993
(Contract(s)/Grant(s): DE-AC36-83CH-10093)
{DE94-011866; NREL/TP-441-7107; CONF-930726-8) Avail: CAS!
HC A02/MF AO1

Data obtained from the National Renswable Energy Laboratory
site test of a wind turbine (The Combined Experiment) was analyzed
specifically to capture information regarding the asrodynamic loading
experienced by such machines. The analysis showed that inflow
conditions were extremely variable and that these inflows yielded three
different operational regimes. Each regime produces very different
asrodynamic loading conditions that must be tolerated by the turbine.
The two conditions not predicted from wind tunnel data are being
subjected to further analyses to provide new guidelines for both
designers and operators. Author

N95-18646# National Renewable Energy Lab., Golden, CO.
WIND TURBINE BLADE AERODYNAMICS: THE ANALYSIS OF
FIELD TEST DATA
M. W.LUTTGES (Colorado Univ., Boulder, CO.), M. S. MILLER
(Colorado Univ., Boulder, CO.), M. C. ROBINSON (Colorado Univ.,
Boulder, CO.), D. E. SHIPLEY (Colorado Univ., Boulder, CO.), and
T.S.YOUNG (Colorado Univ., Boulder, CO.) Aug. 1994 8p
Presented at the 13th Energy-Sources Technology Conference and
Exhibition (ETCE) on Wind Energy, New Orleans, LA, 23-26 Jan. 1994
(Contract(s)/Grant(s): DE-AC36-83CH-10093)
(DE94-011867; NREL/TP-441-7108; CONF-940113-11) Avail: CASI
HC A02/MF AO1

Data obtained from the National Renewable Energy Laboratory
site test of a wind turbine (The Combined Experiment) was analyzed
specifically to capture information regarding the aerodynamic loading
experienced by the machine rotor blades. The inflow conditions were
shown to be extremely variable. These inflows yielded three different
operational regimes about the blades. Each regime produced very
different aerodynamic loading conditions. Two of these regimes could
not have been readily predicted from wind tunnel data. These condi-
tions are being subjected to further analyses to provide new guidelines
for both designers and operators. The roles of unsteady aerodynamics
effects are highlighted since periods of dynamic stall were shown to be
associated with brief episodes of high aerodynamic forces.  Author

N95-18663 Amold Engineering Development Center, Amold AFS,
TN.
HYPERSONIC WIND TUNNEL TEST TECHNIQUES Final
Report, Jul. 1992 - May 1993
R. K. MATTHEWS and R. W. RHUDY Aug. 1894 57p Limited
Reproducibility: More than 20% of this document may be affected by
microfiche quality
(AD-A284057;, AEDC-TR-94-6) Avail: CASI HC A04

This report describes the procedures used in the continuous flow
hypersonic tunnels of the AEDC for static stability, pressure, heat
transfer, materials/structures, boundary-layer transition, and electro-
magnetic wave testing. Particular emphasis is placed on heat-transfer
techniques because of the importance of defining the thermal environ-
ment of hypersonic vehicies. An overview of the materials/structures
test methodology used in the development of hypersonic vehicle
components is presented. Unfortunately the methodology to predict
transition has eluded the aesrodynamicist for over three decades, and
there are still many unanswered questions. This report briefly touches
on the many parameters that affect transition and provides numerous
references for those who are interested in specializing in this topic. The
methodology of using trip spheres is discussed, and illustrative data are



presented. Electromagnetic wave testing represents a relatively
new test technique that involves the union of several disciplines:
aerothermodynamics, electromagnetics, materials/structures, and
advanced diagnostics. The essence of this new technique deals with
the transmission and possible distortion of electromagnetic waves
(RF or iR) as they pass through the bow shock, flow field, and
electromagnetic (EM) window of a missile flying at hypersonic
speeds. DTIC

N95-18669 Naval Postgraduate School, Monterey, CA.
INTERACTION, BURSTING AND CONTROL OF VORTICES OF
A CROPPED DOUBLE-DELTA WING AT HIGH ANGLE OF
ATTACK M.S. Thesis
ABDULLAH M. ALKHOZAM Mar. 1994 224 p Limited
Reproducibility: More than 20% of this document may be affected by
microfiche quality
(AD-A283656) Avail: CASI HC A10

A flow visualization study of the vortical flow over a cropped
double-deita wing model with sharp leading edges and its three
derivatives with small geometric modifications (fillets) at the strake
wing junction was conducted in the Naval Postgraduate School
water tunnel using the dye-injection technique. The fillets increased
the wing area of the baseline mode! by 1%. The main focus of this
study was to evaluate the effect of fillets on vortex core trajectories,
interactions and breakdown on the leeward surface at high angle of
attack (AOA) with zero sideslip angle. Comparison of test results for
different fillet shapes indicates delay in both vortex interaction and
breakdown at high AOA, particularly for the diamond fillet shapes.
The vortex breakdown data implies lift augmentation for both static
and dynamic case, with the static data correlating weli with recently
published numerical data. DTIC

N95-18670 Army Research Lab., Aberdeen Proving Ground, MD.
NUMERICAL COMPUTATIONS OF SUPERSONIC BASE FLOW
WITH SPECIAL EMPHASIS ON TURBULENCE MODELING
Final Report, Dec. 1991 - Dec. 1992
JUBARAJ SAHU Jun. 1994 39p Supersedes BRL-IMR-971
Limited Reproducibility: More than 20% of this document may be
affected by microfiche quality
(Contract(s)/Grant(s): DA PROJ. 1L1-61102-AH-43)
(AD-A283688; ARL-TR-438; BRL-IMR-971) Auvail: CASI HC A03

A zonal, implicit, time-marching Navier-Stokes computational
technique has been used to compute the turbulent supersonic base
flow over cylindrical afterbodies. A critical element of calculating
such flows is the turbulence model. Various eddy viscosity turbu-
lence models have been used in the base region flow computations.
These models include two algebraic turbulence models and a two-
equation k-epsilon model. The k-epsilon equations are developed in
a general coordinate system and solved using an implicit algorithm.
Calculations with the k-epsilon model are extendsd up to the wall.
Flow field computations have been performed for a cylindrical
afterbody at M = 2.46 and at angle of attack alpha = 0. The results
are compared to the experimental data for the same conditions and
the same configuration. Details of the mean flow field as well as the
turbulence quantifies have been presented. In addition, the com-
puted base pressure distribution has been compared with the
experiment. In general, the k-epsilon turbulence model performs
better in the near wake than the algebraic models and predicts the
base pressure much better. DTIC

N95-18674 Amold Engineering Development Center, Amold AFS,
TN.
HYPERSONIC FLOW-FIELD MEASUREMENTS: INTRUSIVE
AND NONINTRUSIVE Final Report, Jul. 1992 - Jul. 1993
R. K. MATTHEWS and W. D. WILLIAMS Aug. 1994 54 p Limited
Reproducibility: More than 20% of this document may be affected by
microfiche quality
(AD-A283867; AEDC-TR-94-5) Avail: CASI HC A04

Flow-field measurement techniques that require a probe or other
device to be inserted into the flow are classified as intrusive. In general,
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these intrusive techniques are currently viewed as inferior to the more
popular nonintrusive techniques. However, it should be remembered
that in general these intrusive techniques have evolved over several
decades while the flow-field experience of nonintrusive techniques is
relatively limited. Included in the intrusive classification are pitot tubes,
total temperature probes, Mach/angularity probes, static pressure
devices, and others. For many years nonintrusive diagnostics have
also been under development to meet the demands of hypersonic
testing. Today, a large number of nonintrusive techniques at various
levels of maturity and complexity are available for application. These
techniques provide measurement of species number density, rotational
and vibrational temperatures, static pressure, flow velocity, and visual-
ization of flow structure. DTIC

N95-18904# National Aerospace Lab., Bangalore (India). Computer
Supports and Services.
SOLUTION OF FULL POTENTIAL EQUATION ON AN AIRFOIL
BY MULTIGRID TECHNIQUE
C.SRINIVASA Apr.1993 17p
(NAL-TM-CSS-9303) Avail: CASI HC AO3/MF AO1

Muttigrid technique is a method which accelerates the conver-
gence and hence reduces the CPU time for a given flow problem. This
technique has been used to solve the full potential equation for an airfoil
in cartesian grid. This report describss the muttigrid technique solutions
obtained for two to three grid fevels and for an angle of attack of zero
degree and one degree. This report also gives the grid size details for
various levels. Author

N95-18910# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Brunswick (Germany). Inst. fuer Entwurfsaerodynamik.
THEORETICAL INVESTIGATIONS OF SHOCK/BOUNDARY
LAYER INTERACTIONS ON A MA(INFINITY) = 8 WAVERIDER
[THEORETISCHE UNTERSUCHUNGEN UEBER STOSS-
GRENZSCHICHT-WECHSELWIRKUNGEN AN EINEM
MA(INFINITY) = 8 WELLENRITER)
MICHAEL WAIBEL 1994 149p In GERMAN
(ISSN 0939-2963)
(DLR-FB-94-12) Avail: CASI HC AO7/MF A02

Shock/boundary layer interactions are investigated on a Ma(sub
infinity) = 8 waverider, which has a sharp leading edge. This is done by
comparing Euler and Navier-Stokes calculations at the design pointand
at higher angles of attack. The original waverider configuration was
modified with a biuntleading edge to investigate the influence of leading
edge bluntness. This comparison is made at the design pointand higher
angles of attack using Euler calculations. Author

N95-18933"# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
ENHANCED CAPABILITIES AND MODIFIED USERS MANUAL
FOR AXIAL-FLOW COMPRESSOR CONCEPTUAL DESIGN
CODE CSPAN
ARTHUR J. GLASSMAN (Toledo Univ., OH.) and THOMAS M.
LAVELLE Jan. 1995 24p
(Contract(s)/Grant(s): RTOP 505-69-50)
(NASA-TM-106833; E-9394; NAS 1.15:106833) Avail: CASI HC A03/
MF AO1

Modifications made to the axial-flow compressor conceptual
design code CSPAN are documented in this report. Endwall blockage
and stall margin predictions were added. The loss-coefficient model
was upgraded. Default comelations for rotor and stator solidity and

-aspect-ratio inputs and for stator-exit tangential velocity inputs were

included in the code along with defaults for aerodynamic design limits.
A complete description of input and output along with sample cases are
included. Author

N95-19041*# National Aeronautics and Space Administration. Ames
Research Center, Moffett Fieid, CA.

AN ASSESSMENT OF THE ADAPTIVE UNSTRUCTURED
TETRAHEDRAL GRID, EULER FLOW SOLVER CODE FELISA
M. JAHED DJOMEHRI (Calspan Corp., Moffett Field, CA.) and
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LARRY L. ERICKSON Dec. 1994 37p
(Contract(s)/Grant(s): RTOP 505-59-20)
(NASA-TP-3526; A-94147; NAS 1.60:3526) Avail: CASI HC AOIMF
A01

A three-dimensional solution-adaptive Euler flow solver for
unstructured tetrahedral meshes is assessed, and the accuracy and
efficiency of the method for predicting sonic boom pressure signa-
tures about simple generic models are demonstrated. Comparison
of computational and wind tunne! data and enhancement of numeri-
cal solutions by means of grid adaptivity are discussed. The mesh
generation is based on the advancing front technique. The FELISA
code consists of two solvers, the Taylor-Galerkin and the Runge-
Kutta-Galerkin schemes, both of which are spacially discretized by
the usual Galerkin weighted residual finite-element methods but with
different explicit time-marching schemes to steady state. The solu-
tion-adaptive grid procedure is based on either remeshing or mesh
refinement techniques. An altemative geometry adaptive procedure
is also incorporated. Author

N95-19042°# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
STATIC INVESTIGATION OF TWO FLUIDIC THRUST-
VECTORING CONCEPTS ON A TWO-DIMENSIONAL
CONVERGENT-DIVERGENT NOZZLE
DAVID J. WING Dec. 1994 203p
(Contract(s)/Grant(s): RTOP 505-62-30-01)
(NASA-TM-4574; L-17350; NAS 1.15:4574) Avail: CAS! HC A10/MF
A03

A static investigation was conducted in the static test facility of
the Langley 16-Foot Transonic Tunnel of two thrust-vectoring con-
cepts which utilize fluidic mechanisms for deflecting the jet of a two-
dimensional convergent-divergent nozzle. One concept involved
using the Coanda effect to tum a sheet of injected secondary air
along a curved sidewall flap and, through entrainment, draw the
primary jet in the same direction to produce yaw thrust vectoring.
The other concept involved deflecting the primary jet to produce
pitch thrust vectoring by injecting secondary air through a transverse
slot in the divergent flap, creating an oblique shock in the divergent
channel. Utilizing the Coanda effect to produce yaw thrust vectoring
was largely unsuccessful. Small vector angles were produced at low
primary nozzle pressure ratios, probably because the momentum of
the primary jet was low. Significant pitch thrust vector angles were
produced by injecting secondary flow through a slot in the divergent
flap. Thrust vector angle decreased with increasing nozzle pressure
ratio but moderate levels were maintained at the highest nozzle
pressure ratio tested. Thrust performance generally increased at
low nozzle pressure ratios and decreased near the design pressure
ratio with the addition of secondary flow. Author

N95-19110 Air Force Inst. of Tech., Wright-Patterson AFB, OH.
NUMERICAL SIMULATION OF DYNAMIC-STALL
SUPPRESSION BY TANGENTIAL BLOWING Ph.D. Thesis
MATTHEW C.TOWNE Jul.1994 164p Limited Reproducibility:
More than 20% of this document may be affected by microfiche quality
(AD-A284887; AFIT/DS/AA/4-4) Avail: CASI HC A08

The use of tangentia! blowing to suppress the-dynamic stall of
a pitching airfoil is investigated numerically. The laminar two-
dimensional, compressible Navier-Stokes equations are solved
time-accurately using a Beam-Warming algorithm. A siot is located
at four different positions along the surface of a NACA 0015 airfoil
and air is injected in a nearly tangential sense along the upper
surface. Suction control is also employed at one of these slot
locations to directly compare with tangential-blowing control. Solu-
tion sensitivity to grid refinement, time-step size, numerical smooth-
ing, and initial conditions is investigated at a Reynolds number of
2.4*10(exp 4). Initial-condition and initial-airfoil-acceleration effects
are analyzed for various pitch rates. Compressibility of M infinity =
0.2 solutions is investigated. Numaerical simulation uncertainties of
jet-orientation angle and jet velocity profile are investigated. Studies
are conducted to establish the effects of slot position, slot width,

120

blowing-initiation angle, blowing velocity, pulsed blowing, and blow-
ing at different pitch rates. DTIC

N95-19114*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
NAVIER-STOKES, FLIGHT, AND WIND TUNNEL FLOW
ANALYSIS FOR THE F/A-18 AIRCRAFT
FARHAD GHAFFARI Dec. 1994 67p Original contains color
illustrations
{Contract(s)/Grant(s): RTOP 505-68-30-03)
(NASA-TP-3478; L-17336; NAS 1.60:3478) Avail: CASI HC AO4/MF
A01; 5 functional color pages

Computational analysis of flow over the F/A-18 aircraft is
presented along with complementary data from both flight and wind
tunnel experiments. The computational results are based on the
thres-dimensional thin-layer Navier-Stokes formulation and are
obtained from an accurate surface representation of the fuselage,
leading-edge extension (LEX), and the wing geometry. However, the
constraints imposed by either the flow solver and/or the complexity
associated with the flow-field grid generation required certain geo-
metrical approximations to be implemented in the present numerical
model. In particular, such constraints inspired the removal of the
empennage and the blocking (fairing) of the inlet face. The results
are computed for three different free-stream flow conditions and
compared with flight test data of surface prassure coefficients,
surface tuft flow, and off-surface vortical flow characteristics that
included breakdown phenomena. Excellent surface pressure coef-
ficient correlations, both in terms of magnitude and overall trend, are
obtained on the forebody throughout the range of flow conditions.
Reasonable pressure agreement was obtained over the LEX; the
general correlation tends to improve at higher angles of attack. The
surface tuft flow and the off-surface vortex flow structures compared
qualitatively well with the flight test results. To evaluate the compu-
tational results, a wind tunne! investigation was conducted to deter-
mine the effects of existing configurational differences between the
fiight vehicle and the numerical model on aerodynamic characteris-
tics. In most cases, the geometrical approximations made to the
numerical model had very little effect on overall asrodynamic char-
acteristics. Author

N95-19119°# National Aeronautics and Space Administration. Ames
Research Center, Moffett Field, CA.
2-D AND 3-D OSCILLATING WING AERODYNAMICS FOR A
RANGE OF ANGLES OF ATTACK INCLUDING STALL
R.A.PIZIALI (Ammy Aviation Systems Command, Moffett Field, CA.)
Sep. 1994 570 p  Prepared in cooperation with Army Aviation
Systems Command, Moffett Field, CA
(Contract(s)/Grant(s): RTOP 505-59-52)
(NASA-TM-4632; A-94053; NAS 1.15:4632; USAATCOM-TR-94-A-
011) Avajl: CASi HC A24/MF A04

A comprehensive experimental investigation of the pressure
distribution over a semispan wing undergoing pitching motions repre-
sentative of a helicopter rotor blade was conducted. Testing the wing
in the nonrotating condition isolates the three-dimensional (3-D) blade
aerodynamic and dynamic stall characteristics from the complications
of the rotor blade environment. The test has generated a very complete,
detailed, and accurate body of data. These data include static and
dynamic pressure distributions, surface flow visualizations, two-dimen-
sional (2-D) airfoil data from the same modei and instaliation, and
important supporting blockage and wall pressure distributions. This
body of data is sufficiently comprehensive and accurate that it can be
used for the validation of rotor blade aerodynamic models over a broad
range of the important parameters including 3-D dynamic stall. This
data report presents all the cycle-averaged lift, drag, and pitching
moment coefficient data versus angle of attack obtained from the
instantaneous pressure data for the 3-D wing and the 2-D airfoil. Also
presented are examples of the following: cycle-tocycle variations
occurring for incipient or lightly stalled conditions; 3-D surface flow
visualizations; supporting blockage and wall pressure distributions; and
underlying detailed pressure results. Author



N95-19259# Tachnische Univ., Delft (Netherlands). High Speed
Aerodynamics Lab.
THE UTILIZATION OF A HIGH SPEED REFLECTIVE
VISUALIZATION SYSTEM IN THE STUDY OF TRANSONIC
FLOW OVER A DELTA WING
S. R. DONOHOE and W. J. BANNINK /n AGARD, Wall Interference,
Support interference and Flow Field Measurements 13p Jul. 1994
Copyright Avail: CASI HC AO3/MF A04

An experimental study was conducted to examine the flow over
a non-cambered 65 deg swept delta wing with a sharp leading edge
in high subsonic compressible flow at various angles of attack. This
flow is known to be highly three dimensional. At certain combinations
of Mach number and high angle of attack, an unsteady and often non
axial symmetric phenomenon known as vortex breakdown is found
to occur above the wing. The present experimental study includes
both visualizations of the flow over the model surface and of the flow
field itself. The surface flow visualization study is done using a
conventional oil-flow visualization technique. Flow field visualiza-
tions are done using both a traditional transmission visualization
system as well as a newly developed Surface Reflective Visualiza-
tion (SRV) technique. The development and application of this SRV
system will be the main topic addressed in the current report. The
SRV technique provides a new perspective on the compressible flow
over wings. This technique incorporates a specially designed model
with a reflective surface to enable visualization of the flow over the
wing in plan view. The technique has been developed and applied to
the transonic flow over a delta wing presently under investigation in
a vortex breakdown research program. The plan view perspective
makes it possible to visualize the span-wise distribution of the shock
system present in the flow field and provides confirmation of the
existence of cross flow shocks for certain combinations of Mach
number and angle of attack. Combining this technique with the use
of a high-speed camera enables the high speed shock fluctuations
associated with this flow to be assessed for the first time. The SRV
system, thus, allows insight to be gained into the time scales
associated with these shock fluctuations and the vortex breakdown
phenomenon in general. Author

N95-19260# British Aerospace Aircraft Group, Preston (England).
Aerodynamics Dept.
TRANSONIC AND SUPERSONIC FLOWFIELD
MEASUREMENTS ABOUT AXISYMMETRIC AFTERBODIES
FOR VALIDATION OF ADVANCED CFD CODES
MARTIN BURT, PHILIP MILLER (Miller and Wilson Aerodynamics
Research, Bath, England.), and JOHAN AGRELL (Aeronautical
Research Inst. of Sweden, Bromma.) /n AGARD, Wall Interference,
Support interference and Flow Field Measurements 28p Jul. 1994
Sponsored by Swedish Ministry of Defence
Copyright Avail: CASI HC AO3/MF A04

Two axisymmetric afterbody experimental programs, aimed at
providing necessary and sufficient data for CFD code validation,
were conducted in the FFA S§ suckdown wind-tunnel. Flow condi-
tions covered the range of transonic to supersonic. Mean and
fluctuating flowfield velocities in a single longitudinal plane were
measured using LDA along many traverses, both over the afterbody
and in the jet and mixing regions. Flow separated on the boattail of
the AGARD 10 and 15 degree geometries at all conditions tested.
Separation also occurred on a conical afterbody at supersonic Mach
number. Comprehensive sets of boundary condition data were also
recorded, through a wide variety of techniques. Extensive error
analyses have been undertaken to evaluate the accuracy of all data.
Transonic Navier-Stokes computations on the configurations were
performed and showed the benefit of having static pressure informa-
tion along the slotted tunnel roof. An algebraic stress model of
turbulence retumed predictions of afterbody surface pressures
superior to two more simpie models, in both attached and separated
flow. Author

N95-19261# Technische Univ., Munich (Germany). Lehrstuhl fuer
Fluidmechanik.
VELOCITY MEASUREMENTS WITH HOT-WIRES IN A
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VORTEX-DOMINATED FLOWFIELD
CHRISTIAN BREITSAMTER and BORIS LASCHKA  /n AGARD,
Wwall Interference, Support Interference and Flow Field Measure-
ments 13p Jul. 1994 Sponsored by MBB Original contains
color illustrations
Copyright Avail: CASI HC AO3/MF A04

Selected results from a quantitative experimental investigation
documenting the low-speed flow environment over a 75 deg swept
delta wing and over a delta-canard-configuration are presented. The
hot-wire measurement techniques using cross-wire and triple-wire
probes are described. Results obtained include detailed flowfields of
the time-dependent velocity components for angles of attack from
12.5 deg to 31.5 deg at a test Reynolds number of 1.0 x 10{exp 6).
The structure of the highly turbulent vortex dominated flow is clearly
shown by time-averaged, root-mean-square and spectral distribu-
tions. Thus the delta wing vortex substructure organized by discrete
vortices and vortex breakdown characteristics are analyzed. With
increasing incidence both the wing and the canard leading-edge
vortices move inboard resulting in increase of the velocity fluctua-
tions due to the bursting of these vortices. At the delta-canard
configuration strong interference effects between the canard and
the wing vortex systems are found. Peaked velocity spectra are
detected in the vorticity sheets at burst flow conditions related to a
narrow-band concentration of kinetic turbuient energy in the flow of
the wing/canard vortex sheets. Author

N95-19268°# Georgia inst. of Tech., Atlanta, GA. Aerospace Lab.
DEVELOPMENT OF PNEUMATIC TEST TECHNIQUES FOR
SUBSONIC HIGH-LIFT AND IN-GROUND-EFFECT WIND
TUNNEL INVESTIGATIONS
ROBERT J. ENGLAR in AGARD, Wall Interference, Support
Interference and Flow Field Measurements 11 p  Jul. 1994
Sponsored by NASA. Langiey Research Center
Copyright Avail: CAS| HC AO3/MF A04

Wind tunnel evaluations of two-dimensional high-lift airfoils and
of vehicles operating in ground effect near the tunnel floor require
special test facilities and procedures. These are needed to avoid
errors caused by proximity to the walls and interference from the wall
boundary layers. Pneumatic test techniques and facilities were
developed for GTRI asrodynamic research tunnels and calibrated to
verify that these wall effects had been removed. The modified
facilities were then employed to evaluate the aerodynamic charac-
teristics of blown very-high-ift airfoits and of racing hydroplanes
operating in ground effect at various levels above the floor. The
pneumatic facilities, techniques and calibrations are discussed and
typical aesrodynamic data recorded both with and without the test-
section blowing systems are presented. Author

N95-19270*# National Aeronautics and Space Administration. Ames
Research Center, Moffett Field, CA.
WALL INTERACTION EFFECTS FOR A FULL-SCALE
HELICOPTER ROTOR IN THE NASA AMES 80- BY 120-FOOT
WIND TUNNEL
PATRICK M. SHINODA  /n AGARD, Wall Interference, Support
Interference and Flow Field Measurements 14 p  Jul. 1994
Prepared in cooperation with Army Aviation Research and Develop-
ment Command, Moffett Field, CA
Copyright Avail: CASI HC AO3MF A04

A tfull-scale helicopter rotor test was conducted in the NASA
Ames 80- by 120-Foot Wind Tunne! with a four-bladed S-76 rotor
system. This wind tunne! test generated a unique and extensive data
base covering a wide range of rotor shaft angles-of-attack and rotor
thrust conditions from 0 to 100 knots. Three configurations were
tested: (1) empty tunnel; (2) test stand body (fuselage) and support
system; and (3) fuselage and support system with rotor installed.
Empty tunnel wall pressure data are evaluated as a function of
tunnel speed to understand the baseline characteristics. Asrody-
namic interaction effects between the fuselage and the walls of the
tunne! are investigated by comparing wall, ceiling, and floor pres-
sures for various tunnel velocities and fuselage angles-of-attack.
Aerodynamic interaction effects between the rotor and the walls of
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the tunne! are also investigated by comparing wall, ceiling, and floor
pressures for various rotor shaft angles, rotor thrust conditions, and
tunnel velocities. Empty tunnel wall pressure data show good
repeatability and are not affected by tunnsl speed. In addition, the
tunnel wall pressure profiles are not affected by the presence of the
fuselage apart from a pressure shift. Results do not indicate that the
tunnel wall pressure profiles are affected by the presence of the
rotor. Significant changes in the wall, ceiling, and floor pressure
profiles occur with changing tunnel speeds for constant rotor thrust
and shaft angle conditions. Significant changes were also observed
when varying rotor thrust or rotor shaft angle-of-attack. Other results
indicate that dynamic rotor loads and blade motion are influenced by
the presence of the tunnel walls at very low tunnel velocity and,
together with the wall pressure data, provide a good indication of flow
breakdown. Author

N95-19278# Institute forAerospace Research, Ottawa (Ontario). High
Speed Aerodynamics Lab.
EVALUATION OF COMBINED WALL- AND SUPPORT-
INTERFERENCE ON WIND TUNNEL MODELS
M. MOKRY /n AGARD, Wall interference, Support Interference and
Flow Field Measurements 11p  Jul. 1994
Copyright Avail: CASI HC AO3/MF A04

Coupled interference effects of model support systems and
ventilated test section walls on stream parameters at the model! are
calculated using a subsonic source panel method. The configura-
tions discussed are the movabls sting support system and the mode!
plate mount in the IAR 1.5 m x 1.5 m perforated-wall wind tunnel, and
an automobile mode! in the DSMA slotted-wall wind tunnel.  Author

N95-19279# Aerospatiale, Toulouse (France).
INTERACTION OF A THREE STRUT SUPPORT ON THE
AERODYNAMIC CHARACTERISTICS OF A CIVIL AVIATION
MODEL [INTERACTION D'UN SUPPORT DE TYPE 3 MATS
SUR LES CARACTERISTIQUES AERODYNAMIQUES D'UNE
MAQUETTE D’AVION CIVIL]
J. WILLAUME, C. QUEMARD (Office National d'Etudes et de
Recherches Aerospatiales, Toulouse, France.),andA.BONNET (Ecole
Nationale Superieure de I'Aeronautique et de PEspace, Toulousse,
France.) InAGARD,WallInterference, SupportIintarference and Flow
Field Measurements 25p Jul. 1994 In FRENCH
Copyright Avail: CASI HC AO3/MF A04

The interference effects of a three strut support system on the
longitudinal aerodynamic characteristics of a model is mainly due to
the guards. Our purpose is to describe two theoretical methods
allowing to gain access to the level of correction to apply to the wind
tunnel gross measurements. The first one is a well known panel
method which provides a global correction of the forces; the second
one is a simplified method which calculates separately both the
displacement effect (thickness) of the guards and the mutual lift
effect between them and the wing. The validity of these theoretical
results has been checked by specific tests in wind tunne! F1
(ONERA) on a mode! of the AIRBUS A310. The experimental
interference due to the struts and the influence of the model on the
strut tares are also discussed. Author

N95-19280# De Havilland Aircraft Co. of Canada Ltd., Downsview
(Ontario). Aerodynamic Research and Development.
INTERFERENCE CORRECTIONS FOR A CENTRE-LINE PLATE
MOUNT IN A POROUS-WALLED TRANSONIC WIND TUNNEL
RICHARD J. D. POOLE and ROBIN D. GALWAY (Institute for
Aerospace Research, Ottawa, Ontario.) in AGARD, Wall Interfer-
ence, Support interference and Flow Field Measurements 10p Jul.
1994 Sponsored by Industry, Science and Technology Canada and
Inst. for Aerospace Research Copyright
Avail: CAS| HC A02/MF A04

A program of collaborative research between the National
Research Council of Canada, Institute for Aerospace Research
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(IAR), and de Havilland Inc. included the design and manufacture of
a slim center-line plate mount mode! support for installation in the
IAR 1.5 m Trisonic Wind Tunnel. The primary objective of the
collaborative research program was to provide a mounting method
suitable for accurate measurement of the drag increments resulting
from configuration changes on typical transport aircraft models. The
secondary objective was to derive the tare effect of the model

- mounting plate so that datum aerodynamic parameters could be

measured. To obtain the tare effact of the mounting plate on a model,
an altemative mount from the tunnel ceiling was designed and built.
The ‘Y-Mount’ allowed the model to be held in close proximity to a
dummy plate and also to be tested without the plate in the tunnel.
Comparative plate in and plate out measurements were made for a
range of Mach numbers and model incidences to obtain the plate
tares. Author

N95-19281# German-Dutch Wind Tunnel, North East Polder (Neth-
erlands). ’
CORRECTION OF SUPPORT INFLUENCES ON
MEASUREMENTS WITH STING MOUNTED WIND TUNNEL
MODELS
D.ECKERT InAGARD, Wall Interference, Support Interference and
Flow Field Measurements 11 p Jul. 1994
Copyright Avail: CASI HC AO3/MF A04

The structures of wind tunnel model supports always penetrate
the so-called near field of the flow around the model. Therefore,
support corrections of asrodynamic coefficients, evaluated either by
measurement or by calculation, depend on the specific configuration
of the mode! and of the model/support intersection. As a conse-
quence support influences known for the correction of a wind tunnel
measurement with one mode! are, in general, not transferrable to
another configuration. Nevertheless, such a generalization, at least
between models of the same aircraft family, would in principle be
very helpful in avoiding the time consuming measurements or the
viscous flow calculations necessary for the evaluation of suppornt
corractions. To this end, at DNW a comprehensive data-base of
measured influences of three sting support types on different low-
speed aircraft models was analyzed. The aim was to split up the total
support effects in terms representing the effect of support volumes
located in the far field of the model and in terms representing the
eftect of support elements located in the near field of the model. The
data-base has been analyzed with the aid of a physical model which
interprets support influences as flow perturbations relevant for the
wing, the fuselage, and the tail of the model. This analysis showed
that for some fusslage/sting arrangements the near field effects may
be considered small compared with the far field effects and indepen-
dent of the wing's slat/flap configuration. These findings offered the
important possibility of using near field dependent correction terms
known for one model configuration for measurements with new
configurations (e.g. hew wing slatfflap combination). In order to
determine the far field influence on new configurations, the physical
model mentioned before is used in DNW's on-line data processing
system to calculate the support corrections by combining previously
determined flow perturbations with the actual measurements during
routine tests. Examples show the successful application of the
method to measurements with different models. Author

N85-19282# Analytical Methods, Inc., Redmond, WA.
CALCULATION OF SUPPORT INTERFERENCE IN DYNAMIC
WIND-TUNNEL TESTS
D. ALMOSNINO /n AGARD, Wall Interference, Support Interference
and Flow Field Measurements 6p Jul. 1994
Copyright Avail: CASI HC A02/MF A04

An unsteady, subsonic flow panel method is applied to predict
the support interference effects in dynamic wind tunnel test simula-
tion. Interference effects are calculated by simuiating the unsteady
flow around the aircraft model, both in the presence and absence of
the support system, unlike common experimental techniques that try
to measure these effects. The present study uses the standard



dynamics model (SDM) in pitch oscillations as a test case. Caicu-
lated results for free flight conditions are compared with results
obtained when simulating the presence of an existing side-wall-
mounted support system in a dynamic wind-tunnel test facility. The
calculated results are also compared with experimental data avail-
able from different dynamic wind tunnel test facilities. Author

N95-19457# National Aerospace Lab., Bangalore (India). Computa-
tional and Theoretical Fluid Dynamics Div.
VISCOUS FLOW PAST AEROFOILS AXISYMMETRIC BODIES
AND WINGS _
S.S.DESAI Inits CFD: Advances and Applications, 1994 p 43-76
Oct. 1994
Avail: CASI HC AO3/MF A04

A brief outline is given here of computing viscous fiow past
aerospace components such as aerofoils, bodies of revolution and
wings, based on a coupling of potential flow computations and
integral boundary layer calculations. Direct and semi-inverse proce-
dures for viscous-inviscid coupling are described. Keeping in mind
transonic and high Reynolds number flows, only turbulent flow
computations are considered; laminar and transitional flows are not
covered here. Author

N95-19464# National Aerospace Lab., Bangalore (India). Computa-
tional and Theoretical Fluid Dynamics Div.
PARABOLIZED NAVIER-STOKES SOLUTION OF
SUPERSONIC/HYPERSONIC FLOWS
DINESH K. PRABHU  In its CFD: Advances and Applications, 1994
p 321-371  Oct. 1994
Avail: CAS| HC A04/MF A04

inthis lecture we will (1) develop the governing PNS (Parobolized
Navier-Stokes) equations for ideal gas, equifibrium air and
nonequilibrium air, (2) develop the numerical algorithm to solve
these equations, (3) apply the algorithm to compute the hypersonic
flow past a simple geometrical shape such as a sharp cone at zero
incidence, and (4) discuss the results in terms of the various gas
models. Some of the expressions in this lecture have been derived
in detail for the ideal/equilibrium model only. Author
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AIR TRANSPORTATION AND SAFETY

Includes passenger and cargo air transport operations; and aircraft
accidents.

N95-16404# Army Aeromedical Research Lab., Fort Rucker, AL.
A CORRELATIVE INVESTIGATION OF SIMULATED
OCCUPANT MOTION AND ACCIDENT REPORT IN A
HELICOPTER CRASH
DAVID G. BEALE, NABIH M. ALEM, and BARCLAY P.BUTLER Aug.
1994 31p
(AD-A285190; USAARL-94-42) Avail: CASI HC AO3/MF AQ1

In 1987, an Army Apache helicopter crashed during a training
mission at Fort Rucker, Alabama, resulting in fatal injuries to the rear
seat pilot and survivable injuries to the front seat copilot. U.S. Army
Safety Center (USASC) investigators at Fort Rucker, Alabama,
reported the aircraft damage assessment and aircrew member
injuries. U.S. Army Aeromedical Research Laboratory (USAARL)
researchers at Fort Rucker, Alabama, concurrently examined the
helmets, restraint systems, and crashworthy seats. Crash kinemat-
ics were derived from the investigation; including estimates of the
motion of the hamessed occupants during the crash. DTIC

N95-17476# Federal Aviation Administration, Washington, DC.
FEDERAL AVIATION REGULATIONS, PART 91. GENERAL
OPERATING AND FLIGHT RULES. CHANGE 5

15May 1994 24p See also PB94-159944

(PB94-194883) Avail: CASI HC A03/MF A01

AIR TRANSPORTATION AND SAFETY 03

This change incorporates three amendments on Special Visual
Flight Rules (SVFR)—Amendments 91-236, 91-237, and 91-128—
which affect Appendix D. This change aiso incorporates Amend-
ment 91-239, Airspace Reclassification, issued March 7, which
affects Sections 91.126, 91.127, and 91-130. NTIS

N95-17646# National Transportation Safety Board, Washington, DC.
AIRCRAFT ACCIDENT REPORT: STALL AND LOSS OF
CONTROL ON FINAL APPROACH, ATLANTIC COAST
AIRLINES, INCJUNITED EXPRESS FLIGHT 6291 JETSTREAM
4101, N304UE COLUMBUS, OH, 7 JANUARY 1994
60ct. 1994 124p
(PB94-910409; NTSB/AAR-94/07) Avail: CASI HC AO6/MF A02
This report explains the crash of United Express flight 6291, a
Jetstream 4101 airplane, white on approach to runway 28L at Port
Columbus International Airport, Columbus, Ohio, on January 7,
1994. The safety issues in the report focused on aircraft safety belts
and training programs for Part 135 pilots that emphasize stall
waming recognition and recovery techniques, and that lead to
proficiency in both high speed and coupled approaches. Safety
recommendations conceming these issues were made to the Fed-
eral Aviation Administration. Author

N95-17748# National Transportation Safety Board, Washington, DC.
ANNUAL REVIEW OF AIRCRAFT ACCIDENT DATA: US AIR
CARRIER OPERATIONS, CALENDAR YEAR 1992
15 Sep. 1994 73p
(PB95-100319; NTSB/ARC-94/02) Avail: CAS| HC A04/MF A01
This publication presents the record of aviation accidents
involving revenue operations of U.S. Air Carriers including Com-
muter Air Carriers and On Demand Air Taxis for calendar year 1892.
The report is divided into three major sections according to the
federal regulations under which the flight was conducted - 14 CFR
121, Scheduled 14 CFR 135, or Nonscheduled 14 CFR 135. In each
section of the report tables are presented to describe the losses and
characteristics of 1992 accidents to enable comparison with prior
years. NTIS

N95-18582*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
COLLECTION EFFICIENCY AND ICE ACCRETION
CALCULATIONS FOR A SPHERE, A SWEPT MS(1)-317 WING,
A SWEPT NACA-0012 WING TIP, AN AXISYMMETRIC INLET,
AND A BOEING 737-300
COLIN S. BIDWELL and STANLEY R. MOHLER, JR. (NYMA, Inc.,
Brook Park, OH.) Jan.1995 45p Presented at the 33rd Aerospace
Sciences Meeting and Exhibit, Reno, NV, 9-12 Jan. 1995; sponsored
by AIAA
(Contract(s)/Grant(s): NAS3-27186; RTOP 505-68-10)
(NASA-TM-106831; E-9381; NAS 1.15:106831; AIAA PAPER 95-
0755) Avail: CASI HC AO3MF A01

Collection efficiency and ice accretion calculations have been
made for a sphere, a swept MS(1)-317 wing, a swept NACA-0012
wing tip, an axisymmetric inlet, and a Boeing 737-300 inlet using the
NPARC flow solver and the NASA Lewis LEWICE3D grid based ice
accretion code. Euler flow solutions for the geometries were gener-
ated using the NPARC flow solver. The LEWICE3D grid based ice
accretion program was used to calculate the impingement efficien-
cies and ice shapes. Ice shapes specifying rime and mixed icing
conditions were generated for a 30 minute hold condition. All
calculations were performed on an SGI Model Power Challenge
Computer. The results have been compared to experimental flow
and impingement data. In general, the calculated flow and collection
efficiencies compared well with experiment, and the ice shapes
looked reasonable and appeared representative of the rime and
mixed icing conditions for which they were calculated. Author
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N95-19132# National Transportation Safety Board, Washington DC.
SAFETY STUDY: COMMUTER AIRLINE SAFETY
Nov. 1994 134 p
(PB94-917004; NTSB/SS-94/02) Avail: CASI HC A07/MF A02

The commuter airline industry has grown dramatically and has
experienced significant changes in operating characteristics in the
past 15 years. In responsa to safety recommendations issued by the
National Transportation Safety Board and through other initiatives
taken by government and industry, regulatory revisions and other
actions have resulted in an improved safety record for commuter
airlines and conducting operations under titte 14 Code of Federal
Regulations Part 135. However, despite efforts to bring about satety
improvements, accident rates for commuter airlines continue to be
higher than the rates for domestic Part 121 airlines. The higher
accident rate, the difference in regulatory standards between Parts
135 and 121, and findings of the Safety Board's investigations of
recent accidents prompted the Board to initiate this study of com-
muter airline safety. The safety issues discussed in the study are: (1)
the need for sweeping regulatory action; (2) the adequacy of Part
135 regulations conceming flight time limits and rest requirements;
(3) the need for licensed dispatch personnel; (4) the adequacy of
Part 135 pitot training; (5) the adequacy of flight attendant training
practices; (6) the need for mandated safety programs at commuter
airlines and for operational oversight by major air carrier code-
sharing partners; (7) the training of Federal Aviation Administration
inspectors; and (8) the certification of airports served by scheduled
passenger operations. As a result of the safety study, recommenda-
tions concerning these issues were made to the Federal Aviation
Administration, the U.S. Department of Transportation, major U.S.
domestic air carriers, and the Regional Airline Association. Author

N95-19167# National Research Council of Canada, Ottawa (Ontario).
Structures and Materials Lab.
SPECTROGRAM DIAGNOSIS OF AIRCRAFT DISASTERS
F. W. SLINGERLAND /n AGARD, Impact of Acoustic Loads on
Aircraft Structures 6 p Sep. 1994 Original contains color illus-
trations
Copyright Avail: CASI HC A02/MF A03

impulsive forces applied to an aircraft fuselage generate radial
vibration waves in the structure analogous to those in a classical thin
shell. It has been found that these waves are detected by the cockpit
area microphone, and that spectrogram analysis of the microphone
recording can provide information on the nature, origin and strength
of the source, whether an explosion or a sudden decompression.

Author

N95-19284*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH. . -
METHODS FOR SCALING ICING TEST CONDITIONS
DAVID N. ANDERSON Jan. 1995 11p Presented at the 33rd
Aerospace Sciences Meeting and Exhibit, Reno, NV 9-12 Jan.
1995; sponsored by AIAA
{Contract{s)/Grant(s). RTOP 505-68-10)
(NASA-TM-106827; E-9376; NAS 1.15:106827; AIAA PAPER 95-
0540) Avail: CASI HC AO3/MF AO1

This report presents the results of tests at NASA ‘Lewis to
evaluate several methods to establish suitable altemative test
conditions when the test facility limits the model size or operating
conditions. The first method was proposed by Olsen. It can be
applied when full-size models are tested and all the desired test
conditions except liquid-water content can be obtained in the facility.
The other two methods discussed are: a modification of the French
scaling law and the AEDC scaling method. Icing tests were made
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with cylinders at both reference and scaled conditions representing
mixed and giaze ice in the NASA Lewis Icing Research Tunnel.
Reference and scale ice shapes were compared to evaluate each
method. The Olsen method was tested with liquid-water content
varying from 1.3 to .8 g/m(exp3). Over this range, ice shapes
produced using the Olsen method were unchanged. The modified
French and AEDC methods produced scaled ice shapes which
approximated the reference shapes when model size was reduced
to half the referencs size for the glaze-ice cases tested.  Author

N95-19285'# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
ICE ACCRETION WITH VARYING SURFACE TENSION
ALAN J. BILANIN  (Continuum Dynamics, Inc., Princeton, NJ.) and
DAVID N. ANDERSON Jan. 1995 13p Prasented at the 33rd
Aerospace Sciences Meeting and Exhibit, Reno, NV, 9-12 Jan. 1995;
sponsored by AIAA )
(Contract(s)/Grant(s): RTOP 505-68-10)
(NASA-TM-106826; E-9375; NAS 1.15:106826; AIAA PAPER 95-
0538) Avail: CASI HC AG3MF AO1

During an icing encounter of an aircraft in flight, super-cooled
water droptets impinging on an airfoil may splash before freezing.
This paper reports tests performed to determine if this effect is
significant and uses the results to develop an improved scaling
method for use in icing test facilities. Simple laboratory tests showed
that drops splash on impact at the Reynolds and Weber numbers
typical of icing encounters. Further confirmation of droplet splash
came from icing tests performed in the NaSA Lewis Icing Research
Tunnel (IRT) with a surfactant added to the spray water to reduce the
surface tension. The resulting ice shapes were significantly different
from those formed when no surfactant was added to the water.
These rasults suggested that the droplet Weber number must be
kept constant to properly scale icing test conditions. Finally, the
paper presents a Weber-number-based scaling method and reports
resuits from scaling tests in the IRT in which model size was reduced
up to a factor of 3. Scale and reference ice shapes are shown which
confimm the effectiveness of this new scaling method. Author

N95-19468°# National Aeronautics and Space Administration.
Langley Research Centsr, Hampton, VA.
FAANASA INTERNATIONAL SYMPOSIUM ON ADVANCED
STRUCTURAL INTEGRITY METHODS FOR AIRFRAME
DURABILITY AND DAMAGE TOLERANCE, PART 2
CHARLES E. HARRIS, ed. Sep. 1994 572p Symposium held at
Hampton, VA, 4-6 May 1994; sponsored by NASA and FAA
(Contract(s)/Grant(s): RTOP 538-02-10-01)
(NASA-CP-3274-PT-2; L-17432-PT-2; NAS 1.55:3274-PT-2) Avail:
CASI HC A24MF A04

The intenational technical experts in the areas of durability and
damage tolerance of metallic airframe structures were assembled to
present and discuss recent research findings and the development
of advanced design and analysis methods, structural concepts, and
advanced materials. The principal focus of the symposium was on
the dissemination of new knowledge and the peer-review of progress
on the development of advanced methodologies. Papers were
presented on the following topics: structural concepts for enhanced
durability, damage tolerance, and maintainability; new metallic
alloys and processing technology; fatigue crack initiation and small
crack effects; fatigue crack growth models; fracture mechanics
failure criteria for ductile materials; structural mechanics methodol-
ogy for residual strength and life prediction; development of flight
load spectra for design and testing; and corrosion resistance. For
individual titles, see N95-19469 through N95-19500.
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AIRCRAFT COMMUNICATIONS AND NAVIGATION

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

A95-64288
COMMENTARY ON WALTON CORRESPONDENCE RELATING
TO THE ILS GLIDE SLOPE
RICHARD H. MCFARLAND Ohio Univ, Athens, OH |EEE Transac-
tions on Aerospace and Electronic Systems (ISSN 0018-9251)  vol.
30,n0.3 July 1994 p.933-935 refs
(BTN-94-E1X94441380856) Copyright

The conclusions reached by Dr. Walton regarding the reliability
of the instrument landing system (ILS) glide slope is highly errone-
ous and can be attributed to the author's close ties with the plaintiff
in the Alpena plane crash case. Dr. Walton’s contention lacks
credence and is contrary to proven scientific principles that define
the effects of snow on an aircraft's landing system. The null-
reference glide slope is a highly reliable navigation tool and there is
not a single recorded case wherein an accident was traced to a
defective glide stope signal. El

A95-64294

CONVERSION OF EARTH-CENTERED EARTH-FIXED
COORDINATES TO GEODETIC COORDINATES :

IEEE Transactions on Aerospace and Electronic Systems (ISSN
0018-9251) wvol. 30, no. 3 July 1994 p. 957-962 refs
(BTN-94-E1X94441380862) Copyright

The transformations between Earth-centered Earth-fixed (ECEF) '

coordinates and geodetic coordinates are required in many applica-
tions, for example, in NAVSTAR/GPS navigation and geodesy. The
transformation from ECEF coordinates to geodetic coordinates is
usually carried out by approximation methods in practice, and the exact
transtormation methods are not used frequently. In this paper, several
exact transformation formulas from ECEF coordinates to geodetic
coordinates are reviewed, and compared with the approximation
methods in complexity and in sensitivity to computer round-off error.
The relationship among some exact transformation solutions and the
approaches are pointed out. Author (El)

N95-16277# Nanijing Univ. of Aeronautics and Astronautics, Nanjing,
Jiangsu (China). Dept. of Automatic Control.
APPLICATION OF GPS/SINS/RA INTEGRATED SYSTEM TO
AIRCRAFT APPROACH LANDING
XIN YUAN, JIANYE LIU, and YONGXI NI  In its Joint Proceedings on
Aeronautics and Astronautics (JPAA) p 184-190 May 1993 See
also A92-21466
Avail: CASt HC A02/MF A03

A design scheme for integrating a global positioning system
(GPS), strap down inertial navigation.system (SINS) and a radio
altimeter (RA) for precise aircraft landing is presented and the
dynamic mode! is established with the application of a Kalman filter
technique. The simulation for the GPS/SINS/RA performance is
carried out, using a SPS simulator, considering a glide slope
inclination of 3 degrees for aircraft landings. Simulation results
indicate that the integrated system, on condition that the GPS
receiver uses either P code, or C/A code with the aid of pseudolite
technology, and works in the differential mode, is able to meet the
ICAO positioning requirements for aircraft precision landing.

: Author (revised)

N95-17196"# Centre National d'Etudes Spatiales, Toulouse (France).
A PROCESSING CENTRE FOR THE CNES CE-GPS
EXPERIMENTATION

NORBERT SUARD and JEAN-CLAUDE DURAND in NASA.

Goddard Space Flight Center, Thid intemational Symposium on
Space Mission Operations and Ground Data Systems, Part1  p 149-
154 Nov. 1994
Avail: CASI HC A02/MF A06

CNES is involved in a GPS (Global! Positioning System) geo-
stationary overiay experimentation. The purpose of this experimen-
tation is to test various new techniques in order to select the optimal
station synchronization method, as well as the geostationary space-
craft orbitography method. These new techniques are needed to
develop the Ranging GPS Integrity Channel services. The CNES
experimentation includes three transmitting/receiving ground sta-
tions (manufactured by IN-SNEC), one INMARSAT 2 C/L band
transponder and a processing center named STE (Station de
Traitements de I'Experimentation). Not all the techniques to be
tested are implemented, but the experimental system has to include
several functions; part of the future system simulation functions,
such as ‘a servo-loop function, and in particular a data collection
function providing for rapid monitoring of system operation, analysis
of existing ground station processes, and several weeks of data
coverage for other scientific studies. This paper discusses system
architecture and some criteria used in its design, as well as the
monitoring function, the approach used to develop a low-cost and
short-life processing center in collaboration with a CNES sub-
contractor (ATTDATAID), and some results. Author (revised)

N95-17373 CCG Associates, Inc., Silver Spring, MD.
IDENTIFICATION OF ARTIFICIAL INTELLIGENCE (Al)
APPLICATIONS FOR MAINTENANCE, MONITORING, AND
CONTROL OF AIRWAY FACILITIES Final Report, Jul. 1991 -
Mar. 1992

LORI ADKISSON, KAMAL KARNA, DONALD KATZ, ANITA KARNA,
and KEJITAN DONTAS May 1994 172p Limited Reproducibility:
More than 20% of this document may be affected by microfiche quality
(AD-A282479; DOT/FAA/CT-TN92/41-l) Avail: Issuing Activity (De-
fense Technical Information Center (DTIC))

This document provides information acquired from a study
conducted on artificia! intelligence (Al). The study had four goals, as
follows: (1) to identify airway facilities (AF) maintenance, monitoring,
and control of activities suitable for Al application development; (2)
to determine the Al technologies, tools, architectures, and algo-
rithms that would be most suitable for the identified applications; (3)
to develop a set of criteria for Al applications development, and
evaluate each of the identified applications in terms of this criteria;
and (4) to make short- and long-term recommendations for Al
applications development within AF. DTIC

N95-17384*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
MODELING OF INSTRUMENT LANDING SYSTEM (ILS)
LOCALIZER SIGNAL ON RUNWAY 25L AT LOS ANGELES
INTERNATIONAL AIRPORT
RICHARD M. HUESCHEN and CHARLES E. KNOX Nov. 1994 30p
(Contract(s)/Grant(s): RTOP 505-64-13-04)
(NASA-TM-4588; L-17334; NAS 1.15:4588) Avail: CASI HC A03MF
AO1

A joint NASA/FAA fiight test has been made to record instru-
ment landing system (ILS) localizer receiver signals for use in
mathematically modeling the ILS localizer for future simulation
studies and airplane flight tracking tasks. The flight test was con-
ducted on a portion of the ILS (ocalizer installed on runway 25L at the
Los Angeles Intemational Airport. The tests covered the range from
10 to 32 n.mi. from the localizer antenna. Precision radar tracking
information was compared with the recorded localizer deviation
data. Data analysis showed that the ILS signal centeriine was offset
to the left of runway centerline by 0.071 degrees and that no
significant bends existed on the localizer beam. Suggested simula-
tion models for the ILS localizer are formed from a statistical
analysis. Author

125



04 AIRCRAFT COMMUNICATIONS AND NAVIGATION

N95-17706 Camegie-Mellon Univ., Pittsburgh, PA. Robotics Inst
A FEEDFORWARD CONTROL APPROACH TO THE LOCAL
NAVIGATION PROBLEM FOR AUTONOMOUS VEHICLES
ALONZO KELLY 2May 1994 71p Limited Reproducibility: More
than 20% of this document may be affected by microfiche quality
(Contract(s)/Grant(s): DACA76-89-C-0014; DAAE07-90-C-R059)
(AD-A282787; CMU-RI-TR-94-17) Avail: CAS! HC A04

RANGER is an acronym for Real-time Autonomous Navigator
with a Geometric Engine. This report describes the ‘geometric
engine’ part of RANGER - the state space model and the associated
control algorithms. A new approach to the high speed autonomy
problem is presented which is based fundamentally on the state
space representation of a multi-input multi-output linear system. The
system closes the overall perceive-think-act loop for a robot vehicle
at relatively high update bandwidth and incorporates both somatic
and environmental feedback. A high fidelity feedforward actuator
dynamics and terrain following model is introduced which formulates
the local navigation problem as an optimal control problem. The
system is concerned with the high level coordinated control problem.
Itis a state space controller because it explicitly forms an exprassion
of the vehicle dynamic state vector in order to predict the hazard
signals upon which decisions are based. Derived from text

N95-18059# Systems Control Technology, Inc., Arlington, VA.
HELIPORT/VERTIPORT MLS PRECISION APPROACHES Final
Report
DEBORAH PEISEN and BRIAN SAWYER Jul. 1994 68p
(AD-A283505; REPT-92RR-28; DOT/FAA/RD-94/23) Avail: CASIHC
A04MF AO1

Inthe early 1990’s, the Federal Aviation Administration initiated
an effort to answer certain questions on precision approaches to
heliports and vertiports. Of particular interest were issues of eco-
nomic justification and available airspace. Among the tasks included
in this effort were the following: (1) Develop a criteria of what is
required to establish an instrument approach at a heliportor vertiport.
(2) Develop a selection process to qualify potential IFR heliport and
vertiport candidates. is effort was focused on MLS. The implemen-
tation of GPS instrument approaches has required us to re-focus our
thinking. This re-focusing is now well underway as evidenced with
the commissioning of the Chattanooga hospital heliport GPS
nonprecision approach. The publication of this report is not likely to
have broad implications regarding the implementation of GPS
instrument approaches. However, some portions of the work may
have application to GPS instrument approaches and this document
is published with this in mind. DTIC

N95-18088# Federal Aviation Administration, Atlanta, GA.
OPERATIONAL AND SUPPORTABILITY IMPLEMENTATION
SYSTEM (OASIS) TEST AND EVALUATION MASTER PLAN
WILLIAM E. BENNER and JAMES A. MCCULLOUGH Sep. 1994
83p -
(AD-A284765; DOT/FAA/CT-TN94/6) Avail: CASI HC A0S/MF A01
This Test and Evaluation Master Plan (TEMP) is for the
Operational And Supportability !Implementation System (OASIS)
and describes the Test and Evaluation (T&E) processes that ensure
the system meets the requirements allocated to the project in the
NAS-SS-1000, volumes 1 and 2, and the NAS-SR-1000. The docu-
ment defines test strategy, test requirements, and organizational
roles and responsibilities. The purpose of the plan is to define the
overall T&E phases necessary to ensure the integration of the
OASIS within the environment of the National Airspace System
(NAS). The QASIS will replace the Model 1 Full Capacity (M1FC)
work station position equipment, located at the 61 Automated Flight
Service Stations (AFSS) and provide a planned capability for new
Flight Service Automation System (FSAS) AFSS state-of-the-art
work station equipment which can be logistically supported. The
hardware and software will mainly be comprised of commercial-off-
the-shelf (COTS) and/or nondevelopmental item (NDI) acquisitions.
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The capability will include functionality to store, retrieve, display,
highlight, zoom, and transfer information applying to any set of
weather conditions, route of flight, or aircraft type. Weather and flight
route information will be displayed simultaneously. The specialist
will review visual notification of flight route problems including
severg weather, and other safety concerns. DTIC

N95-18347" National Aeronautics and Space Administration. Ames
Research Center, Moffett Field, CA.
VSTOL SYSTEMS RESEARCH AIRCRAFT (VSRA) HARRIER
(Videotape)
Dec. 1994 Videotape: 9 min. 30 sec. playing time, in color, with sound
(NASA-TM-110117; NONP-NASA-VT-95-37002) Avail: CASI VHS
AO2BETA A22

NASA's Ames Research Center has developed and is testing
a new integrated flight and propulsion control system that will help
pilots land aircraft in adverse weather conditions and in small
confined ares (such as, on a small ship or flight deck). The system
is being tested in the V/STOL (Vertical/Short Takeoff and Landing)
Systems research Aircraft (VSRA), whichis a modified version of the
U.S. Marine Corps’s AV-8B Harrier jet fighter, which can take off and
land vertically. The new automated flight control system features
both head-up and panel-mounted computer displays and also auto-
matically integrates control of the aircraft’s thrust and thrust vector
control, thereby reducing the pilot's workload and help stabilize the
aircraft for landing. Visiting pilots will be encouraged to test the new
system and provide formal evaluation flights data and feedback. An
actual flight test and the display pane! of contro! system are shown
in this video. CAS!

N95-18927# Advisory Group for Aerospace Research and Develop-
ment, Neuilly-Sur-Seine (France). Guidance and Control Panel.
ON-LINE HANDLING OF AIR TRAFFIC: MANAGEMENT,
GUIDANCE AND CONTROL [CONDUITE EN LIGNE DU
TRAFIC AERIEN: GESTION, GUIDAGE, AND PILOTAGE]
ANDRE BENOIT, ed., C. GARCIA-AVELLO, J. LEMAITRE, M.
PELEGRIN, E. PETRE, and S. SWIERTRA Nov. 1994 220 p
Original contains color illustrations
(AGARD-AG-321; ISBN-92-835-0758-4)
Copyright Avail: CAS| HC A10/MF A03

Following a summary of the activities of the Guidance and
Control Panel of AGARD in the field of Air Traffic Handling, this
volume constitutes essentially an introduction for those new to the
Air Traffic Control Research and Development community, offering,
on the one hand, a broad view of the present situation and actual
limitations, on the other hand, some precise idea of a long term
system objective. Itis composed of a preface, a general introduction
and ten chapters, each constituting an introduction to the corre-
sponding topics, successively entitled: the air transport system, air
traffic complexity, traffic evolution, electronic aids to controllers,
arrivals management systemns, decision making aids, a look further
into the future, towards global optimization, systems evaluation
facilities, and the airport of the future. Author
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Includes aircraft simulation technology.

A95-63634

ANALYTICAL DESCRIPTION OF AND FORECAST FOR
STRESS RELAXATION OF AVIATION MATERIALS UNDER
THE VIBRATION CONDITIONS

G. V. VASIL'EV  KGTU, Kazan (Russia) and YU. P. KATAEV
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Izvestiya VUZ: Aviatsionnaya Tekhnika (ISSN 0579-2975) no. 1
January-March 1994 p. 8-13 In RUSSIAN refs
(BTN-94-EIX94461408751) Copyright

The problem of forecasting for dynamic stress relaxation by the
static stress characteristics is rather vital. That's why a method to
calculate the growth of creep flow and of stress relaxation has been
developed. It is assumed that the load is vibrationally applied,
according to the parameter of relaxation intemat friction. Creeping
curves and stress relaxations are described by equations of the
hardening theory in the power version. Calculated and experimental
values have been compared. El

A95-64609
X-29 HIGH-ANGLE-OF-ATTACK
ANON  Aerospace Engineering (Warrendale, Pennsyivania) (ISSN
0736-2536) vol. 13,n0.7 July 1993 p. 11-17
(BTN-94-E1X94511309383) Copyright

A program to test the X-29-2 at high angle of attack is de-
scribed. The program cleared the aircraft to fly in a broad flight
regime, provided insight to its critical forebody flow field, and
supplied data regarding the operation of various subsystems. El

N95-15971*# Rockwell International Corp., Downey, CA. Space
Systems Div.
PROGRAM TEST OBJECTIVES MILESTONE 3
T.L. GAYNOR 15Nov. 1994 78p
(Contract(s)/Grant(s): NCC8-47)
(NASA-CR-197030; NAS 1.26:197030; SSD94D0335) Avail: CASI
HC AO5/MF AD1

The following conclusions have been developed relative to
propulsion system technology adequacy for efficient development
and operation of recoverable and expendable launch vehicles (RLV
and ELV) and the benefits which the integrated propulsion technol-
ogy demonstrator will provide for enhancing technology: (1) Tech-
nology improvements relative to propulsion system design and
operation can reduce program cost. Many features or improvement
needs to enhance operability, reduce cost, and improve payload are
identified. (2) The integrated Propulsion Technology Demonstrator
(IPTD) Program provides a means of resolving the majority of issues
associated with improvement needs. (3) The IPTD will evaluate
complex integration of vehicle and facility functions in fluid manage-
ment and propulsion control systems, and provides an environment
for validating improved mechanical and electrical components. (4)
The IPTD provides a mechanism for investigating operational issues
focusing on reducing manpower and time to perform various func-
tions at the launch site. These efforts include mode! development,
collection of data to validate subject models, and uitimate develop-
ment of complex time line models. (5) The IPTD provides an engine
test bed for tri/bi-propellant engine development firings which is
representative of the actual vehicle environment. (6) The IPTD
provides for only a limited multiengine configuration integration
environment for RLV. Multiengine efforts may be simulated for a
number of subsystems and a number of subsystems are relatively
independent of the multiengine influences. Derived from text

N95-16171# Loral Systems, inc., Orlando, FL. Adst Program Office.
ADST SYSTEM TEST REPORT FOR THE ROTARY WING
AIRCRAFT AIRNET AEROMODEL AND WEAPON MODEL
MERGE WITH THE ATAC 2 BASELINE
JOE ALMANZA, LYNN THOMPSON, and MARY KRUCK 20 Jan.
19/94 290 p
(Contract(s)yGrant(s): N61339-91-D-0001)
(AD-A281580; ADST/WDUTR-93-003274) Avail: CAS!| HC A13/MF
A03

The results and corrective actions of the AIRNET/ATAC 2 test
activities which were conducted at the Ft Rucker, AL, Aviation
Training Facility during the periods of 8-12 February 1993 and 9-18
August 1993 are documented. DTIC

N95-16264# Kazan Aviation inst. (USSR). Scientific School of Air-
craft Strength.
DEVELOPMENT OF STRENGTH ANALYSIS METHODS AND
DESIGN MODEL FOR AIRCRAFT CONSTRUCTIONS IN
KAZAN AVIATION INSTITUTE
M. V. VAKHITOV /n Nanjing Univ. of Aeronautics and Astronautics,
Joint Proceedings on Agronautics and Astronautics (JPAA) p 103-106
May 1993
Avail: CASI HC AO1/MF A03

Research on problems of aircraft structural strength have been
carried out at Kazan Aviation Institute since the day of foundation of
the chair ‘Aircraft strength analysis’ in 1938. The well known schoo!
of aircraft strength was developed under Yu G. Odinokov’s supervi-
sion. Eight doctoral dissertations and more than 70 master’s theses
give witness to its fruitfullness and success. Its followers work as the
leading engineers in the field of strength analysis in two large
national centers - Central Aerohydrodynamic Institute and the
Siberian Aircraft Research Institute and at a number of higher
education institutions. Author (revised)

N95-16356# Naval Postgraduate School, Monterey, CA.
LOW RATE INITIAL PRODUCTION IN ARMY AVIATION
SYSTEMS DEVELOPMENT M.S. Thesis
LAWRENCE P. MEDLER Mar. 1994 123 p
(AD-A281871) Avail: CASI HC A06/MF A02

The purpose of this thesis is to analyze DOD’s use of Low Rate
Initial Production (LRIP) on selected Army Aviation programs within
the acquisition life cycle of weapon systems development. A com-
parative analysis is conducted on the selected programs concentrat-
ing on significant issues which affect the use of LRIP. The thesis
focuses on the preproduction phases of the acquisition process, the
organizations that influence LRIP policies and future trends in
procurement policy. The research includes an examination of the
AH-64 Longbow Apache, the OH-58D Kiowa Warrior, the MH-47 and
the EH-60 Special Operations Aircraft and the RAH-66 Comanche.
This thesis concludes that premature entry into LRIP is a systemic
deficiency in acquisition oversight which leads to a proliferation in
the required number of LRIP systems. A recommendation to over-
come this deficiency and obtain a more accurate number is to
identify the three LRIP quantity determination elements separately.
This would provide the Milestone Il Decision Authority more accu-
rate data with which to render a decision. DTIC

N95-16562# Advisory Group for Aerospace Research and Develop-
ment, Neuilly-Sur-Seine (France). Fluid Dynamics Panel.
OPTIMUM DESIGN METHODS FOR AERODYNAMICS [LES
METHODES DE CONCEPTION OPTIMALE POUR
L’AERODYNAMIQUE]
Nov. 1994 270 p Special course held in Rhode-Saint-Genese,
Belgium, 25-29 Apr. 1994; sponsored by AGARD and VKI
(AGARD-R-803; ISBN-92-836-1007-5) Copyright Avail: CASI HC
A12MF AO3

The course addresses the ingredients of new algorithms for
accurate and cost effective numerical solutions of design problems.
A special emphasis is given to the following topics: fundamental
mathematical properties of methodologies for solving optimization
problems using control theory and variational formulations; numeri-
cal aspects of fast algorithms coupling constrained optimizers and
flow analysis solvers and their implementation; geometric repre-
sentations and choice of design variables; and real life 3-D applica-
tions encountered in Aerospace Engineering in order to demonstrate
the usefulness of these design methodologies to practical ‘design
problems. For individual titles, see N95-16563 through N95-16573.

N95-16565# Princeton Univ,, NJ. Dept. of Mechanical and Aero-
space Engineering.

OPTIMUM AERODYNAMIC DESIGN VIA BOUNDARY
CONTROL

ANTONY JAMESON  In AGARD, Optimum Design Methods for
Aerodynamics 33p Nov. 1994 Sponsored in cooperation with
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USRA
(Contract(s)/Grant(s): AF-AFOSR-0391-91; N0O0014-92-J-1976)
Copyright  Avail: CASI HC A03/MF A03

Thaese lectures describe the implementation of optimization tech-
niques based on contro! theory for airfoil and wing design. In previous
studies it was shown that control theory could be used to devise an
effective optimization procedure for two-dimensional profiles in which
the shape is determined by a conformal transformation from a unit
circle, and the control is the mapping function. Recently the method has
beenimplemented in an altemative formulation which does not depend
on conformal mapping, so that it can more easily be extended to treat
general configurations. The method has also been extended to treat the
Euler equations, and results are presented for both two and three
dimensional cases, including the optimization of a swept wing.

Author

N95-16566# National Asrospace Lab., Amsterdam (Netherlands).
Theoretical Aerodynamics Dept.
RESIDUAL-CORRECTION TYPE AND RELATED
COMPUTATIONAL METHODS FOR AERODYNAMIC DESIGN.
PART 1: AIRFOIL AND WING DESIGN
TH. E. LABRUJERE In AGARD, Optimum Design Methods for
Aerodynamics 24 p Nov. 1994
Copyright Avail: CAS| HC AO3/MF A03

The present paper discusses the problem of inverse shape
design, where the geometry of a wing should be determined such that
it will have a prescribed surface pressure distribution at the design
condition considered. A survey is given of so-called decoupled-solution
methods or this problem. With this type of methods the flow field around
a current estimate of the wing and a subsequent new estimate of the
wing are determined by two separate computational stepsin an iterative
process. A global description is given of the main features of the
underlying theories and some examples of application are given. A
detailed description is given of the NLR method for inverse shape
design based on the residual-correction approach. Author

N95-16567# National Aerospace Lab., Amsterdam (Netherlands).
Theoretical Aerodynamics Dept.
RESIDUAL-CORRECTION TYPE AND RELATED
COMPUTATIONAL METHODS FOR AERODYNAMIC DESIGN.
PART 2: MULTI-POINT AIRFOIL DESIGN
TH. E. LABRUJERE /n AGARD, Optimum Design Methods for
Aerodynamics 31p Nov. 1994
Copyright Avail: CASI HC AO3/MF A03

The present paper considers the problem of multi-point airfoil
design, where the geometry of an airfoil is to be dstermined such that
it will approximate simultaneousty, at different design points, a priori
specified asrodynamic requirements. Some attention is paid to ap-
proaches published in the open literature. The main part of the paper
concems work in progress at NLR. Some preliminary results are shown.

Author

N95-16568# Paris VI Univ. (France). Lab. Analyse Numerique.
OPTIMAL SHAPE DESIGN FOR AERODYNAMICS
O. PIRONNEAU /n AGARD, Optimum Design Methods for Aerody-
namics 38p Nov. 1994
Copyright Avail: CASI HC AO3/MF A03

After a brief recall on the history of the field of optimal shape
design, we shall present a few applications to aerodynamics, then recall
the variational approach, the numerical methods and the recent deve!-
opments both in applied mathematics and in computer sciences.

Author

N95-16569°# National Aeronautics and Space Administration. Lewis
Research Centsr, Cleveland, OH. .

AIRFOIL OPTIMIZATION BY THE ONE-SHOT METHOD

G. KURUVILA  (Vigyan Research Associates, Inc., Hampton, VA.),
SHLOMO TAASAN (Institute for Computer Applications in Science and
Engineering, Hampton, VA.), and M. D. SALAS InAGARD, Optimum
Design Methods tor Aerodynamics 21 p Nov. 1994
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Copyright Avail: CASI HC AO3/MF A03

An efficient numerical approach for the design of optimal aerody-
namic shapes is presented in this paper. The objective of any optimi-
zation problem is to find the optimum of a cost function subject to a
certain state equation (Goveming equation of the flow field) and certain
side constraints. As in classical optimal control methods, the present
approach introduces a costate variable (Language multiplier) to evalu-
ate the gradient of the cost function. High efficiency in reaching the
optmum solution is achieved by using a multigrid technique and
updating the shape in a hierarchical manner such that smooth (low-
frequency) changes are done separately from high-frequency changes.
Thus, the design variables are changed on a grid where their changes
produce nonsmooth (high-frequency) perturbations that canbe damped
efficiently by the muttigrid. The cost of solving the optimization problem
is approximately two to three times the cost of the equivalent analysis
problem. Author

N95-16570# Deutsche Airbus G.m.b.H., Bremen (Gemany). Aero-
dynamic Design Section.
TOOLS FOR APPLIED ENGINEERING OPTIMIZATION
A. VANDERVELDEN  /n AGARD, Optimum Design Methods for
Aerodynamics 10p Nov. 1994
Copyright Avail: CASI HC AC2/MF A03

This paper is an introduction to applied optimization of engineering
problems, with an emphasis on aircraft design. First, the optimization
problem is described-namely, the objective function and the problems
often involved in its optimization, the variables or parameters over
which the objective function is optimized, and the constraints upon the
objective function. Formulation of the optimization problem to ensure
rapid and accurate convergence is discussed and illustrated with
specific examples. Three classes of optimization methods: evolution,
downhill simplex and gradient optimization, are discussed. The robust-
ness and speed of these optimization methods are evaluated and
compared. Finally, a number of practical implementation issues related

to optimization are highlighted. Author
. N95-16571# Deutsche Airbus G.m.b.H., Bremen (Germany). Aero-

dynamic Design Section.

THE GLOBAL AIRCRAFT SHAPE

A. VANDERVELDEN /n AGARD, Optimum Design Msthods for
Aerodynamics 11 p Nov. 1994
Copyright Avail: CASI HC AO3/MF A03

This work describes the methodology used to compare super-
sonic design concepts and its use in industry. The design concepts are
analyzed with a modular synthesis model and compared on the basis
of operating economy with specified performance and environmental
impact. The analysis routines of the synthesis model are mainly
configuration independent and represent fixed levels of structural,
aerodynamic and propulsion technology. The specialist departments
are responsible for the content of the routines, and later verify the design
with more refined methods. At present more than two hundred variables
describe the aircraft geometry, engine characteristics and mission.
More than twenty of those variables representing the aircraft and its
flight-profile are optimized simultaneously as a function of Mach
number, payload and range. Because the various designs are analyzed
with the same routines and-optimization procedures they can be easily
compared. This aircraft pre-optimization results in a significant reduc-
tion of the number of follow-on detail-design cycles, especially for non-
conventional designs. Author

N95-16572# Deutsche Airbus G.m.b.H., Bremen (Gemmany). Aero-
dynamic Design Section.
AERODYNAMIC SHAPE OPTIMIZATION
A. VANDERVELDEN  /n AGARD, Optimum Design Methods for
Aerodynamics 13 p Nov. 1994
Copyright Avall: CASI HC A03/MF A03

This paper will discuss examples of aerodynamic shape optimiza-
tion at Deutsche Airbus in Bremen. First, we will introduce a general
approach to asrodynamic shape design based on minimization of
aircraft life energy costs. Realistic constraints are introduced on lift,
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pitching moments and thickness. This method is applied to the quasi-
3D design of muitipoint transonic wings which are analyzed by a full
potential code with a coupled boundary layer calculation. Finally, this
method is applied to the wing-body design of a Supersonic Civil
Transport that is analyzed with a linear potential code with real flow
corrections and a decoupled boundary layer calculations. Author

N95-16573# Avions Marcel Dassault-Breguet Aviation, Saint-Cloud
(France).
REVIEW OF THE EUROPT PROJECT AERO-0026
B.MANTEL, J. PERIAUX, and B. STOUFFLET InAGARD, Optimum
Design Methods for Aerodynamics 43p  Nov. 1994
(Contract(s)/Grant(s): BRITE-EURAM-AERO-0026)
Copyright Avail: CASI HC AO3/MF A03

Despite progress toward automated shape design in Industry
has been penalized until now by excessive computing costs, useful
innovative design methodologies have besn recently proposed for
computing different academic and industrial designs of nozzies,
airfoils and wing-body combinations operating in inviscid flows
modelled by the potential and Euler equations. Since the designer
has a precise idea of the pressure distribution that will produce the
desired performance, not only optimization problems but also in-
verse problems have to be considered in current design. The goal of
this lecture is to describe the major ingredients of new algorithms
developed by european partners of the AERO 89-0026 project,
which allow accurate and cost effective numerical solutions of
optimization problems and also to illustrate the capabilities of design
software on test cases proposed in a Workshop for validation
purpose. Industrial applications illustrating these methodologies are
also presented. Finally a new emergent search method for non linear
optimization problems provided by simple Genetic Algorithms (GA's)
is briefly described and illustrated by a few examples related to
inverse problems and apptied to reduction of viscous drag. Author

N95-16899°# Old Dominion Univ., Norfolk, VA. Dept. of Mathemat-
ics and Statistics.
AUTOMATION OF REVERSE ENGINEERING PROCESS IN
AIRCRAFT MODELING AND RELATED OPTIMIZATION
PROBLEMS Progress Report, period ending Dec. 1994
W.Lland J. SWETITS Nov. 1994 87p
(Contract(s)/Grant(s). NCC1-68)
(NASA-CR-197109; NAS 1.26:197109; ODURF-124303) Avail: CASI
HC A05/MF AO1

During the year of 1994, the engineering problems in aircraft
modeling were studied. The initial concem was to obtain a surface
mode! with desirable geometric characteristics. Much of the effort
during the first half o the year was to find an efficient way of solving
a computationally difficult optimization model. Since the smoothing
technique in the proposal ‘Surface Modeling and Optimization
Studies of Aerodynamic Configurations’ requires solutions of a
sequence of large-scale quadratic programming problems, it is
important to design algorithms that can solve each quadratic pro-
gram in a few interactions. This research led to three papers by Dr.
W. Li, which were submitted to SIAM Journal on Optimization and
Mathematical Programming. Two of these papers have been ac-
cepted for publication. Even though significant progress has been
made during this phase of research and computation times was
reduced from 30 min. to 2 min. for a sample problem, it was not good
enough for on-line processing of digitized data points. After discus-
sion with Dr. Robert €. Smith Jr., it was decided not to enforce shape
constraints in order in order to simplify the model. As a conse-
quence, P. Dierckx’s nonparametric spline fitting approach was
adopted, where one has only one controf parameter for the fitting
process - the error tolerance. At the same time the surface modeling
software developed by Imageware was tested. Research indicated
a substantially improved fitting of digitalized data points can be
achieved if a proper parameterization of the spline surface is
chosen. A winning strategy is to incorporate Dierckx’s surface fitting
with a natural parameterization for aircraft parts. The report consists
of 4 chapters. Chapter 1 provides an overview of reverse engineer-

ing related to aircraft modeling and some preliminary findings of the
effort in the second half of the year. Chapters 2-4 are the research
results by Dr. W. Li on penatty functions and conjugate gradient
methods for quadratic programming problems.  Author (revised)

N95-169694# Electronics Research Lab., Salisbury (Australia).
A PC-BASED INTERACTIVE SIMULATION OF THE F-111C
PAVE TACK SYSTEM AND RELATED SENSOR, AVIONICS
AND AIRCRAFT ASPECTS
DAVID A. FOGG, MIKE DAVIES, FRED D. BOWDEN, and RAY
JANUS Mar. 1994 217p
(AD-A285500; ERL-0656-RR; DODA-AR-007-005) Avail: CASI HC
A10/MF AO3

Pave Tackis an all weather, day and night, navigation and weapon
delivery system fitted to the F-111C aircraft. A PC-based, interactive
digital computer simulation has been written which can be used to
assess the performance of the Pave Tack system and also as a
computer-aided training device. In forming the simulation, it was
necessary to model a number of avionics and sensor aspects and an
F-111C flight path generator was used to produce accurate data off-
line. This report details the history, structure and general capabilities of
the F-111C Pave Tack Simulation (FPTS). DTIC

N95-16982° National Aeronautics and Space Administration,
Washington, DC.
REVITALIZING GENERAL AVIATION (Videotape)
20 Jul. 1994  Videotape: 6 min. 30 sec. playing time, in color, with
sound
(NASA-TM-110113; NASA-ASR-268; NONP-NASA-VT-95-35013)
Avall: CAS! VHS AQD2/BETA A22

This video contains a short feature of NASA and the FAA joint
effort to incorporate new technology into the design of general aviation
aircraft. CASI

N95-17397*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ACTIVE LOAD CONTROL DURING ROLLING MANEUVERS
JESSICA A. WOODS-VEDELER, ANTHONY S. POTOTZKY
(Lockheed Engineering and Sciences Co., Hampton, VA.), and
SHERWOOD T. HOADLEY Oct. 1994 61p
(Contract(s)/Grant(s): RTOP 505-63-36-01)
(NASA-TP-3455; L-17053; NAS 1.60:3455) Avail: CASI HC AO4MF
AO1

A rolling maneuver load alleviation (RMLA) system has been
demonstrated on the active flexible wing (AFW) wind tunne! modelinthe
Langley Transonic Dynamics Tunnel (TDT). The objective was to
develop a systematic approach for designing active control laws to
alleviate wing loads during rolling maneuvers. Two RMLA control laws
were developed that utilized outboard control-surface pairs (leading
and trailing edge) to counteract the {oads and that used inboard traifling-
edge control-surface pairs to maintain roll performance. Rolling maneu-
ver load tests were performed in the TDT at several dynamic pressures
that included two below and one 11 percent above open-loop flutter
dynamic pressure. The RMLA system was operated simuitaneously
with an active flutter suppression system above open-loop fiutter
dynamic pressure. At all dynamic pressures for which baseline results
were obtained, torsion-moment loads were reduced for both RMLA
control laws. Resuilts for bending-moment load reductions were mixed;
however, design equations developed in this study provided conserva-
tive estimates of load reduction in all casas. Author

N95-17631# Naval Air Warfare Center, Warminster, PA. Air Vehicle
and Crew Systems Technology Dept.
EVALUATION OF ALTERNATE F-14 WING LUG COATING
Final Report, 1 Jan. 1991 - 30 Sep. 1993
JANET L. MCGOVERN and ALAN E. ANKENY 1 Dec. 1993 28p
(AD-A283207; NAWCADWAR-93082-60) Awvail: CASI HC AO3/MF
AO1

The F-14 wing lug is coated with specific formulation polyurethane
coating which prevents scoring of the wing lug by providing a wear
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surface for the outside diameter of the wing pivot bearing. The
manufacture of this coating material was discontinued in 1991
because the original formulation used talcs which contained asbes-
tos as impurities. The new formulation, containing asbestos free
talcs, was inadequate in providing the abrasion resistance required
to protect the F-14 wing lug. A new coating or coating process was
required. A centrifugation processing procedure for the new formu-
lation was developed which appeared to provide a coating that
exhibited similar wear characteristics as the original coating. Oscil-
lation wear tests were required to determine bearing wear perfor-
mance of the altemate coating under normal and high stress in both
the dry and fluid contaminated states. DTIC

N85-17661# Veda, inc., Dayton, Ohio,
INDUSTRY REVIEW OF A CREW-CENTERED COCKPIT
DESIGN PROCESS AND TOOLSET Interim Report, Aug. -
Sep. 1993
EDWARD LEHMAN, MICHAEL ROUNTREE, KATHERINE JACK-
SON, BRETT STOREY, and PHILIP KULWICKI Apr. 1984 81p
(Contract(s)yGrant(s): F33615-92-C-5936)
(AD-A282966; REPT-63193-94U/P60099; AL/CF-TR-1994-0063) Avail:
CASI HC AO5/MF AD1

This report contains the results of an industry review done for
the Crew-Centered Cockpit Design (CCCD) Field Demonstration
Program, USAF Contract F33615-92-C-5936. The objectives of the
program are to upgrade and validate a new system for cockpit
design. The system consists of a crew-centered system design
process (CSDP) and a cockpit design system (CDS). The CSDP is
intended to improve design practice, allowing designers to base
decisions on mission requirements and crew capabilities while
meeting installation constraints. The CDS offers improved design
efficiency and includes traceability functions that preserve the
rationale for design decisions. The CCCD Program Office recog-
nizes that the acceptance and long-term utility of the CCCD products
depend on the interest and support of the cockpit development
community, which includes aircraft prime contractors and govemn-
ment aircraft acquisition organizations. For this reason, a survey of
four aircraft prime contracts was made during August and Septem-
ber of 1993. The objective of the survey was to elicit end-user
requirements for CCCD products. Information was obtained from
engineers, scientists, and managers who are involved in different
crew station activities including pilot-vehicle interface (PVI) design,
crew station design, human factors analysis, systems engineering,
and operational analysis. The report documents the results of the
survey. DTIC

N95-17863# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Brunswick (Germany). Inst. fuer Entwurfsasrodynamik.
DLR-FA WING BODY CONFIGURATION
G. REDEKER In AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 21p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

These tests have been carried out under the auspices of
GARTEUR in order to provide an experimental data base for a
modem commercial transport type aircraft against which results of
various computational methods may be checked. The tests were
carried outin three major European wind tunnels (NLR-HST, ONERA-
S2MA, and DRA-8ft x 8ft DRA Bedford) in order to compare the
results of the same model in different wind tunnels. For the purpose
of these tests the available geometry of the DLR-F4 model of a wing
body configuration, which was developed as a research configura-
tion of a modern transport type aircraft, was selected by the
GARTEUR Action Group AD (AGO01) ‘Wing body aerodynamics at
transonic speeds.’ Derived from text

NS95-17953 Naval Air Wartare Center, Patuxent River, MD. Aircraft
Div.

FLIGHT TESTING HIGH LATERAL ASYMMETRIES ON
HIGHLY AUGMENTED FIGHTER/ATTACK AIRCRAFT

G. D. DUNGAN and C. M. CLARK 23Jun. 1994 13p Presented
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atthe Seventh Biennial AIAA Flight Test Conference, Colorado Springs,
CO, 20-23 Jun. 1994 Limited Reproducibility: More than 20% of this
document may be affected by microfiche quality
(AD-A284206) Avail: CASI HC A03

The F/A-18's flight control system (FCS) is highly augmented
to tailor flying qualities, increase departure resistance, and help
protect the airframe structure throughout the flight envelope. Since
the F/A-18 flight control laws were designed primarily for the sym-
metrically loaded airplane, the effects of the high lateral asymme-
tries represent a significant off-design condition where control
margins may be substantially reduced. Adequately defining the flight
envelope limits requires a flight test program that addresses the
stability and control, structural, and mission suitability issues asso-
ciated with these large lateral weight asymmetries. This paper will
address the risk reduction techniques, test methodologies, and real-
time analysis tools that have been used in the past or are planned
to be used in an ongoing flight test program to expand the lateral
asymmetry limit of the F/A-18. DTIC

N95-18008# Naval Postgraduate School, Monterey, CA.
WIND TUNNEL PERFORMANCE COMPARATIVE TEST
RESULTS OF A CIRCULAR CYLINDER AND 50 PERCENT
ELLIPSE TAILBOOM FOR CIRCULATION CONTROL
ANTITORQUE APPLICATIONS M.S. Thesis
DAVID T. FISHER Mar. 1994 115p
(AD-A283335) Avail: CASI HC AO6/MF AO1 i

A low speed wind tunnel study to quantitatively evaluate the
performance (lift and drag) of a circular cylinder and comparable
50% ellipse was conducted. Circular cylinder performance was
evaluated at slot positions of 80 deg to 135 deg, measured relative
to freestream; 50% ellipse performance was measured for angles of
attack between -5 deg and 30 deg. Tests were conducted at three
blowing coefficients, 0.3, 0.4 (optimal historically) and 0.5, to evalu-
ate tailboom performance sensitivity. Circulation control test results
revealed optimal c1 values at an approximate 116 deg slot position,
corresponding to cd values no greater than that of a smooth cylinder.
The 50% ellipse resuits revealed optimal ¢1 values at approximately
18 deg AOA, though associated with considerable drag. For all three
blowing coefficients, the circular cylinder L/D values were consis-
tently three to four times greater than their 50% ellipse counterparts.
Recommendations for future NOTAR(TM) tailboom design modifi-
cations and later research are made. DTIC

N95-18090*# Mississippi State Univ., Mississippi State, MS. Dept.
of Aerospace Engineering. :
WING DESIGN FOR A CIVIL TILTROTOR TRANSPORT
AIRCRAFT Performance Report, 25 Jan. - 24 Nov. 1994
MASOUD RAIS-ROHANI 24 Nov. 1994 6p
(Contract(s)/Grant(s): NAG1-1571)
(NASA-CR-197523; NAS 1.26:197523) Avail: CASI HC AO2/MF AQ1
The goal of this research is the proper tailoring of the civil
tiltrotor's composite wing-box structure leading to a minimum-weight
wing design. With focus on the structural design, the wing's aerody-
namic shape and the rotor-pylon system are held fixed. The initial
design requirement on drag reduction set the airfoil maximum
thickness-to-chord ratio to 18 percent. The airfoil section is the
scaled down version of the 23 percent-thick airfoil used in V-22's
wing. With the project goal in mind, the research activities began with
an investigation of the structural dynamic and aeroelastic character-
istics of the tiltrotor configuration, and the identification of proper
procedures to analyze and account for these characteristics in the
wing design. This investigation led to a collection of more than thirty
technical papers on the subject, some of which have been refer-
enced here. The review of literature on the tiltrotor revealed the
complexity of the system in terms of wing-rotor-pylon interactions.
The aeroelastic instability or whir flutter stemming from wing-rotor-
pylon interactions is found to be the most critical mode of instability
demanding careful consideration in the preliminary wing design. The
placement of wing fundamental natural frequencies in bending and
torsion relative to each other and relative to the rotor 1/rev frequen-
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cies is found to have a strong influence on the whid fiutter. The
frequency placement guide based on a Bell Helicopter Textron study
is used in the formutation of frequency constraints. The analysis and
design studies are based on two different finite-element computer
codes: (1) MSC/NASATRAN and (2) WIDOWAC. These programs
are used in parallel with the motivation to eventually, upon neces-
sary modifications and validation, use the simpler WIDOWAC code
in the structural tailoring of the tiltrotor wing. Several test cases were
studied for the preliminary comparison of the two codes. The resuits
obtained so far indicate a good overall agreement between the two
codes. ) Derived from text

N95-18097# Sydney Univ. (Australia). Dept. of Aeronautical
Engineering.
SIX DEGREE OF FREEDOM FLIGHT DYNAMIC AND
PERFORMANCE SIMULATION OF A REMOTELY-PILOTED
VEHICLE
D. M. NEWMAN and K. C. WONG Jun. 1993 57 p
(AERO-TN-9301) Avail: CASI HC A0O4/MF AO1

The purpose of this technical note is to describe the aerody-
namic, propulsive and inertial data on which the remotely piloted
vehicle (RPV) simulation is based, the limits of applicability of the
data, and the analytic modelling techniques used in the simulation
process. The note also acts as a user guide for other simulation
programs and for post-processing of simulation histories. A full
performance and flight dynamic simulation of the RPV was devel-
oped in Fortran 77, using the Lahey F77L-EM/32 Version 5.01
compiler to run on IBM-compatible 386/486 personal computers with
numeric coprocessors. The main Fortran simulation called several
locally-developed PC-specific assembly language interface rou-
tines for control input via mouse or other hardware device and
graphics output to screen. The input/output routines were not
considered part of the simulation proper. The simulation was de-
signed to be applicable to all gross weights, center of gravity
positions, power settings and flight conditions throughout the normal
operating envelope of the RPV as shown in Appendix A. Computa-
tional model characteristics were derived from wind tunnel testing,
engine manufacturer's data and computational aerodynamic and
inertial data. Post-stall behavior was incompletely modelled. The
mods! extended to flight conditions beyond the normal operating
envelope in several areas. Atmospheric conditions used were those
of the International Standard Atmosphere (ISA), and wind shear and
turbulence models were derived from those of MIL-F-8785C. All
work was performed in S| units, with inputs and outputs transformed
where necessary to ICAO-approved forms. A series of test maneu-
vers and performance data points were run to examine the simula-
tion validity. Results were compared to classical small-perturbation
theory. As the RPYV first prototype was under construction during the
period when this simulation was developed, simulator validation
against flight test data was not possible. The simulation was per-
formed by repeated numerical integration of the non-linear equa-
tions of motion for a rigid aircraft with time-varying contro! inputs,
using aircraft characteristic data based on experiment and analysis.
The aircraft database consisted of an aerodynamic model, a propel-
ler and engine model, an inertial model, and a control actuator
model. Derived from text

N95-18162# Dayton Univ. Research Inst., OH.

CONFERENCE ON AEROSPACE TRANSPARENT MATERIALS

AND ENCLOSURES. VOLUME 2: SESSIONS 5-9 interim

Report, 9 Aug. - 13 Aug. 1993

SAMUEL A. MAROLO Mar. 1994 563p Conference held in San

Diego, CA, 9-13 Aug. 1993 See also AD-A283925

(Contract(s)/Grant(s): F33615-92-C-3400)

(AD-A283926; WL-TR-94-4084-VOL-2) Avail: CASI HC A24/MF A04
The purpose of this report is to make available the technical

papers presented at the Sixteenth Conference on Aerospace Trans-

parent Materials and Enclosures. Sixty-seven technical papers are

presented in nine sessions that addrass transparent material for

enclosures, coatings for transparencies, transparency design; bird

impact resistance; human factors and optics; operational problems;
design criteria on transparent plastics, glasses and elastomers;
aircraft-structural integration of windshields and canopies; com-
puted design; testing techniques; and cost of ownership reduction.
The papers contained herein have been reproduced directly from the
original manuscripts. DTIC

N95-18198*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
MICROBURST VERTICAL WIND ESTIMATION FROM
HORIZONTAL WIND MEASUREMENTS
DAN D. VICROY Dec.1994 83 p Sponsoredin part by FAA
Original contains color illustrations
(Contract(syGrant(s): RTOP 505-64-13-01)
(NASA-TP-3460; L-17376; NAS 1.60:3460; DOT/FAA/RD-94/7) Avait:
CASI HC A05/MF A01; 32 functional color pages

The vertical wind or downdraft component of a microburst-
generated wind shear can significantly degrade airplane perfor-
mance. Doppler radar and lidar are two sensor technologies being
tested to provide flight crews with early warning of the presence of
hazardous wind shear. An inherent limitation of Doppler-based
sensors is the inability to measure velocities perpendicutar to the line
of sight, which results in an underestimate of the total wind shear
hazard. One solution to the line-of-sight limitation is to use a vertical
wind model to estimate the vertical component from the horizontal
wind measurement. The objective of this study was to assess the
ability of simple vertical wind models to improve the hazard predic-
tion capability of an airborne Doppler sensor in a realistic microburst
environment. Both simulation and flight test measurements were
used to test the vertical wind models. The results indicate that in the
altitude region of interest (at or below 300 m), the simple vertical
wind models improved the hazard estimate. The radar simulation
study showed that the magnitude of the performance improvement
was altitude dependent. The altitude of maximum performance
improvement occurred at about 300 m. Author

N95-18381 Amy Research Lab., Aberdeen Proving Ground, MD.
HELICOPTER PERFORMANCE EVALUATION (HELPE)
COMPUTER MODEL Final Report, Sep. 1992 - Oct. 1993
ABDUL R.KIWAN Jul. 1994 54p Limited Reproducibility: More
than 20% of this document may be affected by microfiche quality
(Contract(s)/Grant(s): DA PROJ. 1L1-62618-AH-80)
(AD-A284319; ARL-TR-489) Avail: CASI HC A04

A HELicopter Performance Evaluation (HELPE) computer model
has been developed. The model is empirically based on the energy
balance method. For a helicopter at a given mission, the model
computes for a helicopter at given weight and flight conditions, the
maximum possible level speed, its maneuverability in a tumn, and its
hover and climb capabilities in the in-ground and out-of-ground
effects modes. The code also computes the speeds of maximum
endurance in the air and of maximum range for the helicopter.

DTIC

N95-18398 Aeronautical Systems Div., Wright-Patterson AFB, OH.
KC-135 COCKPIT MODERNIZATION STUDY. PHASE 1:
EQUIPMENT EVALUATION Final Report, 1 Feb. - 31 May 1994
JOHN E. EHRHART, JR. and THOMAS C. HUGHES  Jul. 1994
100 p  Limited Reproducibility: More than 20% of this document
may be affected by microfiche quality

(AD-A284099; ASC-TR-94-5026-PHASE-1) Auvail: Issuing Activity
(Defense Technical Information Center (DTIC))

Future KC-135 missions will require significant increases in
aircraft flexibility to respond to the Air Force vision of ‘Global Reach,
Global Power.’ Such flexibility typically translates into advanced
avionics systems and system and capabilities; however, a large
percentage of the avionics systems currently installed on the KC-
135 are late 1950s and 1960s technology which has degraded the
efficiency, reliability, maintainability and safety of the KC-135 mis-
sion. Strategic Air Command {SAC), now Air Mobility Command
(AMC) issued a statement of need (SON, 1987) addressing the need
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to modemize the KC-135 cockpit avionics to attend to these prob-
lems. This report documents the evaluation of the Phase 1 modifi-
cation plan as proposed by HQ/AMC. The evaluation of the reduced
crew consisted of a comparison of crew workload and performance
across three missions: Minot, Castle and McChord. Based on crew
workload, safety of flight issues and crew interviews, study results
did not support the two-person (No Nav) cockpit, given the Phase 1
modifications. Based on these results, the CSEF recommended that
the feasibility of the Phase 1 modification plan be re-assessed prior
to installation into the KC-135. Recommendations are based upon
using the final design, identical in system capabilities, as evaluated
at the Crew Station Evaluation Facility. DTIC

N95-18407 Naval Air Development Center, Warminster, PA.
Systems Dept.
PRELIMINARY EVALUATION OF THE F/A-18 QUANTITY/
MULTIPLE ENVELOPE EXPANSION
WIN EVERETT and JOHN OSTER 1994 40p Limited Reproduc-
ibility: More than 20% of this document may be affected by microfiche
quality
(AD-A284119; NAWCAD-SA80) Avail: CASI HC A03

Currently the F/A-18 Homet has restrictions on performing
ripple salvo (quantity greater than multiple, multiple greater than 1)
releases when Vertical Ejection Racks (VER) or Canted Vertical
Ejection Racks (CVER) are loaded on (the inboard) wing stations 3
and 7 due to bomb to bomb collisions upon release. Homet test pilots
assigned to the Ordnance System Department of the Flight Test and
Evaluation Group (NAWCAD) located at Patuxent River MD, sought
to remedy this restriction. As Strike Leaders in the fleet, we recog-
nized the need to eliminate these release restrictions. By testing a
representative sample of weapons loadouts, we sought to increase
the Homet's weapon delivery options. DTIC

N95-18415 Naval Air Warfare Center, Patuxent River, MD. Aircraft
Div.

TILT ROTOR UNMANNED AIR VEHICLE SYSTEM (TRUS)
DEMONSTRATOR FLIGHT TEST PROGRAM

MICHAEL J. MEYERS 10Mar. 1994 28p Limited Reproducibility:
More than 20% of this document may be affected by microfiche quality
(AD-A284151) Auvail: Issuing Activity (Defense Technical information
Center (DTIC))

The Tilt Rotor UAV System flight demonstration program
commenced in July 1993 and concluded with conversion to airplane
mode and a level flight speed of 160 kts in February 1994, The
purpose of the flight tests was to evaiuate the utility of Tilt Rotor UAV
technology in order to develop requirements for a Government
maritime system. The TRUS program was divided into three test
phases: Ground, Helicopter Mode, and Conversion to Airplane
Mode. Helicopter Mode testing occurred at the contractor’s facilities
in Fort Worth, TX over two periods and consisted of fourteen flights
totaling 3.0 flight-hours. During phase 2, the aircraft conducted IGE
(in Ground Effect) and OGE (Out Ground Effect) hovers, longitudinal
and lateral translations at up to 20 kts, as well as pitch, roli, and yaw
control response testing. Handling qualities during the takeoff and
landing flight regimes were also assessed. DTIC

N95-18417 Naval Air Wartare Center, Patuxent River, MD. Aircraft
Div.
APPLICATION OF PHOTOGRAMMETRY OF F-14D STORE
SEPARATION
CHRIS J. FERGUSON and E. S. GETSON 20 May 1994 32p
Limited Reproducibility: More than 20% of this document may be
aftected by microfiche quality
(AD-A284154) Avalil: Issuing Activity (Defense Technical Information
Center (DTIC))

Conceived in the 1960's as a replacement for the F-4 Phantom,
the ‘A’ variant of the F-14 Tomcat was first deployed as an air
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superiority fighter in the early 1970's. Designed as a follow-on to the
F-14A, the F-14D was introduced to the U.S. Navy in 1990. improve-
ments were manifold and included addition of the A/N-AAS-429
Infrared Search and Track Set (IRSTS) to the ‘chin’ pod located
beneath the radome forward of the nose landing gear. This chin pod,
which was smaller and housed only the A/N AXX-1 Television
Camera Set (TCS) in the F-14A variant, was postulated to adversely
affect air-to-air and air-to-ground weapon separation from the air-
craft fuselage stations. This warranted additional testing to validate
the separation envelope previously tested and authorized on the F-
14A. In an attempt to bring state-of-the-art separation prediction
techniques to the F-14D weapon certification program, the Navy's
flight clearance authority mandated the use of wind tunne! generated
predictions to minimize program risk. Validation of the air-to-ground
predictions, performed at the Naval Air Warfare Center - Aircraft
Division, NAS Patuxent River, MD required a precise method by
which store six-degree-of-freedom motion could be determined.
Several methods of obtaining this quantitative data were evaluated
with photogrammetric analysis selected as the most suitable. While
tailored for the particular application detailed in this paper, photo-
grammetry may be used wherever precise position and orientation
of objects in three-dimensional space is a requirement. DTIC

N95-18483# McDonnell-Douglas Corp., Saint Louis, MO.
AEROMECHANICS TECHNOLOGY, VOLUME 1. TASK 1:
THREE-DIMENSIONAL EULER/NAVIER-STOKES
AERODYNAMIC METHOD (TEAM) ENHANCEMENTS Fina!
Report, Jul. 1991 - Feb. 1992
R. K. AGARWAL and T. P. GIELDA 26 Jul. 1994 22p
(Contract(s)/Grant(s): F33617-91-C-3004; AF PROJ. 2404)
(AD-A285713; WL-TR-93-3010-VOL-1) Avail: CASI HC A02/MF A01
McDonnell Douglas has implemented a Johnson-King turbu-
lence model into the Wright Laboratory TEAM code. Solutions were
obtained for several test cases using the standard Baldwin-Lomax
model and the incorporated Johnson-King model. Comparisons with
experimental data were made where possible. General agreement
was seen between the two turbulence models; however, poor
agreement with the experimental data was noted for the Onera M6
wing test case. Grid sensitivity studies and further calibration of the
TEAM code are needed. DTIC

N95-18599# Aerospatiale, Toulouse (France). Dept. Etudes
Generales-Structures.
GYROSCOPIC AND PROPELLER AERODYNAMIC EFFECTS
ON ENGINE MOUNTS DYNAMIC LOADS IN TURBULENCE
CONDITIONS [EFFETS GYROSOPIQUES ET
AERODYNAMIQUES DES PROPULSEURS SUR LES
CHARGES DES MOTEURS D’AVIONS EN CONDITIONS
TURBULENTES]
J.M.SAUCRAY /nAGARD, AircraftLoads due to Turbulence and their
Impact on Design and Certification 12p Dec.1994 In FRENCH
Copyright Avail: CAS! HC AO3/MF A01

This paper deals with the problem of calculating loads on
engines and their supporting structures when inertial characteristic,
high engine speeds, large displacements, imposed by extreme
atmospheric disturbances, give an important impact of gyroscopic
effect. Adirectmethod integrating the gyroscopic actionin Lagrange’s
equations as a function of the polar moment of inertia, engine
revolution speed and precession speed is presented and compared
to the more common practice of superimposing gyroscopic effects
on the basis of the angular speed calculated at the engine center of
gravity. The results establish a good correlation between the two
method on pitch and yaw moments on engine. On the other hand,
transfer function modifications due to gyroscopic effects generate
anincrease of other loads for the direct method calculations, for both
the turboprop and the turbojet aircraft. Effects of the asrodynamic
torce of the propeller due to the engine response are also examined.

Author
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N95-18601# ConstruccionesAeronauticas S.A., Madrid (Spain). Struc-
tural Dynamics Dept.
A STUDY OF THE EFFECT OF STORE UNSTEADY
AERODYNAMICS ON GUST AND TURBULENCE LOADS
M. OLIVER, J. CASALENGUA, C. MADERUELO, Y. CAMACHO, and
H. CLIMENT /n AGARD, Aircraft Loads due to Turbulence and their
Impact on Design and Certification 12p Dec. 1994
Copyright Avail: CAS| HC AO3/MF AO1

Gust and turbulence loads are the most severe conditions for
some parts of the aircraft, especially in the outboard wing region. The
addition of external stores usually alleviates the gustfturbulence loads
on the wing but becomes critical for other components as pylons and
wing/pylon attachments. Safety implications and all-weather envelope
of cument fighters force an accurate study of the gust/turbulence
response of the aircraft for each store configuration. Inertia is the most
important contribution of the store to the gust/urbulence loads. Never-
theless, store unsteady aerodynamics should be included if signifi-
cantly changes the results of the gustfurbulence response. This paper
is devoted to the analytical study of the effect of store unsteady
aerodynamics on gustiurbulence response. A large number of configu-
rations have been included in the study. Several regulations to define
the gustiturbuience excitation have been used. Author

N95-18602# McDonnell-DouglasAerospace, Long Beach, CA. Trans-
port Aircraft.
COMPARISON OF STOCHASTIC AND DETERMINISTIC
NONLINEAR GUST ANALYSIS METHODS TO MEET
CONTINUOUS TURBULENCE CRITERIA
PATRICK J. GOGGIN /n AGARD, Aircraft Loads due to Turbulence
and their Impact on Design and Certification 12p Dec. 1994
Copyright Avail: CASI HC AO3/MF A01

Current continuous turbulence Power Spectral Density (PSD)
gust analysis methods are valid only for linear aircraft. In the past, many
methods for the analysis of nonlinear aircraft to meet the current PSD
gust criteria have been proposed. in this paper, three stochastic
simulation based and one deterministic function based methods are
compared and evaluated for the compliance of nonlinear aircraft to the
curmrent continuous turbulence gust criteria. The aircraft configurations
analyzed in this paper include a symmetric aircraft mode! coupled to a
nonlinear gust load alleviation (GLA) system and an anti-symmetric
aircraft model coupled to a nonlinear yaw damper system. Results from
these four nonlinear methods are compared to linear closed and open-
loop results as well as currently used linear approximation methods.
Computing performance issues are addressed to provide the reader
with a complete picture of the trade-off between the analysis’ accuracy
and computing cost. Author

N95-18603# Cessna Aircraft Co., Wichita, KS. Aircraft Structural
Integrity Dept.
DESIGN LIMIT LOADS BASED UPON STATISTICAL
DISCRETE GUST METHODOLOGY
D.L.HULL /n AGARD, Aircraft Loads due to Turbulence and their
Impact on Design and Certification 8p Dec. 1994
Copyright Avail: CASI HC AO2/MF A01

Statistical Discrete Gust (SDG) methodology for extreme turbu-
lence provides the basis of a design criterion that accounts for: (1) the
statistical nature of design level turbulence; (2) the effects of lightly
damped aircraft responses; (3) critical responses that may have
significant frequency separation; and (4) the effects of nonlinear control
systems. The criterion would eliminate the need for muttiple design
criteria and could increase the structural efficiency of new aircraft. The
increased efficiency would be the result of having equally probable
design timit loads for all gust critical components of the aircraft.

Author

N95-18605"# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

SPECIAL EFFECTS OF GUST LOADS ON MILITARY
AIRCRAFT

JOHNC.HOUBOLT I/nAGARD, Aircraft Loads due to Turbulence and

their Impact on Design and Certification 7 p Dec. 1994
Copyright Avail: CAS| HC A02/MF AO1
In the operation of airplanes, atmospheric turbulence creates a
broad spectrum of problems. The nature of these problems is presented
in this paper. Those that are common to both the commercial carriers
and to the military fleet are discussed first. Attention is then focused on
the problems that are of special concem in military operations. An aim
is to bring out the need for continued effort in the gust research area.
Author

N95-18616# Naval Postgraduate School, Monterey, CA.
COURSE MODULE FOR AA201: WING STRUCTURAL DESIGN
PROJECT M.S. Thesis
STEPHEN A. BURRIS Mar. 1994 132p
(AD-A283618) Avail: CASI HC AQ7/MF A02

This thesis defined a fundamental approach for aircraft wingbox
design appropriate for an introductory course in aircraft structures
based upon material strength and stiffness requirements. The process
developed sought to encompass major conceptual engineering design
considerations that ranged from load estimation at various points in the
subsonic flight envelope, to initial structural sizing and layout. The goal
was to present a process that could be readily conducted via hand
calculations and applied by any student entering basic aircraft struc-
tures design. The sequence of analysis began with application of a
comprehensive panel code method developed by NASA Ames Re-
search Center known as PMARC. Loads obtained from the code were
then used to formulate a strength of materials study of the structure
subjected to combined bending, shear and torsion. The static load
approach allowed initial estimation of component sizing based upon
material or buckling allowable stress selection. Finally, the study
demonstrated a strength to weight ratio comparison. Several calcula-
tion examples and computer-based spreadsheets were prepared for
rapid analysis of multiple option design scenarios. Since the study
employed analysis methods that could be performed without the aid of
a finite element routine or extensive computer programming knowl-
edge, it serves as a good introduction for the entry and intermediate
level structural engineer. DTIC

N95-18621# Naval Postgraduate School, Monterey, CA.
PLANT AND CONTROLLER OPTIMIZATION BY CONVEX
METHODS Ph.D. Thesis
ROBERT J. NIEWOEHNER, JR. Jun. 1994 283p
(AD-A283700) Avail: CASI HC A13/MF A03

This report presents results of a three phase effort to demonstrate
the use of convex control design techniques in aeronautical applica-
tions. The first phase was the demonstration of a methodology by which
classical aircraft controller design requirements could be translated into
the weighting matrices for H infinity controller synthesis. The second
phase extended that methodology to the design of mixed H2 / H infinity
controllers. The third phase considered the problem of minimizing the
size of aircraft control surfaces while meeting closed-loop dynamic
performance requirements. Control sizing is a critical element in the
design of Reduced Static Stability (RSS) aircraft. Inadequate control
power places the vehicle in peril, while too much control power forfeits
the benefits of RSS, resulting in poorer performance, increased weight,
increased cost, increased drag, and increased observability. Non-
heuristic methods have been required by which the physical configura-
tion and the accompanying controller can be designed directly from the
flying qualities specifications. The optimization of the surfaces should
be done while searching over the set of all controllers which, together
in closed-loop, satisfy the flying qualities requirements. This report
presents a methodology which simultaneously optimizes both the
physical configuration and the control system of a rigid body, using
performance requirements which can be posed as Linear Matrix
Inequalities. DTIC

N95-18677 Dayton Univ., OH.

CONFERENCE ON AEROSPACE TRANSPARENT MATERIALS
AND ENCLOSURES, VOLUME 1 Interim Report, 9-13 Aug.
1993
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SAMUEL A. MAROLO Mar. 1994 647 p Conference heldin
San Diego, CA, 9-13 Aug. 1993 Limited Reproducibility: More than
20% of this document may be affected by microfiche quality
(Contract(s)yGrant(s): F33615-92-C-3400; AF PROJ. 1926)
(AD-A283925; WL-TR-94-4083-VOL-1) Avail: CASi HC A99

The purpose of this report is to make available the technical
papers presented at the Sixteenth Conference on Aerospace Transpar-
ent Materials and Enclosures. Sixty-seven technical papers are pre-
sentedin nine sessions thataddress transparentmaterials for enclosures,
coatings for transparencies, transparency design; bird impact resis-
tance; human factors and optics; operational problems; design criteria
on transparent plastics, glasses and elastomers; aircraft-structural
integration of windshields and canopies; computed design; testing
technigues; and cost of ownership reduction. The papers contained

herein have been reproduced directly from the original manuscripts.
DTIC

N95-18726 Naval Air Wartare Center, Patuxent River, MD. Aircraft
Div.
ASSESSING AIRCRAFT SURVIVABILITY TO HIGH
FREQUENCY TRANSIENT THREATS
SAMUELJ. FRAZIER, EDWARDM. PARIMUHA, WILLIAMPRATHER,
MICHAEL ANTLEY, and DONALD MCLEMORE 1994 7p Limited
Reproducibility: More than 20% of this document may be affected by
microfiche quality
(AD-A283999) Avail: CASI HC A02

Throughout the United States Department of Defense (DOD), the
need exists to assess and characterize aircraft system survivability to
High Frequency (HF) electromagnstic (EM) transient threats. These
threats include the HF Electromagnetic Pulse (EMP) and other ultra
wideband (UWB) transient environments. The Navy recognizes this
need and is taking the initiative to investigate the feasibility of a realistic,
low-cost test methodology to assess, characterize and validate aircraft
survivability to threats that may range from a few hundred Kilohertz to
the low Gigahertz region. The proposed Navy technical approach is
based on established system-level RDT&E technology using existing
high frequency test laboratories and equipment. The approach will be
validated using a combination of High Level Pulse (HLP) testing at the
Naval Air Wartare Center Aircraft Division Patuxent Rivers Horizontally
Polarized Dipole (HPD) and Vertically Polarized Dipole (VPD) free-field
EMP simulators, electromagnetic effects generating equipment to
simulate the carrier shipboard environment free-field low-level continu-
ous wave (LLCW) testing to acquire the stress response data, and
wideband direct-drive tests to characterize system strength. The Navy
is deveioping a new wideband (up to 1 GHz) direct-drive technology and
waveform combination techniques using stress response data to
develop worst-case stress envelopes to be used during the direct-drive
tests. DTIC

N95-18891 Amold Engineering Development Center, Amoid AFS,
TN.
HYPERSONIC FLIGHT TESTING Final Report, Jul. 1992 - Jul.
1993 .
V. K. SMITH, R. K. MATTHEWS, and J. R. MAUS  Aug. 1994
37p Limited Reproducibility: More than 20% of this document may
be affected by microfiche quality
(AD-A283981; AEDC-TR-94-7) Avail: CASI HC A03

The challenges of hypersonic system development require a
combination of integrated ground testing, flight testing, and computa-
tional/simulation approaches. This report addresses the role of flight
testing in the triad of development approach and is sub-divided into
three parts: Propulsion, Aerothermal and Extrapolation of ground test
data to flight. The reasons for propuision flight test are illustrated by
specific mini-case studies. The second part reviews some of the
fundamental issues of flight testing and provides an overview of the
aerothermal techniques. Specific examples include heat-transfer gage
measurements and some of the common problems that have been
encountered. The third part of this repon discusses the initial flights of
the Space Shuttle which uncovered a number of differences between
preflight aerodynamic predictions and actual flight data. Most notable
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among thess discrepancies was for longitudinal trim during high-speed
re-entry. To investigate these differences, several computer codes
were applied to a modified Space Shuttle Orbiter to determine aerody-
namic parameters over a wide range of conditions. Computations were
carried out for wind tunnel conditions and flight conditions to assess
Mach number, real gas, and viscous effects on the reentry aesrodynam-
ics of the orbiter. DTIC

N95-19044‘# National Aeronautics and Space Administration. Hugh
L. Dryden Flight Research Facility, Edwards, CA.
DETERMINATION OF STORES POINTING ERROR DUE TO
WING FLEXIBILITY UNDER FLIGHT LOAD :
WILLIAMA.LOKOS, CATHERINE M. BAHM, and ROBERT A. HEINLE
Washington Jan. 1995 25p Presented at the 7th Biennial Flight
Test Conference, Colorado Springs, CO, 20-23 Jun. 1994
(NASA-TM-4646; H-2022; NAS 1.15:4646; AIAA PAPER 94-2112)
Avail: CASI HC AO/MF AO1

The in-flight elastic wing twist of a fighter-type aircraft was studied
to provide for an improved on-board real-time computed prediction of
pointing variations of three wing store stations. This is an important
capability to correct sensor pod alignment variation or to establish initial
conditions of iron bombs or smart weapons prior to release. The original
algorithm was based upon coarse measurements. The electro-optical
Flight Deflection Measurement System measured the deformed wing
shape in flight under maneuver loads to provide a higher resolution
database from which an improved twist prediction algorithm could be
developed. The FDMS produced excellent repeatable data. In addition,
a NASTRAN finite-element analysis was performed to provide addi-
tional elastic deformation data. The FDMS data combined with the
NASTRAN analysis indicated that an improved prediction algorithm
could be derived by using a different set of aircraft parameters, namely
normal acceleration, stores configuration, Mach number, and gross
weight. Author

N95-19067 Naval Air Warfare Center, Patuxent River, MD. Aircraft
Div.
E-6A HARDNESS ASSURANCE, MAINTENANCE AND
SURVEILLANCE PROGRAM
JOEL HAINES, MARK MALLORY, WILLIAM DEPASQUALE, and
BERND LUBOSCH 1994 14p Limited Reproducibllity: More than
20% of this document may be affected by microfiche quality
(AD-A283994) Avail: CASI HC A03

The challenge facing aircraft program managers and the Fleet is
to ensure that the electromagnetic hardness of design is maintained
throughout the aircraft life-cycle. The electromagnetic pulse (EMP)
community must work closely with aircraft program managers and
aircraft design contractors to properly integrate the logistics elements
necessary to accomplish this effort. This process mustbegin early in the
acquisition phase and be dynamic enough to evolive as changesiin life-
cycle mission requirements occur. This paper identifies the Hardness
Assurance, Maintenance, and Surveillance Program for the U.S.
Navy’s E-6A aircraft. The program includes various testtechniques that
are used to monitor aircraft hardness integrity and maintenance proce-
dures to direct the hardness critical process. A database was also
developed which integrates all test and maintenance data to aid aircraft
hardness surveillance. DTIC

N95-19130*# Califomia Univ, Los Angeles, CA.
THE ACCURACY OF PARAMETER ESTIMATION (N SYSTEM
IDENTIFICATION OF NOISY AIRCRAFT LOAD
MEASUREMENT Ph.D. Thesis
JEFFREY KONG 1994 138p
(Contract(s)/Grant(s): NCC2-374)
(NASA-CR-197516; NAS 1.26:197516) Copyright Avail: CASI HC
AO7MF A02

This thesis focuses on the subject of the accuracy of parameter
estimation and system identification techniques. Motivated by a com-
plicated load measurement from NASA Dryden Flight Research Cen-
ter, advanced systemidentificationtechniques are needed. The objective
of this problem is to accurately predict the load experienced by the
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aircraft wing structure during flight determined from a set of calibrated
load and gage response relationship. We can then model the problem
as a black box input-output system identification from which the system
parameter has to be estimated. Traditional LS (Least Square) tech-
niques and the issues of noisy data and model accuracy are addressed.
A statistical bound reflecting the change in residual is derived in order
to understand the effects of the perturbations on the data. Due to the
intrinsic nature of the LS problem, LS solution faces the dilemma of the
trade off between model accuracy and noise sensitivity. A method of
conflicting performance indices is presented, thus allowing us to
improve the noise sensitivity while at the same time configuring the
degredation of the mode! accuracy. SVD techniques for data reduction
are studied and the equivalence of the Correspondence Analysis (CA)
and Total Least Squares Criteria are proved. We also looked at
nonlinear LS problems with NASA F-111 data set as an example.
Conventional methods are neither easily applicable nor suitable for the
specific load problem since the exact mode! of the system is unknown.
Neural Network (NN) does not require prior information on the model of
the system. This robustness motivated us to apply the NN techniques
onourload problem. Simulation results for the NN methods used in both
the single load and the ‘waming signal’ problems are both useful and
encouraging. The performance of the NN (for single load estimate) is
better than the LS approach, whereas no conventional approach was
tried for the ‘waming signals’ problems. The NN design methodology is
also presented. The use of SVD, CA and Collinearity Index methods are
used to reduce the number of neurons in a layer. Author

N95-19151# Wright Lab., Wright-Patterson AFB, OH.
NONLINEAR DYNAMIC RESPONSE OF AIRCRAFT
STRUCTURES TO ACOUSTIC EXCITATION
H. F. WOLFE and R. G. WHITE (Southampton Univ., England.) /n
AGARD, Impact of Acoustic Loads on Aircraft Structures 10p Sep.
1994
Copyright Avail: CASI HC A02/MF A03

Acoustic fatigue failure in aerospace structures has been a
concem for many years. New prediction techniques are needed for the
new materials and structural concepts of interest and higher sound
pressure levels encountered. The objective of this program of work is
to improve the fundamental understanding of the nonlinear behavior of
beams and plates excited from low to high levels of excitation. Experi-
ments have been conducted utilizing a clamped-clamped (C-C) beam
statically tested and shaker driven at increasing levels of excitation.
Similarly, C-C-C-C plates were excited by a vibration shaker and in a
progressive wave tube. The total strains and the components, bending
and axial, and the displacements were measured with increasing levels
of excitation. Bistable behavior was observed with sinusoidal excitation
for both the beams and plates. The measured axial or membrane
strains were very iow compared to the bending strains for high levels of
excitation. The beams randomly excited exhibited a slight frequency
shift and peak broadening, which can be attributed to an increased
stiffening or hard spring nonlinearity. The plates randomly excited
exhibited a greater frequency shift and peak broadening than tte
beams. The dynamic tests resulted in a nonlinear relationship between
the response strains and displacements and the excitation levels. A
multimodal model! is discussed to estimate the mean square stress
response due to high levels of excitation. Author

N95-19154# Wiright Lab., Wright-Patterson AFB, OH.
MODELLING STRUCTURALLY DAMAGING TWIN-JET
SCREECH
MARY KAE LOCKWOOD, STEVEN H. WALKER, and ALAN B. CAIN
(McDonnell-Douglas Corp., Saint Louis, MO.) /n AGARD, Impact of
Acoustic Loads on Aircraft Structures 8p  Sep. 1994
Copyright Avail: CASI| HC A02/MF A03

Closely spaced twin jet aircraft have been known to be susceptible
to aft-end structural damage due to the high sound pressure levels
resulting from twin jet screech. An initial engineering workstation tool to
predict the occurence of screech, ultimately allowing the design of
configurations which will not result in screech, is presented here. The
model has been developed in a modular fashion to facilitate upgrades.

The implementation takes advantage of a graphical interface, yield-
ing predictions of screech amplitude versus frequency within a few
seconds once the initial flowfield is defined. The four physically
based modules in the code, for the instability waves, shock-vortex
interaction, acoustic feedback and receptivity, are based on analyti-
cal, computational and experimental research. Preliminary resulits
for 2-D jets illustrate the effects freestream Mach number and shear
layer growth rate have on the scresch amplitude and frequency.
Author

N95-19469*# Systems and Electronics, Inc., Elk Grove Village, iL.
FLIGHT PARAMETERS MONITORING SYSTEM FOR
TRACKING STRUCTURAL INTEGRITY OF ROTARY-WING
AIRCRAFT
JAMSHID MOHAMMADI and CRAIG OLKIEWICZ InNASA. Langley
Research Center, FAA/NASA Intemational Symposium on Advanced
Structural Integrity Methods for Airframe Durability and Damage Toler-
ance, Part2 p505-516 Sep. 1994
Avail: CAS!I HC AO3/MF AD4

Recent developments in advanced monitoring systems usedin
conjunction with tracking structural integrity of rotary-wing aircraft
are explained. The paper describes: (1) an overview of rotary-wing
aircraft fiight parameters that are critical to the aircraft loading
conditions and each parameter’s specific requirements in terms of
data collection and processing; (2) description of the monitoring
system and its functions used in a survey of rotary-wing aircraft; and
(3) description of the method of analysis used for the data. The paper
presents a newly-developed method in compiling flight data. The
method utilizes the maneuver sequence of events in several pre-
identified flight conditions to describe various flight parameters at
three specific weight ranges. Author

N95-19478°# Technische Hogeschool, Delft (Netherlands). Dept. of
Aerospace Engineering.
FATIGUE LIFE UNTIL SMALL CRACKS IN AIRCRAFT
STRUCTURES: DURABILITY AND DAMAGE TOLERANCE
J. SCHIJVE /nNASA. Langley Research Center, FAA/NASA Intema-
tional Symposium on Advanced Structural Integrity Methods for Air-
frame Durability and Damage Tolerane, Part2 p 665-681 Sep. 1994
Avail: CAS| HC AO/MF A04

Crack initiation in notched elements occurs very early in the
fatigue life. This is also true for riveted lap joints, an important fatigue
critical element of a pressurized fuselage structure. Crack nucle-
ation in a riveted lap joint can occur at different locations, depending
on the riveting operation. It can occur at the edge of the rivet hole,
at a small distance away from the hole, but still with subsequent
crack growth through the hole, and ahead of the hole with a crack no
longer passing through the hole. Moreover, crack nucleation can
occur in the top row at the countersunk holes (outer sheet) or in the
bottom row at the non-countersunk holes. Fractographic evidence is
shown. The initial growth of the small cracks occurs as an (invisible)
part through crack. As a consequence, predictions on the crack
initiation life are problematic. After a though crack is present, the
major part of the fatigue life has been consumed. There is still an
apparent lack of empirical data on crack growth and residual
strength of riveted lap joints, five years after the Aloha accident.
Such data are very much necessary for further developments of
prediction models. Some test results are presented. Author

N95-19479*# DeutscheAirbus G.m.b.H., Hamburg (Germany). Dept.
of Fatigue and Fracture Mechanics.
DEVELOPMENT OF LOAD SPECTRA FOR AIRBUS A330/A340
FULL SCALE FATIGUE TESTS
H.-J. SCHMIDT and THOMAS NIELSEN In NASA. Langley
Research Center, FAA/NASA Intemnational Symposium on Ad-
vanced Structural Integrity Methods for Airframe Durability and
Damage Tolerance, Part2 p683-657 Sep. 1994
Avail: CAS| HC AO3/MF A04

For substantiation of the recently certified medium range Airbus
A330 and long range A340 the full scale fatigue tests are in progress.
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The airframe structures of both aircraft types are tested by one set
of A340 specimens. The development of the fatigue test spectra for
the two major test specimens which are the center fuselage and wing
test and the rear fuselage test is described. The applied test load
spectra allow a realistic simulation of flight, ground and pressuriza-
tion loads and the finalization of the tests within the pre-defined test
period. The paper contains details about the 1 g and incremental
flight and ground loads and the establishment of the flight-by-flight
test program, i.e., the definition of flight types, distribution of loads
within the flights and randomization of flight types in repeated
blocks. Special attention is given to procedures applied for accelera-
tion of the tests, e.g. omission of lower spectrum loads and a general
increase of all loads by ten percent. Author

N95-19480°# Southwest Research Inst., San Antonio, TX. Structural
Engineering Dept. ’
AIRCRAFT STRESS SEQUENCE DEVELOPMENT: A
COMPLEX ENGINEERING PROCESS MADE SIMPLE
K. H. SCHRADER, D. G. BUTTS, and W. A. SPARKS  /n NASA.
Langley Research Center, FAA/NASA Intemational Symposium on
Advanced Structural Integrity Methods for Airframe Durability and
Damage Tolerance, Part2 p 699-701 Sep. 1994
Avail: CASI HC A01/MF A04

Development of stress sequences for critical aircraft structure
requires flight measured usage data, known aircraft loads, and
established relationships between aircraft flight loads and structural
stresses. Resulting cycle-by-cycle stress sequences can be directly
usable for crack growth analysis and coupon spectra tests. Often, an
expert in loads and spectra development manipulates the usage
data into a typical sequence of representative flight conditions for
which loads and stresses are calculated. For a fighter/trainer type
aircraft, this effort is repeated many times for each of the fatigue
critical locations (FCL) resulting in expenditure of numerous engi-
neering hours. The Aircraft Stress Sequence Computer Program
(ACSTRSEQ), developed by Southwest Research institute under
contract to San Antonio Air Logistics Center, presents a unique
approach for making complex technical computations in a simple,
easy to use method. The program is written in Microsoft Visual Basic
for the Microsoft Windows environment. Derived from text

N95-19485*% Georgia Inst. of Tech., Atlanta, GA. FAA Center of
Excellence for Computational Modeiing of Aircraft Structures.
RESIDUAL LIFE AND STRENGTH ESTIMATES OF AIRCRAFT
STRUCTURAL COMPONENTS WITH MSD/MED
RIPUDAMAN SINGH  (Indian Inst. of Science, Bangalore.), JAI H.
PARK (Chungbuk National Univ., Republic of Korea.), and SATYA N.
ATLURI /nNASA. Langley Research Center, FAA/NASA intemational
Symposium on Advanced Structural Integrity Methods for Airframe
Durability and Damage Tolerance, Part2 p 771-783  Sep. 1994
Sponsored by FAA
Avail: CASI HC AO3/MF A04

Economic and safe operation of the flight vehicles flying
beyond their initial design life calls for an in-depth structural integrity
evaluation of all components with potential for catastrophic dam-
ages. Fuselage panels with cracked skin and/or stiffening elements
is one such example. A three tevel analytical approach is developed
to analyze the pressurized fuselage stiffened shell panels with
damaged skin or stiffening elements. A global finite element analysis
is first carried out to obtain the load flow pattern through the
damaged panel. As an intermediate step, the damaged zone is
treated as a spatially three-dimensional structure modeled by plate
and shell finite elements, with all the neighboring elements that
can alter the stress state at the crack tip. This is followed by
the Schwartz-Neumann altemnating method for local analysis to
obtain the relevant crack tip parameters that govern the onset of
fracture and the crack growth. The methodology developed is
generic in nature and aims at handling a large fraction of problem
areas identified by the industry Committee on Wide-Spread Fatigue
Damage. Author
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N95-19486°# Battelle Columbus Labs., OH.
ULTRASONIC TECHNIQUES FOR REPAIR OF AIRCRAFT
STRUCTURES WITH BONDED COMPOSITE PATCHES
S.H. SMITH, N. SENAPATI, and R. B. FRANCINI /n NASA. Langley
Research Center, FAANASA {ntemnational Symposium on Advanced
Structural integrity Methods for Airframe Durability and Damage Toler-
ance, Part2 p785-800 Sep. 1994
Avail: CAS| HC AO3/MF A04

This is a paper on a research and development project to
demonstrate a novel ultrasonic process for the field application of
boron/epoxy (B/Ep) patches for repair of aircraft structures. The first
phase of the project was on process optimization and testing to
develop the most practical ultrasonic processing techniques. Accel-
erated testing and aging behavior of precured B/Ep patches, which
were ultrasonically bonded to simulated B-52 wing panel assem-
blies, were performed by conducting flight-by-flight spectrum load-
ing fatigue tests. The spectrum represented 2340 missions/flights or
30 years of service. The effects of steady-state applied temperature
and prior exposure of the B/Ep composite patches were evaluated.
Reprasentative experimental results of this phase of the project are
presented. Author

N95-19488°# Federal Aviation Administration, Long Beach, CA.
WIDESPREAD FATIGUE DAMAGE MONITORING: ISSUES
AND CONCERNS
T. SWIFT In NASA. Langley Research Center, FAA/NASA Intema-
tional Sympasium on Advanced Structural Integrity Methods for Air-
frame Durability and Damage Tolerance, Part2 p829-870 Sep. 1994
Presented at Sth Intemational Conference on Structural Airworthiness
of New and Aging Aircraft, Hamburg, Germany, 16-18 Jun. 1993
Avail: CASI HC AO/MF A04

This paper is intended to illustrate the considerable effect that
small in-service undetectable multi-site-damage (MSD) can have on
the residual strength capability of aging aircraft structures. In gen-
eral, very few people in the industry believe that tiny cracks of
undetectable size are a problem because they know that many
aircraft have been able to survive much larger damage. In fact they
have been certified for this large damage capability. However, this
is notthe issue. The real issue is the effect the tiny cracks, at multiple
sites, have on the large damage capability which the industry has
become accustomed to expect and which the aircraft have been
certified to sustain. The concem is that this message does not
appear to be fully understood by many people outside the fracture

~ community. The prime purpose of this paper, therefore, has been to

convey this message by describing in simple terms the net section
yielding phenomenon in ductile materials which causes loss in lead
crack residuat strength in the presence of MSD. The explanation
continues with a number of examples on complex stiffened struc-

-tures, using the results of previous finite element analyses, which

illustrate that the effect of MSD is extremely sensitive to structural
configuration. Itis hoped that those members of the aviation commu-
nity who believe that tiny cracks are not a problem will read this paper
very carefully. Author

NS5-19491*# National Aerospace Lab., Amsterdam (Netherands).
RESULTS OF UNIAXIAL AND BIAXIAL TESTS ON RIVETED
FUSELAGE LAP JOINT SPECIMENS
H. VUEGER In NASA. Langley Research Center, FAANASA
Iintemational Symposium on Advanced Structural Integrity Methods for
Airframe Durability and Damage Tolerance, Part2 p 911-931  Sep.
1994
Avail: CASI HC AO3/MF A04 :
As part of an FAA-NLR collaborative program on structural
integrity of aging aircraft, NLR carried out uniaxial and biaxial fatigue
tests on riveted lap joint specimens being representative for appli-
cation in a fuselage. All tests were constant amplitude tests with
maximum stresses being representative for fuselage pressurization
cycles and R-values of 0.1. The parameters selected in the testing
program were the stress level (sigma(sub max) = 14 and 16 ksi) and
the rivet spacing (0.75 and 1.0 inch). All specimens contained 3 rows



of countersunk rivets, the rivet row spacing was 1 inch and the rivet
orientation continuous. Author

N85-19495*# Tennessee Technological Univ., Cookeville, TN.
FATIGUE AND RESIDUAL STRENGTH INVESTIGATION OF
ARALL(R) -3 AND GLARE(R) -2 PANELS WITH BONDED
STRINGERS
MING WU, DALE A. WILSON, and S. V. REDDY (Textron
Aerostructures, Nashville, TN.) /n NASA. Langley Research Center,
FAA/NASA Intemational Symposium on Advanced Structural Integrity
Methods for Airframe Durability and Damage Tolerance, Part2 p 985-
998 Sep. 1994
Avail: CASI HC AD/MF AD4

Stiffened panels were fabricated from ARALL-3 and GLARE-3
laminates for the purposa ot providing improved structural perfor-
mance of lower wing panels for aircraft. To verify the designs fatigue
crack growth and residual strength tests were conducted and
compared to those for conventional monolithic aluminum panels.

Author

N95-19497*# Textron Bell Helicopter, Fort Worth, TX.
AIRCRAFT FATIGUE AND CRACK GROWTH CONSIDERING
LOADS BY STRUCTURAL COMPONENT .
J. D. YOST In NASA. Langley Research Center, FAA/NASA
International Symposium on Advanced Structural integrity Methods for
Airframe Durability and Damage Tolerance, Part2 p1015-1028 Sep.
1994
Avail: CAS| HC AO3/MF A04

The indisputable 1968 C-130 fatigue/crack growth data is
reviewed to obtain additional useful information on fatigue and crack
growth. The proven Load Environment Model concept derived
ompirically from F-105D multichanne! recorder data is refined to a
simpler method by going from B to 5 variables in the spectra without
a decrease in accuracy. This approach provides the true fatigue/
crack growth and load environment by structural component for both
fatigue and strength design. Methods are presented for defining
fatigue scatter and damage at crack initiation. These dasign tools
and criteria may be used for both metal and composite aircraft
structure. Author

N95-19499*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
NONLINEAR ANALYSIS OF DAMAGED STIFFENED
FUSELAGE SHELLS SUBJECTED TO COMBINED LOADS
JAMES H. STARNES, JR., VICKI O. BRITT, RICHARD D. YOUNG
(Lockheed Engineering and Sciences Co., Hampton, VA.), CHARLES
C. RANKIN  (Lockheed Missiles and Space Co., Palo Alto, CA.),
CHARLES P. SHORE, and JANE C. BAINS In its FAA/NASA
International Symposium on Advanced Structural integrity Methods for
Airframe Durability and Damage Tolerance, Part2 p 1045-1075 Sep.
1994
Avail: CASI HC AO3/MF A04

The results of an analytical study of the nonlinear response of
stiffened fuselage shells with tong cracks are presented. The shells
are modeled with a hierarchical modeling strategy that accounts for
global and tocal response phenomena accurately. Results are
presented for internal pressure and mechanical bending loads. The
offects of crack location and orientation on shell response are
described. The effects of mechanical fasteners on the response of
a lap joint and the effects of elastic and elastic-plastic material
properties on the buckling response of tension-loaded flat panels
with cracks are also addressed. Author
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AIRCRAFT INSTRUMENTATION

Includes cockpit and cabin display devices; and flight instruments.

N95-15970*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
SENSOR FAULT DETECTION AND DIAGNOSIS SIMULATION
OF A HELICOPTER ENGINE IN AN INTELLIGENT CONTROL
FRAMEWORK
JONATHANLITT (AmyResearchlab., Cleveland, OH.), MEHMET
KURTKAYA (Florida Atlantic Univ., Boca Raton, FL.), and AHMET
DUYAR (Florida Atiantic Univ., Boca Raton, FL.)  Nov. 1994
15p Presented at the 1994 Conference of Military, Govemmaent
and Aerospace Simulation, San Diego, CA, 11-13 Apr. 1994; spon-
sored by Society for Computer Simulation Prepared in cooperation
with Amy Research Lab., Cleveland, OH
(Contract(s)/Grant(s): NAG3-1198; RTOP 505-62-0X; DA PROJ. 1L1-
61102-AH-45)
(NASA-TM-106784; E-9237; NAS 1.15:106784; ARL-TR-637) Avail:
CAS! HC AO3/MF A01

This paper presents an application of a fault detection and
diagnosis scheme for the sensor faults of a helicopter engine. The
scheme utilizes a model-based approach with real time identification
and hypothesis testing which can provide earty detection, isolation, and
diagnosis of failures. Itis an integral part of a proposed intelligent control
systam with health monitoring capabiliies. The intelligent control
system will allow for accommodation of faults, reduce maintenance
cost, and increase system availability. The scheme compares the
measured outputs of the engine with the expected outputs of an engine
whose sensor suite is functioning normally. If the differences between
the real and expected outputs exceed threshold values, a fault is
detected. The isolation of sensor failures is accomplished through a
fault parameter isolation technique where parameters which model the
faulty process are calculated on-line with a real-time multivariable
parameter estimation algorithm. The fault parameters and their pat-
tems can then be analyzed for diagnostic and accommodation pur-
poses. The scheme is applied to the detection and diagnosis of sensor
faults of a T700 turboshaft engine. Sensor failures are induced ina T700
nonlinear performance simulation and data obtained are used with the
scheme to detect, isolate, and estimate the magnitude of the faults.

Author

N95-16456°# National Aeronautics and Space Administration. Lan-
gley Research Center, Hampton, VA.
A STUDY OF SOFTWARE STANDARDS USED IN THE
AVIONICS INDUSTRY
KELLY J. HAYHURST Inits The Role of Computers in Research and
Development at Langley Research Center p 85-105 Oct. 1994
Avail: CASI HC AO3/MF A0

Within the past decade, software has become an increasingly
common element in computing systems. In particular, the role of
software used in the aerospace industry, especially in life- or safety-
critical applications, is rapidly expanding. This intensifies the need to
use effective techniques for achieving and verifying the reliability of
avionics software. Although certain software development processes
and techniques are mandated by govemment regulating agencies, no
one methodology has been shown to consistently produce refiable
software. The knowledge base for designing reliable software simply
has not reached the maturity of its hardware counterpart. In an effort to
increase our understanding of software, the Langley Research Center
conducted a series of experiments over 15 years with the goal of
understanding why and how software fails. As part of this program, the
effectiveness of current industry standards for the development of
avionics is being investigated. This study involves the generation of a
controlled environment to conduct scientific experiments on software
processes. Derived from text
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N95-18164# Bumette Engineering, Fairbom, OH.
AN EVALUATION OF AIRCRAFT CRT AND DOT-MATRIX
DISPLAY LEGIBILITY REQUIREMENTS Interim Report, 17
Apr. 1985 - 25 Jun. 1991
KEITH T. BURNETTE Jun. 1994 73p
(Contract(s)/Grani(s): F33615-84-C-3627)
(AD-A283933; WL-TR-91-7020) Avail: CASI HC A04/MF AQ1

Pilot satistaction with the legibility performance of the absorp-
tion bandpass filtered green P-43 phosphor cathode ray tube (CRT)
electronic displays employed in the F-15, F-16 and F-18 aircraft,
prior to 1980 has been used in this report as a basis for establishing
minimum luminance and contrast requirements for both CRT and
dot-matrix electronic aircraft displays. The data drawn on and the
methods used to derive the alphanumeric, graphic and video infor-
mation legibility requirements that should as a minimum be met by
aircraft electronic display portrayals under direct sunlight, glare
source and other high ambient viewing conditions are described.
The sunlight readabilitylegibility requirements and tests of the night
vision imaging system (NViS) compatibility specification MiL-L-
85762 were in part founded on the data contained in this report.

DTIC

07
AIRCRAFT PROPULSION AND POWER

Includes prime propulsion systems and systems components, e.g., gas
turbine engines and compressors; and on-board auxiliary powsr plants
for aircraft.

A95-63643
INVESTIGATION OF HEAT TRANSFER BETWEEN ROTATING
SHAFTS OF TRANSMISSIONS OF TURBOJET ENGINES
N. N. SALOV SPI, Sevastopo! (Ukraine) lzvestiya VUZ:
Aviatsionnaya Tekhnika (ISSN 0579-2975) no.1 January-March
1994 p. 49-53 In RUSSIAN
(BTN-94-E1X94461408760) Copyright

Heat transter of a cylindrical surface between shafts has been
experimentally investigated. The shafts are coaxially located in the
channel. The channel has geometry characteristic of transmissions
of turbojet engines, with shafts rotating in different directions. The
test results have been generalized on the basis of the similarity

theory. El
A95-63657

MODELLING FOR OPTIMAL OPERATIONS OF LINE MILLING
OF AERODYNAMIC SURFACES

E. M. KOROVIN KGTU, Kazan (Russia) and A. V. BASHKIRTSEV
lzvestiya VUZ: Aviatsionnaya Tekhnika (ISSN 0579-2975) no. 1
January-March 1994 p. 106-109 In RUSSIAN refs
(BTN-94-EIX94461408774) Copyright

An advanced method is offered to select regimes for the line
milling of the fin surface of large-sized blades for gas-turbine
engines (GTE). The principles of the optimal control of regimes
during the cutting process are outlined. Ways to increase productiv-
ity of the line milling of GTE blades are discussed. The optimization
problem of the line milling includes the search for such regimes that
would provide an extremum of an optimization criterion and meet the
requirements for treatment quality. El

N95-16265# Kazan Aviation Inst. (USSR).
THEORETICAL FUNDAMENTALS OF THE AIRCRAFT GTE
TESTS
YU. V. KOZHEVNIKOV  /n Nanjing Univ. of Aeronautics and
Astronautics, Joint Proceedings on Aeronautics and Astronautics
(JPAA) p107-111  May 1993
Avail: CASI HC A0O1/MF A03

We discuss the methodology of a new scientific theory taking
as an example the aircraft gas turbine engine (GTE) tests. We
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formutate a theory of construction principles and practical ap-
proaches to the problem. Author (revised)

N95-16317# General Electric Co., Cincinnati, OH. Aircraft Engine
Div.
SCRAMJET TESTING GUIDELINES Status Report
P. KUTSCHENREUTER in JHU, The 1993 JANNAF Propulsion
Meeting, Volume 1  p 247-259  Nov. 1993
Avail: CPIA, 10630 Litle Patuxent Pkwy., Suite 202, Columbia, MD
21044-3200 HC

This is the first status report on the JANNAF Airbreathing
Engine Testing Panel’s project of developing scramjet testing guide-
lines. The motivation for such an effort is driven by the perceived
need to get more meaningful results from the shrinking U.S. re-
sources available for high Mach number airbreathing propulsion
development considering recent significant changes in the political
and economic environment. It is the panel's vision that formulation
and use of these guidelines would make such a contribution. A quick,
first rough cut at their preparation was completed in {ess than 12
months, including an evaluation designed to identify required areas
of refinement. These interim results are the subject of this paper.

Author

N95-16323# Sundstrand Power Systems, San Diego, CA.
SMALL TURBOJETS: DESIGNS AND INSTALLATIONS
C. RODGERS In JHU, The 1993 JANNAF Propulsion Meeting,
Volume 1 p 335-352 Nov. 1993
Avail: CPIA, 10630 Little Patuxent Pkwy., Suite 202, Columbia, MD
21044-3200 HC

Smaller, smarter airbreathing propelled tactical missiles are
being proposed and developed. They will function for various
operational duties currently performed by larger, limited range
missiles or manned interdiction aircraft. The extreme compactness
of these advanced missiles require relatively high power density
small turbojets. Several design configuration options are possible
for these turbojets, including centrifugal and axial turbomachinery
compressor and turbines, straight annular and reverse flow annular
combustors, and various types of fuel injection systems. The at-
tributes of candidate configurations are discussed with respect to
maximum thrust per frontal area, range, and endurance optimiza-
tion, and low manufacturing costs. Installation constraints upon
engine design, in particular, the inlet and exhaust nozzle and start
system are reviewed. Early recognition of these constraints is
paramount in minimizing overall propulsion system cost, and vol-
ume; thereby producing maximum weapon system effectiveness.

Author

N95-17371# Pacific Northwest Lab., Richland, WA,
AN ARTIFICIAL NEURAL NETWORK SYSTEM FOR
DIAGNOSING GAS TURBINE ENGINE FUEL FAULTS
O.J.ILLLJR. (AmyOrdnance Center and School, Aberdeen Proving
Ground, MD.), F. L. GREITZER, L. J. KANGAS, and T. REEVE
(Expert Solutions, Stratford, CT.)  Apr. 1894 10p Presented at
the Mechanical Failures Prevention Group Conference, Wakefield, MA,
19-21 Apr. 1994
(Contract(s)yGrant(s): DE-AC06-76RL-01830)
(DE94-013960; PNL-SA-22914; CONF-9404179-1) Avail: CASI HC
A02/MF AD1

The US Army Ordnance Center and Schoo! and Pacific North-
west Laboratories are developing a turbine engine diagnostic sys-
tem for the M1A1 Abrams tank. This system employs artificial neural
network (ANN) technology to perform diagnosis and prognosis of the
tank's AGT-1500 gas turbine engine. This paper describes the
design and prototype development of the ANN component of the
diagnostic system, which we refer to as ‘TEDANN' for turbine engine
diagnostic artificial neural networks. DOE

N95-17402"# Case Westem Reserve Univ, Cleveland, OH. Dept. of
Mechanical and Aerospace Engineering.
THREE DIMENSIONAL COMPRESSIBLE TURBULENT FLOW



COMPUTATIONS FOR A DIFFUSING S-DUCT WITH/WITHOUT
VORTEX GENERATORS Final Report
SOO-YONG CHO and ISAAC GREBER NASA
216 p
(Contract(s)/Grant(s): NCC3-181; RTOP 505-62-52)
(NASA-CR-195390; E-9160; NAS 1.26:195390) Avail: CASIHC A10/
MF AD3

Numerical investigations on a diffusing S-duct with/without
vortex generators and a straight duct with vortex generators are
presented. The investigation consists of solving the full three-
dimensional unsteady compressible mass averaged Navier-Stokes
equations. An implicit finite volume lower-upper time marching code
(RPLUS3D) has been employed and modified. A three-dimensional
Baldwin-Lomax turbulence model has been modified in conjunction
with the flow physics. A model for the analysis of vortex generators
in a fully viscous subsonic intemal flow is evaluated. A vortical
structure for modeling the shed vortex is used as a source termin the
computation domain. The injected vortex paths in the straight duct
are compared with the analysis by two kinds of prediction models.
The flow structure by the vortex generators are investigated along
the duct. Computed results of the fiow in a circular diffusing S-duct
provide an understanding of the flow structure within a typical engine
inlet system. These are compared with the experimental wall static-
pressure, static- and total-pressure field, and secondary velocity
profiles, Additionally, boundary layer thickness, skin friction values,
and velocity profiles in wall coordinates are presented. In order to
investigate the effect of vortex generators, various vortex strengths
are examined in this study. The total-pressure recovery and distor-
tion coefficients are obtained at the exit of the S-duct. The numerical
results clearly depict the interaction between the low velocity flow by
the flow separation and the injected vortices. Author

Dec. 1994

N95-17749 Jiaotong Univ., Shanghai (China).

SIMULATION INVESTIGATION ON SYSTEM IDENTIFICATION
OF GAS TURBINE

M.SU 1993 8p Sponsored by Institute of Scientific and Technical
Information of China, Beijing

(PB95-104238; ISTIC-TR-93123)  Avail: Issuing Activity (National
Technical Information Service (NTIS))

To this paper the hybrid simulation system for identification is
introduced. The analysis and the comparison between the results in
open loop and closed loop are made. Three different speed regula-
tors are tested in closed loop identification simulation experiments.
The effect of external input signal on identification results is exam-
ined. A piecewise linear model of a marine gas turbine is developed.

NTIS

N95-18133*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
NUMERICAL MIXING CALCULATIONS OF CONFINED
REACTING JET FLOWS IN A CYLINDRICAL DUCT
VICTOR L. OECHSLE (Allison Engine Co., Indianapolis, IN.) and J.
D. HOLDEMAN Jan. 1995 46p Presented at the 33rd Aerospace
Sciences Meeting and Exhibit, Reno, NV, 9-12 Jan. 1995; sponsored
by AIAA  Original contains color illustrations
(Contract(syGrant(s): NAS3-25950; RTOP 537-02-21)
(NASA-TM-106736; E-9349; NAS 1.15:106736; AIAA PAPER 95-
0733) Copyright Avail: CAS| HC AO3/MF A01; 22 functional color
pages

The results reported in this paper describe some of the main
flow characteristics and NOx production results which develop in the
mixing process in a constant cross-sectional cylindrical duct. A 3-
dimensional numerical mode! has been used to predict the mixing
flow field and NOx characteristics in a mixing section of an RQL
combustor. Eighteen configurations have been analyzed in a circu-
lar geomatry in a fully reacting environment simulating the operating
condition of an actual RQL gas turbine combustion liner. The
evaluation matrix was constructed by varying three parameter: (1)
jet-to-mainstream momentum-flux ration (J), (2) orifice shape or
orifice aspect ratio, and (3) siot slant angle. The results indicate that

AIRCRAFT PROPULSION AND POWER 07

the mixing flow field and NOx production significantly vary with the
value of the jet penetration and subsequently, slanting elongated
slots generally improve the NOx production at high J conditions.
Round orifices produce low NOx at low J due to the strong jet
penetration. The NOx production trends do not correlate with the
mixing non-uniformity parameters described herein. Author

N95-18383 Naval Air Warfare Center, Trenton, NJ. Aircraft Div.
UNMANNED AERIAL VEHICLE HEAVY FUEL ENGINE TEST Final
Report, Apr. 1992 - Jan. 1993

ROBERT BRUCATO, JOSEPH LAWTON, and ANTHONY MAGGIO
Oct. 1993 129 p Limited Reproducibility: More than 20% of this
document may be affected by microfiche quality

(AD-A284332; NAWCADTRN-PE-261) Avail: Issuing Activity (De-
tense Technical Information Center (DTIC))

This report documents the test results of three heavy fuel
engines designed to demonstrate that Unmanned Aerial Vehicle
operational requirements can feasibly be met utilizing heavy fuels
(JP-5, JP-8 and Diesel) versus gasoline. The three engines included .
rotary engines delivered by AA-| Corporation and Defense Group
Industries Incorporated and a two cylinder, two stroke engine
delivered by Southwest Research Institute. The testing was con-
ducted at the Naval Air Warfare Center Aircraft Division Trenton
during the period of 17 April 1992 through 22 January 1993.

DTIC

N95-18911# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Cologne (Gemany). Inst. fuer Antriebstechnik.
ONE-DIMENSIONAL FLOW DESCRIPTION FOR THE
COMBUSTION CHAMBER OF A SCRAMJET Ph.D. Thesis
[EINDIMENSIONALE BRENNKAMMERBETRACHTUNGEN
FUER EIN STAUSTRAHLTRIEBWERK MIT
UEBERSCHALLVERBRENNUNG])
FRANS G. J. KREMER 1994 171p In GERMAN (ISSN 0939-
2963)
(DLR-FB-94-06) Avail: CAS! HC A08/MF A02

Atheoretical calculation model for the determination of the one-
dimensional flow data in the combustion chamber of a scramjet is
established. This model serves to improve the physical understand-
ing of such flows in order to enable a more profound design of a
scramjet combustor. It is shown, that the analytic notation of the
continuity, momentum and energy equation of the non-constant
area combustor is not useful to describe the physical relations. This
is due to the unknown wall pressure integral, for which usually the
formulation of the pressure-area power family, introduced by Crocco,
is assumed. Therefore a model is established, which bases on the
differential notation of the laws of conservation. This is solved using
distribution functions and verified with experimental data. The model
is used to quantify the influence of several parameters on the flow
data. Finally design considerations for flight Mach number 15 and
off-design considerations for flight Mach numbers 5, 10 and 15 are
performed. Author

N95-19017# Advisory Group for Aerospace Research and Develop-
ment, Neuilly-Sur-Seine (France). Propulsion and Energetics Panel.
MATHEMATICAL MODELS OF GAS TURBINE ENGINES AND
THEIR COMPONENTS [LES MODELES MATHEMATIQUES
DES TURBOMOTEURS ET DE LEURS ORGANES)
Dec.1994 183p Lecture seriesheldin Cleveland, OH, 7-8 Dec. 1994,
in Wessling, Germany, 12-13 Dec. 1994 and in Paris, France, 15-16
Dec. 1994
(AGARD-LS-198; ISBN-92-836-1008-3) Copyright Avail: CASI HC
AO9MF A02

This Lecture Series will present and discuss the scientific
problems of modem mathematical simulation of gas turbine engines
and their components. Some peculiarities of complex multicompo-
nent and multidisciplinary models for whole flow passage of bypass
gas turbine engine, core, multistage compressors and turbines, and
other engine components will be studied. Solutions of steady and
unsteady problems are given using high efficiency monotone nu-
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merical methods and the theoretical bases of these methods are
presented. Many practical resuits of aerodynamic and thermostress
simulations for engine components are shown. These results are
compared widely with experimental data for accurate verification of
developing computational codes. This Lecture Series, endorsed by
the Propulsion and Energetics Panel of AGARD, has been imple-
mented by the Technology Cooperation Program. For individual
titles, see N95-18018 through N95-18026.

N95-19020# Caentral Inst. of Aviation Motors, Moscow (Russia).
THE MATHEMATICAL MODELS OF FLOW PASSAGE FOR
GAS TURBINE ENGINES AND THEIR COMPONENTS
RAVIL Z. NIGMATULLIN and MIKHAIL J. IVANOV  In AGARD,
Mathematical Models of Gas Turbine Engines and their Components
28p Dec. 1994
Copyright Avail: CASI HC AO/MF A02

Mathematical models for gas turbine engines and installation
component flow passages based on real 3D geometry of flow
passages, in particular spatial shape of blades, are considered. The
models are based on numerical solving of unsteady Euler equations
and so it allows simutation of some unsteady transitional functioning
regimes of engines and installations together with steady ones. The
models take into consideration the viscous losses, leakage in axial
gaps and tip clearances, cooling air injection and selection. The first
level mathematical models are based on 2D steady and unsteady
methods on S(sub 1) and S(sub 2) surfaces. Some features of
numerical algorithms based on these methods are considered. The
second level models are based on 3D approaches anywhers in
computational domains excluding the middlies of axiat gaps between
neighboring blade rows where for the simplification of the problem
the averaging in angular direction is fulfilled. Author (revised)

N95-19021# Central Inst. of Aviation Motors, Moscow (Russia).
SIMULATION OF MULTIDISCIPLINARY PROBLEMS FOR THE
THERMOSTRESS STATE OF COOLED HIGH TEMPERATURE
TURBINES
VALEREY K. KOSTEGE, V. A. HALTURIN, and V. G. SUNDURIN
in AGARD, Mathematical Models of Gas Turbine Engines and their
Components 15p Dec. 1994
Copyright Avail: CASI HC AO3/MF A02

Numerical models for the thermostress state analysis of turbine
rotor elements are discussed. Steady and unsteady temperature
fields are calculated and result in solution of conjugate heat and
hydraulic problems for blades (quasi three-dimensional model) for
disk (two-dimensional modsl) and for the whole cooled rotor (three-
dimensional model). A lot of attention is given to mass flow calcula-
tion in blade passages and turbine circumferential disk cavities.
They are determined by using experimental data for pressure loss
and generalized dependencies for friction and heat transfer coeffi-
cients on stators and rotors surfaces. On external blade surfaces the
boundary conditions are defined from the solution of two-dimen-
sional and three-dimensional gas dynamics problems and corrected
from experimental data base for film cooling. The thermostress state
is calculated by a finite element method for realistic ggometry using
common equations of elasticity theory. Author

N95-19022# Central Inst. of Aviation Motors, Moscow (Russia).
APPLICATION OF MULTICOMPONENT MODELS TO FLOW
PASSAGE SIMULATION IN MULTISTAGE TURBOMACHINES
AND WHOLE GAS TURBINE ENGINES
RAVIL Z. NIGMATULLIN  In AGARD, Mathematical Models of Gas
Turbine Engines and their Components 17 p Dec. 1994
Copyright Avail: CASI HC AO3/MF AO2

Some features of used numerical algorithms for gas turbine
engines components flow simulation are considered. Among them
are topology of computational grids in 2D and 3D cases for flow
passages of complex geometry, details of realization of consarva-
tive scheme at joints of different grids. In S(sub 2)-calculations it is
necessary to consider the problem of inlet and outlet angles; in Euler
calculation the ways of accounting for viscous loss effects are briefly
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described. Examples of calculations of fiow through by-pass engine
components are presented. Author

N95-19023# Central Inst. of Aviation Motors, Moscow (Russia).
SIMULATION OF STEADY AND UNSTEADY VISCOUS FLOWS
IN TURBOMACHINERY
VLADISLAV G. KRUPA  /n AGARD, Mathematical Modsls of Gas
Turbine Engines and their Components 39p Dec. 1994
Copyright Avail: CASI HC AO3/MF AQ2

A Navier-Stokes code has been used to compute the viscous
turbulent cascade flows. The numerical method employs implicit
high-order accurate Godunov scheme and a two equation (q -
omega) turbulence mode! based on the integration to the wall. The
genaration of the O-H grid system for viscous cascade flow simula-
tions is discussed. Numerical solutions were obtained for 2D and 3D
turbine cascade flows and 2D unsteady rotor-stator interactions.
Available experimental data are used for verification of the com-
puted results. Author

N95-19024# Central Inst. of Aviation Motors, Moscow (Russia).
APPLICATION OF MULTIDISCIPLINARY MODELS TO THE
COOLED TURBINE ROTOR DESIGN
VALERY K. KOSTEGE, V. D. VENEDIKTOV, and A. V. GRANOVSKI)
In AGARD, Mathematical Models of Gas Turbine Engines and their
Components 10p Dec. 1994
Copyright Avail: CASI HC A02/MF AQ02

A computer program for designing turbine vane and blade
cooling systems is discussed. This program is based on the complex
use of 2D and 3D gas dynamic, heat-transfer and thermostress
models. FEM Thermostress models are formatted based on geom-
etry data from the computer design system. One-dimensional mass
flow and conjugate thermal models are quickly created by using
graphic dialogue regimes for different cooling systems. Quasi-3D
and 3D thermostress models are used to carry out cooling system
optimization or comparison of alternative cooling systems. Author

N95-19025# Central Inst. of Aviation Motors, Moscow (Russia).
VERIFICATION OF MULTIDISCIPLINARY MODELS FOR
TURBOMACHINES
VALEREY K. KOSTEGE /n AGARD, Mathematical Models of Gas
Turbine Engines and their Components 7 p Dec. 1994
Copyright Avait: CASI HC A02/MF A02

Accurate prediction of the temperature distribution in rotating
blades is an important and difficult task. An approach for the
verification of hydraulic and thermal models in real blades is dis-
cussed in the ecture. For static conditions, predicted local internal
convective heat transfer coefficients on blades are corrected using
a quasi-3D thermal-hydraulic model with the blade unsteady surface
temperatures measured by the Thermovision system. External
boundary conditions are corrected using the blade base surface
temperatures measured by thermocouples on a hot static rig. The
final identification of the modaels is carried out using measurements
of the gas temperature distribution within the rotating blade pas-
sage, and the measured blade extemnal surface temperature in the
engine. Author

N95-19026# Central Inst. of Aviation Motors, Moscow (Russia).
PERSPECTIVE PROBLEMS OF GAS TURBINE ENGINES
SIMULATION
MIKHAIL J. IVANOV  In AGARD, Mathematical Models of Gas
Turbine Engines and their Components 19 p Dec. 1994
Copyright Avail: CASI HC AO3/MF A02

The purpose of the last lecture is to present the activity of CIAM
in the field of the development of Computer Turbojet Test Technology
based on aero-engine models of high 3D level. Using this technology
the asro-engine design may be transformed into new quality. It's the
predictions of steady and transient working processes, performance
and efficiency on the first stage of engine design (without the real metal
engine testing). These asro-engine models must accompany the whole
engine life - from design to production and use on aircraft.  Author



N95-19380*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
NASA LEWIS RESEARCH CENTER WORKSHOP ON FORCED
RESPONSE IN TURBOMACHINERY
GEORGE L. STEFKO, comp., DURBHA V. MURTHY, comp. (Toledo
Univ., OH.), MICHAEL MOREL, comp.  (NYMA, Inc., Brook Park,
OH.), DAN HOYNIAK, comp., and JIM W. GAUNTNER, comp. Dec.
1994 135p Workshop held in Cleveland, OH, 11 Aug. 1993
(Contract(s)/Grant(s): RTOP 505-63-5B)
(NASA-CP-10147; E-9111; NAS 1.55:10147) Avail: CASIHC AO7MF
A02
A summary of the NASA Lewis Research Center (LeRC)
Workshop on Forced Response in Turbomachinery in August, 1993
is presented. It was sponsored by the following NASA organizations:
Structures, Space Propulsion Technology, and Propulsion Systems
Divisions of NASA LeRC and the Aeronautics and Advanced Con-
cepts & Technology Offices of NASA Headquarters. In addition, the
workshop was held in conjunction with the GUIde (Govemment/
Industry/Universities) Consortium on Forced Response. The work-
shop was spacifically designed to receive suggestions and com-
ments from industry on current research at NASA LeRC in the area
of forced vibratory response of turbomachinery blades which in-
cludes both computational and experimental approaches. There
- were gight presentations and a code demonstration. Major areas of
research included aeroelastic response, steady and unsteady fluid
dynamics, mistuning, and corresponding experimental work. For
individual titles, see N95-19381 through N95-19383.

N95-19381°# United Technologies Research Center, East Hartford,
CT.
UNSTEADY AERODYNAMIC ANALYSES FOR
TURBOMACHINERY AEROELASTIC PREDICTIONS
JOSEPH M. VERDON, M. BARNETT, and T. C. AYER  /n NASA.
Lewis Research Center, NASA Lewis Research Center Workshop on
Forced Response in Turbomachinery p 13-36 Dec. 1994
Avail: CASI HC AQ3/MF A02

Applications for unsteady aerodynamics analysis in this report
are: (1) aeroelastic: blade flutter and forced vibration; (2) asroacoustic:
noise generation; (3) vibration and noise control; and (4) effects of
unsteadiness on performance. This requires that the numerical simu-
lations and analytical modeling be accurate and efficient and contain
realistic operating conditions and arbitrary modes of unsteady excita-
tion. The assumptions of this application contend that: (1) turbulence
and transition can be modeled with the Reynolds averaged and using
Navier-Stokes equations; (2) ‘attached’ flow with high Reynolds num-
ber will require thin-layer Navier-Stokes equations, or inviscidiviscid
interaction analyses; (3) small-amplitude unsteady excitations will need
nonlinear steady and linearized unsteady analyses; and (4) Re to
infinity will concem inviscid flow. Several computer programs (LINFLO,
CLT, UNSVIS, AND SFLOW-IVI) are utilized for these analyses.
Results and computerized grid examples are shown. This report was
given during NASA LeRC Workshop on Forced Response in
Turbomachinery in August of 1993. CASI|

N95-19382*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
STEADY POTENTIAL SOLVER FOR UNSTEADY
AERODYNAMIC ANALYSES
DAN HOYNIAK  In its NASA Lewis Research Center Workshop on
Forced Response in Turbomachinery p 37-49  Dec. 1994
Avail: CASI HC AO3/MF A02

Development of a steady flow solver for use with LINFLO was
the objective of this report. The solver must be compatible with
LINFLO, be composed of composite mesh, and have transonic
capability. The approaches used were: (1) steady flow potential
equations written in nonconservative form; (2) Newton’s Method; (3)
implicit, least-squares, interpolation method to obtain finite differ-
ence equations; and (4) matrix inversion routines from LINFLO. This
report was given during the NASA LeRC Workshop on Forced
Response in Turbomachinery in August of 1993. CASI
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N95-19383*# Michigan Univ., Ann Arbor, M.
FORCED RESPONSE OF MISTUNED BLADED DISKS
CHRISTOPHE PIERRE In NASA. Lewis Research Center, NASA
Lewis Research Center Workshop on Forced Response in
Turbomachinery p 95120 Dec. 1994
Avail: CASI HC AO3/MF A02

Small mistuning can cause large, catastrophic changes in
blade vibrational response whereby the amplitudes of vibration of
some blades may increase by several hundred percent. This can
produce ‘rogue’ blades and HCF failure. The free and forced
responses may be highly sensitive to mistuning, and the tuned
system predictions may be qualitatively in error and grossly under-
estimate blade forced response and overestimate fatigus life. Manu-
facturing tolerances, material non-uniformities, nonidentical root
fixtures, and in-service degradation result in blade-to-blade differ-
ences that destroy cyclic symmetry in bladed discs. Therefore, a
credible forced response prediction system for turbomachinery
vibration must take mistuning into account. This report addresses
these problems, states severa! objectives, and introduces NASA
research program thrusts concerning this problem. This report was
given during the NASA LeRC Workshop on Forced Response in
Turbomachinery in August of 1993. CASI
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"Includes aircraft handling qualities; piloting; flight controls; and

autopilots.

A95-63064
ENGINEERING METHODS FOR THE EVALUATION OF
TRANSONIC FLUTTER CHARACTERISTICS FOR
AERODYNAMIC CONTROL SURFACES
A. V. SAFRONOV  Kievskos Vysshee Voennoe Aviatsionnoe
Inzhenemoe Uchilishche, Kiev (Ukraine) and V. A. SAFRONOV
Problemy Prochnosti (ISSN 0556-171X) no.6 June 1994 p.78-
85 In RUSSIAN refs
(BTN-94-E1X94461408589) Copyright

Engineering methods for the evaluation of flutter characteris-
tics of contro! surfaces with the account taken of their interaction with
shock waves are proposed on the basis of the resuits of theoretical
and experimental investigations into a transonic flow around the
airfoils. A comparison of the rudder hinge moments, obtained both
by calculation and in flight experiments, has revealed their satisfac-
tory agreement. El

A95-64584
H(SUP 2)/H(SUP INF) CONTROLLER DESIGN FOR A TWO-
DIMENSIONAL THIN AIRFOIL FLUTTER SUPPRESSION
HITAY OEZBAY Ohio State Univ., Columbus, OH and GLEN R.
BACHMANN  Joumal of Guidance, Control, and Dynamics (ISSN
0731-5090) vol. 17, no. 4 July-August 1994 p. 722-728 refs
(BTN-94-E1X94511433918) Copyright

In this paper we study the problem of active feedback controller
design for a thin airfoil, whose mathematical mode! is derived from
classical Theodorsen's formulation. A finite dimensional controller
stabilizing the original infinite dimensional model is obtained using
H(sup infinity) control techniques. We also consider the gust allevia-
tion problem and show that it can be formulated as a disturbance
attenuation problem in the mixed H(sup 2)/H(sup infinity) control
framework. We use existing results on H(sup infinity) and mixed
H(sup 2)/H(sup infinity) control to illustrate our approach with a

numerical example. Author (El)
A95-64586

DESIGN OF NONLINEAR CONTROL LAWS FOR HIGH-
ANGLE-OF-ATTACK FLIGHT
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RICHARD J. ADAMS  Wright-Patterson Air Force Base, OH,
JAMES M. BUFFINGTON, and SIVA S. BANDA  Joumal of
Guidance, Control, and Dynamics (ISSN 0731-5090)  vol. 17,
no. 4 July-August 1994 p. 737-746 refs
(BTN-94-E1X94511433920) Copyright

High-angle-of-attack flight control laws are developed for a
supermmaneuverable fighter aircraft. The methods of dynamic inversion
and structured singular value synthesis are combined into an approach
which addresses both the nonlinearity and robustness problems of
flight at extreme operating conditions. The primary purpose of the
dynamic inversion control elements is to linearize the vehicle response
across the flight envelope. Structured singular value synthesis is used
to design a dynamic controller which provides robust tracking to pilot
commands. The resulting control system achieves desired flying
qualities and guarantees a large margin of robustness to uncertainties
for high-angle-of-attack flight conditions. High-fidelity nonlinear simula-
tion results show that the combined dynamic inversior/structured
singular value synthesis control law achieves a high level of perfor-

mance in a realistic environment. Author (El)
A95-64587

AIRCRAFT MODEL FOR THE AIAA CONTROLS DESIGN
CHALLENGE

RANDAL W. BRUMBAUGH PRC Inc., Edwards, CA Joumal of
Guidance, Control, and Dynamics (ISSN 0731-5090) vol. 17, no. 4
July-August 1994 p. 747-752 refs :
(BTN-94-E1X94511433921) Copyright

This paper describes a generic, state-of-the-art, high-perfor-
mance aircraft model, including detailed, full-envelope, nonlinear aero-
dynamics, and full-envelope thrust and first-order engine response
data. Although this model was developed primarily for the AlAA
Controls Design Challenge, the availability of such a model provides a
common focus for research in aeronautical control theory and method-
ology. Figures showing vehicle geometry, surfaces, and sign conven-
tions are included. Author (El)

A95-64606
TIME-OPTIMAL TURN TO A HEADING: AN ANALYTIC
SOLUTION
RAINER WALDEN Univ. of Paderbom, Paderbom (Germany)
Joumal of Guidance, Control, and Dynamics (ISSN 0731-5090) vol.
17,n0.4  July-August 1994 p. 873-875 refs
(BTN-94-EI1X94511433940) Copyright

The paper deals with the problem of the time optimal tum of an
" aircraft to a given heading using a simplified model. The investigation
is limited to a horizontal tum, neglecting the effects of the gravitational
forces. The authors use a quadratic drag law and they aim to develop
a feedback strategy with analytic tools that can be easily applied. The
feedback control obtained gives insight into the structure of the tuming
problem and may be used as a basis for the construction of more
realistic controls. El

N95-16109 Naval Postgraduate School, Monterey, CA.

A COMPUTATIONAL INVESTIGATION OF WAKE-INDUCED
AIRFOIL FLUTTER IN INCOMPRESSIBLE FLOW AND ACTIVE
FLUTTER CONTROL M.S. Thesis

MARKA. TURNER Mar.1994 108p Limited Reproducibility: More
than 20% of this document may be affected by microfiche quality
(AD-A281534) Avall: Issuing Activity (Defense Technical Information
Center (DTIC))

Several incompressible oscillatory flow and flutter problems were
investigated. A previously developed unsteady pane! code for single
airfoil bending torsion flutter analysis was compared to Theodorsen’s
classical theory. The panel code agrees with Theodorsen’s bending-
torsion flutter analysis for natural frequency ratios (omega sub hYfomega
sub alpha) less than 1.2. Also, a two airfoil unsteady panel! code was
modified for one degree of freedom fiutter analysis. Code verification
was completed by first comparing flat plate theory to the unsteady
aerodynamic force and moment coefficients and then using the equa-
tion of motion to determine regions of instability. The possibility of active
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fiutter control was investigated by positioning a small control airfoil in
front of a neutrally stable reference airfoil. Resuits show that the flutter
boundary may be changed through the placement, oscillation, or
scaling of a second airfoil upstream. A comparison with pitch damping
curves published by Loewy confirms that the code is capable of
predicting wake-induced airfoit fiutter. DTIC

N95-16392# National Aeronautical Lab., Bangalore (India). Civil
Aviation Unit
EVALUATION OF THE DYNAMIC STABILITY
CHARACTERISTICS OF THE NAL LIGHT TRANSPORT
AIRCRAFT
S.M. KANNAN Dec.1992 33p
(Confract(s)/Grant(s): NAL PROJ. ID-8-117L)
(NAL-PD-CA-9217) Avail: CASI HC AO3/MF AO1

A study of the dynamic stability characteristics of the NAL Light
Transport Aircraft, LTA-7 is made in this report. The dynamic stability
derivatives of the aircraft are evaluated at low angles of attack
(unseparated flows) and incompressible flows. A comparison is made
of the estimated derivatives with the range of experimental values
available in the open literature for light aircraft for validation of the
computer code used. The characteristic equations of the linear small
disturbance equations of motion for both the longitudinal and the lateral
dynamics are solved and the stability characteristics evaluated. A
discussion of the flying qualities vis-a-vis the FAR regulations is also
made. Author

N95-17404"# Maryland Univ., College Park, MD. Dept. of Aerospace
Engineering.
COOPERATIVE CONTROL THEORY AND INTEGRATED
FLIGHT AND PROPULSION CONTROL Final Report, 1990-
1983
DAVID K. SCHMIDT and JOHN D. SCHIERMAN  Nov. 1994
104 p
(Contract(s)/Grant(s): NAG3-998)
(NASA-CR-197493; NAS 1.26:197493) Avalil: CASI HC AO6/MF A02
This reportdocuments the activities and research resutts obtained
under a grant (NAG3-998) from the NASA Lewis Research Center. The
focus of the research was the investigation of dynamic interactions
between airframe and engines for advanced ASTOVL aircraft configu-
rations, and the analysis of the implications of these interactions on the
stability and performance of the airframe and engine control systems.
in addition, the need for integrated flight and propulsion contro! for such
aircraft was addressed. The major contribution of this research was the
exposition of the fact that airframe and engine interactions could be
present, and their effects could include loss of stability and performance
of the control systems. Also, the significance of two directional, as
opposed to one-directional, coupling was identified and explained. A
muiti variable stability and performance analysis methodology was
developed, and applied to several candidate aircraft configurations.
Also exposed was the fact that with interactions present along with
some integrated control approaches, the engine commandfimiting
logic (which represents an important non-linear component of the
engine control system) can impact closed-loop airframe/engine system
stability. Finally, a brief investigation of controllaw synthesis tech-
niques appropriate for the class of systems was pursued, and it was
determined that multi variable techniques, included model-following
formulations of LQG and/or H (infinity) methods showed promise.
Howaever, for practical reasons, decentralized control architectures are
preferred, which is an architecture incompatible with these synthesis
methods. Author (revised)

N95-17454 National Defence Research Establishment, Stockholm
(Sweden). Dept. of Weapon Systems, Effects and Protection.
EVALUATION OF AN AUTOPILOT BASED MULTIMODELLING
[UTVAERDERING AV STYRAUTOMAT FOER MISSILER,
BASERAD PA MULTIMODELLERING]

S.L.WIRKANDER Jan. 1994 49p In SWAHIL!
(PB94-190725; FOA-C-20957-2.1)  Avail: Issuing Activity (National
Technical Information Service (NTIS))



The report describes an investigation and development of the
autopilot, which was described in an earlier report. This autopilot law
was based on a library, consisting of missile models corresponding to
different speeds and altitudes, which makes it possible to give the
missile the same guidance properties independently of speed and
altitude. In the present report an autopilot of a conventional type is
constructed, with the intention to constitute an object of comparison for
the multimode! autopilot. The report presents such a comparison, in
which it is demonstrated that the multimode! autopilot works satisfac-
torily for all speeds and altitudes for which it has models, whereas the
conventional one works only in the neighborhood of one special
(nominal) speed-altitude combination. itis also shown thatthe multimodel
autopilot can be improved by means of interpolation between the
models in the library. This version of multimode! autopilot is always
preferable, because of its superior controlling qualities. In this investi-
gation the same library has been used as in the earier report. NTIS

N95-18567'# Rockwell International Corp., Downey, CA. Space
Systems Div.
STRATEGIC AVIONICS TECHNOLOGY DEFINITION STUDIES.
SUBTASK 3-1A3: ELECTRICAL ACTUATION (ELA) SYSTEMS
TEST FACILITY
J. P. ROGERS, K. L. CURETON, and J. R. OLSEN 30 Sep. 1994
53p
(Contract(s)/Grant(s): NAS9-18880)
(NASA-CR-188360; NAS 1.26:188360; SSD94D0298) Avail: CASI
HC AD4/MF A1

Future aerospace vehicles will require use of the Electrical Actua-
tor systems for flight control elements. This report presents a proposed
ELA Test Facility for dynamic evaluation of high power linear Electrical
Actuators with primary emphasis on Thrust Vector Control actuators.
Details of the mechanical design, power and control systems, and data
acquisition capability of the test facility are presented. A test procedure
for evaluating the performance of the ELA Test Facility is also included.

Author

N95-18597# Advisory Group for Aerospace Research and Develop-
ment, Neuilly-Sur-Seine (France). Structures and Materials Panel.
AIRCRAFT LOADS DUE TO TURBULENCE AND THEIR
IMPACT ON DESIGN AND CERTIFICATION [EFFORTS AVION
DUS A LA TURBULENCE ATMOSPHERIQUE ET LEURS
IMPACTS SUR LA CONCEPTION ET LA CERTIFICATION]
Dec. 1994 93p In ENGLISH and FRENCH Workshop held in
Lillehammer, Norway, 5 May 1994
(AGARD-R-798; ISBN-92-836-0002-9) Copyright Avail: CASI HC
AOS5/MF AO1

The AGARD Structures and Materials Panel has always been
heavily involved in the field of the effects of atmospheric disturbances
on the behavior of aircraft. The Panel organized a Workshop on the
theme ‘Aircraft Loads due to Turbulence and their impact on Design and
Certification’. This Workshop was held on 5 May 1994. This document
reproduces the papers presented. For individual titles, see N95-18598
through N95-18605.

N95-185984# British Aerospace Airbus Ltd., Bristo! (England).
THE IMPACT OF NON-LINEAR FLIGHT CONTROL SYSTEMS
ON THE PREDICTION OF AIRCRAFT LOADS DUE TO
TURBULENCE .
R.M.WARMAN InAGARD, Aircraft Loads due to Turbulence and their
Impact on Design and Certificaion 8p Dec. 1994
Copyright Avail: CASI HC A02/MF A01

Ouring the past ten years the extensive use of electronic flight
control systems has introduced a high level of non-linearity, to the
behavior of civil transport aircraft, in response to both pilot inputs and
external influences such as turbulence. These systems that control,
protect, and, in some instances, alleviate the loads experienced by the
- aircraft have had a significant impact on the prediction of aircraft loads.
There is an increasing need both to mode! control system non-linearity
to avoid designing control systems that degrade structural perfor-
mance, and to demonstrate the effectiveness of alleviation systems for
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aircraft certification. The introduction of non-linear flight control systems
presents litle problem when using time-based simulations to predict
aircraft loads due to discrete gusts. Frequency domain, Power-Spectral
Density (PSD), analysis used to predict aircraftloads due to Continuous
Turbulence (CT), however, is severely restrictive, requiring a linear
mathematical mode! of both the aircraft and control systems. Over the
past ten-to-fifteen years various analysis techniques have been devel-
oped that provide time-based interpretations of the CT atmosphere
and, therefore, means by which loads due to CT can be predicted for
aircraft with non-linear flight control systems. Recentinvolvemnentin the
design of Airbus aircraft has led to British Aerospace Airbus Limited
taking an active role in both developing and using these non-linear
analysis techniques. By drawing on experience gained during the
design of recent Airbus aircraft, the impact of non-inear flight control
systems on the prediction of aircraft loads due to turbulence is
discussed. Author

N95-18600# Deutsche Airbus G.m.b.H., Hamburg (Germany). Struc-
tural Dynamics.
TREATMENT OF NON-LINEAR SYSTEMS BY TIMEPLANE-
TRANSFORMED CT METHODS: THE SPECTRAL GUST
METHOD
H. LUSEBRINK and J. BRINK-SPALINK /n AGARD, Aircraft Loads
due to Turbulence and their Impact on Design and Certification 8p
Dec. 1994
Copyright Avail: CASI HC AO2/MF A1

The present paper discusses the problems which occur when
PSD/Continuous Turbutence (C.T.) gust methods, originally developed
for linear dynamic gust analysis in the frequency plane, are applied to
modem transport A/C with flight control systems, containing a variety
of nonlinearities for signal shaping. Power spectral density (PSD) gust
velocity intensities are defined by the von Kamman power spectrum in
the frequency plane, scaled by the design gust intensity U(sub sigma)
(RMS). This definition of gust in the frequency plane causes the basic
problems for nonfinear dynamic analysis, in contrary to the timeplane
defined Tuned Discrete Gusts. Discrete Gust calculations show that
aircraft nonlinearities cannot be neglected. To treat nonlinearities for
C.T. there are basically three approaches (apart from linearization
methods): (1) (SSB) Stochastic Simulation Based Methods (timeplane
stochastic simulation), usually in combination with exceedance rate
based design load definition; (2) MFB) Matched Filter Based Methods
(‘Worst Case Gusts'): for each load station, a search within a class of
shape functions of prescribed ‘spactral energy’ is necessary to find that
shape giving the highest load; and (3) (SG) Spectral Gust Method: uses
discrete gusts having exactly the von karman spectrum, and computes
the energy nomm of the loadtime history. A practical method for
noniinear C.T. method should have the following characteristics: give
loads consistent to existing requirements (for linear aircraft); give
correlated (balanced) loads; and be straight-forward and economical,
when applied for a large number of design cases to be calculated. Since
the SSB methods need long simulation times and give no balanced
loads (together with exceedance rate counting), and the MFB methods
are very expensive, the present paper proposes the SG method. It
needs only one step to derive design loads, is consistent to Design
Envelope Analysis and provides correlated loads. Author

N95-18641# Wiright Lab., Wright-Patterson AFB, OH.
PRESSURE MEASUREMENTS ON AN F/A-18 TWIN VERTICAL
TAIL IN BUFFETING FLOW. VOLUME 4, PART 2: BUFFET
CROSS SPECTRAL DENSITIES Final Report, 15 Apr. 1993 -
15 Aug. 1994
CHRIS PETTIT, MICHAEL BANFORD, DANSEN BROWN, and ED
PENDLETON Aug. 1994 693 p See also AD-A279126, AD-
A281581 and AD-A281444
(Contract(s)/Grant(s): AF PROJ. 2401)
(AD-A285555; WL-TM-94-3132-VOL-4-PT-2) Avail: CASIHC A99/MF
AOB

Buffeting pressure measurements were made on the vertical tail
surface of a full scale F/A-18 aircraft model in the National Full Scale
Aerodynamics Complex at NASA Ames Research Center. Test vari-
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ables included angle-of-attack, aircraft sideslip angle, and dynamic
pressure. Accelerometers were used to obtain vertical tail accelera-
tions. Pressure transducers were mounted on the starboard vertical
tail. Steady and unsteady pressures were obtained. Unsteady
pressure data were reduced to PSD and CSD forms. Both steady
and unsteady RMS pressure coefficients are also presented. Vol-
ume 1 contains the general description of the model, the test
program, and highlights of the reduced data. Volume 2 contains
steady and unsteady RMS data. Volume 3 contains unsteady PSD
results. Volume 4 contains unsteady CSD results. DTIC

NS5-18902 Stanford Univ., CA.
DESIGN AND FLIGHT TEST OF A SIMPLIFIED CONTROL
SYSTEM FOR A TRANSPORT HELICOPTER Ph.D. Thesis
CHRISTOPHER REECE PURVIS 1994 230p
Avail: Univ. Microfilms Order No. DA9414640

Helicopter transport pilots must give priority to aircraft control
tasks when flying in a high-workioad cockpit. To test a control
system that would enhance safety and expedite pilot training in high-
workload cockpits, the investigator test flew on the NASA CH-47
variable-stability helicopter a command-and-hold control system
that required only constant inputs by the pilot to generate ramp
responses in groundspeed, heading, and altitude. If undelayed,
these ramp responses are ideal for simplified control, but in practice
each controlled output, particularly groundspeed, experiences a
distracting time lag. This distraction can be eliminated by presenting
the integral of the pilot's output-rate commands on a cockpit display.
Distractions caused by overshoots in pitch and roll following each
command change are minimized by employing the dynamic
feedforward of asymptotic mode! following (AMF), which generates
in real time attitude commands correct to fly a constant velocity rate.
Tailored to be well-damped, these feedforward attitude commands
are particular solutions, or forced responses, that can be tracked
asymptotically by a stabilized aircraft. In the baseline control logic
these attitude commands were tightly tracked using the stabilization
of the linear quadratic regulator. Because the attitude feedback is
relatively noise free and not subject to drop-outs, tight tracking of
attitude instead of velocity commands not only minimizes the control
distraction of pitch and roll overshoots but also minimizes feedback
noise on the aircraft controls. After the pilot releases his controls, the
distraction of having to monitor and correct the groundspeed re-
sponse during velocity-hold flight is removed through use of integral-
error feedback on the controlled outputs. Tums were coordinated by
gain-scheduling the lateral-directional compensation. Tumn coordi-
nation was also evaluated using an altemnative design that employed
nonlinear cancellation compensation in translation. During flight the
groundspeed, heading, and altitude for both the baseline and
alternative designs tracked their particular solutions with small
errors, and both designs achieved satisfactory handling qualities in
pitch. Handling only one contro! at a time and using simple, pulse-
like inputs, the pilot was able to change and hold groundspead,
heading, and altitude. The two designs were exercised using various
maneuvers; among these were longitudinal dash/quickstops, lateral
sidesteps, bobups, pedal tumns, coordinated slalom tums, and a
climbing/descending 180 degree course reversal. Dissert. Abstr.

N95-19029* National Aeronautics and Space Administration. Ames
Research Center, Moffett Field, CA.
NASA DEVELOPS NEW DIGITAL FLIGHT CONTROL SYSTEM
MICHAEL MEWHINNEY 12 Dec. 1994 2p
(NASA-NEWS-RELEASE-94-47) Avail: CASI HC A04

This news release reports on the development and testing of a
new integrated flight and propulsion automated controi systam that
aerospace engineers at NASA’'s Ames Research Center have been
working on. The system is being tested in the V/STOL (Vertical/
hort Takeoff and Landing) Systems Research Aircraft (VSRA).

CASI
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Includes airports, hangars and runways; aircraft repair and overhaul
facilities; wind tunnels; shock tube facilities; and engine test blocks.

N95-16258# Nanijing Univ. of Aeronautics and Astronautics, Nanjing, -
Jiangsu (China). Dept. of Aerodynamics.
AN INVESTIGATION OF POLYNOMIAL CALIBRATIONS
METHODS FOR WIND TUNNEL BALANCES
BUZHANG HAN and INGMAR JOHNSON  /n its Joint Proceedings
on Aeronautics and Astronautics (JPAA) p63-66 May 1993
Avail: CAS! HC A01/MF A03

For wind tunnel balance calibration the factorial method is used
in Sweden, whereas the orthogonal method is used in China. This
report is a comparison between calibration results of these two
methods, by using a certain six component wind tunnel balance in
the MK6 calibrating rig at FFA Sweden. Author

N95-16318# Amold Engineering Development Center, Amold AFS,
TN.

A MODEL FOR PRELIMINARY FACILITY DESIGN INCLUDING
SIMULATION ISSUES

E. S. POWELL In JHU, The 1993 JANNAF Propulsion Meeting,
Volume 1 p 261-274 Nov. 1993

Avail: CPIA, 10630 Little Patuxent Pkwy., Suite 202, Columbia, MD
21044-3200 HC )

A new procedure has been developed to aid in the preliminary
design of aerodynamic simulation facilities using instream combus-
tion as an energy source. The aerothermodynamic parameters
necessary to address the issue of simulation are calculated for each
simulation point considered. The new procedure uses the desired
simulation conditions as input. Those conditions and the equations
for the conservation of mass, momentum, energy, entropy, and the
thermally perfect equation of state are used to determine facility flow
rates, pressures, and nozzle expansion ratio. Accepted procedures
are used to calculate the test medium thermodynamic and transport
properties. Simplifying assumptions and engineering approxima-
tions have been made where they do not adversely affect accuracy
of the predictions. The new procedure is easy to use and is accurate
when compared to an accepted equilibrium expansion code. The
new procedure requires minimal computational resources. A facility
to test a hypersonic propulsion system will be used as an example.

Author

N95-16319# Amold Engineering Development Center, Amold AFS,
TN.
HYPERSONIC AIR-BREATHING AEROPROPULSION FACILITY
TEST SUPPORT REQUIREMENTS
BRIAN WETTLAUFER In JHU, The 1993 JANNAF Propulsion
Meeting, Volume 1 p 275-292 Nov. 1993
Avail: CPIA, 10630 Little Patuxent Pkwy., Suite 202, Columbia, MD
21044-3200 HC

The ground testing of hypersonic propulsion systems presents
some interesting issues and challenges for today’s facilities. The
current concepts of hypersonic propulsion systems for vehicles
indicate that they will be highly integrated with the airframe and use
vehicle forebody and afterbody surfaces for compression and ex-
pansion surfaces. The trade studies indicate that these propulsion
systems will be large devices and will probably use cryogenic fuels
for engine and airframe active cooling. This makes the operational
characteristics and performance of the engine highly dependent on
the thermal loads on the engine and the vehicle. Test articles used
for development testing in a ground test facility will also be very large
because they must include or simulate the complete thermal cycle
of the propulsion device, and the kinetics of the combustion process
are not scalable. The ground test facilities to support development



testing on hypersonic propulsion systems must be capable of
providing the proper test conditions, be of adequate size, and
provide ample testing durations to accommodate thermal stabiliza-
tion of large test articles. Current propulsion ground test facilities
with near-tarm enhancements are capable of supporting full-size
propulsion test articles to Mach 3.8 and small propulsion test articles
or component test rigs to about Mach 7 true temperature and
pressure conditions. This paper will review the hypersonic ground
test requirements for the development of hypersonic air-breathing
propulsion systems. It will review the direct-connect and freejet
testing approach using reference planes, the facility configurations,
as well as their capabilities and shortfalls. Facility adequacy will be
evaluated and future needs will be assessed. Author

N95-16320"# General Applied Science Labs., Inc., Ronkonkoma,
NY.
FREE-JET TESTING AT MACH 3.44 IN GASL’S AERO/
THERMO TEST FACILITY
D.CRESCI, S.KOONTZ,andC. Y. TSAl  /nJHU, The 1993 JANNAF
Propulsion Meeting, Volume 1 p 293-307 Nov. 1993
(Contract(s)/Grant(s): NAS1-18450) .
Avail: CPIA, 10630 Little Patuxent Pkwy., Suite 202, Columbia, MD
21044-3200 HC

A supersonic blow-down tunnel has been used to conduct tests
of a hydrogen buming ramjet engine at simulated Mach 3.44
conditions. A pebble-bed type storage heater, a free standing test
cabin, and a 48 foot diameter vacuum sphere are used to simulate
the flight conditions at nearly matched enthalpy and dynamic pres-
sure. A two dimensional nozzie with a nominal 13.26 inch square exit
provides a free-jet test environment. The facility used for these tests
is described as are the results of a flow calibration performed on the
M = 3.44 nozzle. Some facility/model interactions are discussed as
are the eventual hardware modifications and operational proce-
dures required to alleviate the interactions. Some engine test results
are discussed briefly to document the success of the test program.

Author

N95-165094 Sandia National Labs., Albuquerque, NM.
ERROR PROPAGATION EQUATIONS FOR ESTIMATING THE
UNCERTAINTY IN HIGH-SPEED WIND TUNNEL TEST
RESULTS
E.L.CLARK 1994 22p Presented atthe 18th American Institute
of Aeronautics and Astronautics (AIAA) Aerospace Ground Test Con-
ference, Colorado Springs, CO, 20-23 Jun. 1994
(Contract(s)/Grant(s): DE-AC04-94AL -85000)
{DE94-014136; SAND-93-0208C; CONF-9406188-1) Avail: CASIHC
AQ3/MF AO1

Error propagation equations, based on the Taylor series model,
are derived for the nondimensional ratios and coefficients most often
encountered in high-speed wind tunnel testing. These include pres-
sure ratio and coefficient, static force and moment coefficients,
dynamic stability coefficients, and calibration Mach number. The
error equations contain partial derivatives, denoted as sensitivity
coefficients, which define the influence of free-steam Mach number,
M sub infinity, on various aerodynamic.ratios. To facilitate use of the
error equations, sensitivity coefficients are derived and evaluated
for five fundamental aerodynamic ratios which relate free-steam test
conditions to a reference condition. DOE

N95-17388# Advisory Group for Aerospace Research and Develop-
ment, Neuilly-Sur-Seine (France). Flight Mechanics Panel.
AIRCRAFT AND SUB-SYSTEM CERTIFICATION BY PILOTED
SIMULATION [HOMOLOGATION DES AERONEFS ET DE
LEURS SOUS-SYSTEMES PAR LA SIMULATION PILOTEE)
Sep. 1994 53p
(AGARD-AR-278; ISBN-92-835-0757-6) Copyright Avail: CASI HC
A04/MF AO1

There is a steadily increasing tendency to use piloted flight
simulators for official clearance of selected areas of flight envelopes
and of system behavior or malfunctions. This is a natural and desirable
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evolution fromthe wide use of simulation during the development of new
aircraft. However, there is a lack of guidance for certification authorities
and aircraft manutacturers on simulation standards, validation proce-
dures and general information on the advantages and disadvantages
of using simulation as part of a clearance program. This could lead to
either inappropriate use of simulators, or unnecessary (and costly)
reluctance to use simulation when it is appropriate. In particular, there
is concermn by many involved with research and engineering develop-
ment simulators that subjective pilot opinion is often the primary
criterion for acceptance of simulators for certification activities. How-
ever, clearance demonstrations on a simulator will not usually be
experienced in flight until an operational pilot encounters the conditions
or configurations of the clearance. Thus validation of the simulator for
clearance tasks must involve rigorous model and simulation system
validation as well as pilot subjective tests. Subjective adjustments are
unacceptable. Working Group 16 was formed by the Flight Mechanics
Panel of AGARD to produce an Advisory Report on this subject. The
aim was to provide advice and guidance to Certification and Accep-
tance Authorities, and Aircraft Manutacturers on the appropriate use of
piloted simulation as the sole demonstration for aircraft and systam
flight clearances. The Group included members from Canada, Ger-
many, Italy, Netherlands, United Kingdom and the United States.
Govemment R&D Establishments, Armed Service R&D Establish-
ments, and aircraft and simulator manufacturers were all represented.

Author

N95-17444 AirForce inst. of Tech., Wright-PattersonAFB, OH. School
of Engineering.

DEVELOPMENT OF AN AUTOMATED AIRFIELD DYNAMIC
CONE PENETROMETER (AADCP) PROTOTYPE AND THE
EVALUATION OF UNSURFACED AIRFIELD SEISMIC
SURVEYING USING SPECTRAL ANALYSIS OF SURFACE
WAVES (SASW) TECHNOLOGY M.S. Thesis
DAVIDWEINTRAUB Dec. 1993 327p Limited Reproducibility:
More than 20% of this document may be affected by microfiche
quality

(AD-A28198S5; AFIT/CI/CIA-94-013D) Avail: Issuing Activity (Defense
Technical Information Center (DTIC))

The mission of U.S. Air Force Combat Controllers is to infiltrate
unused airfields. A specially trained evaluation team, carrying
limited portable testing equipment, evaluates the unsurfaced airfield
for use as a landing zone. The equipment used to evaluate the
bearing capacity of the airfield is the Dynamic Cone Penetrator
(DCP). Empirically based relationships are used to predict the type
and number of aircraft passes on the unsurfaced airfield based on
inputs from the DCP. it was the goal of this research to improve on
the field testing equipment used in the unsurfaced airfield evaluation
process. DTIC

N95-18054°# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
BACKGROUND NOISE LEVELS MEASURED IN THE NASA
LEWIS 9- BY 15-FOOT LOW-SPEED WIND TUNNEL
RICHARD P. WOODWARD, JAMES H. DITTMAR, DAVID G. HALL
(NYMA, Inc., Brook Park, OH.), and BONNIE KEE-BOWLING Dec.
1994 17p Presented at the 33d Aerospace Sciences Meeting and
Exhibit, Reno, NV, 9-12 Jan. 1995; sponsored by AIAA
(Contract(s)/Grant(s): NAS3-27186; RTOP 538-03-11)
(NASA-TM-106817; E-9356; NAS 1.15:106817; AIAA PAPER 95-
0720) Copyright Avail: CASI HC AO3/MF AQ1

The acoustic capability of the NASA Lewis 9 by 15 Foot Low
Speed Wind Tunne! has been significantly improved by reducing the
background noise levels measured by in-flow microphones. This was
accomplished by incorporating streamlined microphone holders having
a profile developed by researchers at the NASA Ames Research
Center. These new holders were fabricated for fixed mounting on the
tunne! wall and for an axially traversing microphone probe which was
mounted to the tunnel floor. Measured in-flow noise levels in the tunnel
test section were reduced by about 10 dB with the new microphone
holders compared with those measured with the older, less refined
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microphone holders. Wake interference patterns between fixed wall
microphones were measured and resuited in preferred placement
patterns for these microphones to minimize these effects. Acoustic
data from a model turbofan operating in the tunne! test section
showed that results for the fixed and translating microphones were
equivalent for common azimuthal angles, suggesting that the trans-
lating microphone probe, with its significantly greater angular reso-
lution, is preferred for sideline noise measurements. Fixed
microphones can provide a local check on the traversing micro-
phone data quality, and record acoustic performance at other
azimuthal angles. Author

N95-18087# Federal Aviation Administration, Atianta, GA.
EVALUATION OF AN UNLIGHTED SWINGING AIRPORT SIGN
ERIC S. KATZ Aug. 1994 13p
(AD-A284763; DOT/FAA/CT-TN94/29) Avail: CASI HC AO3/MF A01
An unlighted swinging airport sign was evaluated at the Federal
Aviation Administration Technical Center. The purpose of the evalu-
ation was to determine the readability of the sign under varying wind
and jet blast conditions. Resuits indicate that the sign is readable
under all of the test conditions except when subjected to wind
speeds of approximately 35 to 40 knots with gusts produced by the
additive effect of the ambient winds and the jet blast. Even under this
condition, readability of the sign remained adequate except at the
most extreme angular displacement. DTIC

N95-18405 Naval Air Warfare Center, Patuxent River, MD. Aircraft
Div.

COMPARISON OF FREQUENCY RESPONSE AND
PERTURBATION METHODS TO EXTRACT LINEAR MODELS
FROM A NONLINEAR SIMULATION

KEITH A. BALDERSON and JEFFREY T. WEATHERS 1994 14p
Limited Reproducibility: More than 20% of this document may be
affected by microfiche quality

(AD-A284115) Avail: CASI HC A03

The purpose of this paper is to compare two distinct methods

to extract a linear state-space model about a reference flight
condition from a nonlinear simulation. The frequency response
method uses a time history input which contains the frequencies of
interest to drive the simulation. The frequency response method
uses a time history input which contains the frequencies of interest
to drive the simulation frequency input and the output of the
simulation are transformed to the frequency domain, and the desired
‘ frequency responses of the simulation are calculated. A linear model
is then fit to the frequency responses using system identification
techniques. The perturbation method extracts a linear model by
perturbing the model states and inputs from the reference flight
condition and calculating the resulting model cosfficients. Both
methods were used to extract a fourth order longitudinal state-space
mode! from the V-22 full nonlinear simulation. The time history
responses and system matrices of the extracted mode! were com-
pared. The comparison showed that both methods are effective
means to reduce a nonlinear simulation to a linear state-space
model. DTIC

N95-18586"# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
USERS GUIDE FOR NASA LEWIS RESEARCH CENTER DC-9
REDUCED-GRAVITY AIRCRAFT PROGRAM
JOHN S. YANIEC Jan.1995 78p
(Contract(s)/Grant(s): RTOP 694-03-0C)
(NASA-TM-106755; E-9175; NAS 1.15:106755) Avail: CASI HC A0S/
MF AO1

The document provides guidelines and information for users of the
DC-9 Reduced-Gravity Aircraft Program. It describes the facilities,
requirements for test personnel, equipment design and installation,
mission preparation, and in-flight procedures. Those who have used
the KC-135 reduced-gravity aircraft will recognize that many of the
procedures and guidelines are the same, to ensure a commonality
between the DC-9 and KC-135 programs. Author
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N95-18724 Naval Air Warfare Center, Patuxent River, MD. Aircraft
Div.

THE GENERIC SIMULATION EXECUTIVE AT MANNED
FLIGHT SIMULATOR

JAMESNICHOLS 1994 9p Limited Reproducibility: More than 20%
of this document may be affected by microfiche quality
(AD-A283997) Auvail: Issuing Activity (Defense Technical Information
Center (DTIC))

The Manned Flight Simulator (MFS) at the Naval Air Warfare
Center Aircraft Division (formerly the Naval Air Test Center) was
created to provide rapid response to a wide range of US Navy
simulation requirements. The necessity to simulate any aircraft in
the US Navy inventory stimulated the idea of creating ‘roll-in, rofi-out’
simulation bays that would accept any cockpit having standard
geometric and electrical interfaces. The capability to use any cockpit
atany simulation bay in turn led to the need for a flexible and generic
software package for simulating any airframe. The Controls Analysis
and Test Loop Environment (CASTLE) executive allows the user to
easily generate and operate an aircraft simutation, while also provid-
ing a very powarful set of tools for simulation development and
engineering analysis. Although the CASTLE package was originally
designed to operate on Digital Equipment Corporation (DEC) ma-
chines using the VMS operating system and DEC scresn manage-
ment software, recentdevelopmentsinclude a MOTIF-based window
interface environment and compatibility with the UNIX operating
system. The CASTLE package is being proposed as a starting point
for a standard airframe simulation package to satisfy US Navy
requirements. DTIC

N95-18725 Naval Air Warfare Center, Patuxent River, MD. Aircraft
Div.
HELICOPTER IN-FLIGHT SIMULATION DEVELOPMENT AND
USE IN TEST PILOT TRAINING
R.V.MILLERandL.A.KHINOO 1994 15p Limited Reproducibility:
More than 20% of this document may be affected by microfiche quality
(AD-A283998) Avail: CASI HC A03

The U.S. Naval Test Pilot School (USNTPS) trains pilots, flight
officers and engineers in the technical and managerial skills neces-
sary to conduct aircraft and airbome systems test and evaluation. An
integral part of this training is the use of ground and in-flight
simulators to demonstrate the effects of varying aircraft flying
qualities parameters. The USNTPS has developed specialized
simulation facilities to meet the unique training requirements. This
paper describes the development of a Variable Stability and Control
(VSC) system installed in an SH-60B helicopter as a specialized
training aid for use at the USNTPS. The development of the VSC
system is traced from requirements through syllabus introduction.

DTIC

N95-18903 Georgia Inst. of Tech., Alanta, GA.
A LINEAR SYSTEM IDENTIFICATION AND VALIDATION OF
AN AH-64 APACHE AEROELASTIC SIMULATION MODEL
Ph.D. Thesis :
SELWYN HOWARD STURISKY 1993 269p
Avail: Univ. Microfilms Order No. DA9415668

This study addresses a linear math mode! validation of a global,
nonlinear real-time rotary wing flight simulator at hover and 130
knots. The simulation is the AH-64 attack helicopter with a rotor
blade element model. The main rotor dynamics have been formu-
lated to provide a consistent matching between structural and
aerodynamic theory. The structural model is a representation of the
flexible blade based on a priori mode shape data. The dynamic
inflow model is an adaptation of the Peters/He theory. Frequency
response testing of the simulation model permits an evaluation of the
mid to high frequency range. The Comprehensive Identification from
Frequency Responses (CIFER) program is used to (1) extract a
complete set of nonparametric input-to-output frequency responses
that fully characterize the coupled helicopter dynamics, and (2)
conduct a nonlinear search for a state space model that matches the
frequency response data set. CIFER is used to extract state space



stability derivative modsls from both flight test data and simulator
generated responses. These linear models are compared with the
vehicle response in both the frequency domain and in the time
domain to confirm predictive capabilities to dissimilar input forms.
The hover results obtained showed that a high fidelity identification
of the state space linear models was achieved. Both linear models
proved an excellent match with the frequency response set and
demonstrated excellent predictive capabilities. The six-DOF model
fit was significantly improved by inclusion of the higher order rotor
terms. The effects of these higher order terms were most apparent
on the pitch rate, roll rate, and collective response of the aircraft. The
forward flight data set was not as high quality as the hover data set
and low signal to noise ratios hindered the identification process.
Nevertheless, it was possible to identify a six-DOF mode! that
matched the aircraft frequency response set quite closely. Of
extreme significance is confirmation that the FLIGHTLAB solution
technique used to model the Apache correctly predicts the off-axis
response of the aircraft. The methodology described herein explores
a new approach to the rotorcraft system identification problem,
simplifying the selection of model parameters to be changed and
aiding in determining an adequate mode! form and structure.
Dissert. Abstr.

N95-19150# Industrieanlagen-Betriebsgeselischaftm.b.H., Ottobrunn
(Germany).
DESIGN AND OPERATION OF A THERMOACOUSTIC TEST
FACILITY
G. BAYERDOERFER and L. FREYBERG in AGARD, Impact of
Acoustic Loads on Aircraft Structures 5p Sep. 1994 Sponsored
in cooperation with BMFT and the Deutsche Agentur fuer
Raumfahrtangelegenteite G.m.b.H., Bonn, Germany
Copyright Avail: CASI HC A01/MF A03

Aerothermal environments as encountered during the missions
of reusable spacecraft, hypersonic vehicles, advanced launchers,
etc. are the major design driver for an advanced Thermal Protection
System (TPS) technology. In developing such materials and struc-
tures ground testing under simulated operational conditions is of
eminent importance. In order to meet these requirements IABG has
designed a thermoacoustic facility which was recently put into
operation. The facility is able to produce surface temperatures up to
1300 C and sound pressure levels up to 160 dB. The design
approach and operational aspects from test work performed so far
are described. Author

N95-19267# Naples Univ. (Italy). Inst. di Aerodinamica.
ADAPTIVE WIND TUNNEL WALLS VERSUS WALL
INTERFERENCE CORRECTION METHODS IN 2D FLOWS AT
HIGH BLOCKAGE RATIOS
G. P. RUSSO, G. ZUPPARDI, and M. BASCIANI  /n AGARD, Wall
Interference, Support Interference and Flow Field Measurements
12p Jul. 1994 Sponsored by Ministry of University and Scientific
and Technological Research
Copyright  Avail: CASI HC AO3/MF A04

The aim of the present work is to compare the effectiveness of
adaptive-wall approach with the capabilities of WIAC (wall interfer-
ence assessment and correction) methods in reducing wall interfer-
ence effects in wind tunnel testing. Tests have been made in the 20
cm x 20 cm subsonic Adaptive Walls Wind Tunnel in Naples. Three
different models having a chord of 100 mm, 150 mm and 200 mm
have been used. The corresponding blockage ratios at alpha = 0
degrees are 6 percent, 9 percent and 12 percent, respectively.
Results of the tests show that wall adaptation and measured
boundary condition WIAC methods are equivalent in comecting wall
interference at moderate angles of incidence and/or with medium
size models (i.e. at moderate blockage ratios). Furthermore adap-
tive walls wind tunnels can give data correctable with a WIAC
method also at very large blockage ratios as high as 4 times the
blockage ratio used in conventional wind tunnels. Author
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N95-19269# City Univ,, London (England). Center for Aeronautics.
INTERFERENCE DETERMINATION FOR WIND TUNNELS
WITH SLOTTED WALLS
M. M. FREESTONE and S. R. MOHAN /nAGARD, Wall Interference,
Support Interference and Flow Field Measurements 12p Jul. 1994
Sponsored by Dept. of Trade and Industry
Copyright Avail: CAS! HC A03/MF A04

The effectiveness of a ‘two-variable' scheme, for evaluating
wall interference with slotted liners installed, is assessed. Test data
from transonic wind tunnel tests with a two-dimensional model
geometry are utilized. In these tests untypically high levels of wall
interference are produced. In the first tests, solid wall liners were
used, in order to establish a standard. Selected results from two
further series of tests, in which slotted roof and fioor liners were
fitted, are then presented and analyzed. In the first of these,
divergent liners were used, and it was found that the slot flows
generated large disturbances in the wall shear region, causing the
normal velocity of the equivalent inviscid flow to be amplified in
relation to the normal velocity in the slot. An allowance therefore
had to made in the proposed interference scheme to account for
this amplification. With convergent wall liners, large disturbances
were avoided, and no such allowance was needed. Implications of
the investigation for tests in large slotted liner wind tunnels are
discussed. Author

N95-19271# McDonnell-Douglas Aerospace, Saint Louis, MO.
TRANSONIC WIND TUNNEL BOUNDARY INTERFERENCE
CORRECTION
M. L. RUEGER, R. C. CRITES, R. F. WEIRICH, F. CREASMAN, R. K.
AGARWAL, andJ. E. DEESE /nAGARD, Wall Interference, Support
Interference and Flow Field Measurements 14 p Jul. 1994
Copyright Avail: CAS! HC AO/MF A04

A continuous effort in the area of transonic boundary interfer-
ence correction has been underway at McDonnell Douglas Aero-
space for over 6 years. Amethod of interference correction based on
force and moment increments computed from CFD solutions was
proposed in 1986. An extensive validation database has been
acquired of transonic wind tunnel data for a set of geometrically
similar models of different sizes. An empirical modei of the flow ata
porous transonic wind tunne! wall has been used in conjunction with
pans! codes and Euler solvers to yield corractions at a variety of
conditions in both the MDA Polysonic Wind Tunnel (PSWT) and the
MDA Trisonic Wind Tunnel (TWT). Author

N95-19272# British Columbia Univ., Vancouver (British Columbia).
Dept. of Mechanical Engineering.

UNSTEADY FLOW TESTING IN A PASSIVE LOW-
CORRECTION WIND TUNNEL

L. KONG and G. V. PARKINSON In AGARD, Wall Interference,
Support Interference and Flow Field Measurements 7p Jul. 1994
Sponsored by Natural Sciences and Engineering Research Council

. Copyright Avail: CAS| HC AO2MF A04

A passive low-correction wind tunnel designed for two-dimen-
sional testing has a test section consisting of transverse airfoil-
slatted side walils separating it from outer plenum chambers. The
uniform spacing of the airfoil slats determines the open-area ratio
(OAR). The tests described were on two sizes of NACA 0015 airfoil
in plunging oscillation, and instantaneous pressure distributions
were measured for ditferent values of airfoil reduced amplitude and
frequency, and over a full range of tunnel OAR. It was found that,
despite the relatively large sizes of test airfoil, values of pressure, lift,
and moment coefficient close to theoretical free-air values were
obtained for 0.6 less than OAR less than 0.8, whereas values were
much too high in the presence of solid walls and much too low in
open-jet testing. Test Reynolds numbers were in the range (2.5-8.0)
x 10(exp 5). Author
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N95-19286"# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
OPERATING CAPABILITY AND CURRENT STATUS OF THE
REACTIVATED NASA LEWIS RESEARCH CENTER
HYPERSONIC TUNNEL FACILITY
SCOTT R. THOMAS, CHARLES J. TREFNY, and WILLIAM D. PACK
Jan. 1895 13p Presented atthe 6th intemnational Aerospace Planes
and Hypersonics Technologies Conference, Chattanooga, TN, 3-7 Apr.
1995; sponsored by AIAA
(Contract(s)/Grant(s): RTOP 505-70-62)
(NASA-TM-106808; E-9294; NAS 1.15:106808; AIAA PAPER 95-
6146) Copyright Avail: CASI HC AO3/MF AO1

The NASA Lewis Research Center's Hypersonic Tunnel Facil-
ity (HTF) is a free-jet, blowdown propulsion test facility that can
simulate up to Mach-7 flight conditions with true air composition.
Mach-5, -6, and -7 nozzles, each with a 42 inch exit diameter, are
available. Previously obtained calibration data indicate that the test
flow uniformity of the HTF is good. The facility, without modifications,
can accommodate models approximately 10 feet long. The test gas
is heated using a graphite core induction heater that generates a
nonvitiated flow. The combination of clean-air, large-scale, and
Mach-7 capabilities is unique to the HTF and enables an accurate
propulsion performance determination. The reactivation of the HTF,
in progress since 1990, includes refurbishing the graphite heater,
the steam generation plant, the gaseous oxygen system, and all
control systems. All systems were checked out and recertified, and
environmental systems weare upgraded to meet current standards.
The data systems were also upgraded to current standards and a
communication link with NASA-wide computers was added. In May
1994, the reactivation was complete, and an integrated systems test
was conducted to verify facility operability. This paper describes the
reactivation, the facility status, the operating capabilities, and spe-
cific applications of the HTF. Author
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Includes astronautics (general); astrodynamics; ground support
systems and facilities (space); launch vehicles and space vehicles;
space transportation; spacecraft communications, command and
tracking; spacecraft design, testing and performance; spacecraft
instrumentation; and spacecraft propulsion and power.

A95-63640
ULTIMATE CHARACTERISTICS OF A ROCKET ENGINE WITH
A TURBO-PUMP SUPPLY SYSTEM
S. V. KOMEL' NPO Energomash, Moscow (Russia) and A. A.
SERGIENKO lzvestiya VUZ: Aviatsionnaya Tekhnika (ISSN 0579-
2975) no.1 January-March 1994 p. 34-38 In RUSSIAN
(BTN-94-EI1X94461408757) Copyright

A liquid-propellant rocket engine of the closed cycle is consid-
ered. In this case, one-stage combustion of all fuel ahead of the
turbine is meant. It has been shown that the gas temperature in the
blades of the turbine rotor can be reduced. The efficiency of this
systam is estimated by calculation methods. The parameters of the
system are compared with the existing systems RD-0120, RD-170,
and SSME and space shuttle. The numerical experiments have
demonstrated that in the boundary layer the significant changes of
the composition and temperature of combustion products take
place. El

N85-16312# Johns Hopkins Univ., Columbia, MD. Chemical Propul-
sion Information Agency.

THE 1993 JANNAF PROPULSION MEETING, VOLUME 1
DEBRA S. EGGLESTON, ed. Nov. 1993 464p Meeting held
in Monterey, CA, 15-19 Nov. 1993; sponsored by the Joint NASA,
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Army, Navy, Air Force Interagency Committee
(Contract(s)/Grant(s): N0O0014-91-C-0001)
(CPIA-PUBL-602-VOL-1) Avail: CPIA, 10630 Little Patuxent Pkwy.,
Suite 202, Columbia, MD 21044-3200 HC

This volume, the first of six volumes, is a collection of 34
unclassified/unlimited distribution papers which were presented at
the 1993 Joint Amy-Navy-NASA-Air Force (JANNAF) Propulsion
Mesting, held 15-19 November 1993 at the Hyatt Regency Hotel and
Conference Center and the Naval Postgraduate School in Monterey,
California. Specific subjects discussed include the following: (1)
propellant liners; (2) bondlines; (3) booster motors; (4) motor case
manufacturing; (5) hazard and sensitivity assessment; (6) divert
propulsion; (7) insensitive munitions; (8) scramjets; (9) tubojets; (10)
free-jet testing; (11) large caliber guns; and (12) LOVA propellants.
For individual titles, see N95-16313 through N95-16323.

N95-16316# Delavan, Inc., West Des Moines, IA.
THERMAL CHEMICAL ENERGY OF ABLATING SILICA
SURFACES IN AIR BREATHING SOLID ROCKET ENGINES
M.S. Thesis - George Washington Univ.
MICHAEL D. CORNWELL /n JHU, The 1993 JANNAF Propulsion
Meeting, Volume 1  p 237-245 Nov. 1993
Avail: CPIA, 10630 Little Patuxent Pkwy., Suite 202, Columbia, MD
21044-3200 HC

This paper provides theoretical adaptation and extension of
current industry methodologies for analytical predictions of insula-
tion ablation in solid fuel ramjets. Solid fuel ramjets predominantly
operate in a fuel-lean state and require thermal protection systems
that are highly oxidation resistant, such as insulation materials that
torm silica-based char. However, local regions of fuel rich gases
exist in ramjets where mixing and combustion of fuel and air is

" incomplete. Modeling corrosion of silica based char in fue! rich

regions of the combustor requires new methods. Accurate ablation
prediction of these fue! rich regions are in the design of ramjets.
Current analytical methods used to modsl the ablation of insulation
are most suitable for oxidative corrosion of carbonaceous insulation
char. Silica-based insulation will ablate corrosively by reduction
reactions with carbon and carbon based fuels. Silica ablation by
carbon reduction reactions with silica is not correctly modeled by the
current industry code, ACE. This paper describes the causes of the .
current limitations and provides extensions to the ACE methodology
to allow for the modeling of silica ablation. Author

N95-16321# Applied Thermal Sciences, Orono, ME.
COMBUSTOR KINETIC ENERGY EFFICIENCY ANALYSIS OF
THE HYPERSONIC RESEARCH ENGINE DATA
K. V. HOOSE In JHU, The 1993 JANNAF Propulsion Meeting,
Volume 1 p 309-317 Nov. 1993
Avail: CPIA, 10630 Little Patuxent Pkwy., Suite 202, Columbia, MD
21044-3200 HC

A one-dimensional method for measuring combustor perfor-
mance is needed to facilitate design and development scramjet
engines. A one-dimensional kinetic energy efficiency method is
used for measuring inlet and nozzle performance. The objective of
this investigation was to assess the use of kinetic energy efficiency
as an indicator for scramjet combustor performance. A combustor
kinetic energy efficiency analysis was performed on the Hypersonic
Research Engine (HRE) data. The HRE data was chosen for this
analysis due to its thorough documentation and avaitability. The
combustor, inlet, and nozzle kinetic energy efficiency values were
utilized to determine an overall engine kinetic energy efficiency.
Finally, a kinetic energy effectiveness method was developed to
eliminate thermochemical losses from the combustion of fuel and
air. All calculated values exhibit consistency over the flight speed
range. Effacts from fuel injection, altitude, angle of attack, subsonic-
supersonic combustion transition, and inlet spike position are shown
and discussed. The results of analyzing the HRE data indicate that
the kinetic energy efficiency method is effective as a measure of
scramjet combustor performance. Author



N95-16333# Hercules Aerospace Co., Magna, UT. Bacchus Works.
RECENT ADVANCES IN GRAPHITE/EPOXY MOTOR CASES
WILLIAM G. WILSON, PAUL E. CHRISTENSEN, and JAMES L. YORK
InJHU, The 1993 JANNAF Propulsion Meeting, Volume2 p 115-123
Nov. 1993
Avail: CASI HC A02/MF Ap4

Much has been published concerning improvements and en-
hancements in materials and technology used in the design and
construction of solid rocket motors. However, there are important
aspects of the improvement process that are seldom discussed,
particularly process control and continuous improvement. This has
been applied successfully to the resolution of challenges, which
remained at the termination of the Filament Wound Case (FWC)
Program. The FWC Program for the Space Shuttle boosters was
terminated in 1986. At that time, although the FWC met all require-
ments, there were issues with composites that needed improve-
ment. This paper discusses the success in resolving those challenges
and describes how the continuous improvement methodologies
were implemented at Hercules for design and fabrication of graphite/
epoxy motor cases. Advancements in materials and engineering
data are first evaluated. The implementation of an approach that
includes concurrent engineering, process controls, statistical pro-
cess controls, continuous improvement, and product acceptance
are then discussed. The successes in recent years have been
realized from application of these principles. Discrepancies have
been reduced by an order of magnitude. Delaminations have been
virtually eliminated. Voids have been reduced to ‘hardly detectable.’
Enhancements in manufacturing technology and cost reductions
have also been realized. The application of process control and
continuous improvement principles has resulted in 100 percent flight
performance success while simultaneously achieving improved
vehicle performance. Author

N95-16352# National Academy of Sciences - National Research
Council, Washington, DC. Commission on Engineering and Technical
Systems.
ASSESSMENT OF THE SPACE STATION PROGRAM
JACKL.KERREBROCK (Massachusetts Inst. of Tech., Cambridge.)
27 Jun. 1994 6p
Avail: CASI HC A02/MF A01

This letter report by the National Research Council’s (NRC's)
Aeronautics and Space Engineering Board addresses comments on
NASA's response to the Board’s 1993 letter report, NASA's re-
sponse to technical and management recommendations from previ-
ous NRC technical reports on the Space Station, and an assessment
of the current Intermnational Space Station Alpha (ISSA) program.

CAS!

N95-16776"# Krug Life Sciences, Inc., Houston, TX. -
A SURGICAL SUPPORT SYSTEM FOR SPACE STATION
FREEDOM Abstract Only
M. R. CAMPBELL, R. D. BILLICA, and S. L. JOHNSTON In
Aerospace Medical Association, Aerospace Medical Association 63rd
Annual Scientific Meeting Program 1p 14 May 1992 Sponsored
by NASA. Lyndon B. Johnson Space Center, Houston, TX
Avail: CAS| HC A01/MF AQ2

Surgical techniques in microgravity are being developed for the
Health Maintenance Facility (HMF) on Space Station Freedom
(SSF). This will be a presentation of the proposed surgical capabili-
ties and ongoing hardware and procedural investigations. Methods:
Procedures and prototype hardware, which include a medical re-
straint system, a surgical overhead isolation canopy, a suction
device, and a regional laminar flow device were evaluated. This was
accomplished by realistic sterile surgical simulations invoiving both
mannequins and animals during KC-135 parabolic flight and in a high
fidelity ground based HMF mockup. Results: Animal surgery in the
environment of microgravity allowed the observation of unique
arterial and venous bleeding characteristics for the first time. The
ability to control bleeding and to prevent cabin atmosphere contami-
nation was also demonstrated. Conclusions: The procedures and
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prototype hardware tested provided valuable information and should
be investigated and developed further. The use of standard surgical
techniques are possible in microgravity if the principles of personnel
and supply restraint and operative field containment are adhered to.

Author

N95-17248°# European Space Agency. European Space Opera-
tions Center, Dammstadt (Germany).
SAFETY ASPECTS OF SPACECRAFT COMMANDING
N. PECCIA  In NASA. Goddard Space Flight Center, Third Intema-
tional Symposium on Space Mission Operations and Ground Data
Systems, Part1  p 599-605 Nov. 1994
Avail: CASI HC A02/MF A06

The commanding of spacecraft is a potentially hazardous
activity for the safety of the spacecraft. Present day control systems
contain safety features in their commanding subsystem and in
addition, strict procedures are also followed by operations staff.
Howaever, problems have occurred on a number of missions as a
result of erroneous commanding leading in some cases to space-

. craft contingencies and even to near loss of the spacecraft. The

problems of checking commands in advance are increased by the
tendency in modem spacecraft to use blocked/time-tagged com-
mands and the increased usage of on-board computers, for which
commands changing on-board software tables can radically change
spacecraft or subsystem behavior. This paper reports on an on-
going study. The study aims to improve the approach to safety of
spacecraft commanding. it will show how ensuring ‘safe’ command-
ing can be carried out more efficiently, and with greater reliability,
with the help of knowledge based systems and/or fast simulators.
The whole concept will be developed based on the Object-Oriented
approach. Author

N95-17252*# European Space Agency. European Space Opera-
tions Center, Darmstadt (Germany).
EURECA MISSION CONTROL EXPERIENCE AND MESSAGES
FOR THE FUTURE -
H.HUEBNER, P. FERRI, and W.WIMMER /nNASA. Goddard Space
Flight Center, Third Intemational Symposium on Space Mission Opera-
tions and Ground Data Systems, Part 1 p 633-640 Nov. 1994
Avail: CASI HC A02/MF A06

EURECA is a retrievable space platform which can perform
multi-disciplinary scientific and technological experiments in a Low
Earth Orbit for a typical mission duration of six to twelve months. It
is deployed and retrieved by the NASA Space Shuttle and is
designed to support up to five flights. The first mission started at the
end of July 1992 and was successfully completed with the retrieval
in June 1993. The operations concept and the ground segment for
the first EURECA mission are briefly introduced. The experiences in
the preparation and the conduction of the mission from the flight
control team point of view are described. Author

N95-17278# Advisory Group for Aerospace Research and Develop-
ment, Neuilly-Sur-Seine (France). Propuision and Energetics Panel.
EXPERIMENTAL AND ANALYTICAL METHODS FOR THE
DETERMINATION OF CONNECTED-PIPE RAMJET AND
DUCTED ROCKET INTERNAL PERFORMANCE [METHODES
EXPERIMENTALES ET ANALYTIQUES POUR LA
DETERMINATION EN CONDUITE FORCEE DES
PERFORMANCES DES STATOREACTEURS ET DES
STATOFUSEES])
Jul. 1994 103 p
(AGARD-AR-323; {SBN-92-835-0755-X) Copyright Avail: CASI HC
AO6/MF A02

Connected-pipe, subsonic combustion ramjet and ducted rocket
performance determination procedures used by the NATO countries
have been reviewed and evaluated. A working document has been
produced which provides recommended methods for reporting test
results and delineates the parameters that are required to be
measured. Explanations and detailed numerical examples are pre-
sented covering the determination of both theoretical and experi-
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mental performances, the use of air heaters and uncertainty and
error analysis. Author

N95-17493*# Califomia Univ., Los Angsles, CA. Dept. of Mechani-
cal, Aerospace and Nuclear Engineering.
DEMONSTRATION OF THE DYNAMIC FLOWGRAPH
METHODOLOGY USING THE TITAN 2 SPACE LAUNCH
VEHICLE DIGITAL FLIGHT CONTROL SYSTEM
M. YAU, S. GUARRO, and G. APOSTOLAKIS Jun. 1993 102p
(Contract(syGrant(s): NCC2-374; NAGS-1440)
(NASA-CR-197517; NAS 1.26:197517; UCLA ENG-93-43) Avail:
CASI HC AO6/MF A02

Dynamic Flowgraph Methodology (DFM) is a new approach
developed to integrate the modeling and analysis of the hardware
and software components of an embedded system. The objective is
to complement the traditional approaches which generally follow the
philosophy of separating out the hardware and software portions of
the assurance analysis. In this paper, the DFM approach is demon-
strated using the Titan 2 Space Launch Vehicle Digital Flight Control
System. The hardware and software portions of this embedded
system are modeled in an integrated framework. In addition, the time
dependent behavior and the switching logic can be captured by this
DFM model. In the modeling process, it is found that constructing
decision tables for software subroutines is very time consuming. A
possible solution is suggested. This approach makes use of a well-
known numerical method, the Newton-Raphson method, to solve
the equations implemented in the subroutines in reverse. Conver-
gence can be achieved in a few steps. Author

N95-17596°# European Space Agency. European Space Opera-
tions Center, Darmstadt (Germany).
PACKET UTILISATION DEFINITIONS FOR THE ESA XMM
MISSION
H.R.NYE InNASA. Goddard Space Flight Center, Third Intemational
Symposium on Space Mission Operations and Ground Data Systems,
Part2 p 1235-1242 Nov. 1994
Avail: CASI HC AO2MF A06

XMM, ESA's X-Ray Multi-Mirror satellite, duse for launch at the
end of 1999 will be the first ESA scientific spacecraft to implement
the ESA packet telecommand and telemetry standards and will be
the first ESOC-controlled science mission to take advantage of the
new flight control system infrastructure development (based on
object-oriented design and distributed-system architecture) due for
deployment in 1995. The implementation of the packet standards is
well defined at packet transport level. However, the standard rel-
evant to the application level (the ESA Packet Utilization Standard)
covers a wide range of on-board ‘services' applicable in varying
degrees to the needs of XMM. In defining which parts of the ESA
PUS to implement, the XMM project first considered the mission
objectives and the derived operations concept and went on to
identify a minimum set of packet definitions compatible with these
aspects. This paper sets the scene as above and then describes the
services needed for XMM and the telecommand and telemetry
packet types necessary to support each service. Author

N95-18196°# Lockheed Sanders, Inc., Nashua, NH. Engineering

Div.

NEW TECHNOLOGIES FOR SPACE AVIONICS Final Report,

1994

DAVID W. AIBEL, PETER DINGUS, MARK LANCIAULT, DEBRA

HURDLEBRINK, INNA GUREVICH, and LYDIA WENGLAR Dec.

1994 85p

(Contract(s)/Grant(s): NAS9-18873)

(NASA-CR-197574; NAS 1.26:197574) Avail: CASI HC A05/MF A01
This report reviews a 1994 effort that continued 1993 investiga-

tions into issues associated with the definition of requirements, with

the practice concurrent engineering and rapid prototyping in the

context of the development of a prototyping of a next-generation
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reaction jet driver controller. This report discusses lessons leamed,
the testing of the current prototype, the details of the current design,
and the nature and performance of a mathematical model of the life
cycle of a pilot operated valve solenoid. Author

N95-18720# Instituto de Pesquisas Espaciais, Sao Paulo (Brazil).
REGENERATIVE COOLING FOR LIQUID PROPELLANT
ROCKET THRUST CHAMBERS M.S. Thesis [REFRIGERACAO
REGENERATIVA PARA CAMARAS DE EMPUXO DE
MOTORES FOGUETE A PROPELENTES LIQUIDOS]
RAFAEL LEVY RUBIN Apr. 1994 121p In PORTUGESE
(INPE-5565-TDI/540) Avail: CASI HC AO6/MF A02

This work describes a calculation model for regeneratively
cooled rocket thrust chambers. A computational program, based on
a one-dimensional coolant prassure drop in the cooling channels.
Radiation is included in the model. The channels have rectangular
cross sections, the dimensions being determined during the calcu-
lations in order to maintain the wall temperature distributions at
tolerable levels, with aminimum channel pressure drop. Several wall
materials were investigated, as well as the employment of the
hydrocarbon fuels JP-4 and JP-5 and Aerozine 50 as coolants. The
influence of many design parameters on the cooling system perfor-
mance is verified for the analysis of the system capabilities and
limitations. Author

N95-18743“# Praxair, Inc., Tonawanda, NY.
AIRBORNE ROTARY SEPARATOR STUDY Final Report
R. F. DRNEVICH and J. J. NOWOBILSKI Dec. 1992 141p
(Contract(s)/Grant(s): NAS3-25560)
(NASA-CR-191045; E-9387; NAS 1.26:191045) Avail: CASI HC A07/
MF A02

Several air breathing propulsion concepts for future earth-to-
orbit transport vehicles utilize air collection and enrichment, and
subsequent storage of liquid oxygen for later use in the vehicle
mission. Work performed during the 1960's established the feasibil-
ity of substantially reducing weight and volume of a distillation type
air separator system by operating the distillation elements in high ‘g’
fields obtained by rotating the separator assembly. The purpose of
this study was to evaluate various fuels and fuel combinations with
the objective of minimizing the weight and increase the ready alert
capability of the plane. Fuels will be used to provide energy as weil
as act as heat sinks for the on-board heat rejection system. Fuel
energy was used to provide power for air separation as well as to
produce refrigeration for liquefaction of oxygen enriched air, besides
its primary purpose of vehicle proputsion. The heat generated in the
cycle was rejected to the fuel and water which is also carried on
board the vehicle.The fuels that were evaluated inciude JP4, meth-
ane, and hydrogen. Hydrogen served as a comparison to the JP4
and methane cases. Author (revised)

N95-18993°# State Univ. of New York, Oneonta, NY. Dept. of Phys-
ics and Astronomy.
A CMC DATABASE FOR USE IN THE NEXT GENERATION
LAUNCH VEHICLES (ROCKETS)
KAMALA MAHANTA  /n Alabama Univ., Research Reports: 1994
NASA/ASEE Summer Faculty Fellowship Program  6p Oct. 1994
Avail: CAS! HC A02/MF A03

Ceramic matrix composites (CMC’s) are being envisioned as
the state-of-the-art material capable of handling the tough structural
and thermal demands of advanced high temperature structures for
programs such as the SSTO (Single Stage to Orbit), HSCT (High
Speed Civil Transport), etc. as wall as for evolution of the industrial
heating systems. Particulate, whisker and continuous fiber ceramic
matrix (CFCC) composites have been designed to provide fracture
toughness to the advanced ceramic materials which have a high
degree of wear resistance, hardness, stiffness, and heat and corro-
sion resistance but are notorious for their brittieness and sensitivity
to microscopic flaws such as cracks, voids and impurity.  Author



N85-19073 Department of the Navy, Washington, DC.
INTEGRATED AERODYNAMIC FIN AND STOWABLE TVC
VANE SYSTEM Patent
ARNOLD Q. DANIELSON, inventor (toNavy) 16Jun. 1994 11p Filed
15 Mar. 1991
{AD-D016457; US-PATENT-5,320,304; US-PATENT-APPL-SN-
666104; US-PATENT-CLASS-244-3.22) Avail: US Patent and Trade-
mark Office

An asrodynamic fin and stowable jet vane system preferably for
rocket motor missile applications to control roll, pitch, and yaw, in
either the aerodynamic or thrust flight control conditions, has a
retractable and stowable aerodynamic vane integrated with a stowable
aerodynamic vane integrated with a stowable thrust vector reaction
steering system on a common support. The integrated aerodynamic
fins and thrust vector control reduce the overall missile mainframe
dimensions and are mounted on a single, space saving support.

DTIC

N95-19237*# NationalAeronautics and SpaceAdministration. Lyndon
B. Johnson Space Center, Houston, TX.
DOCUMENTATION AND ARCHIVING OF THE SPACE
SHUTTLE WIND TUNNEL TEST DATA BASE. VOLUME 1:
BACKGROUND AND DESCRIPTION
PAUL O. ROMERE and STEVE WESLEY BROWN  (Lockheed
Engineering and Sciences Co., Houston, TX.) Jan. 1995 191 p
(NASA-TM-104806-VOL-1; 3-786-VOL-1; NAS 1.15:104806-VOL-1)
Avail: CAS] HC A09/MF A02 .
Development of the space shuttle necessitated an extensive
wind tunne! test program, with the cooperation of all the major wind
tunnels in the United States. The result was approximately 100,000
hours of space shuttle wind tunnel testing conducted for aerodynam-
ics, heat transfer, and structural dynamics. The test results were
converted into Chrysier DATAMAN computer program format to
facilitate use by analysts, a very cost effective method of collecting
the wind tunnel test resuits from many test facilities into one
centralized location. This report provides final documentation of the
space shuttle wind tunnel program. The two-volume set covers
evolution of space shuttle aerodynamic configurations and gives
wind tunnel test data, titles of wind tunne! data repofts, sample data
sets, and instructions for accessing the digital data base. Author
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Includes chemistry and materials (general); composite materials; inor-
ganic and physical chemistry; metallic materials; nonmetallic materials;
and propellants and fuels.

N95-16256# Kazan Aviation Inst. (USSRY).
gERVICE AND PHYSICAL PROPERTIES OF LIQUID-JET
UELS -

V. . SKOMOROKHOV and A. F. DREGALIN  in Nanjing Univ. of
Aeronautics and Astronautics, Joint Proceedings on Aeronautics and
Astronautics (JPAA) p 48-52 May 1993
Avail: CASI HC A01/MF A03

In the present paper we discuss a relation between the service
physical properties of liquid composite aircraft and rocket fuels. We
give aiso calculation methods of physical fuef mixture properties, on
the net-component basis. Author

N95-163714 DACCO SCl, Inc., Columbia, MD.

THE USE OF ELECTROCHEMISTRY AND ELLIPSOMETRY
FOR IDENTIFYING AND EVALUATING CORROSION ON
AIRCRAFT Annual Report

CHESTER M. DACRES 14 Sep. 1994 2p

CHEMISTRY AND MATERIALS 11

(Contract(syGrant(s): F49620-94-C-0042)
(AD-A285323; AFOSR-94-0640TR) Avail: CASI HC A01/MF AO1
Electrochemical corrosion testing using AC Impedance mea-
surements, ellipsometry and X-Ray Photoelectron Spectroscopy
(XPS) is progressing according to the Plan of Action and Milestones
(POAM) submitted in July, 1994. The development of the corrosion
sensor is on schedule and the feasibility study shows that the
proposal to build the sensor is technically sound. A detailed report
dated August 15, 1994 was presented to the Program Manager
explaining the theory of the AC Impedance, ellipsometry and XPS.
The report also explained what the physical concept of the corrosion
monitor is, and how it will respond to the various stages of corrosion.
The preliminary data presented in the report showed the ‘signature’
of the initial stages of corroding aircraft structures. DTIC

N95-16859'# Analytical Services and Materials, Inc., Hampton, VA.
COMPOSITE CHRONICLES: A STUDY OF THE LESSONS
LEARNED IN THE DEVELOPMENT, PRODUCTION, AND
SERVICE OF COMPOSITE STRUCTURES Final Report
LOUIS F. VOSTEEN and RICHARD N. HADCOCK - (RNH Associates,
Huntington, NY.) NASA Nov. 1994 §9p
(Contract(s)/Grant(s): NAS1-19317; RTOP 510-02-13-01)
(NASA-CR-4620; NAS 1.26:4620) Avail: CASI HC A04/MF A01

A study of past composite aircraft structures programs was
conducted to determine the lessons leamed during the programs.
The study focused on finding major underlying principles and
practices that experience showed have significant effects on the
development process and should be recognized and understood by
those responsible for using of composites. Published information on
programs was reviewed and interviews were conducted with person-
nel associated with current and past major development programs.
In all, interviews were conducted with about 56 people representing
32 organizations. Most of the people interviewed have been involved
in the engineering and manufacturing development of composites
for the past 20 to 25 years. Although composites technology has
made great advances over the past 30 years, the effective applica-
tion of composites to aircraft is still a complex problem that requires
experienced parsonnel with special knowledge. All disciplines in-
volved in the development process must work together in real time
to minimize risk and assure total product quality and performance at
acceptable costs. The most successful programs have made effec-
tive use of integrated, collocated, concurrent engineering teams,
and most often used well-planned, systematic development efforts
wherein the design and manufacturing processes are validated in a
step-by-step or ‘building block’ approach. Such approaches reduce
program risk and are cost effective. Author

N95-16860"# Analytical Services and Materials, Inc., Hampton, VA.
MULTI-LAB COMPARISON ON R-CURVE METHODOLOGIES:
ALLOY 2024-T3 Final Report
ANTHONY P. REYNOLDS Oct. 1994 41p
(Contract(s)Grant(s): NAS1-19708; RTOP 537-06-20-06)
(NASA-CR-195004; NAS 1.26:195004) Avail: CASI HC A03/MF AO1
In an effort to determine an optimum method for ranking the
fracture toughness of developmental aluminum alloys for High
Speed Civil Transport applications, five labs performed K and/or J
based fracture tests on aluminum alloy 2024-T3. Two material
thicknesses were examined: 0.063 in. and 0.125 in. Middle crack
tension and compact tension specimens were excised from 60 in.
wide middle crack tension panels which had been previously tested
at Boeing. The crack resistance curves generated were compared
to the R-curves from 60 in. wide specimens. The experimental
program indicated that effective stress intensity from secant com-
pliance based crack length and stress intensity calculated from
J-integral testing were equivalent. in addition, comparison of differ-
ent specimen sizes and configurations indicated that standard
validity requirements for compact tension specimens may be overly
restrictive. Author
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- stand these differences is the major goal of this project.
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N95-16905°# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
STATIC AND DYNAMIC FRICTION BEHAVIOR OF CANDIDATE
HIGH TEMPERATURE AIRFRAME SEAL MATERIALS
C.DELLACORTE, V.LUKASZEWICZ (CalspanCorp., Fairview Park,
OH.), D. E. MORRIS  (Rockwaell Intemational Corp., Canoga Park,
CA), and B. M. STEINETZ Dec. 1994 20p
(Contract(s)/Grant(s): NAS3-25685; RTOP 505-63-1A)
(NASA-TM-106571; E-8774; NAS 1.15:106571) Avail: CASI HC A03/
MF AO1

The following report describes a series of research tests to
evaluate candidate high temperature materials for static to moder-
ately dynamic hypersonic airframe seals. Pin-on-disk reciprocating
sliding tests were conducted from 25 to 843 C in air and hydrogen
containing inert atmospheres. Friction, both dynamic and static, was
monitored and serves as the primary test measurement. in general,
soft coatings lead to excessive static friction and temperature
affected friction in air environments only. Author

N95-18068# Pratt and Whitney Aircraft, West Palm Beach, FL. Gov-
emment Engines and Space Propulsion.
FATIGUE IN SINGLE CRYSTAL NICKEL SUPERALLOYS
Progress Report, 16 Oct. 1993 - 15 Oct. 1994
DANIEL P. DELUCA and CHARLES ANNIS 150ct. 1994 33p
(Contract(syGrant(s): N00014-91-C-0124)
(AD-A285727) Avail: CAS| HC A03/MF A01

This program investigates the seemingly unusual behavior of
single crystal airfoil materials. The fatigue initiation processes in
single crystal (SC) materials are significantly more complicated
and involved than fatigue initiation and subsequent behavior of a
(single) macrocrack in conventional, isotropic, materials. To under-
DTIC

N95-18410 Princeton Univ., NJ. Dept. of Mechanical and Aerospace
Engineering.

STUDIES ON HIGH PRESSURE AND UNSTEADY FLAME
PHENOMENA Annual Report, 15 Apr. 1993 - 14 Apr. 1994
C.K.LAW 20Jun. 1994 55p Limited Reproducibility: More than
20% of this document may be affected by microfiche quality
(Contract(s)/Grant(s): F49620-92-J-0227)

(AD-A284126; AFOSR-94-0501TR) Avail: Issuing Activity (Defense
Technical Information Center (DTIC))

The objective of the present program is to study the structure
and response of steady and unsteady laminar premixed and
nonpremixed flames in reduced and elevated pressure snviron-
ments through: (1) non-intrusive experimentation; (2) computational
simulation using detailed flame and kinetic codes; and (3) asymp-
totic analysis with reduced kinetic mechanisms. During the reporting
period progress has been made in the following projects: (1) a
theoretical and experimental study of unsteady diffusion flames; (2)
a computational and experimental study of hydrogen/air diffusion
flames at sub- and super-atmospheric pressures; (3) an asymptotic
analysis of the structure of premixed flames with volumetric heat
loss; (4) asymptotic analyses of ignition in the supersonic hydrogen/
air mixing layer with reduced mechanisms; (5) a new numerical
algorithm for generating the ignition-extinction S-curves. A total of
three reprints are appended. DTIC

N95-19008*# State Univ. of New York, Farmingdale, NY. Mfg. and
Mechanical Research Div.
QUALITY OPTIMIZATION OF THERMALLY SPRAYED
COATINGS PRODUCED BY THE JP-5000 (HVOF) GUN USING
MATHEMATICAL MODELING
HAZEM TAWFIK In Alabama Univ., Research Reports: 1994 NASA/
ASEE Summer Faculty Fellowship Program 9p Oct 1994
Avail: CAS! HC A02/MF A03

Currently, thermal barrier coatings (TBC) of gas-turbine blades
and similar applications have centered around the use of zirconia as
a protective coating for high thermal applications. The advantages
of zirconia include tow thermal conductivity and good thermal shock
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resistance. Thermally sprayed tungsten carbide hardface coatings
are used for a wide range of applications spanning both the aero-
space and other industrial markets. Major aircraft engine manufac-
turers and repair facilities use hardface coatings for original engine
manufacture (OEM), as well as in the averhaul of critical engine
components. The principle function of these coatings is to resist
severe wear environments for such wear mechanisms as abrasion,
adhesion, fretting, and erosion. The (JP-5000) thermal spray gun is
the most advanced in the High Velocity Oxygen Fuel {(HVOF)
systems. Recently, it has received considerable attention because
of its relative low cost and its production of quality coatings that
challenge the very successful but yet very expensive Vacuum
Plasma Spraying (VPS) system. The quality of thermal spray
coatings is enhanced as porosity, oxidation, residual stress, and
surface roughness are reduced or minimized. Higher densification,
interfacial bonding strength, hardness and wear resistance of coat-
ing are desirable features for quality improvement.

Derived from text

N95-19090 Department of the Navy, Washington, DC.
SOLID FUEL RAMJET COMPOSITION Patent
GEORGE W. BURDETTE, inventor (to Navy) and GARY W. MEYERS,
inventor (to Navy) 14Jun.1994 3p Filed 25 Nov. 1981
(AD-D016458; US-PATENT-5,320,692; US-PATENT-APPL-SN-
329621; US-PATENT-CLASS-149-19.9) Avail: US Patent and Trade-
mark Office

A ramjet solid fuel composed of Hydroxyl terminated poly-
butadiene aluminum, magnesium, and boron carbide is described.
The high volumetric heating value fuel of the present invention
significantly increases the distance range of missiles. DTIC

NS95-19100# Sandia Nationa! Labs., Albuquerque, NM.
EVALUATION OF SCANNERS FOR C-SCAN IMAGING IN
NONDESTRUCTIVE INSPECTION OF AIRCRAFT
J.H.GIESKE Apr.1994 60p
(Contract(s)/Grant(s): DE-AC04-94AL-85000)
(DE94-012473; SAND-94-0945) Avail: CASI HC AO4/MF AO1

The goal of this project was to produce a document that
contains information on the usability and performance of commer-
cially available, fieldable, and portable scanner systems as they
apply to aircraft NDI inspections. in particular, the scanners are used
to generate images of eddy current, ultrasonic, or bond tester
inspection data. The scanner designs include manual scanners,
semi-automated scanners, and fully automated scanners. A brief
description of the functionality of each scanner type, a sketch, and
a list of the companies that support the particular design are
provided. Vendors of each scanner type provided hands-on demon-
strations of their equipment on real aircraft samples in the FAA Aging
Aircraft Nondestructive Inspection Validation Center (AANC) in
Albuquerque, NM. From evaluations recorded during the demon-
strations, a matrix of scanner features and factors and ranking of the
capabilities and limitations of the design, portability, articulation,
performance, usability, and computer hardware/software was con-
structed to provide a quick reference for comparing the different
scanner types. Hlustrations of C-scan images obtained during the
demonstration are shown. DOE

N95-19482°# Alcoa Technical Center, Alcoa Center, PA.
AN ARTIFICAL CORROSION PROTOCOL FOR LAP-SPLICES
IN AIRCRAFT SKIN
BEVIL J. SHAW  In NASA. Langley Research Center, FAA/NASA
Intemational Symposium on Advanced Structural Integrity Methods for
Airframe Durability and Damage Tolerance, Part2 p725-739 Sep.
1994 Sponsored in part by Boeing Co.
(Contract(s)/Grant(s): F34601-90-C-1336)
Avail: CAS! HC AO3/MF A04

This paper reviews the progress to date to formulate an artificial
corrosion protocol for the Tinker AFB C/KC-135 Corrosion Fatigue
Round Robin Test Program. The project has provided new test
methods to faithfully reproduce the comosion damage within a lap-



splice by accelerated means, the rationale for a new laboratory test
environment, and a means for corrosion damage quantification. The
approach is pragmatic and the resuiting artificial corrosion protocol
lays the foundation for future research in the assessment of aero-
space alloys. The general means for quantification of corrosion
damage has been presented in a form which can be directly applied
to structural integrity calculations. Author

N95-19490*# Comell Univ,, lthaca, NY. Dept of Theoretical and
Applied Mechanics.
FATIGUE CRACK GROWTH IN 2024-T3 ALUMINUM UNDER
TENSILE AND TRANSVERSE SHEAR STRESSES
MARK J.VIZand ALANT.ZEHNDER /nNASA. Langley Research
Center, FAA/NASA International Symposium on Advanced Struc-
tural Integrity Methods for Airframe Durability and Damage Toler-
ance, Part2 p891-910 Sep. 1994
(Contract(s)/Grant(s): NAG1-1311)
Avail: CASI HC AO3/MF A04

The influence of transverse shear stresses on the fatigue crack
growth rate in thin 2024-T3 aluminum alloy sheets is investigated
experimentally. The tests are performed on double-edge cracked
sheets in cyclic tensile and torsional loading. This loading generates
crack tip stress intensity factors in the same ratio as the values
computed for a crack lying along a lap joint in a pressurized aircraft
fuselage. The relevant fracture mechanics of cracks in thin plates
along with the details of the geometrically nonlinear finite element
analyses used for the test specimen calibration are developed and
discussed. Preliminary fatigue crack growth data correlated using
the tully coupled stress intensity factor calibration are presented and
compared with fatigue crack growth data from pure delta K{sub
I)fatigue tests. Author
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Includes engineering (general); communications; electronics and elec-
trical engineering; fluid mechanics and heat transfer; instrumentation
and photography; lasers and masers; mechanical engineering; quality
assurance and reliability; and structural mechanics.

A95-63201* National Aeronautics and Space Administration.
Langley Research Centsr, Hampton, VA.
A GRID GENERATION AND FLOW SOLUTION METHOD FOR
THE EULER EQUATIONS ON UNSTRUCTURED GRIDS
W.KYLE ANDERSON NASA. Langley Research Center, Hampton,
VA,US Journal of Computational Physics (ISSN0021-9981) vol. 110,
no.1 January 1994 p.23-38
(HTN-95-20003) - Copyright

A grid generation and flow solution algorithm for the Euler
equations on unstructured grids is presented. The grid generation
scheme utilizes Delaunay triangulation and self-generates the field
points for the mesh based on cell aspect ratios and allows for
clustering near solid surfaces. The flow solution method is animplicit
algorithm in which the linear set of equations arising at each time
step is solved using a Gauss Seidel procedure which is completely
vectorizable. In addition, a study is conducted to examine the
number of subiterations required for good convergence of the overall
algorithm. Grid generation results are shown in two dimensions for
a National Advisory Committee for Aeronautics (NACA) 0012 airfoil
as well as a two-element configuration. Flow solution results are
shown for two-dimensional flow over the NACA 0012 airfoil and for
a two-element configuration in which the solution has been obtained
through an adaptation procedure and compared to an exact solution.
Preliminary three-dimensional results are also shown in which
subsonic flow over a business jet is computed.  Author (Hemer)
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A95-63638
GAS-TURBINE ENGINES WITH INCREASED EFFICIENCY OF
TWO CIRCUITS, DUE TO THE USE OF THE UTILIZING
STEAM-TURBINE CIRCUIT
O. N. EMIN Moskovskij Aviatsionnyj Inst, Moscow, Russia and V.
I. KUZNETSOV Izvestiya VUZ: Aviatsionnaya Tekhnika (ISSN 0579-
2975) no.1 January-March 1994 p.27-29 In RUSSIAN
(BTN-94-E1X94461408755) Copyright

The possibility of significantly increasing the efficiency of the two
circuits of aturbojet engineis justified. Itis assumed that for this purpose
the powsr of an additional steam turbine will be used, when utilizing heat
of exhaust gases in the interal circuit of the gas-turbine engine. The
main equations describing the working process have been derived. The
parameters of the steam-turbine circuit have been assessed. Calcula-
tions for an engine with a thrust of 45-50 tfor an aircraft, accommodating
500-800 persons, have been made. El

A95-63648
A STATIONARY FLOW OF A VISCOUS LIQUID IN RADIAL
CLEARANCES OF ROTOR BEARINGS IN THE

" TURBOCOMPRESSOR OF AN INTERNAL COMBUSTION

ENGINE
V. G. ZHARINOV  KGTU, Kazan (Russia) lzvestiya VUZ:
Aviatsionnaya Tekhnika (ISSN 0579-2975) no.1 January-March
1994 p.72-76 In RUSSIAN refs
(BTN-94-E1X94461408765) Copyright

Both stationary and floating rotating bushes are used in bearings
of turbo-compressors applied in systems for supercharging intemal
combustion engines. The paper investigates the effect of geometric
parameters on the work of bearings with a floating bush. Also, the
distribution of friction losses in lubricant layers of bearings with floating
bushaes is studied. The solution of the problem conceming the station-
ary flow of a viscous liquid in radial clearances of plain bearings with
rotating bushes has been presented. El

A95-63652
NEW APPROACH TO GEOMETRIC PROFILING OF THE
DESIGN ELEMENTS OF THE PASSAGE PART IN TURBO-
MACHINES
I. V. AFANAS'EV  NPO Satumn, Moscow (Russia) and I. L. OSIPOV
lzvestiya VUZ: Aviatsionnaya Tekhnika (ISSN 0579-2975) no. 1
January-March 1994 p. 87-91 In RUSSIAN refs
(BTN-94-E1X94461408769) Copyright

In designing highly economical up-to-date aviation turbo-ma-
chines, specific requirements for structural elements, contacting a
working medium, should be met. For this purpose, at the prefiminary
design stage, some support points of the contours of pieces are
calculated. Further, a comesponding function discreetly specified is
interpolated. The paper suggests to use multiplications of the well
known functions to construct curves, forming passage parts of turbo-
machines. In this case, curves are continuously twice differentiated.

B =

A95-64524
ON THE DYNAMICS OF AEROELASTIC OSCILLATORS WITH
ONE DEGREE OF FREEDOM
T.1. HAAKER  Delft Univ. of Technology, Delft (Netherlands) and A.
H. P. VANDERBURGH SIAM Joumnal on Applied Mathematics (ISSN
0036-1399) wvol. 54, no.4 August 1994 p. 1033-1047 refs
(BTN-94-E1X94501431527) Copyright

in this paper two aeroelastic oscillators in crossflow with one
degree of freedom are considered. The first oscillator is a special mass-
spring system that is able to oscillate in crossflow, thatis perpendicular
to the direction of a one-dimensional uniform flowing medium. The
second oscillator is a seesaw-type oscillator in crossflow. The geometry
of the oscillators is such that for both oscillators an axis of symmetry can
be defined. The interesting difference between the two oscillators is the
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difference between the dynamical behaviour of this axis. For the first
oscillator the stope of the axis of symmetry with the horizontal plane
does not change with time, whereas for the seesaw-type oscillator
this slope is time-dependent. By using a quasi-steady theory as
mode! equations, a Lienard equation and a generalized Lienard
equation are obtained. For the first equation a global analysis is
presented, and for the second equation a local analysis is presented
resulting in conditions for the existence and uniqueness of limit
cycles. Author (El)

A95-65345
DEVELOPMENT AND APPLICATION OF THE DOUBLE V
TYPE FLAME STABILIZER
HONGBIN ZHANG Beijing Aeronautical Technology Research
Centre, Beijing (China) and JIGEN WANG Tuijin Jishu/Joumal
of Propulsion Technology (ISSN 1001-4055) no.3  June 1994
p.38-43 In CHINESE refs
(BTN-94-E1X94481415355) Copyright

The double V type flame stabilizer is an advanced stabilizer of iow
drag constructed with a big V type stabilizer overlapping to a small V
type one. it has the advantages of good ignition performance, low drag
loss, improved afterbuming efficiency, low skin temperature, and leaner
blowout boundary, hence the overall performance of turbojet engine will
be improved and the flight reliability increased. More than 40 tasts on
stand rig, 10 tests in aircraft and 8 tests in flight were carried out for its
birth, and thereafter, it started to be in service for the turbojet engine on
a small batch scale in 1986-1987. Author (revised by EI)

N95-16048'# Naval Research Lab., Washington, DC.
PROBLEMS WITH AGING WIRING IN NAVAL AIRCRAFT
FRANK J. CAMPBELL NASA. Lewis Research Center, First NASA
Workshop on Wiring for Space Applications p 61-71 Sep. 1994
Avail: CASI HC AO3/MF A02
The Navy is experiencing a severe aircraft electrical wiring

maintenance problem as a resuit of the extensive use of an aromatic
polyimide insulation that is deteriorating at a rate that was unex-
pected when this wire was initially selected. This problem has
significantly affected readiness, reliability, and safety and has
greatly increased the cost of ownership of Naval aircraft. Failures in
wire hamesses have exhibited arcing and buming that will propagate
drastically, to the interruption of many electrical circuits from a fault
initiated by the failure of deteriorating wires. There is an urgent need
for a capability to schedule aircraft rewiring in an orderly manner with
a logically derived determination of which aircraft have aged to the
point of absolute necessity. Excessive maintenance was demon-
strated to result from the accelerated aging due to the parameters of
moisture, temperature, and strain that exist in the Naval Aircraft
environment. Laboratory studies have demonstrated that MIL-W-
81381 wire insulation when aged at high humidities followed the
classical Arrhenius thermal aging relationship. in an extension of the
project a multifactor formula was developed that is now capable of
predicting life under varying conditions of these service parameters.
An automated test system has also been deveioped to analyze the
degree of deterioration that has occurred in wires taken from an
aircraft in order to obtain an assessment of remaining life. Since itis
both physically and financially impossible to replace the wiring in all
the Navy's aircraft at once, this system will permit expedient sched-
uling so that those aircraft that are most probable to have wiring

failure problems can be overhauled first. Author

N95-16072°# Applied Research Associates, nc., Raleigh, NC.
PORTABLE PARALLEL STOCHASTIC OPTIMIZATION FOR
THE DESIGN OF AEROPROPULSION COMPONENTS Final
Report

ROBERT H. SUES and G. S. RHODES Cleveland, OH NASA Oct
1994 62p Original contains color illustrations
{Contract(syGrant(s). NAS3-26839; RTOP 324-01-00)
(NASA-CR-195312; E-8725; NAS 1.26:195312) Avail: CASI HC A04/
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This report presents the results of Phase 1 research to develop
a methodology for performing large-scale Multi-disciplinary Sto-
chastic Optimization (MSO) for the design of asrospace systems
ranging from aeropropulsion components to complete aircraft con-
figurations. The current research recognizes that such design opti-
mization problems are computationally expensive, and require the
use of either massively parallel or multiple-processor computers.
The methodology also recognizes that many operational and perfor-
mance parameters are uncertain, and that uncertainty must be
considered explicitly to achieve optimum performance and cost. The
objective of this Phase 1 research was to initiafize the development
of an MSO methodology thatis portable to a wide variety of hardware
platforms, while achieving efficient, large-scale parallelism when
multiple processors are available. The first effort in the project was
a literature review of available computer hardware, as well as review
of portable, paralle! programming environments. The first effort was
to implement the MSO methodology for a problem using the portable
parallel programming language, Parallel Virtual Machine (PVM).
The third and final effort was to demonstrate the example on a variety
of computers, including a distributed-memory multiprocessor, a
distributed-memory network of workstations, and a single-processor
workstation. Results indicate the MSO- methodology can be well-
applied towards large-scale aerospace design problems. Nearly
perfect linear speedup was demonstrated for computation of optimi-
zation sensitivity cosefficients on both a 128-node distributed-memory
multiprocessor (the Intel iPSC/860) and a network of workstations
(speedups of almost 19 times achieved for 20 workstations). Very
high paralle! efficiencies (75 percent for 31 processors and 60
percent for 50 processors) were also achieved for computation of
aerodynamic influence coefficients on the Intel. Finally, the multi-
level parallelization strategy that wiil be needed for large-scale MSO
problems was demonstrated to be highly efficient. The same parallel
code instructions were used on both platforms, demonstrating
poriability. There are many applications for which MSO can be
applied, including NASA’s High-Speed-Civil Transport, and ad-
vanced propulsion systems. The use of MSO will reduce design and
development time and testing costs dramatically. Author

NS5-16097 Massachusetts Inst. of Tech., Lexington.

SOLID STATE RADAR DEMONSTRATION TEST RESULYS AT
THE FAA TECHNICAL CENTER

RICHARDL.FERRANT! 17Jun.1994 39p Limited Reproducibility:
More than 20% of this document may be affected by microfiche quality
(Contract(s)/Grant(s): DTFA01-93-Z-02012)

(AD-A281520; ATC-221) Auvail: Issuing Activity (Defense Technical
Information Center (DTIC))

In 1992 and 1993 ITT Gilfillan teamed with Thomson CSF to
develop a solid state transmitter system for airport surveillance
radar applications. Because of the low peak power limitations of the
solid state transmitter, the radar uses pulse compression tech-
niques to obtain 55 nmi detection performance. In the fall of 1992
ITT/Thompson executed a Cooperative Research and Development
Agresment with the FAA's Terminal Area Surveillance System
(TASS) program office to demonstrate the transmitter at the FAA
Technical Center using the FAATC’s ASR-9. The laboratory partici-
pated in these tests, which were completed in April 1993. The
laboratory test plan included an assessment of the solid state radar's
time sidelobe levels, stability, susceptibility to short pulse interfer-
ence, and target detection performance. Although the tests were
limited in scope and the data required several post-collection
processing corrections, the radar exhibited very low time sidelobe
levels, had excellent stability, and showed adequate detection
performance. The pulse compression receiver was vulnerable to
short pulse interference and will require specialized processing
techniques to minimize its effects. it was not possible to take
weather data, and the FAA Technical Center radar environment has
no stressing clutter. Recommendations are made for the follow-on
effort at a mountainous site to more completely characterize the
solid state ATC radar. DTIC



N95-16163# Massachusetts Inst. of Tech., Cambridge. Turbine Lab.
UNSTEADY FLOW PHENOMENA IN DISCRETE PASSAGE
DIFFUSERS FOR CENTRIFUGAL COMPRESSORS Final
Report, 8 Jul. 1990 - 8 Jan. 1994
V.FILIPENCO, J. M. JOHNSTON, and E. M. GREITZER 6 May 1994
39p
(Contract(s)/Grant(s): DAAL03-90-G-0138)
(AD-A281412; ARO-27627.3-EG) Avail: CASI HC AO3/MF AO1
Research is described on the fluid dynamic behavior of high
performance ditfusers for centrifugal compressors, with particular
application to small gas turbine engine applications. Using a unique
swirl generator, experiments have been carried out to defing the
performance and stall onset behavior of a modemn discrete passage
diffuser as a function of inlet conditions. Two diffusers were exam-
ined, one with 30 passages and one with 38 passages. Inlet
blockage and axial asymmetry were varied over Mach numbers up
to unity and over a range of inlet swirl angles. Diffuser pressure
recovery and operating range were calculated using traverse mea-
surements made upstream of the diffuser. it was found that the
performance of the diffuser under different inlet conditions could be
expressed to a high degree of accuracy as a single curve of
nondimensional static pressure recovery coefficient, based on avail-
ability averaged inlst stagnation pressure, and momentum-aver-
aged inlet flow angle. Unsteady pressure measurements showed
that the diffuser entered rotating stall at reduced flow rates. No long
wavelength stall precursor was determined from the measurements.
DTIC

N95-16250# Nanijing Univ. of Aeronautics and Astronautics, Nanjing,
Jiangsu (China). Research inst. of Helicopter Technique.
INVESTIGATION OF DYNAMIC INFLOW'S INFLUENCE ON
ROTOR CONTROL DERIVATIVES
XIAOGU ZHANG and JINSONG BAO  In its Joint Proceedings on
Aeronautics and Astronautics (JPAA) p1-10 May 1993 Sponsored
by the Aeronautical Science Foundation of China
Avail: CASI HC A02/MF A03

A method including dynamic inflow mode! is developed to
analyze rotor force and moments. Rotor model tests are performed
to measure rotor control derivatives. The dynamic inflow model is
verified through the comparative study between analytical results
and test data. The influence of dynamic inflow on different conditions
is investigated. A simplified analytical model is used to investigate
the influence of dynamic inflow on the different rotor configurations.
The correlation between theoretical predictions with dynamic inflow
and test results is excellent. Author

N95-16268# Nanjing Univ. of Aeronautics and Astronautics, Nanjing,
Jiangsu (China). Dept. of Electronic Engineering.
LINEAR PREDICTION DATA EXTRAPOLATION
SUPERRESOLUTION RADAR IMAGING
ZHAODA ZHU, ZHENRU YE, and XIAOQING WU  /n jts Joint
Proceedings on Aeronautics and Astronautics (JPAA)  p 125-130
May 1993 Sponsored by the Aeronautical Science Foundation of
China
Avail: CAS! HC A02/MF A03 i

Range resofution and cross-range resolution of range-doppler
imaging radars are related to the effective bandwidth of transmitted
signal and the angle through which the object rotates relatively to the
radar line of sight (RLOS) during the coherent processing time,
respectively. In this paper, linear prediction data extrapolation
discrete Fourier transform (LPDEDFT) superresolution imaging
method is investigated for the purpose of surpassing the limitation
imposed by the conventional FFT range-doppler processing and
improving the resolution capability of range-doppler imaging radar.
The LPDEDFT superresolution imaging method, which is conceptu-
ally simple, consists of extrapolating observed data beyond the
obsarvation windows by means of linear prediction, and then per-
forming the conventional IDFT of the extrapolated data. The live data
of a metalized scale model B-52 aircraft mounted on a rotating
platform in a microwave anechoic chamber and a flying Boeing-727
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aircraft were processed. It is concluded that, compared to the
conventional Fourier method, either higher resolution for the same
eftective bandwidth of transmitted signals and total rotation angle of
the object or equal-quality images from smaller bandwidth and total
angle may be obtained by LPDEDFT. Author

N95-16278# Nanjing Univ. of Aeronautics and Astronautics, Nanjing,
Jiangsu (China). Dept. of Automatic Control.
THE COMPUTER ANALYSIS OF THE PREDICTION OF
AIRCRAFT ELECTRICAL POWER SUPPLY SYSTEM
RELIABILITY
XINHUA MU, YANGGUANG YAN, and JIBING PEN - In its Joint
Proceedings on Aeronautics and Astronautics (JPAA)  p 191-197
May 1993 See also A92-37958
Avail: CAS| HC A0O2/MF A03

With the fast development of aviation technique, the requirements
of the aircraft electrical power supply system reliability become much
higher. in view of this, the reliability prediction method of simple systems
can not meet the need of the research on modem aircraft electrical
power supply systems. Therefore, the reliability prediction of complex
systems by computers is significant. In this paper a network model of
aircraft electrical power supply system is analyzed according to the
reliability theory. The minimal path non-coherent technique and the
computer realization process are discussed. The program flow-chartis
given in detail. The reliability of an example aircraft DC electrical power
supply system is calculated. Curves of system reliability are obtained
by which the basis for the system reliability design is provided.

Author

N95-16281# Kazan Aviation Inst. (USSR).
DEVELOPMENT OF PROCESSES, MEANS, AND
THEORETICAL PRINCIPLES OF THIN-WALLED DETAIL
PLASTIC FORMING AT KAZAN AVIATION INSTITUTE
I. M. ZAKIROV In Nanjing Univ. of Aeronautics and Astronautics,
Joint Proceedings on Aeronautics and Astronautics (JPAA) p 214-
216 May 1993
Avail: CAS| HC AO1/MF A03

The scientific school of thin-walled detail plastic forming was
established at Kazan Aviation Institute in the transition period from
wood to metal aircraft construction. High precision requirements to thin
walled detail plastic forming drove the development of new processes
to secure high productivity and a work culture under conditions of low
volume production. Author (revised)

N95-16322# Wright Lab., Wright-Patterson AFB, OH.
AN ENGINEERING CODE TO ANALYZE HYPERSONIC
THERMAL MANAGEMENT SYSTEMS
VALERIE J. VANGRIETHUYSEN and CLARK E. WALLACE /nJHU
The 1993 JANNAF Propulsion Meeting, Volume 1  p 319-333 Nov.
1993
{Confract(s)/Grant(s): F33615-91-C-2169)
Avail: CPIA, 10630 Little Patuxent Pkwy., Suite 202, Columbia, MD
21044-3200 HC

This paper will describe an effort that is underway within the
Advanced Propulsion Division of the Aero Propulsion and Power
Directorate at Wright Patterson AFB to devefop an engineering com-
puter code to aid in the development of hypersonic thermal manage-
mentsystems. The goal of the Vehicle Integrated Thermal Management
Code (VITMAC), is to thermally mode! the entire thermal management
system on an integrated basis for an entire vehicle. A further goal is for
it to be a stand-alone code. In other words, to predict the aerodynamic
heating on the vehicle surface during the trajectory, to the heat loads
from the propulsion system, subsystems and avionics, and to the heat
transfer through the structure and insulation. In addition, VITMAC will
be able to model the flow of the coolant through the network. All this is
to determine if the vehicle is thermally balanced and if there are any
areas in risk of melting or thermal degradation. The code also has the
option to accept user data for aerodynamic heating, heat loads and
user-specific components. To aid the user while inputting the vehicle
configuration, geometry, components, and ‘plumbing’ data, a graphical
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user interface is being incorporated within te code. This will enable
the user, even those with little experience in the area, with the aid of
a mouse, to literally see the network on the screen as it is being
inputted. This capability will speed up the input process, particularly
for complex systems, as well as aid in error detection. This paper will
further discuss the architecture of VITMAC. Also discussed will be
its developmental status and capabilities, computer system that
supports the code, its relevancy to other types of vehicles and
applications, expansion capability and future plans. Author

N95-16349# Marotta Scientific Controls, Inc., Montville, NJ.
A LIFTING BALL VALVE FOR CRYOGENIC FLUID
APPLICATIONS
JOSEPH M. CARDIN, ROBERT H. REINICKE, and STEPHEN D.
BRUNEAU in JHU, The 1993 JANNAF Propulsion Meeting,
Volume 2 p297-312 Nov. 1993
Avail: CASI HC AO3/MF A04

Marotta Scientific Controls, Inc. has designed a Lifting Ball
Valve (LBV) capable of both flow modulation and tight shutoff for
cryogenic and other applications. The LBV features a thin-walled
visor valving element that lifts off the seal with near axia! motion
before rotating completely out of the flow path. This is accomplished
with a simple, robust mechanism that minimizes cost and weight.
Conventional spherical rotating seats ar ptagued by leakage due to
‘scuffing’ as the seal and seat slide against one another while
opening. Cryogenic valves, which typically utilize plastic seals, are
particularly susceptible to this type of damage. The seat in the LBV
lifts off the seal without ‘scuffing’ making it immune to this failure
mode. In addition, the LBV lifting mechanism is capable of applying
the very high seating loads required to seal at cryogenic tempera-
tures. These features make the LBV ideally suited for cryogenic
valve applications. Another major feature of the LBV is the fact that
the visor rotates completely out of the flow path. This allows for a
smaller, lighter valve for a given flow capacity, especially for line
sizes above one inch. The LBV is operated by a highly integrated
‘wetted’ DC brushless motor. The motor rotor is ‘wetted’ ion that it is
immersed in the fluid. To ensure compatibility, the motor rotor is
encased in a thin-walled CRES weldment. The motor stator is
outside the fiuid containment weidment and therefore is not in direct
contact with the fluid. To preclude the potential for external leakage
there are no static or dynamic seals or bellows across the pressure
boundary. The power required to do the work of operating the valving
mechanism is transmitted across the pressure boundary by electro-
magnetic interaction between the motor rotor and the stator. Com-
mutation of the motor is accomplished using the output of a special
‘wetted’ resolver. This paper describes the design, operation, and
elemant testing of the LBV. Author

N95-16448# Naval Postgraduate School, Monterey, CA.
SPREAD SPECTRUM APPLICATIONS IN UNMANNED AERIAL
VEHICLES M.S. Thesis
PHILIP K. BESS Jun. 1994 99p
(AD-A281035) Avail: CASI HC AO5/MF A02

This thesis is part of an ongoing Naval Postgraduate Schoo!
research project to develop unmanned aerial vehicles (UAV's) using
current off the shelf (COTS) technology. This thesis specifically
evaluated a spread spectrum UHF data link between a UAV and
ground terminal. The command and controf (C2) process and its role
as the fundamental premise of the warfare commander were dis-
cussed. A review of the Pioneer remotely pitoted vehicle (RPV),
which gained such wide recognition during Operations Desert Storm
and Desert Shield, was provided to the reader for familiarization with
the workings of a generic UAV. An investigation of two common
spread spectrum techniques and their associated benefits was
madea. A link budget cafcuiation was made. The choice of a spread
spectrum radio transceiver was reviewed. The requirements and
design of the UAV and ground terminal antenna were discussed. A
link budget analysis was performed. An atmospheric path propaga-
tion prediction was performed. The details of an actual fiight test and
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the data gathered were examined. Future changes to enhance the
data link performance and increase its capabilities were introduced.
The COTS spread spectrum data link will enhance the role of the

UAV in its command and control mission for the warfare commander.
DTIC

N85-16461"# National Aeronautics and Space Administration. Lan-
gley Research Center, Hampton, VA.
APPLICATIONS OF AUTOMATIC DIFFERENTIATION IN
COMPUTATIONAL FLUID DYNAMICS
LAWRENCE L. GREEN, A. CARLE, C. BISCHOF, KARA J. HAIGLER,
and PERRY A. NEWMAN /n its The Role of Computers in Research
and Development at Langley Research Center p 168-180 Oct. 1994
Avail: CASI HC AO3/MF A06

Automatic differentiation (AD) is a powerful computational
method that provides for computing exact sensitivity derivatives
(SD) from existing computer programs for multidisciplinary design
optimization (MDO) or in sensitivity analysis. A pre-compiler AD tool
for FORTRAN programs called ADIFOR has been developed. The
ADIFOR tool has been easily and quickly applied by NASA Langley
researchers to assess the feasibility and computational impact of AD
in MDO with several ditferent FORTRAN programs. These include
a state-of-the-art three dimensional muitigrid Navier-Stokes flow
solver for wings or aircraft configurations in transonic turbulent flow.
With ADIFOR the user specifies sets of independent and dependent
variables with an existing computer code. ADIFOR then traces the
dependency path throughout the code, applies the chain rute to
formulate derivative expressions, and generates new code to com-
pute the required SD matrix. The resulting codes have been verified
to compute exact non-geometric and geometric SO for a variety of
cases. in less time than is required to compute the SD matrix using
centered divided differences. Author (revised)

N95-16588'# Toledo Univ., OH. Dept. of Mechanical Engineering.
FPCAS2D USER’S GUIDE, VERSION 1.0 Final Report
MILIND A. BAKHLE Cleveland, OH NASA Dec. 1994 58 p
(Contract(s)Grant(s): NAG3-1234; RTOP 538-03-11)
(NASA-CR-195413; E-9299; NAS 1.26:195413) Avail: CASI HC A04/
MF AO1

The FPCAS2D computer code has been developed for
aeroelastic stability analysis of bladed disks such as those in fans,
compressors, turbines, propellers, or propfans. The aerodynamic
analysis used in this code is based on the unsteady two-dimensional
full potential equation which is solved for a cascade of blades. The
structural analysis is based on a two degree-of-freedom rigid typical
section model for each blade. Detailed explanations of the aerody-
namic analysis, the numericai algorithms, and the aeroelastic analy-
sis are not given in this report. This guide can be used to assistin the
preparation of the input data required by the FPCAS2D code. A
complete description of the input data is provided in this report. In
addition, four test cases, including inputs and outputs, are provided.

Author

N95-16621# Rome Lab., Griffiss AFB, NY.
A VHF/UHF ANTENNA FOR THE PRECISION ANTENNA
MEASUREMENT SYSTEM (PAMS)
DANIEL E. WARREN Jul. 1994 33p
(Contract(s)/Grant(s): AF PROJ. 3321)
(AD-A285673; RL-TR-94-85) Avail: CASI HC A03/MF A01

This report describes the development of an antenna concept
thatis to be used to extend the lower frequency limit of the Precision
Antenna Measurement Systam (PAMS) down to 30 MHz. It includes
a discussion of the concepts of reflection ranges, log periodic
antennas, half space antennas, non-steerable antennas, and nu-
merical definition of antenna patterns in two dimensions. PAMS is
located at the Verona Research Facility, and is a system for
measuring the radiation pattemns of antennas on aircraft while they
are in flight. DTIC



N95-16736# North Carolina State Univ., Raleigh, NC. Dept. of Me-
chanical and Aerospace Engineering.
TIME ACCURATE COMPUTATION OF UNSTEADY INLET
FLOWS WITH A DYNAMIC FLOW ADAPTIVE MESH Final
Report, 15 Mar. 1992 - 30 Jun. 1994
D. S. MCRAE and RUSTY A. BENSON 7 Sep. 1894 52p
(Contract(syGrant(s): F49620-92-J-0189)
{AD-A285498; AFOSR-94-0625TR) Avail: CASI HC AO4/MF AO1
Research has been performed to obtain very accurate dynamic
simulations of supersonic intet unstart using CFD codes and a
dynamic solution adaptive mesh algorithm developed at NCSU. The
codes use Runge-Kutta time differencing and Advective Upwind
SplitMethod spatial differencinginfinite volume form. Other changes
have been incorporated to improve the time accuracy when the
computational mesh is dynamicaily adapted. Solutions have been
obtained and animated for unstart of generic 2-D mixed compres-
sions and fully supersonic inlets. Analysis of resuits revealed that
laminar viscous flow unstart occurs by a separation/oblique shock
mechanism rather than movement of a normal shock. Turbulent flow
simulations reveal that initial shock motion occurs initially but then
reverts to the separation/oblique shock mechanisms. 3-D steady
and unsteady simulations are presented and conclusions drawn
concerning the role of separation in inlet unstart. DTIC

N95-16828*# National Aeronautics and Space Administration.
Langley Research Centsr, Hampton, VA,
APPLICATIONS OF AUTOMATIC DIFFERENTIATION IN CFD
‘A.CARLE (Rice Univ., Houston, TX.), L. L. GREEN, P. A. NEWMAN,
and C. H. BISCHOF (Argonne National Lab., IL.) 1994 13 p
Presented at the 24th Intemational Fluid Dynamics, Plasma Dynamics
and Laser Contference, Colorado Springs, CO, 20-23 Jun. 1994
(Contract(s)/Grant(s): W-31-109-ENG-38)
(NASA-TM-109948; NAS 1.15:109948; DE94-013400; ANL/MCS/CP-
82980; CONF-940662-1) Avail: CASI HC AO3/MF AO1

Automated multidisciplinary design of aircraft requires the
optimization of complex performance objectives with respect to a
number of design parameters and constraints. The effect of these
independent design variables on the system performance criteria
can be quantified in terms of sensitivity derivatives for the individual
discipline simulation codes. Typical advanced CFD codes do not
provide such derivatives as part of a flow solution. These derivatives
are expensive to obtain by divided differences from perturbed
solutions, and may be unreliable, particularly for noisy functions. In
this paper, automatic differentiation has been investigated as a
means of extending iterative CFD codes with sensitivity derivatives.
In particular, the ADIFOR automatic differentiator has been applied
to the 3-D, thin-layer Navier-Stokes, multigrid flow soiver called
TLNS3D coupled with the WTCO wing grid genserator. Results of a
sequence of efforts in which TLNS3D has been successfully aug-
mented to compute a variety of sensitivities are presented. it is
shown that sensitivity derivatives can be obtained accurately and
efficiently using ADIFOR, although significant advances are neces-
sary for the efficiency of ADIFOR-generated derivative code to
become truly competitive with hand-differentiated code. DOE

N95-16911*# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
OPTIMIZATION OF ADAPTIVE INTRAPLY HYBRID FIBER
COMPOSITES WITH RELIABILITY CONSIDERATIONS
MICHAEL C. SHIAO (NYMA, inc., Brook Park, OH.) and CHRISTOS
C.CHAMIS Dec. 1994 16p Presented at 1994 North American
Conference on Smart Structures and Materials, Orlando, FL, 13-18
Feb. 1994; sponsored by IEEE
Contract(s)/Grant(s): NAS3-27186; RTOP 505-62-10)
(NASA-TM-106632; E-8933; NAS 1.15:106632) Avail: CASI HC AOY
MF A01

The reliability with bounded distribution parameters (mean,
standard deviation) was maximized and the reliability-based cost
was minimized for adaptive intra-ply hybrid fiber composites by
using a probabilistic method. The probabilistic method accounts for
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all naturally occurring uncertainties including those in constituent
material properties, fabrication variables, structure geometry, and
control-related parameters. Probabilistic sensitivity factors were
computed and used in the optimization procedures. For actuated
change in the angle of attack of an airfoil-like composite shell
structure with an adaptive torque plate, the reliability was maximized
to 0.9999 probability, with constraints on the mean and standard
deviation of the actuation material volume ratio (percentage of
actuation composite material in a ply) and the actuation strain
coefficient. The reliability-based cost was minimized for an airf
oil-like composite shell structure with an adaptive skin and a mean
actuation material volume ratio as the design parameter. At a
0.9-mean actuation material volume ratio, the minimum cost was
obtained. Author

N95-16939# National Renewable Energy Lab., Golden, CO.
STRUCTURAL EFFECTS OF UNSTEADY AERODYNAMIC
FORCES ON HORIZONTAL-AXIS WIND TURBINES
M.S.MILLER and D. E. SHIPLEY Aug. 1994 9p Presented atthe
AIAA Region 5 Student Conference, Saint Louis, MO, 8-11 Apr. 1992
Prepared in cooperation with Colorado Univ., Bouider, CO
(Contract(s)/Grant(s): DE-AC36-83CH-10093)
(DE94-011863; NREL/TP-441-7078; CONF-9204294-1) Avail: CASI
HC A02/MF AD1

Due to its renewable nature and abundant resources, wind
energy has the potential to fulfill a large portion of this nation’s
energy needs. The simplest means of utilizing wind energy is
through the use of downwind, horizontal-axis wind turbines (HAWT)
with fixed-pitch rotors. This configuration regulates the peak power
by allowing the rotor blade to aerodynamically stall. The stall point,
the point of maximum coefficient of lift, is currently predicted using
data obtained from wind tunnel tests. Unfortunately, these tests do
not accurately simulate conditions encountered in the field. Flow
around the tower and nacelle coupled with inflow turbulence and
rotation of the turbine blades create unpredicted aerodynamic
forces. Dynamic stall is hypothesized to occur. Such aerodynamic
loads are transmitted into the rotor and tower causing structural
resonance that drastically reduces the design lifetime of the wind
turbine. The current method of alleviating this problem is to structur-
ally reinforce the tower and blades. However, this adds unneeded
mass and, therefore, cost to the turbines. A better understanding of
the aerodynamic forces and the manner in which they affect the
structure would allow for the design of more cost effective and
durable wind turbines. Data compiled by the National Renewable
Energy Laboratory (NREL) for a downwind HAWT with constant
chord, untwisted, fixed-pitch rotors is analyzed. From these data,
the actual aerodynamic characteristics of the rotor are being por-
trayed and the potential effects upon the structure can for the first
time be fully analyzed. Based upon their understanding, solutions to
the problem of structural resonance are emerging. DOE

N95-17418'# Califomia Univ., Los Angeles, CA.
IN-FLIGHT IMAGING OF TRANSVERSE GAS JETS INJECTED
INTO TRANSONIC AND SUPERSONIC CROSSFLOWS:
DESIGN AND DEVELOPMENT M.S. Thesis, Mar. 1993
KON-SHENG CHARLES WANG Nov. 1994 88p
(Contract(s)/Grant(s): NCC2-374; RTOP 505-68-53)
(NASA-CR-186031; H-2027; NAS 1.26:186031) Avail: CASI HC A0
MF AO1 )
The design and development of an airbome flight-test experi-
ment to study nonreacting gas jets injected transversely into tran-
sonic and supersonic crossflows is presented. Free-stream/crossflow
Mach numbers range from 0.8 to 2.0. Planar laser-induced fluores-
cence (PLIF) of an iodine-seeded nitrogen jet is used to visualize the
jet flow. Time-dependent images are obtained with a high-speed
intensified video camera synchronized to the laser pulse rate. The
entire experimental assembly is configured compactly inside a
unique flight-test-fixture (FTF) mounted under the fuselage of the F-
104G research aircraft, which serves as a ‘flying wind tunnel’ at
NASA Dryden Flight Research Center. The aircraft is flown at
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predstermined speeds and altitudes to permit a perfectly expanded
(or slightly underexpanded) gas jet to form just outside the FTF at
each free-stream Mach number. Recorded gas jet images are then
digitized to allow analysis of jet trajectory, spreading, and mixing
characteristics. Comparisons will be made with analytical and nu-
merical predictions. This study shows the viability of applying highly
sophisticated groundbased flow diagnostic technigues to flight-test
vehicle platforms that can achieve a wide range of thermo/fluid
dynamic conditions. Realistic flow environments, high enthalpies,
unconstrained flowfields, and moderate operating costs are also
realized, in contrast to traditional wind-tunnel testing. Author

N95-17490"# National Aeronautics and Space Administration. Hugh
L. Dryden Flight Research Center, Edwards, CA.
SHEAR BUCKLING ANALYSIS OF A HAT-STIFFENED PANEL
WILLIAM L. KO and RAYMOND H. JACKSON Washington  Nov.
1994 20p
(Contract(s)/Grant(s): RTOP 505-63-40)
(NASA-TM-4644; H-2019; NAS 1.15:4644) Avail: CASI HC AO3/MF
AO1

A buckling analysis was performed on a hat-stiffened panel
subjected to shear loading. Both local buckling and global buckling
were analyzed. The global shear buckling load was found to be
saveral times higher than the local shear buckling load. The classical
shear buckling theory for a flat plate was found to be useful in
predicting the local shear buckling load of the hat-stiffened pans!,
and the predicted local shear buckling loads thus obtained compare
favorably with the results of finite element analysis. Author

N95-17507 Northrop Corp., Pico Rivera, CA. B-2 Div.
EDDY CURRENT FOR DETECTING SECOND LAYER CRACKS
UNDER INSTALLED FASTENERS Final Report, 1 Oct. 1991 - 1
Nov. 1993 .
WILLIAM R. SHEPPARD Apr. 1894 64 p Limited Reproducibility:
More than 20% of this document may be affected by microfiche quality
(Contract(s)/Grant(s). F33615-91-C-5660)
(AD-A282412; WL-TR-94-4006) Avail: CASI HC A04

The detection of second layer Cracks Under Fasteners (CUF)
persists as an Air Force Logistics need. This work seeks to extend
technology developed for detecting cracks in aluminum alloy sub-
structure below graphite-epoxy skins, to structures with an alumi-
num first layer. Improvements to the design of the Northrop Low
Frequency Eddy Current Array (LFECA) system are identified to
improve sensitivity to CUFs in aluminum-over-aluminum structures.
The probe core shape, dimensions, and coil configurations were
optimized for detection with installed fasteners and metallic skin. A
multiparameter analysis algorithm is applied to enable flaw discrimi-
nation from centering variations, edge responses and other sources
of noise. The study also quantifies the capabilities and limitations of
the LFECA system. OoTIC

N95-17847# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Brunswick (Gemmany). Inst. fuer Entwurfsasrodynamik.
2-D AIRFOIL TESTS INCLUDING SIDE WALL BOUNDARY
LAYER MEASUREMENTS
W. BARTELHEIMER, K. H. HORSTMANN, and W. PUFFERT-
MEISSNER /n AGARD, A Selection of Experimental Test Cases for
the Validation of CFD Codes, Volume 2 11 p  Aug. 1994
Copyright Avail: CASI HC AG3/MF A06

The data presented in this contribution were obtained in the
DLR Transonic Wind Tunnel Braunschweig. The intent of the experi-
ment was to provide data giving information on the development of
the TWB-side wall boundary layer in the presence of a typical
transonic airfoil model for further investigation of the influence of the
side wall boundary layer on 2-D airfoil measurements. For this
purpose boundary layer pitot pressure were measured in 13 different
side wall positions around the airfoil. Airfoil pressure distributions
were obtained in several spanwise positions by sliding the airfoil
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mode! in a spanwise direction. The test cases investigated corre-
spond to the design conditions of the airfoil (Ma = 0.73, alpha= 1.5
deg) and to a slow (alpha = 0 deg) and a high (alpha = 3.0 deg) lift
value at the same Mach number. For these cases wall pressure
distributions were measured on the center slat of the top and bottom
walls. Additionally to the pressure measurements some oil flow
pictures were made on the upper airfoil surface and the adjacent
wind tunnel side wall to get more insight in the structure of the flow.
In order to have well defined wind tunnel boundary conditions for the
evaluation by computational methods, the slotted top and bottom
walls of the test section were closed for these specific tests. This
means, of course, that the presented airfoil pressure distributions do
not correspond to free flight conditions and are not comparable to
wind tunnel results obtained in slotted or perforated transonic test
sections. Author

N95-17867# Deutsche Forschungsanstalt fuer Luft- und Raumfahrt,
Goettingen (Germany). Inst. fuer Stroemungsmechanik.
THREE-DIMENSIONAL BOUNDARY LAYER AND FLOW FIELD
DATA OF AN INCLINED PROLATE SPHEROID
H.-P. KREPLIN /n AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 12p Aug. 1994
Copyright Avail: CAS| HC AO3/MF A06

A research project on the investigation of three-dimensional
boundary layers on inclined bodies of revolution has been carried
out. Experimental data for such flows were provided which can be
used for the validation of calculation methods and the testing and
development of turbulence models for three-dimensional flows.
Problems of taminar-turbulent boundary layer separation have been
studied for a range of angles of incidence and Reynolds number.

Derived from text

N95-17869# Office Nationa! d'Etudes et de Recherches Aerospatiales,
Paris (France).
ELLIPSOID-CYLINDER MODEL
D. BARBERIS /n AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 11p Aug. 1994
Copyright Avail: CASI HC AO/MF A06

The data presented in this contribution were obtained in the F2
subsonic wind tunnel of the ONERA Fauga-Mauzac Center. The
objective of this work was to obtain detailed experimental data on a
separated vortex flow. The mode! shape has been chosen to be as
simple as possible in order to facilitate the mathematical modeling.
This model has been defined after preliminary studies in a water
tunnel. The present document reports the results obtained with an
axisymmetric model atincidence. Attention has been focused on the
boundary layer evolution in the zone of separation and on the
mechanism leading to the formation of a well detached primary
vortex. The flow has been investigated in great detail by using
several experimental techniques: surface flow visualizations, sur-
face pressure measurements, field explorations by multihole pres-
sure probes, and an LDV system. Derived from text

N95-17871# Office National d’Etudes et de Recherches Aerospatiales,
Paris (France).
TEST DATA ON A NON-CIRCULAR BODY FOR SUBSONIC,
TRANSONIC AND SUPERSONIC MACH NUMBERS
P.CHAMPIGNY In AGARD, A Selection of Experimental Test Cases
for the Validation of CFD Codes, Volume 2 11p Aug. 1994
Copyright Avail: CASI HC AO3/MF A06

Measurements on a non-circular body were made in ONERA
wind tunnels. This body, representative of non-conventional missile
shapes, was studied for Mach numbers from 0.4 to 3.0 (S2MA wind-
tunnel) and 4.5 (S3MA wind-tunnef), angles of attach up to 20 deg
and sideslip angles up to 10 deg, with a free transition. The data base
consists of static pressure measurements. The intent of the experi-
ment was to provide data for evaluation of three-dimensional flow
computation methods, as part of a research program sponsored by



the ‘Direction des Recherches, Etudes et Techniques’ of the French
Ministry of Defense. The flow exhibits large separation regions and
strong vortices, even at low angles of attack, due to the particular
shape of the body (lenticular cross-section). Author

N95-18042*# College of William and Mary, Williamsburg, VA. Pro-
gram in Applied Science.
A SPECTRALLY ACCURATE BOUNDARY-LAYER CODE FOR
INFINITE SWEPT WINGS Interim Report
C. DAVID PRUETT Dec. 1994 36p
(Contract(s)/Grant(s): NAS1-19656; RTOP 505-59-50-02)
(NASA-CR-195014; NAS 1.26:195014) Avail: CASI HC A03/MF A01
This report documents the development, validation, and appli-
cation of a spectrally accurate boundary-layer code, WINGBL2,
which has been designed specifically for use in stability analyses of
swept-wing configurations. Currently, we consider only the quasi-
three-dimensional case of an infinitely long wing of constant cross
section. The effacts of streamwise curvature, streamwise pressure
gradient, and wall suction and/or blowing are taken into account in
the goveming equations and boundary conditions. The boundary-
layer equations are formulated both for the attachment-line flow and
for the evolving boundary layer. The boundary-layer equations are
solved by marching in the direction perpendicular to the leading
edge, for which high-order (up to fifth) backward differencing tech-
niques are used. In the wall-normal direction, a spectral collocation
method, based upon Chebyshev polynomial approximations, is
exploited. The accuracy, efficiency, and user-friendliness of
WINGBL2 make it well suited for applications to linear stability
theory, parabolized stability equation methodology, direct numerical
simulation, and large-eddy simulation. The method is validated
against existing schemes for three test cases, including incom-
pressible swept Hiemenz flow and Mach 2.4 fiow over an airfoil
swept at 70 deg to the free stream. Author

N95-18190*# Institute for Computer Applications in Science and
Engineering, Hampton, VA.
THE STABILITY OF TWO-PHASE FLOW OVER A SWEPT-
WING Final Report
ADRIAN COWARD (Manchester Univ., England.) and PHILIP HALL
(Manchester Univ., England.) Oct. 1994 44 p Submitted for
publication Sponsored by Science Research Council
(Contract(s)/Grant(s): NAS1-19480; RTOP 505-90-52-01)
(NASA-CR-194994; NAS 1.26:194994; ICASE-94-86) Avail: CASIHC
AO3/MF AO1

We use numerical and asymptotic techniques to study the
stability of a two-phase air/water flow above a flat porous piate. This
flow is a model of the boundary layer which forms on a yawed
cylinder and can be used as a useful approximation to the air flow
over swept wings during heavy rainfall. We show that the interface
between the water and air layers can significantly destabilize the
flow, leading to traveling wave disturbances which move along the
attachment line. This instability occurs for lower Reynolds numbers
than in the case of the absence of a water layer. We also investigate
the instability of inviscid stationary modes. We calculate the effec-
tive wavenumber and orientation of the stationary disturbance when
the fluids have identical physical properties. Using perturbation
methods we obfain corrections due to a small stratification in
viscosity, thus quantifying the interfacial effects. Our analytical
results are in agreement with the numerical solution which we obtain
for arbitrary fluid propenties. Author

N95-18191*# Institute for Computer Applications in Science and
Engineering, Hampton, VA.

ON THE LIGHTHILL RELATIONSHIP AND SOUND
GENERATION FROM ISOTROPIC TURBULENCE Final Report
YE ZHOU, ALEXANDER PRASKOVSKY (National Center for
Atmospheric Research, Boulder, CO.), and STEVEN ONCLEY
(National Center for Atmospheric Research, Boulder, CO.) Nov.
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1994 19 p Submitted for publication Sponsored by NSF
(Contract(s)/Grant(s): NAS1-19480; RTOP 505-90-52-01)
(NASA-CR-195005; NAS 1.26:195005; ICASE-94-92) Avail: CASIHC
AO3MF AO1

In 1952, Lighthill developed a theory for determining the sound
generated by a turbulent motion of a fluid. With some statistical
assumptions, Proudman applied this theory to estimate the acoustic
powar of isotropic turbulence. Recently, Lighthill established a
simple relationship that relates the fourth-order retarded time and
space covariance of his stress tensor to the corresponding second-
order covariance and the turbulent flatness factor, without making
statistical assumptions for a homogeneous turbulence. Lilley revis-
ited Proudman’s work and applied the Lighthill relationship to
evaluate directly the radiated acoustic power from isotropic turbu-
lence. After choosing the time separation dependence in the two-
point velocity time and space covariance based on the insights
gained from direct numerical simulations, Lilley concluded that the
Proudman constant is determined by the turbulent flatness factor
and the second-order spatial velocity covariance. In order to esti-
mate the Proudman constant at high Reynolds numbers, we ana-
lyzed a unique data set of measurements in a large wind tunnel and
atmospheric surface layer that covers a range of the Taylor microscale
based on Reynolds numbers 2.0 x 10(exp 3) less than or equal to
R(sub lambda) less than or equal to 12.7 x 10(exp 3). Our measure-
ments demonstrate that the Lighthill relationship is a good approxi-
mation, providing additional support to Lilley’s approach. The flatness
factor is found between 2.7 - 3.3 and the second order spatial
velocity covariance is obtained. Based on these experimental data,
the Proudman constant is estimated to be 0.68 - 3.68. Author

N95-18193°# Institute for Computer Applications in Science and
Engineering, Hampton, VA.
EFFECT OF CROSSFLOW ON GOERTLER INSTABILITY IN
INCOMPRESSIBLE BOUNDARY LAYERS Final Report
Y. H. ZURIGAT Jordan Univ., Amman.) and M. R. MALIK  (High
Technology Corp., Hampton, VA.) Nov. 1994 20p Submitted for
publication
(Contract(s)/Grant(s): NAS1-19480; NAS1-19299; RTOP 505-90-
52-01) .
(NASA-CR-195007; NAS 1.26:195007; ICASE-94-94) Avail: CASIHC
AO3MF AO1

Linear stability theory is used to study the effect of crossflow on
Goertler instability in incompressible boundary layers. The resuits
cover a wide range of sweep angle, pressure gradient, and wall
curvature parameters. It is shown that the crossflow stabilizes
Goertler disturbances by reducing the maximum growth rate and
shrinking the unstable band of spanwise wave numbers. On the
other hand, the effect of concave wall curvature on crossflow
instability is destabilizing. Calculations show that the changeover
from Goertler to crossflow instabilities is a function of Goertler
number, pressure gradient, and sweep angle. The results demon-
strate that Goertler instability may still be relevant in the transition
process on swept wings even at large angles of sweep if the
pressure gradient is sufficiently small. The influence of pressure
gradient and sweep can be combined by defining a crossflow
Reynolds number. Thus, the changeover from Goertler to crossfiow
instability takes place at some critical crossflow Reynolds number
whose value increases with Goertler number. Author

N95-18325* National Aeronautics and SpaceAdministration. Marshall
Space Flight Center, Huntsville, AL.

TUNED MASS DAMPER FOR INTEGRALLY BLADED
TURBINE ROTOR Patent

JOHN J. MARRA, inventor (to NASA)' 20 Dec. 1994 6p Filed 12
Oct. 1993 Supersedes N94-29353 (32 - 8, p 3298)
(NASA-CASE-MFS-28697-1; US-PATENT-5,373,922; US-PATENT-
APPL-SN-134443; US-PATENT-CLASS-188-379; US-PATENT-
CLASS-416-144; US-PATENT-CLASS-74-573R; US-PATENT-CLASS-
74-574; INT-PATENT-CLASS-F16F-7/10) Avail: US Patent and
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Trademark Office
The invention is directed to a damper ring for damping the
natural vibration of the rotor blades of an integrally bladed rocket
turbine rotor. The invention consists of an integral damper ring which
is fixed to the underside of the rotor blade platform of a turbine rotor.
The damper ring includes integral supports which extend radially
outwardly therefrom. The supports are located adjacent to the base
portion and directly under each blade of the rotor. Vibration damping
is accomplished by action of tuned mass damper beams attached at
each end to the supports. These beams vibrate at a predetermined
frequency during operation. The vibration of the beams enforce a
tocal node of zero vibratory amplitude at the interface between the
supports and the beam. The vibration of the beams create forces
upon the supports which forces are transmitted through the rotor
blade mounting platform to the base of each rotor blade. When these
forces attain a predetermined design frequency and magnitude and
are directed to the base of the rotor blades, vibration of the rotor
blades is effectively counteracted.
Official Gazette of the U.S. Patent and Trademark Office

N95-18388°# Virginia Polytechnic Inst. and State Univ., Blacksburg,
VA. Dept. of Aerospace and Ocean Engineering.
COMPRESSION STRENGTH OF COMPOSITE PRIMARY
STRUCTURAL COMPONENTS Semiannual Report, 1 May - 31
Oct. 1994
ERIC R. JOHNSON Dec. 1984 65p
(Contract(s)/Grant(s): NAG1-537)
(NASA-CR-197554; NAS 1.26:197554) Avail: CASI HC A04/MF AD1
The linear elastic response is determined for an intemally
pressurized, long circutar cylindrical shell stiffened on the inside by
a regular arrangement of identical stringers and identical rings.
Periodicity of this configuration permits the analysis of a portion of
the shell wall centered over a generic stringer-ring joint; i.e., a unit
cell model. The stiffeners are modeled as discrete beams, and the
stringer is assumed to have a symmetrical cross section and the ring
an asymmetrical section. Asymmetery causes out-of-plane bending
and torsion of the ring. Displacements are assumed as truncated
double Fourier series plus simple terms in the axial coordinate to
account for the closed and pressure vessel effect (a non-periodic
effect). The interacting line loads between the stiffeners and the
inside shell wall are Lagrange multipliers in the formulation, and they
are also assumed as truncated Fourier series. Displacement conti-
nuity constraints between the stiffeners and shell along the contact
lines are satisfied point-wise. Equilibrium is imposed by the principle
of virtual work. A composite material crown panel from the fuselage
of a large transport aircraft is the numerical example. The distribu-
tions of the interacting line loads, and the out-of-plane bending
moment and torque in the ring, are strongly dependent on modeling
the deformations due to transverse shear and cross-sectional warp-
ing of the ring in torsion. This paper contains the resuits from the
semiannual report on research on ‘Pressure Pillowing of an Orthogo-
nally Stiffened Cylindrical Shell'. The results of the new work are
illustratad in the .included appendix. Author (revised)

N95-18436 Federal Aviation Administration, Cambridge, MA.
National Transportation Systems Center.

AN ANALYSIS OF TOWER (LOCAL) CONTROLLER-PILOT

" VOICE COMMUNICATIONS Final Report

KIMM. CARDOSI Jun.1984 28p Limited Reproducibility: More
than 20% of this document may be affected by microfiche quality
(AD-A283718; DOT-VNTSC-FAA-94-11; DOT/FAA/RD-94/15) Avail:
Issuing Activity (Defense Technical Information Center (DTIC))

The purpose was to examine current pilot-controfler communi-
cation practices in the terminal environment. Forty-nine hours of
voice tapes from local positions in ten air traffic control towers
(ATCTs) were examined. There were 8444 controller-to-pilot mes-
sages (e.g., clearancas to takeoff or land, instructions to ho!d short
or change radio frequencies, etc.) examined. The complexity of the
controller's message (i.e., the number of pieces of information) was
examined and the number of erroneous readbacks and pilot re-
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quests for repeats were analyzed as a function of message complex-
ity. Pilot acknowledgements were also analyzed; the numbers of full
and partial readbacks and acknowledgements only (i.e., ‘roger’)
were tallied. Fewer than one percent of the messages resulted in
communications errors. Among the error factors examined were:
complexity of the message, type of acknowledgement, use of call
sign in the acknowledgement, type of information in error, and
whether or not the controller responded to the readback error.
instances in which the controiier contacted the aircraft with one call
sign and the pilot acknowledged the transmission with another call
sign ware also examined. The report concludes with recommenda-
tions to further reduce the probability of communication errors.
DTIC

N95-18461# Department of the Navy, Washington, DC.
HYDROFOIL FORCE BALANCE Patent Application
PAUL J. LEFEBVRE, inventor (to Navy) and WILLIAM P. BARKER,
inventor (to Navy) 20Jul. 1994 22p
(AD-D016475; US-PATENT-APPL-SN-279037; NAVY-CASE-74885)
Avail: CASI HC A02/MF AO1

The present invention relates to a measuring device for mea-
suring a component of a force acting on a test body, such as a
hydrofoil, positioned within a testing apparatus. The measuring
device has a test body formed by a foil shaped center section and
two adjacent end sections. Each end section is joined to the center
section by a flexure member having sufficient stiffness so that there
is negligible relative motion between the center section and the end
sections as a fluid medijum flows past the center section. At least one
strain gauge is mounted to at least one flexure member to measure
the forces acting on the center section. A method for measuring the
load on a test body is also described. DTIC

N95-18660 Johnson Controls, Inc., Milwaukee, WI. Battery Group.
DEVELOPMENT OF A BIPOLAR LEAD/ACID BATTERY FOR
THE MORE ELECTRIC AIRCRAFT Interim Report, 1 Sep. 1991 -
1 Mar. 1993

DOUGLASC.PIERCE Mar.1994 43p Limited Reproducibility: More
than 20% ot this document may be affected by microfiche quality
(Contract{s)/Grant(s): F33615-91-C-2142)

(AD-A284050; WL-TR-94-2025)  Avail: Issuing Activity (Defense
Technical Information Center (DTIC))

This report summarizes the development work completed
under contract F33615-91-C-2142 for the time period of September
1991 through March 1993. The focus of the work was on the
development of a filled polymeric composite substrate for use in a
true bipolar lead acid battery. The contract goals for the develop-
ment of the substrate material are as follows: Resistivity: less than
or equal to 2 ohm-cm; Thickness: less than or equal to 0.064 cm;
Waeight: less than or equal to 150 mg/sq cm; Area: more than or equal
to 400 sq cm. This report presents information towards achieving
those goals. DTIC

N95-18737*# Research Inst. forAdvanced Computer Science, Moffett
Field, CA.
MESH QUALITY CONTROL FOR MULTIPLY-REFINED
TETRAHEDRAL GRIDS
RUPAK BISWAS and ROGER STRAWN (Army Aviation Systems
Command, Moffett Field, CA) Nov. 1994 16p Submitted for
publication
(Contract(s)/Grant(s): NAS2-13721)
(NASA-CR-197595; NAS 1.26:197595; RIACS-TR-94-19) Avail: CAS|
HC AG3/MF A01

A new algorithm for controlling the quality of multiply-refined
tetrahedral meshes is presented in this paper. The basic dynamic mesh
adaption procedure allows localized grid refinement and coarsening to
efficiently capture aerodynamic flow features in computational fluid
dynamics problems; however, repeated application of the procedure
may significantly deteriorate the quality of the mesh. Results presented
show the effectiveness of this mesh quality algorithm and its potential
in the area of helicopter aerodynamics and acoustics. Author



N95-18901 Comell Univ,, ithaca, NY.
WAVE CYCLE DESIGN FOR WAVE ROTOR ENGINES WITH
LIMITED NITROGEN OXIDE EMISSIONS Ph.D. Thesis
MOHAMED RAZI NALIM 1994 200 p
Avail: Univ. Microfilms Order No. DA9416705

Direct work exchange between gases in wave rotors can be
used to create topping cycles for gas turbine engines with peak
temperatures and pressures exceeding the limits that restrict the
performance of present day turbomachinery. Analytical methods are
used for preliminary design and evaluation of a class of wave rotor
cycles that involve large-amplitude nonsteady expansions of hot
combustion products in the wave channels. A computer code is then
employed to calculate the detailed time-evolution of the channel flow
field. It uses the method of characteristics for one-dimensional
inviscid flow, extended to treat strong shocks, entropy gradients and
discontinuities, and their interactions. Several wave rotor engine
cycles are designed suitable for supersonic aircraft propulsion at
Mach 2.6. One is a five-port topping cycle with wave expansion
provided to accommodate both the temperature {imit imposed by a
low-NO(x) combustor, and the limit for cooled turbine biades.
Performance improvement equivalent to a 50-150 K increase in
turbine inlet temperature is obtained, for turboshaft core engines.
Reverse-flow expansion of the hot gas is found to be superior for this
cycle. A second type of cycle involves staged rich-lean combustion
with expansion-wave cooling of very hot primary rich (phi approxi-
mately equal to 1.2-1.5) combustion products to a temperature
(below 2000 K) permitting NO(x) reduction through hydrocarbon
addition when necessary. Combustion is completed by rapid mixing
of secondary air, similar to the two-stage rich-quench-lean (RQL)
low-NO(x) combustor being evaluated at NASA Lewis for high speed
propulsion, but at a lower temperature. This cycle provides an
equivalent turbine-inlet-temperature improvement of about 250 K,
while reducing peak temperature in the critical mixing zone by 250-
400 K, compared to an equally efficient conventional cycle with RQL
combustion. A through-flow expansion wave cycle is presented for
this scheme. Both types of engine cycles involve bypass flows for
optimal performance. Dissert. Abstr.

N95-18938*# McDonneli-Douglas Aerospace, Saint Louis, MO.
FIBER OPTIC CONTROL SYSTEM INTEGRATION FOR
ADVANCED AIRCRAFT. ELECTRO-OPTIC AND SENSOR
FABRICATION, INTEGRATION, AND ENVIRONMENTAL
TESTING FOR FLIGHT CONTROL SYSTEMS: LABORATORY
TEST RESULTS Final Report
BRADLEY L. KESSLER Nov. 1994 388 p
(Contract(s)/Grant(s): NAS3-25796; RTOP 505-62-50)
(NASA-CR-195408; E-9265; NAS 1.26:195408) Avail: CASIHC A17/
MF A04

This report presents the data obtained in laboratory testing of
the optical sensors and multiplexing architecture developed for flight
testing in the NASA F-18 systems research aircratt. Author

N95-18955*# Eidetics Intemational, inc., Torrance, CA.
DEVELOPMENT OF A MULTICOMPONENT FORCE AND
MOMENT BALANCE FOR WATER TUNNEL APPLICATIONS,
VOLUME 1 ’
CARLOS J. SUAREZ, GERALD N. MALCOLM, BRIAN R. KRAMER,
BROOKE C. SMITH, and BERT F. AYERS Washington NASA
Dec. 1994 103 p Original contains color illustrations
(Contract(s)/Grant(s): NAS2-13571; RTOP 505-59-53)
(NASA-CR-4642-VOL-1; H-2030-VOL-1; NAS 1.26:4642-VOL-1) Avail:
CASI HC A06/MF A02; 3 functional color pages

The principal objective of this research effort was to develop a
multicomponent strain gauge balance to measure forces and moments
onmodels tested in flow visualization water tunnels. Anintemal balance
was designed that allows measuring normal and side forces, and
pitching, yawing and rolling moments (no axial force). The five-compo-
nents to applied loads, low interactions between the sections and no
hysteresis. Static experiments (which are discussed in this Volume)
were conducted in the Eidetics water tunnel with delta wings and a
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model of the F/A-18. Experiments with the F/A-18 mode! included a
thorough baseline study and investigations of the effect of control
surface deflections and of several Forebody Vortex Control (FVC)
techniques. Results were compared to wind tunnel data and, in general,
the agreementis very satisfactory. The resutts of the static tests provide
confidence that loads can be measured accurately in the water tunnel
with a relatively simple multicomponent intemal balance. Dynamic
experiments were also performed using the balance, and the results are
discussed in detail in Volume 2 of this report. Author

N95-18956"# Eidetics Intemnational, Inc., Torrance, CA.
DEVELOPMENT OF A MULTICOMPONENT FORCE AND
MOMENT BALANCE FOR WATER TUNNEL APPLICATIONS,
VOLUME 2
CARLOS J. SUAREZ, GERALD N. MALCOLM, BRIAN R. KRAMER,
BROOKE C. SMITH, and BERT F. AYERS  Washington NASA
Dec. 1994 131 p Original contains color illustrations
(Contract(s)/Grant(s): NAS2-13571; RTOP 505-59-53)
(NASA-CR-4642-VOL-2; H-2030-VOL-2; NAS 1.26:4642-VOL-2) Avail:
CASI HC A07MF A02; 2 functional color pages

The principal objective of this research effort was to develop a
multicomponent strain gauge balance to measure forces and moments
onmodels tested in flow visualization water tunnels. Static experiments
(which are discussed in Volume 1 of this report) were conducted, and
the results showed good agreement with wind tunnel data on similar
configurations. Dynamic experiments, which are the main topic of this
Volume, were also performed using the balance. Delta wing models and
two F/A-18 models were utilized in a variety of dynamic tests. This
investigation showed that, as expected, the values of the inertial tares
are very small due to the low rotating rates required in a low-speed water
tunnel and can, therefore, be ignored. Oscillations in pitch, yaw and roll
showed hysteresis loops that compared favorably to data from dynamic
wind tunne! experiments. Pitch-up and hold maneuvers revealed the
long persistence, or time-lags, of some of the force components in
response to the motion. Rotary-balance experiments were also suc-
cessfully performed. The good results obtained in these dynamic
experiments bring a whole new dimension to water tunnel testing and
emphasize the importance of having the capability to perform simulta-
neous flow visualization and force/moment measurements during
dynamic situations. Author

N95-19019# Central Inst. of Aviation Motors, Moscow (Russia).
SOLUTION OF NAVIER-STOKES EQUATIONS USING HIGH
ACCURACY MONOTONE SCHEMES

VLADISLAV G. KRUPA and MIKHAIL J. IVANOV  /n AGARD,
Mathematical Models of Gas Turbine Engines and their Components
16p Dec. 1994

Copyright Avail: CASI HC AO3/MF A02 :

Numerical monotone methods for integration of the Reynolds
averaged Navier-Stokes equations are presented. These methods
employ finite volume formulation, implicit high-order accuracy Godunov
type scheme and two-equation (q - omega) turbulence model, based on
integration up to the wall. To illustrate the typical peculiarities of these
methods the computations of viscous flows in curvilinear ducts, around
2D airfoils and 3D shock-wave boundary layer interaction are consid-
ered. Available experimental data are used for verification of the
computed resulits. Author

N95-19035 Naval Air Warfare Center, Patuxent River, MD. Aircraft
Div.
WAVEFORM BOUNDING AND COMBINATION TECHNIQUES
FOR DIRECT DRIVE TESTING
SAMUEL FRAZIER, EDWARD PARIMUHA, MURAL! TUMMALA, and
THOMAS F. WINNENBERG 1994 8p Limited Reproducibility: More
than 20% of this document may be affected by microfiche quality
(AD-A284075) Avail: Issuing Activity (Defense Technical information
Center (DTIC)) ’
This paper presents various methods to combine a set of mea-
sured test signals into a composite signal. The composite signal
represents the set of measured test signals by retaining the significant
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attributes of the original set of measured test data. The composite
waveforms are generated to obtain rigorous direct drive waveforms
used during aircraft lightning and EMP assessments. Here we
proposs two techniques and a hybrid method to synthesize the
composite waveforms. DTIC

N95-19125# National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, OH.
DETECTING GEAR TOOTH FRACTURE IN A HIGH CONTACT
RATIO FACE GEAR MESH
JAMES J. ZAKRAJSEK, ROBERT F.HANDSCHUH (Army Ressarch
Lab., Cleveland, OH.}, DAVID G. LEWICKI  (Army Research Lab.,
Cleveland, OH.), and HARRY J. DECKER (Ammy Research Lab.,
Cleveland, OH.) Jan.1995 13p Presented at the 49th Meeting
of the Society for Machinery Failure Prevention Technology, Virginia
Beach, VA, 18-20 Apr. 1995; sponsored by Vibration Inst., ONR, and
ARL Prepared in cooperation with Army Research Lab., Cleveland,
OH
(Contract(s)/Grant(s): RTOP 505-62-36; DA PROJ. 1L1-62211-A-
47-A)
(NASA-TM-106822; E-9366; NAS 1.15:106822; ARL-TR-600) Avail:
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This paper summarized the results of a study in which three
different vibration diagnostic methods were used to detect gear
tooth fracture in a high contact ratio face gear mesh. The NASA
spiral bevel gear fatigus test rig was used to produce unseeded fault,
natural failures of four face gear specimens. During the fatigue tests,
which were run to determine load capacity and primary failure
mechanisms for face gears, vibration signals were monitored and
recorded for gear diagnostic purposes. Gear tooth bending fatigue
and surface pitting were the primary failure modes found in the tests.
The damage ranged from partial tooth fracture on a single tooth in
one test to heavy wear, severe pitting, and complete tooth fracture
of several teeth on another test. Three gear fault detection tech-
niques, FM4, NA4*, and NB4, were applied to the experimental data.
These methods use the signal average in both the time and fre-
quency domain. Method NA4* was able to conclusively detect the
gear tooth fractures in three out of the four fatigue tests, along with
gear tooth surface pitting and heavy wear. For multiple tooth
fractures, all of the methods gave a clear indication of the damage.
It was aiso found that due to the high contact ratio of the face gear
mesh, single tooth fractures did not significantly affect the vibration
signal, making this type of failure difficult to detect. Author

N95-19161# Wiright Lab., Wright-Patterson AFB, OH. Acoustics and
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THERMO-ACOUSTIC FATIGUE DESIGN FOR HYPERSONIC
VEHICLE SKIN PANELS
KENNETH R. WENTZ, ROBERT D. BLEVINS (Rohr Industries,
Inc., Chula Vista, CA.), and IAN HOLEHOUSE (Rohr Industries,
Inc., Chula Vista, CA.) /n AGARD, Impact of Acoustic Loads on
Aircraft Structures 9 p Sep. 1994
Copyright Avail: CASI HC A02/MF A03

Thermo-vibro-acoustic analysis and test of skin panels for
airbreathing hypersonic vehicles is made for a generic vehicle and
trajectory. Aerothermal analysis shows that impingement of the bow
shock wave on the vehicle and engine noise produce high fluctuating
pressures and local heat fluxes. Maximum temperatures will exceed
2700 F (1480 C) at the top of the ascent trajectory and engine sound
levels will exceed 170 dB at takeoff. As a result, loads due to engine
acoustics and shock impingement dominate the design of many
transatmospheric vehicle skin panels. Author

N95-19236# McDonnell-Douglas Aerospace, Saint Louis, MO.
FIBER OPTIC CONTROL SYSTEM INTEGRATION FOR
ADVANCED AIRCRAFT. ELECTRO-OPTIC AND SENSOR
FABRICATION, INTEGRATION, AND ENVIRONMENTAL
TESTING FOR FLIGHT CONTROL SYSTEMS Final Report
DANIEL W. SEAL, THOMAS L. WEAVER, BRADLEY L. KESSLER,
CARLOS A. BEDOYA, and ROBERT E. MATTES Nov. 1994 127p
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This report describes the design, development, and testing of
passive fiber optic sensors and a multiplexing electro-optic architec-
ture (EOA) for installation and flight test on a NASA-owned F-18
aircraft. This hardware was developed under the Fiber Optic Control
Systems for Advanced Aircraft program, part of a multiyear NASA
initiative to design, develop, and demonstrate through flight test ‘fiy-
by-light systems for application to advanced aircraft flight and
propulsion control. This development included the design and pro-
duction of 10 passive optical sensors and associated multiplexed
EOA hardware based on wavelength division multiplexed (WDM)
technology. A variety of sensor types (rotary position, linear position,
temperature, and pressure) incorporating a broad range of sensor
technologies (WDM analog, WDM digital, analog microbend, and
fluorescent time rate of decay) were obtained from different manu-
facturers and functionally integrated with an independently de-
signed EOA. The sensors were built for installation in a variety of
aircraft locations, placing the sensors in a variety of harsh environ-
ments. The sensors and EOA were designed and built to have the
resulting devices be as close as practical to a production system.
The integrated system was delivered to NASA for flight testing on a
NASA-owned F-18 aircraft. Development and integration testing of
the system provided valuable information as to which sensor types
were simplest to design and build for a military aircraft environment
and which types were simplest to operate with a multiplexed EOA.
Not all sensor types met the full range of performance and environ-
mental requirements. EOA development problems provided infor-
mation on directions to pursue in future fly-by-light flight control
development programs. Lessons learned in the development of the
EOA and sensor hardware are summarized. Author (revised)
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WALL INTERFERENCE, SUPPORT INTERFERENCE AND
FLOW FIELD MEASUREMENTS [LES EFFETS DE PARO! ET
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Jul. 1994 439 p In ENGLISH and FRENCH Symposium held
in Brussels, Belgium, 4-7 Oct. 1993 Original contains color
illustrations
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The 31 papers prepared for the AGARD Fluid Dynamics Panel
(FDP) Symposium on ‘Wall Interference, Support interference, and
Flow Field Measurements’ are contained in this report. tn addition,
a Technical Evaluator's Report assessing the success of the
Symposium in meeting its objectives, and an edited transcript of the
General Discussion held at the end of the meeting are also included.
The primary objective of this Symposium was to report on recent
developments from research and technology programs aimed at
reducing test data errors caused by wind tunne! walls, model
supports, and intrusive flow field measurement devices. The scope
of papers included wall interference correction methods based on
measured data at the walls and methods to eliminate wall interference
through adaptive and/or ventilated walls, support interference
calculations and correction methods, and recent advances in fiow
field measurement techniques. For individual titles, see N95-19252
through N95-19282.
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THE CRUCIAL ROLE OF WALL INTERFERENCE, SUPPORT
INTERFERENCE AND FLOW FIELD MEASUREMENTS IN THE
DEVELOPMENT OF ADVANCED AIRCRAFT
CONFIGURATIONS

F.T.LYNCH, R.C.CRITES (McDonnell-Douglas Aerospace, Saint
Louis, MO.), and F. W. SPAID  (McDonnell-Douglas Aerospace,
Saint Louis, MO.) /n AGARD, Wall interference, Support Interfer-



ence and Flow Field Measurements 38 p Jul. 1994
Copyright  Avail: CASI HC A03/MF A04
The requirements, current technology status, and future needs
_ for methodologies to assess wall and support interference effects,
and for flow field measurement capabilities, are addressed from an
aircraft industry perspective. The requirement for higher Reynolds
number testing, especially for transport aircraft, places a much
greater burden on the development of the respective technologies.
Accurate wall interference estimation methods, including modeling
of the tunne! wall flow, are required to assure that models are sized
such that wall effects are correctable. Limitations of wall-interfer-
ence correction methodologies, which occur as a consequence of
current CFD inadequacies, are addressed. Flow field correction
methods, as well as surface pressure correction methods, are
covered. Three techniques for estimating model support interfer-
ence are reviewed, namely, the use of dummy stings in experimental
tasts, use of empirically-based methods for similar installations, and
use of CFD-based methods. The need to design support system
concepts that minimize interference, and, in the process, permit the
effective application of CFD-based methods, is highlighted. Flow
diagnostic techniques needed to permit extrapolation of sub-scale
wind-tunnel-measured aerodynamic characteristics to full-scale
conditions, and to provide the understanding to allow deficiencies to
be addressed and corrected, or to guide the design of improved-
performance concepts, are reviewed. Both surface flow measure-
mentivisualization and off-body measurements are considered.
Noteworthy results obtained with current intrusive devices are
reviewed, but the emphasis for the future is clearly shown to reside
with optical, non-intrusive techniques such as pressure sensitive
paint, infrared imaging, particie image velocimetry, and Doppler
global velocimetry. Author
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Ontario.) and V. D. NGUYEN /n AGARD, Wall interference, Support
Interference and Flow Field Measurements 15p Jul. 1994 Original
contains color illustrations
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This paper deals with calibrations and uses of the five-hole
probes for flow field survey. Two applications are given: one in
transonic regime in the near slipstream of a powered propfan
mounted on a half-mode! wing configuration and the other behind a
generic submarine model at subsonic speeds. The acquired data
have been analyzed in terms of flow angles, total and dynamic
pressures and Mach number and velocity vector in a probe fixed
coordinate system. These parameters were necessary in determin-
ing the flow field characteristics of the studied configurations which
are presented and discussed. Author
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AERODYNAMIC INVESTIGATION OF THE FLOW FIELD IN A
- 180 DEG TURN CHANNEL WITH SHARP BEND
GUIDO RAUand TONY ARTS InAGARD, Wall interference, Support
Interference and Flow Field Measurements 8p Jul. 1994
Copyright  Avail: CAS| HC A02/MF A04

The intemal cooling of gas turbine blades is generally ensured
by secondary air flowing through narrow passages existing inside
the airfoils. These intemal channels are usually connected by 180
deg tums with sharp bends. The aerodynamic and associated
convective heat transfer characteristics observed in this type of
geometry are significantly influenced by strong secondary flows and
fiow separations. The purpose of the present experimental effort is
to give a detailed description of some aerodynamic aspects of this
particular flow pattern. Detailed measurements of the three-dimen-
sional velocity field were performed by means of a two-component
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Laser Doppler Velocimeter. The third velocity component was
obtained by repeating the measurements at two different orienta-
tions of the emitting optics with respect to the test section. Author

N95-192584# Centre d’Etudes et de Recherches, Toulouse (France).
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EXPERIMENTAL TECHNIQUES FOR MEASURING
TRANSONIC FLOW WITH A THREE DIMENSIONAL LASER
VELOCIMETRY SYSTEM. APPLICATION TO DETERMINING
THE DRAG OF A FUSELAGE [TECHNIQUE EXPERIMENTALE
DE MESURE EN ECOULEMENT TRANSSONIQUE AVEC UN
SYSTEME DE VELOCIMETRIE LASER TRIDIMENSIONNEL.
APPLICATION A LA DETERMINATION DE LA TRAINEE D'UN
FUSELAGE)
A. SERAUDIE, A. MIGNOSI, J. B. DOR, and S. PRUDHOMME In
AGARD, Wall Interference, Support interference and Flow Field Mea-
surements 6 p Jul. 1894 In FRENCH Original contains color
illustrations
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Recent developments in laser anemometry have been used to
design a three dimensional laser system which has been in opera-
tion at the CERT ONERA's T2 wind tunnel since December 1989:
fiber optics (to lead the light between the source and the emitting
optics), Fast FOURIER Transfer Doppler processors (to analyze the
Doppler signals), high power transmission system (to provide color
separation), digital control of displacement motors and real time
operation (to move the measuring point during the run). This device
works well for the short run times of the T2 wind tunnel, providing a
good accuracy which allows 30 to 50 measurement points during 60
to 120 seconds of the tast. After a complete description of the 3D
laser velocimetry system, the present paper will develop some
typical measurements which have been performed. For each case
we will present some test results obtained under transonic condi-
tions: shock wave probing (shape and location on the upper side of
a 2D transonic model); and 3D velocity measurements in forward
and backward scatter configurations with the wall approach for
areas without good accessibility. In order to obtain the drag of a
fuselage, a vertical plane located downstream of the model was
measured with two devices: laser velocimetry in order to obtain the
three components of velocity; and a pressure rake providing the
static and total pressures. The combination of these measurements
(pr