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PREFACE

In 1982, Lewls Research Ceanter's 934 rrsearch authors published 378 technical publications
which were annotinced to and reached the worldwide scientific community. This number was
almost the same as last year's 384 publications. The number of reports published per parson per
year has decreased slightly. In 1982, Lewis authore published apg roximately 61 percent ol their
research contributions In outside publications and the remaindar as NASA resea:ch reports.
Lewlis authors primarlly use soclety proceedings, seminar presentations, Journal articles, and
transactions to describe their work, Many have recelved awards for their contributions; among
them are the following:

The 1982 Lewls Distinguished Paper Award was presented to Gary M. Johnson for his paper
entltled ''Surrogate-Equation Technlque for Simulation of Steady Inviscld Flow."

In 1982, Marvin Goldstein, Lewis' Chief Sclentist, was presented two prestigious awards. He
recelved the Aeroacoustics Award for his Important contributions to the theorles of fan, Jet, and
jet-surfaca interaction noise Including his comprehensive treatisse Asroacoustics, that has
become a standard reference In the field and was published by McGraw-Hill. M. Goldstein also
was presented the Pendray Aerospace Literature Award for outstanding literature contributions in
aeroacoustics and unsteady aerodynamics which have significantly advanced those sclences
and produced key elements in the deslgn of high-speed fans and compressors for modern alrcraft
engines.

In 1982, 296 contractor-authored research reports were produced, a decrease from the previous
year's output of 312, In addition, 21 patent applications were flled and 19 patents were Issued,

All the publications In this collection were announced In the 1982 Issues of STAR (Scleniific and
Technical Aerospace Reports) and IAA (International Aerospace Abstracts),

The arrangement of the material is by NASA subject category, as noted in the Contents, The
Lewis-authored Items are listed first, foliowed by the contractor items. Within each of these
groups Is listed report literature, In N-number sequence, followed by the journal and conference
presentations, in A-number sequence.

The various Indexes will help locate specific publizations by subject, author, contractor
organization, contract number, and report number.,

George Mandel
Chief, Publications Division
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01 AERONAUTICS (GENERAL)

N82-17083°§ National Asronautics and Space Administration.
Lewis Research Center, Claveland, Ohio,
AN EXPERIMENTAL STUDY OF AIRFOIL ICING CHARAC-
TERISTICS
Robert J, Shaw, Ray G. Sotos, and Frank R. Solanoc 1982
37 p refs Presented at Twentieth Asrospace Sci. Conf,, Orlando,
Fla., 11-14 Jan. 1982; sponsored by AlIAA
(NASA-TM-82790; E-1114) Avail: NTIS HC AO3/MF AO1
CSCL 018

A full scale general aviation wing with a NACA 63 sub
2 A415 airfoil section was tested to determine icing ci:aracteris-
tics for representative rime and glaze icing conditions. Measure-
ments were made of ice accretion shapes and resultant wing
section drag coefficient levels. it was found that the NACA 63 sub
2 A415 wing section was less sensitive to rime and glaze icing
encounters for climb conditions, EAK,

NB81-18004*§ Nationai Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
ADVANCED TECHNOLOGY FOR CONTROLLING POL-
LUTANT EMISSIONS FROM SUPERSONIC CRUISE
AIRCRAFT c4b
Robert A. Duerr and Larry A, Diehl /n NASA. Langley Research
Center Supersonic Cruise Res. 1979, Pt. 1 Mar., 1980
p 535-549 (For primary document see N81-17981 08-01)
Avail: NTIS HC A23/MF AG1 CSCL 13B

Gas turbine engine combustor technology for the reguction
of pollutant emissions is summarized, Variations of conventional
combustion systems and advanced combustor concepts are
discussied. Projected results from far term technology efforts simed
at applying the premixed prevaporized and catalytic combustion
techniques to aircraft combustion systems ‘indicste s potential
for significant reductions in pollutant emission levels. M.G.

NB82-19132*§ Nutional Aeronautics and Space Admiinistration,
Washington, D. C,
BIBLIOGRAPHY OF NASA PUBLISHED REPORTS ON
GENERAL AVIATION, 1976 TO 1981
Jun, 1981 277 p
(NASA-TM-83307) Avail: NTIS HC A13/MF AO1 CSCL
018

This bibliography lists 478 documents which relate to all
heavier-than-air fixed wing aircraft exclusive of military types
and those used for commercial air transport, An exception is
the inclusion of comniuter transport aircraft types within the
general aviation category. NASA publications included in this
bibliography zre: conference piiblications (CP), reference publica-
tions (RP), technical memoravidums {TM, TMX), technical notes
(TN), technical papers (TP}, and contractor reports {CR}. In addition,
papers and articles ‘on NASA general aviation programs published
by technical societies (AIAA, SAE, etc,) are included, as well as
those listed in NASA's Scientific and Technical Aerospace Reports
(STAR) Journal. Author and subject indexes are also provided
to facilitate use of the bibliography. T.M,

N82-19146*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Obio.
ENGINE TECHNOLOGY c07
Anthony C. Hoffman /n NASA, Langley Research Center Elec.
Flight Systems Feb, 1982 p 235-240 (For primary document
see N8:-19134 10-01)
Avail: NTIS HC A12/MF AO1 CSCL 21E

Materials used in a presentation on development of -engine
technology for electric fiight systems are presented, Component
and system technology issues, NASA's mle, and flight test
requitemants are outlined, J.D.H,
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N82-19148°%§ Nationa! Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio,
POWER SYSTEMS c08
Robert Finke /n NASA, Langloy Research Center Elec, Flight
Systems Feb. 1982 p 241-246 (For primary document see
N82-19134 10-01)
Avail: NTIS HC A12/MF AO1 CSCL 01C

Materials illustrating & presentation of the davelopment of
power systums are presented, The technology issues and tradeotfs,
the role of NASA, and testing requirements are outlined. J.D,H.

NB2-19147*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
ENVIRONMENTAL CONTROL SYSTEMS cb4
Frank Hrach /n NASA. Langley Research Center Elec, Flight
Systems Feb. 1982 p 247-252 (For primar/ document see
NB2-19134 10-01)
Avsil: NTIS HC A12/MF AO1 CSCL 06K

Materials illustrating a presentation on environmental
control systems for electric flight systems are presented. The
major technology issues, major development and application steps,
the role of NASA, and required flight testing are outlined, J.D,H,

NB2-21145*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Qhio,
OZONE AND AIRCRAFT OPERATIONS c48
Porter J. Perkins /n NASA, Marshall Space Flight Center Proc.:
Sth Ann, Workshop on Meteorol. and Environ. inputs to Aviation
Gistems * Dec, 1981 p 40-44 refs (For primary document see
Nel-21139 12-01)
Avail: NTIS HC AO7/MF AO1 CSCL Q4A

The cabin ozone problem is discussed. Cabin ozone in terms
of health effects, the characteristics of ozone encounters by aircraft,
a brief history of studies to define the problem, corrective actions
taken, and possible future courses of action are examined, It is
suggested that such actions include avoiding high ozone
concentrations by applying ozone forecasting in flight planning
procedures, EAK,

N82-21 148*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
NASA/LEWIS RESEARCH CENTER ICING RESEARCH
PROGRAM ¢03
Peggy L. Evanich /n NASA. Marshall Space Flight Center
Proc.: 5th Ann. Workshop on Meteorol. and Environ, Inputs to
Aviation Systems Dec. 1981 p 64-75 (For primary document see
N82-21139 12-01)
Avail: NTIS HC A07/MF AO1 CSCL 01C

Icing requirements for commercial aircraft, light transport
and general aviation aircraft, and rotorcraft were studied, The
objectives was to: establish the state of the art in aircraft icing,
determining the aircraft industry’s icing research and technology

needs, and recommending both short and long term icing programs -

to NASA. It is shown that all three categories of aircraft need
improved and new ice protection system, icing calculational
techniques, icing performance sensitivity on current and modern
airfoils, and new and improved icing facilities. The need for a
general aviation pilot training film concerning flight into icing
conditions is also identified. EAK

NB2-26219*# National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
SUMMARY AND RECENT RESULTS FROM THE NASA
ADVANCED HIGH SPEED PROPELLER RESEARCH
PROGRAM
Glenn A. Mitchefi and Daniel C. Mikkelscn 1982 35 p refs
Presented -at the 18th Joint Propulsion Conf., Cleveland,
21-23 Jun, 1982; sponsored by AIAA, SAE and ASME
(NASA-TM-82891; E-1269: NAS 1.15:82891) Avail; NTIS
HC AO3/MF AO1 CSCL 01B

Advanced. high-speed propéllers offer large performance

‘imprevements for aircraft that cruise in the Mach 0.7 t0-0.8 speed

regime. The current status of the NASA research program on
high-speed propeller aerodynamics, acoustics, and aeroelastics
is described. Recent wind tunnel resuits for five 8- to 10-blade
advanced models are compared with analytical predictions. Test
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results show that blade sweep was important in achieving net
efficiencies near 80 parcent at Mach 0.8 and reducing near-field
cruise noise by dB. Lifting line and lifting surface serodynamic
analysis codes are under development and some initial lifting
line results are compared with propeller force and probe data,
Scme initial laser velocimeter measurements of the flow field
velocities of an 8-bladed 45 deg swept propeller are shown.
Experimentcl aeroelastic results indicate that cascade effects and
blade sweep strongly affect propeller aeroelastic characteristics.
Comparisons of propeller near-field noise data with linear acoustic;
theory indicate that the theory sdequate pradicts near-field
noise for subsonic tip speeds but overpredicts the noise for
supersonic tip speaeds. Potential large gains in propelier efficiency
of 7 to 11 percent at Mach 0.8 may be possible with advanced
counter-rotation propellers. B.W,

AB1-32648 ¢ // The effect of inflow velocity profiles on ‘e
performance of supersonic ejector nozzles. A. R. Bishop (NASA,
Lewis Research Center, Clevelund, Ohio). American Institute of
Aeronautics and Astronautics, Aerospace Sciences Meeting, 19th, St.
Louis, Mo., Jan. 12-15, 1981, Paper 81-0273. 6 p. 5 refs.

The design of supersonic rozzles is becoming increasingly
complex as confiicting requirements for low noise, higher efficiency,
and wider operating range are driving the designer toward more
variable geometry and multiple stream flows. Analysis techniques
must be modified and 2xpanded to take into account these
additional complexities and still retain the rapid computational rate
necessary for optimization and design studies, A nozzle analysis must
handle more flow streams, more complex geometries, and more
highly distorted initial profiles. This paper discusses some modifica-
tions to a method for calculating the performance characteristics of
supersonic ejector nozzles and demonstrates the improvement in
results the modifications provide. {Author)

A82-37678 * # Keviar/PMR-15 polyimide matrix composite for a com-
plex shaped DC-9 drag reduction fairing. R. T. Kawai, R. F, McCarthy, M. S.
Willer (Douglas Aircraft Co., Long Beach, CA), and F, J, Hrach (NASA, Lewis
Research Ceror, Cleveland, OH), AIAA, SAE, and ASME, Joint Propuision
Conference, 18th, Cleveland, OH, June 21-23, 1982, AIAA Paper 82-1047. 9 p,
6 refs,

The Aircraft Energy Efficiency (ACEE) Program was established by NASA to
improve the fusl efficiency of commarcial transport aircraft and thereby to reduce
the amount of fuel consumed by the alir transportation industry. One of the final
items developed by the program is an improved fairing which is the aft closure
for the thrust reverser actuciors on the JT8D nacelles on DC-8 aircraft, The
reduced-drag fairing uses, in the interest of weight savings, an advanced compos-
ite construction. The composite material contains Keviar 49 fibers in a PMR-15
matrix, Attention is given to the aerodynamic configuration, the material system,
and aspects of fabrication development, G.R.

N82-22142*§ Toledo Univ., Ohio.  Dept, of Chemical
Engineering,
NUMERICAL S!MULATION OF ONE-DIMENSIONAL HEAT
TRANSFER IN COMPOSITE BODIES WITH PHASE CHANGE
M.8. Thesis, 1980 Final Report
Kenneth J. DeWitt and Gurudutt Baliga Mar, 1982 88 p
refs
{Contract NAG3-72)
(NASA-CR-165607; NAS 1,26:165607) Avail:  NTIS
HC A05/MF AO1 CSCL 20D

A numerical simulation was developed to investigate the
one dimensional heat transfer occurring in 8 system composed
of a laysied aircraft blade having an ice deposit on its surface,
The finite difference representstion of the hest conduction
equations was done using the Crank-Nicolson implicit finite
difference formulation. The simulation considers uniform or time
dependent heat sources, from haaters which can be either point
sources or of finite thickness. For the ice water phase changs,
8 numerical method which approximates the: latent heat effect
by » large heat capacity over a smalli temperature interval was
applied. The simulstion describes the temperature profiles
within the various layers of the ds-icer pad, as well as tha
movement of the ice water in‘arface. The simulation could also
be used to predict the one dimensional temperature profiles in
any composite siab having different boundary conditions. M.G,
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02 AZRODYNAMICS

Includes aerodynamics of bodies, combinations, wings,
rotors, and control surfaces; and internal flow in ducts and
turbomachinery.

For related information see also 34 Fluid Mechanics and

NB82-13112*%/ National Aercnautics and Space Administration,
Lewis Research Center, Cleveiand, Chio.

THRUST MODULATION METHODS FOR A SUBSONIC
V/STOL AIRCRAFT

Richard R. Woollett 1981 18 p refs Presentad at V/STOL

3. i

Heat Transfer.

NB82-11052*¥ Narional Aeronautics and Space Administration.
Lewis Research Canter, Cleveland, Ohio.
LOW SPEED TESTING OF THE INLEYS DESIGNED FOR A
‘TAMDEN-FAN V/STOL NACELLE
Robert C. Williams and Andres H Ybarra (Vough Corp., Dallas)
1981 13 p refs Presented at the V/STOL Conf, Palo Alto,
Calif., 7-9 Dec. 1981
(NASA-TM-82728; E-1031, AlAA-B1-2627) Avail. NTIS
HC A02/MF AD1 CSCL O1A

An approximately 0.25 scale model of a tandem {an nacelle,
designed for a subsonic V/STOL aircraft, was tested in a Lewis
wind tunnel. Mode!l variables included long and short aft inlet
cowls and the addition of exterior strakes to the short inlet
cowl Inlet pressure recoveries: and distortion were measured at
pitch angles to 40 deg and at combinations of pitch and yaw
to 30 deg. Airspeeds covered a range to 135 knots {69 m/sec).
The: short afr inlet with added strakes had the best aerodynamic
performance and is considered suitable for the intended V/STOL
application T.M.

NB82.11043*§ National Aeronautics and Space Administration
Lewis Research Center, Cleveland, Ohio.
A SUMMARY OF V/STOL INLET ANALYSIS METHODS
Danny P. Hwang 1981 12 p reis Presented at ihe V/STOL
Conf., Palo Alto, Calif, 7-9 Dec. 1981
{NASA-TM.82725, E-1027) Avail: NTIS HC AG/MF AO1
CSCL 01A

Recent extensions and applications of the m hods are
emphasized They include the specification of the Kutte sondition
for a slotted inlet, the calculation of suction and tangensial blowing
for boundary layer control, and the analysis of auxiliary inlet
geometries at angles of attack. A comparison is made with
experiment for the slotted inlet, An optimum diffuser velocity
distribation was developed. T.M.

NB2-12043%§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio,
INTERACTION OF JPSTREAM FLOW DISTORTIONS WITH
HIGH MACH NUMBER CASCADES
Gerald W, Englert 1981 21 p refs Proposed for presentation
at the 27th Ann. Gas Turbine Conf, London, 18-22 Apr, 1982;
sponsored by ASME
(NASA-TM-82769; E.1078) Avail: NTIS HC A0Z/MF AO1
CSCL 01A

Features of the interaction of fiow distortions, such as gusts
and wakes with blade rows of advance type fans and compressors
having high tip Mach numbers are modeled. A typical disturbance
was assumed to have harmonic time dependence and was
described, at a far upstream |ocation, in three orthogonal spatial
coordinates. by a double Fourier series. It was convected at
supeisonic relative to a linear cascade described as an unrolied
annulus, Conditions were selactad so that the component of
this velocity parallel to the 5xis of the turbomachine was subsonic,
permitting interaction between blades: through the upstream as
well 8s downstream flow medis. A strong, nearly normal shock
was considered In the blade passages which was allowed
curvature and displacement, The flows before and sfter the shock
were linearized relative to uniform mean velocities in their
respective regions, Solution of the descriptive equations was by
adaption of the Wiener-Hopf technique, enabling a determination
of distortion patterns through and downstream of the cascade
as ‘well as pressure distributions on the blade and surfaces, Details
of interaction of tha disturbance with the in-passage shock ware
discussud, infuences of amplitude, wave length, and phase of
the disturbance on lifts and moments of cascade configurations
are presented. Numerical results are clarified by reference to an
especially orderly pattern of upstream vertical motion jn relation
to the cescade parameters. R.J,F.

Conf.. Palo Alto, Calif., 7-9 Dec. 1981, sponsored by AIAA and
NASA Ames
{NASA-('V.82747; E.1063) Avail: NTIS HC AOZ/MF AO1
CSCL 01A

Low speed wind tunnnl tests were conducted to ascess four
methods for attaining thrust modulsucs for V/STOL aircraft. The
four methods were: (1) fan $peed ciange, (2) fan nozzle exit
area change, {3) variable pitch rotar (VPR) fan, and {4) variable
inlet guide vanes {VIGV). The interrelationships between iniet
and thrust modulation system wure aiso investigated using a
double slotted inlet and thick lip inlet. Results can be summarized
as: (1) the VPR and VIGV systems were the most promising,
{2) changes in blade angle to obtain changes in fan thrust have
significant Implications for the inlet, and (3) both systems attained
required fevel of thrust with acceptable levels of fan blade
stress. M.DK.

N82-13113%§  Natjonal Aeronautics and Space Administzation
Lewis Research Center, Cleveland, Ohio.
COMPUTATIONAL METHODS FOR INTERNAL FLOV/S
WITH EMPHAS!IS ON TURBOMACHINERY
William D. McNaliy and Peter M. Sockol 1981 79 p refs
Prosented at the Symp, on Unpmputers in Flow Predictions and
Fluid Dyn. Exp. at the ASME Winter Ann. Meeting, Weshington,
D.C.. 15-20 Nov. 1981
{NASA-TM-62764; E-1085) Avail: NTIS HC AOS5/MF AOY
CSCL 01A

Current computational methods for analyzing flows in
turbomachinery &nd other related internal propulsion components
are presented. The methods are divided into two classes. The
inviscid methods deal specifically with turbomachinery applica-
tions. Viscous methor’», deal with generalized duct flows as well
as flows in turbon .- tinery passages. Inviscid methods are
categorized- ;2o (i 2tential, stream function, and Euler
aproaches. %..suy « ».ds are treated in terms of parabolic,
partially parzda o and elliptic procedures, Various grids used. in
association w.i k@se procedures are also discussed Author

NB2.13114*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
THE EFFECT OF ROTOR BLADE THICKNESS AND
SURFACE FINISH ON THE PERFORMANCE OF A SMALL
AXIAL FLOW TURBINE
Richard J. Roelke and Jeffrey E. Haas 1982 13 p refs Proposed
for preseniation at the Gas Turbine Ann. Meeting, London,
18-22 Apr. 1982; sponsored by ASME Prepared in cooperaticn
with Army Zviation Research and Development Command,
Cleveland
TContract DE-AI01-77CS-51040)
(NASA-TM-812726; DOE/NASA/51040-34; TR-81-C-29) Ava,
NTIS HC AO2/MF AO1 CSCL 21E

An experimental jnvestigation was conducted to determine
the effect -of blade profile inaccuracies -and surface finish- on the
aerodynamic performance of a 11.13 ¢m tip diameter turbine.
The asrreceived cast rotor blades had a significantly thicker profile
than the design intent and a fairly rough surface finish. Stage
test results showed an increase of one point in efficieny by
smoothing the surface finish and another three points by thinning
the blade profiles to near the design pmofile. Most of the
performance gain between the as-cast th..k and the thinned
rotor blades both with the same surface finish, was attributed
to reduced trailing edge ivsses of the recontoured blades.Author

NB2-14051*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
ANALYTIC INVESTIGATION OF EFFECT OF END-WALL
CONTOURING ON STATOR PERFORMANCE
Robert J. Boyle, Harold E. Rholik, and Louis J. Goldman Nov.
1981 12 p refs
(NASA-TP-1943; E-719) Avail: NTIS' HC A02/MF AO1 CSCL
A

Calculations show improved stator performance when the
tip end wall was contoured so that the inkjt area was greater

ot
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then the exit area, Comparisons are made with previously published
experimental data. Tha resuits of a psrametric snalysis of the
effect coniour geometry on the efficiency of s highly loaded
axisl stator are given. The .naxidium stator efficiency gain is
sbout 0.8 percentage point, and this represents & 22 percent
reduction in stator losses. The degree to which sndwall contauring
reduces the forces driving secondsry flows was siso examined.
The driving forcet; for both cross channel and radis! secondary
flow were reduced. ™,

N82-15020% National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.

COMPARISON OF TWO AND THREE DIMENSIONAL FLOW
COMPUTATIONS WITH LASER ANEMOMETER MEASURE-
MENTS IN A TRANSONIC COMPRESSOR ROTOR

Rodrick V. Chims and Anthony J. Strazisar 1982 16 p refs
Proposed for presentation at the 27ih Gas Turbine Conf,, Londor,
18-22 Jpr. 1982; sponsored by ASME

(NASA-YM-82777; E-1007) Avail: NTIS HC AOZ/M}F A0
CSCL OYA

A procedure for using sn efficient axisymmetric code to genery
ate downstream pressure input for more costly Euler codes is
discussec!. Two and thrge dimensiona! inviscia solutions for the
flow within a transonic axial compressor rotor at design speed
are compared to lsser anemometer measuremants at maximum:
flow and near stall operating points. Computationa! details of
the 2-D axisymmaetric stream function solution and the 3-D full
Euler solution are described. Relative Mach number contours,
shock location, and shock strength &% measured and as predicted:
by the 3-D code sre. compared. Downstream of the rotor the
inviscid computations agree with ea(h other but predict higher
pressure ratios than those measured. Euler codes require a
downstream pressure as input, Since that pressure controls the
computed mass flow and shock system, it must be consistent
with an inviscid solution. EAK,

N82-18049*§ Nationz’ Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
APPLICATION OF IMAGE PROCESSING TECHNIQUES TO
FLUID FLOW DATA ANALYSIS
Charles C. Giamati 1981 16 p Presented at the 11th Ann,
Computer Output Microfilm (COMtec) Conf., Lincolnshire, Hil.,
24-26 Feb, 1981
(NASA-TM-82760; E-1081) Avail: NTIS HC AO2/MF AO1
CSCL 01A

The application of color coding techniques used in processing
remote sensing imagery to analyze and display fluid flow data
is discussed. A minicomputer bassd color film recording and
color CRT display system is described, High quality, high resolution
images of two-dimensional data are produced on the film recorder.
Three dimensional data, in large volume, are used to generate
color motion pictures w, which time is used to represent the
third dimensior.. Several applications and examples are presented,
System hardware and software is described, M.G

N82-18178*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio,
COMPARISON OF TWO PARALLEL/SERIES FLOW TUR-
BOFAN PROPULGION CONCEPTS FOR RUPERSONIC
v/sYoL
R. W, Luidens, G. E, Turney, and J. Allen 1981 15 p refs
Presented at the V/STOL Conf, Psio Alto, Conf, 7-9 Dec.
1981
(NASA-TM-82743; AIAA-81-2637; E-1056) Avail: NTIS
HC A02/MF AQ1 CSCL 01A

The thrust, specific fuel consumption, and relative merits of
the tandem fan and the dus! reverse flow front fan propulsion
systems for a supersonic V/STOL aircraft are discussud,
Consideration is given to: fan pressure ratio, fan air buming,
and variable core supercharging. The special propuision system
components required are described, namsly: the deflecting front
inlet/nozzle, the aft subsonic inlet, the reverse pitch fan, the
variabls core supercharger snd the low pressure forward bumer.
The potential benefits for these unconventions! systems. are
indicated. Author

N82-241658*§ National Aeronautics and Space Administration.
Lewis Research Center, Cisveland, Ohio.
EXPERIMENTAL AND ANALYTICAL RESULTS OF TANGEN-
TIAL BLOWING APPLIED TO A SUBSONIC V/STOL INLETY
Richard R, Burley and Danny P. Hwang 1982 18 p refs
Froposed for presentation at the 18th Joint Propulsion Conf.,
Cleveland, 21-23 Jun. 1982: sponscred by AIAA, SAE and
ASME
(NASA.-TM-B2847: E-1237: NAS 1.15:82847) Avail: NTIS
HC AO2/MF AO1 CSCL O1A

Engine inlets for subsonic V/STOL sircraft must operate over
8 wide range of conditions without intemnal flow separation,
Experimental and analytical investigations were conducted to
evaluate the efiectivensss of tangential blowing to maintain
sttached flow to high angles of attack. The iniet had a rela-
tively thin lip with 8 blowing siot located either on the lip or in
the diffuser. The height and width of these siots was varied.
Experimentally datermined fow separation boundariys showed
that lip blowing achieved highsr angle of attack capsbility than
diffuser blowing. This capability was achieved with the largest
slot circumferential extent and either of the two slot heights.
Predicted {analytical) separation boundaries showasd good
agr it pt at the highest angles of attack, S.L

N82-26213*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveiand, Ohio, )
SOME ASPECTS OF CALCULATING FLOWS ABOUT
THREE-DIMENSIONAL SUSSONIC INLETS
H, C. Kao 1981 19 p refs Presented at ihe 17th Joint
Propulsion Conf,, Colorado Sgrings, Colo,, 27:2% Jul. 1981
(NASA-TM-82789; E-941; NAS 1,16:827/9) Avail: ‘NTIS
HC AD2/MF A0O1 CSCL O1A

‘Jarious three dimensional inlet modals wére calculated based
or: the potential flow model, Results are piresenied in the forms
¢ surface static pressure, flow angularity, surface flow pattern,
and inlet flow fisld. It Is indicated thet the extension of the
lower lip can reduce the adverse pressure gradient and incresse
the flow separation bound. EAK,

NB82-26234*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland,’ Ohio. »
LASER ANEMOMETER MEASUREMENTS IN AN ANNULAR
CASCADE OF CORE TURBINE VANES AND COMPARISON
WITH THEORY
Louis J. Goldman and Richard G. Seashultz Jun. 1982 47 p
refs
{NASA-TP-2018; E-876; NAS 1.60:2018) Avail: NTIS
HC AO3/MF AO1 CSCL G1A

Laser measurements were made in an annular cascade of
stator vanes. operating at an exit critical velocity ratin of 0.78.
Velocity and flow angles in the blade to blade plane weri) obtained
at every 10 percent of axial chord within the ppassaje and at
1/2 axial chord downstrean: of the vanes for radia’ positions
near the hub, mean and tip. Results are presented (/i both plot
and tabulated form and are compared with calculati¢ns from an
inviscid, quasi three dimensional computer program. The
experimental measurements generally agreed well with these
theoretical calculatioris, an indication of the usefulness of this
analytic approach. Author

N82-26240*# National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
AERODYNAMIC PERFORMANCE OF HIGH TURNING CORE
TURBINE VANES IN A TWO DIMENSIONAL CASCADE
John R. Schwab 1982 20 p refs Presented at the 18th
Joint Propulsion Conf,, Cleveland, 21-23 Jun. 1982; sponsored
by AIAA, SAE and ASME
{NASA-TM-82894; E-1272; NAS 1.15:82894) Avail: NTIS
HC A02/MF AO01 CSCL O1A

Experimental and theoretical azrodynamic performance data
are presented for four uncooled high turning core turbine vanes
with exit angles of 74.9, 75,0, 77.5, and 79.6 degrees in a
two dimensional cascade. Data for a more conservative
67.0 degree vane are included for comparison. Correction of
the experimental aftermix kinetic energy losses to a common
0.100 centimeter trailing edge thickness yiélds a linesr trend of
increased loss from 0.020 to 0,025 as the vane exit angle
Increases from 67.0 to 73:6 degrees. The theoretical losses show
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a similar trend The expermental and theoretical vane surface
velocity distributions generally agree within approximately five
percent, although the suction surface theoretical velocities are
generally higher than the experimental velocities as the vane
exit angle increases S.L.

N82.26241*§ National Aeronautics and Space Administration
Lewis Revearch Center, Cleveland, Ohio
PERFORMANCE OF A 2D-CD NONAXISYMMETRIC
EXHAUST NOZZLE ON A TURBOJET ENGINE AT ALTI-
TUDE
David M. Straight 1982 28 p refs Presented at 18th Joint
Propulsion Conf, Cleveland, 21.23 Jun. 1982: sponsored by
AIAA, SAE and ASME .
(NASA-TM-82881; E-1257; NAS 1.15:82881} Avail: NTIS
HC AO3/MF AO1 CSCL O1A

Baseline thrust and cooling data obtained with a 2D-CD
versatile research exhaust nozzle mounted on a turbojet engine
in ah altitude chamber are presented. The tests covered a range
of nozzle pressure ratios, nozzle pressure ratios, nozzle throat
areas, and interrial expansion area ratios The thrust data obtained
show good ag.eement with theory and scale model results after
correcting fne data for leakage and bypass cooling flows.
Additional work 15 nesded to improve predictability of cooling
performance BW.

NB2.28247*§ National Aercnautics and Space Administration.
Lewis Research Centar, Cleveland, Ohio.
COMPUTER PROGRAM FOR CALCULATING FULL POTEN-
TIAL TRANSONIC, QUASI-THREE-DIMENSIONAL FLOW
THROWGH A ROTATING TURBOMACHINERY BLADE
ROW
Charles A. Farrell Jun. 1982 57 p refs
(NASA-TP-2030; E-1013; NAS 1.60:2030) Avajl: NTIS
HC AG4/MF AO1 CSCL 01A

A fast, reliable computer code is described for calculating
the flow field about a cascade of arbitrary two dimensional airfoils.
The method approximates the three dimensional flow in a
turbemachinery blade row by correcting for stream tube
convergence and radius change in the throughflow direction. A
fully conservative solution of the full potential equation is combined
with the finite volume technique on a body-fitted periodic mesh,
with an artificial density imposed in the transonic region to insure
stability and the capture of shock waves. The instructions required
to set up and uUse the code are included. The name of the code
is QSONIC. A numerical example is also given to illustrate the
output of the program M.G.

NB82-28249*§ National Aeronautics and Space Administration.
Lewis Researcly Center, Cleveland, Ohio.
A SUMMARY OF V/STOL INLET ANALYSIS METHODS
Danny P. Hwang and John M. Abbtt 1982 17 p refs To
be presented at the 13th Congr. of the Intern. Council of the
Aeronautical Sci. and Aircraft Systems and Technol. Conf., Seaitle,
22.27 Aug. 1982; sponsored by th:s American Inst. of Aeronautics
and Astronautics Previously anncunced in 1AA as AB2-16902
{NASA-TM-82885; E-1263: NAS 1.15.82885) Avail; NTIS
HC A02/MF AO1 CSCL O1A

For abstract see A82-16902

N82-28260*# National Aeronautics and Space Administration
Lewls Research Center, Cleveland, Ohio.
COMPARISON OF LASER ANEMOMETER MEASURE-
MENTS AND THEORY IN AN ANNULAR TURBINE
CASCADE WITH EXPERIMENTAL ACCURACY DETER-
MINED B8Y PARAMETER ESTIMATION
Louis J. Goldman and Richard G. Seasholtz 1982 15 p refs
Proposed for presentation at Symp. on Engr. Appl. of Laser
Velocitmetry, Phoenix, Ariz., 14-19 Nov. 1982; sponsored by
ASME
(NASA-TM-82860; E-1228; NAS 1.15:82860) Avail: NTIS
HC AO2/MF AO1 CSCL 01A

Experimental measurements of the velocity components in
the blade to blade (axial tangentialj -iane were obtained with
an axial flow turbine stator passage and were compared with
calculations from three turbomachinery computer programs. The
theoretical results were calculated from a quasi three dimensional
inviscid code, a three dimensional inviscid code, and a three

dimensional viscous ccde. Parameter estimation techniques and
a parcle dynamics calculation were used to assess the accuracy
of thi+ laser measurements, which allow & rational basis for
comparison of the experimenal and theoretical resuits. The
general agreement of the experimental data with the results
from the two inviscid computer codes indicates the usefulness
of these calculstion procedures for turbomachinery blading. The
comparison with ths viscous code, while generally reasonable,
was not as go0d as fur the inviscid codes. S.L

N82-29270*# National Aeronautics and Space Administration,
Lewls Research Centor, Cleveland, Chio
VELOCITY GRADIENT METHOD FOR CALCULATING
VELOCITIES IN AN AXISYMMETRIC ANNULAR DUCT
Theodore Kaisanis Jul. 1982 23 p refs
(NASA.TP-2029; E-1104; NAS 1.60:2029} Avail: NTIS
HC AO2/MF AO1 CSCL 01A

The velocity distribution along an arbitrazy fine between the
inner and outer walls of an annular duct with axisymmetric swirling
flow is calculated. The velocity gradient equation is used with
an assumed variation of meridional streamline curvature, Upstream
flow conditions can vary between the inner and outer walls,
and an assumed total pressure distribution can be specified. S.L,

AB2-19778 * f/ Three-dimensional flow calculations including
boundary layer effects for supersonic inlets at angle of attack. J,
Vadyak, J. D, Hoffman (Purdue University, West Lafayette, IN), and
A. R. Bishop (NASA, Lewis Besearch Center, Wind Tunnel and
Flight Div., Cleveland, OH), American Institute of Aeronautics and
Astronautics, Aerospace Sciences Meeting, 20th, Orlindo, FL, Jan,
11-14, 1982, Paper 82-0061. 13 p. 23 rafs, Grant No, NsG-3311.

An analysis is presented for calculating the steady three-
dimensional flow field in supsrsonic mixed-compression Inlets at
incidence, A zonal modeling approach is employed to obtain the
solution, The supersonic core flow is computed using a second-order
pentahedral bicharacteristic algorittim, The bow shock wave and the
reflected Internal shock train are determined using a three-
dimensional discrete shock fitting procedure. The boundary layer
flow adjacent to hoth the centerbody and the cowl is computed
using a second-order implisit finite difference method. The flowin a
shock wave-boundary layer interaction region s computed using an
intagral formulation, The culmination of the present research effort
is the development of a production-type computer program capable
of analyzing flow in a variety of mixed-compression aircraft inlets.
Numerical results and experimental correlations are presented to
illustrate application of the analysis, {Author)

A82-35195 * # Experimental and analytical results ot tangentiat blow-

ing applied i» a subsonic V/STOL inlet. R. R. Burley and D. P. Hwang (NASA,

ngis Research Center, Cleveland, OH), AJAA, SAE, and ASME, Joint Propul-

sion Conferance, 18th, Cleveland, OH, June 21-23, 1982, AIAA Paper 82-1084
12 p. 9 yeis,

(Previously announced in STAR as N82-24165)

AB2-37684 * # Tangential blowing. for contrel of strong normal shock
- Boundary layer interactions on inlet ramps. M, F. Schwendemann (Northrep
Corp., Hawthorne, CA)} and B. W, Sanders (NASA, Lewis Research Center,
Cleveland, OH). AIAA, SAE, and ASME, Joint Propulsion Conference, 18th,
Cleveland, OH, June 21-23, 1982, AIAA Paper 82-1082. 10 p. 8 refs, Coniract
No. NAS2-9261, ,

The use of tangential blowing from a row of holes in an aft facing step is found
to provide good contro) of the ramp boundary layer, normal shock interaction on
a fixed geometry inlet over a wide range. of iniet mass flow ratios. Ramp Mach
numbers of 1,36 and 1,96 are Investigated, The blowing geomsetry is found to have
a significant effect on system performance at the highest Mach number. The use
of high-temperature alr In the blowing system, however, has only ‘a slight affect
on performance. The required blowing rates are significantly high for the most
severe test conditions. In addition, the required blowing coefficient Is found to be
proportional to the normal shock pressure rise, = C.R.

AB2-37718 * # Aerodynamic performance of high turning core turbine
vanes in a two-dimensionsl cascade. J. B. Schwab (NASA, Lewis Research
Center, Cleveland, OH). AIAA, SAE, and ASME, Joint Propulsion Conference,
18th, Clevaland, OH, June 21-23, 1982, AIAA Paper 82-1288. 19 p. 6 refs.
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Experimental and theorstica! aerodynamic performance data are presented tor
four uncooled high turning core turbine vanes with exit angles of 74,9, 75,0, 77.5,
and 70.6 degrees in a two-dimensiona! cascade. Data for a more consarvative
67.0 degree vane are included for. comparison. Corection of the experimental
aftermix kinetic energy losses to a common 0.100 centimeter irailing edge thick-
ness yields & linear trend of increased loss from 0,020 to 0,025 as the vane exit
angle increases from 67.0 to 78.6 degrees. The thearetical losses show a similar
trend. The experimental and theoretical vane surface velocity distribtitions gener-
ally agree within approximately five percent, although the suciion surface
theoretical velocities are generally higher than the experimentat velacities as the
vane exit angle incroases. (Author)

A82-37937 * # Three-dimensional shock structure in a transinic flutter
cascade. D. R, Boldman, A, E, Buggele, and A, J. Decker (NASA, Lewls Re-
sear'ch Center, Cleveland, OH). AlAA Journal, vol, 20, Aug. 1982, p, ' 146-1148,
5 rels,

Rapid double-pulse holography was employed to obtain detailed, iwo-dimen-
sional images of the shock fnrming during simulated flutter in a transonle flowfield,
The experiment comprised a linear (:ascade of alrfolls externally ojcillated in
torsion and viewed tangentially at the shock surface. Three biconvex alifolls were
subjected to harmonic pitching motion about the midcherd axis at a frequency of
0.53 while immersed in a Mach 0.81 flow, Failure to produce observatile shocks
led to use of choked flow with a Mach number near one, of which 50 holograms
were laken, The Images revealed 4 narrow shock surface with a spanwise varia-
tion in the shock prepertias, The method is concluded to be useful for éxamining
{ransonic flowfield shocks in the presence of airfail fiutter. M.S.K.

A82-40921 * # A summary of V/STOL inlet analysis methods. D, P,
Hwang and J. M, Abbott (NASA, Lewis Research Center, Cleveland, DH). in:
international Council of the Aeronautical Sciences, Congress, 13th and AlAA
Aircraft Systems and Technolagy Conference, Seattle, WA, August 22-27, 1962,
Proceedings, Volume 1, (A82-40876 20-01) New York, American Institute of
Aeronautics and Astronautics, 1982, p. 402-409. 24 refs.

The methods used to analyze the aerodynamic performance of V/STOL inlets
at the NASA Lewis Research Center are briefly described. Recent extensions
and applications of the method are emphasized. They include the specificalion
of the Kutta condition for a slotted inlet, the calculation of suction and tangential
blowing for boundary layer control, and tha analysis of auxiliary inlet geometries,
A comparison is made with experiment for the slotted Inlet and also for tangentia}
blowing. Finally, an optimum Inlet diffuser velocity distribution is developsd,

(Author)

N82-11041*§ Flow Research, Inc., Kent, Wash.
CALCULATIONS OF TRANSONIC POTENTIAL FLOW OVER
CASCADES Final Report
Wen-Huei Jou Oct. 1981 36 p refs
{Contract NAS3-22129;
(NASA-CR-165471; FRR-182) Avail: NTIS HC A03/MF AO1
CSCL 01A

Transonic flow through a cascade was studied by using the
fult potential equation and the finite volume method of Jameson
and Caughey. The C-type computational grid is generated by an
electrostatic analogy and simple shearing transformation. The
solution algorithm includer an option of using either an artificial
density or an artificial wviscosity formulation of the dissipative
term. Using the develuped code, flows through a cascade of
NACA G012 airfoils and flows through & cascade of shockless
blades were computed, It is found that the designed flow through
the shockless bladu iy accurately predicted, the artificial density
formulation shows more tolerance to the mesh irregularity, and
the C-type mesh doas not extend very far upstream for a small
pitch-corii ratio, ™.

NB82:16044*§ Universities Space Research Association,

Columbia, Md,

CAS822 - FOXTRAN PROGRAM FOR FAST DESIGN AND

ANALYSIE OF SHOCK-FREE AIRFOIL CASCADES USING

FICTITIOUS-GAS CONCEPT Final Report

Djordje S, Dulikravich and Helmut Sobieczky {DFVLR-Inst. fuer

Theoretische Streemungsmechanik, Goettingen, West Germany)

Washington NASA Jan, 1982 59 p refs

{Contract NAS3-24532)

(NABA-CR-3507) aAvail: NTIS HC AO4/MF AO1 CSCL 01A
A user-oriented computer program, CAS22, was developed

that is applicable to awrodynamic analysis and transonic shock-free

redesign of existing two-dimensional cascades of airfoils. This

FORTRAN. program cun be used: {1) as an analysis code for

full-potential, transonic, shocked or shock-free cascade flows;

(2) s * design code for shock-free cascades that uses Sob-
ieczky's fictitious-gas concept; and 3} as a zhock-free design
code followed sutomatically. by the analysis in order to confirm
that the newly obtained cescade shape provides for an entirely
shock-free transonic flow fisld. A four-level boundary-conforming
grid of an O type is gensrated. The shock-free design is perforined
by implementing Sobieczky’'s fictitious-gas concept of slliptic
continuation from subsonic into supersonic flow domains.
Recomputation inside esch supersonic zone is. performed by the
mathod of characteristics in the rheograph plane by using
isentropic: gas relations. Besides converting existing cescade
shapes withh multiple. shocked supersonic: regions into shock-fiee
cascatles, CAS22 can also unchoke previously choked cescades
and make them shock free. ARH.

N82-17122*§ McDonnell-Douglas Corp., St. Louis, Mo,
TESTS OF A D VENTED THRUST DEFLECTING NOZZLE
BEHIND A SIMULATED TURBOFAN ENGINE Final Report
T, L. Watson Washington NASA Jan. 1982 139 p refs
{Contract NAS3-21733)
(NASA-CR-3508; MDC-A6930) Avail: NTIS
HC AO7/MF AO1 CSCL O1A

A D vented thrust pcflecting nozzle applicable to subsonic
V/STOL aircraft was tested behind a simulated turbofan engine
in the verticle thriist stand. Mozzle thrust, fan operating
characteristics, nozzle entrance conditions, and static pressu/es
\are measurad, Nozzle performance was measured for variations
in exit area and thrust deflection angle, Six core nozzle configura:
tions, the effect of core exit axial location, mismatched core
and fan stream nozzle piressure ratios, and yaw vane presence
were evaluated. Core nozzie configuration affected performance
at normal and engine Gut operating conditions. Highest vectored
nozzie performance resulted for 8 given exit ares when core
and fan stream pressure were equal. Its is concluded that high
nozzle performance can be maintained at both normal and engine
out conditions through contro! of ths noxzle entrance Mach humber
with a variable exit area. £.A K.

N82-18180*§ United Technologies Research Center, Eest
Hartford, Conn,
AN EXPERIMENTAL INVESTIGATION OF GAPWISE
PERODICITY AND UNSTEADY AERODYNAMIC RESPONSE
YN AN OSCILLATING CASCADE. VOLUME 2: DATA
RXPORY. PART 1: TEXT AND MODE 1 DATA Final
Report
Franklin O. Carte Dec. 1981 411 p refs
(Coniract NAS3-22018)
{NASA-CR-165457-Vol-2-Pt-1; R81-914618-28.Vol-2.Pt-1)
Avail; NTIS HC A16/MF AO1 CSCL 01A

Tests were conducted a linear cascade of airfoils oscillating
in pitch to measure the unsteady pressure response on selected
blade slong the leading edge plane of the cescade, ovar the
chord of the center blade, and on the sidewall in the plane of
the leading adge. The te=!s were conducted for ail 96 combinations
2 mean camberline incif *nce angles 2 pitching amplitudes 3
reduced fraquencies and b interblade phase angles. The pressur-
data were reduced to Fourier coefficient form for direct comparison,
and were 8iso processed to yield integrated loads and particularly,
the aerodynamic damping coefficient. Dats obtained during the
test program, reproduced from the printout of the date reduction
program are complisd. A further description of the. contents of
this. report is found in the text that follows. Author

NB82-18184*§ Pennsylvania State Univ., University Park. Dept,
of Aerospace Engineering,
NUMERICAL ANALYSIS AND FORTRAN PROGRAM FOR
THE COMPUTATION OF THE TURBULENT WAKES OF
TURBOMACHINERY ROTOR BLADES, ISOLATED AIRFOILS
AND CASCADE OF AIRFOILS Final Report - Ph.D. Thesis
‘Mar. 1980
C. Hah and B, Lakshminarayana Washington NASA  Feb,
1982 171 p refs
{Grant NsG-3012)
{NASA-CR-3509: PSU-TURBO-81-4) Avail: NTIS
HC AOB/MF A0t CSCL O1A

Turbulent. wakes of turbomachinery rotor blades, isolated
airfoils, and a cascade of airfoils were investigated both numerically
and experimentally, Low subsonic and incompressible wake flows
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ware exsmined A finte dilference procedute wak employed in
the numatical snalysis utthzing the continulty, momentum, and
tutbulence closure equations in the retaling, curvilinear, and
nonorthogonal coordinate system. A nonorthogonal curvilinear
coorditiate systam was daveloped ta improve the accuracy and
officiancy of the humerical calculation. Thise turbulencé models
weie amployed to nblain closure of the governing equations.
The first modcl wat comprised to transport equations for the
turbulent kinetic energy and the rata of energy dissipation, and
the second and third mode!s wera comptised of equations for
the rate of turbulent kinefic energy dissisation and Reynolds
strassas, respectively. The second model handies the convection
and diffusion terms in the Reynolds stress iiénsport equation
collectively, while the third model handles them individually.
The numencal results demonstrate that the second and third
models provide accurate predictions, but the computer time and
memory storage can be considerably suved with the second
model. BW.

NB2-19139%) Pennsylvana State Univ. University Park  Dept
of Aetospace Enginsaring
APPLICATION OF AN AIRFOLL STALL FLUTTER COMPUTER
PREDICYION PROGRAM TO A THREE-DIMENSIONAL
WING: PREDICTION VERSUS EXPERIMENT M,S. Thesis
Anthony J Mulloletto Mar. 1982 136 p 1efs
{Grant NsG-3304)
{(NASA-CR-168586) Avail: NTIS HC A07/MF A01 CSCL
01A

An zarodynamic computer code, ¢apabla of predicting
unsteady and C sub m values for an airfail undergoing dynamic
stall, 15 used to predict the amplitudes and frequencies of
wing undergoing torsional stall flutter The code. developed at
United Technologies Research Corporatian {UTRG), is an
ompincal prediction method dasigned to yiald unsteaay vrinsg
of normal force and moment, given the aiffoil's static coeffis ipsy
charactesistics and the unsteady aetodynamic values, alpha, A
and B In this expariment, conducted in the PSU &' x §°
subsonic wind tunnel, the wing's elastic axis, torsional spring
constant and. initial angle of attack are varied, and the oscillation
amplitudes and frequencies of the wing, while undergoing torsional
stall flutter, are recorded. Thuse expanmental values show only
fair comparisons with the predicted responsos. Predictions tend
to he good at low velocittes and rather poor at higher veloci-
tHes Author

N82.19178*§ Hamilton Standard, Windsor Locks, Conn,
EVALUATION OF WIND TUNNEL PERFORMANCE TEST-
INGS OF AN ADVANCED 45 DEG SWEPT 8-BLADED
PROPELLER AT MACH NUMBERS FROM 046 TO 0,85
Final Report )
C. Rohtbach, F, B. Matzger, D. M. Black, and R. M. Ladden
Washington NASA Mar. 1982 129 p rels
{Conteact NAS3-20769)
(NASA-CR:3505) Avail: NTIS HC AO7/MF AO1 CSCL O1A
The Increased emphasis of fuel conservation in the world
and the rapié increase in the cost of jet fuel has stimulated a
series of studies of both conventional ‘and unconventionsl
propulsion systems for commercial aircraft. The fesults of thase
studios indicate that a fuel saving of 15 to 30 percent may be
reslized by the use of an advanced high-speed turboprop
{Prop-Fan) compared to sircraft equippad with high bypass
turbofan engines of equivalont technology. The Prop-Fan
propulsion system is being Investigated as part of the NASA
Airciaft Energy Efficient Program. This effort includes the wind
tunnel testing of a series of 8 and 10-blade Prog-Fan models
incorporate swept blades. Test results indicate efficiency levals
neat the goal of BO percent at Mach 0.8 cruisa and an altitude
of 10.67 km (35,000 ft). Each successive swept modsl has
shown improved efficlency relative to thy straight blade -model.
The fourth model, with 45 dag swept bladas reported herain,
shows a net efficiency of 78.2 at the design point with a power
loading of 301 kW/sq meter and a tip speed of 243,8 m/sec
(BOO ft/sec). Author

NB82.21168*§ Vought Carp, Dallas, Tex.

V/STOL TANDEM FAN TRANSITION SECTION MODEL
TEST

William € Simpkin ‘Mar. 1982 156 p -rals

{Contract NAS3-22165)

{NASA.CR.165587, NAS 1.28:165687; )
TR2:53200/2R-53088) Avail. NTIS HC AQ8/MF AO1 CSCL
01A

An approximately 0.25 scale model of the transition section
of a tandem fan variedie tycle engine naceile was tested in the
NASA Lewis Research Center 10:-by-10 foot wind tunnel. Two
12:Inch, tip-turting driven Tans wera used to simulate 8 tandem
fan engine. Tivee 12sting etdes simulated 8 V/STOL tandem
fan sirplana. Parallel mnde has two separate propulsion streams
for maximum low spead perforihance. A front infet, fan, and
downward vectorabla nozzie forms one stream An auxilliary top
inlet piovides air to the aft fan « supplying the core engine and
eft vectorable nozzle. Front nozzle and top inlet closure, and
removal of a blocker door separating the two streams configures
the tandem fan lor series mode operations as a typical aircraft
propulsion system, Transition mode operation is formed by
inteimadiate settings of the front nozzle, blocker door, and top
inlet. Emphasis was ¢l the total pressure recoveiy and flow
distetion at the aft fan face. A range of fan {low rates were
tested at tunnel airspeads from O to 240 knots, and ungles-of-
attack from =10 to 40 deg for all three modes. In addition to
the: model vanables for the three modes, model vruants of the
top inlet were tastad in the parallel mode cnly. These lip variables
waere. aft lip boundary layer bleed holes, and Three position
fuming vane Also g bellmouth extension of the top inlet side
lips was testod in parallel mode aw.

N8$2-22210°§ Universitias Space Research Association,
Columbias, Md, )
DESIGN OF SUPERCRITICAL CASCADES WITH HigH
SOLIDITY
Jose M. Sanz Feb. 1962 8 p refs
{Contract NAS3.2253)
{NASA-CR-1656600; NAS. 1,26:165800) Avall:  NTIS
HC AO2/MF A0 CSCL 01A

The method of complex characteristics of Garabedian snd
Kom was siuccessfully used to design shockless cascedas with
soliditias of up to one. A code was developed using this method
and a new hodograph transformation of the flow onto an ellipse.
This code allows the design of cascades with solidities of up to
two and largar turning angles, The equstions of potentisl flow
are soived in a complex hodograph like domain by setting a
characteristic initial value problem and integrating fiong suitable
paths. The topology that the new mapping introduces permits a
simpler construction of these paths of integration, M.G,

N82.22211*§ Bosing Commercial Alrplane Co,, Seattle, Wash,
AERODYNAMIC ANALYSIS OF VTOL INLETS AND DEFINI-
TION OF A SHORT, BLOWING-LIP INLET Fina! Report
J. Syberg and A, L, Jones Apr. 1982 61 p refs
{Contract NAS3.22369)
{NASA.CR-165617; NAS 1,.26:165617; D6-51418) Avail;
NTIS HC AO4/MF AO3 CSCL O1A

The results indicated that, without boundary layer control,
either a2 vary long Inlet or an Inlet with a vary high contraction
ratio lip will be required to meat the stiingent design requirements,
It is. shown that sactive boundary lavar control is an effective
means of preventing sepiration and that a significant reduction
in inlet size can be achieved by removing only » small amount
of bleed in the throst region of the inlet. A short, blowing-lip
model was designad and fabricated. This model features &n
adjustable, blowing slot located near the hilite on the windward
side of thu Infet, T.M.

NB2-22214*§ Thermo Mechanical Systems Co.. Canoga Park,
Calif.
DEVELOPMENT OF A LOCALLY MASS FLUX CONSEAVA.
TIVE COMPUTER CODE FOR CALCULATING 3-D VISCOUS
FLOW IN TURBOMACHINES Final Report
Leonard Whalitt Anr, 1962 118 p refs
(Contract NAS3-20834; DA Proj. 1L1-62209-AH-76)
(NASA-GCR<3639; NAS 1,26:3539; SR-34) Avail; NTIS
HC A06]MF AO1 CSCL O1A

The VANS successive approximation numerical method was
extended to the computation of three dimensional, viscous,
transonic. flows in turbomachines. A cross-sectional computer
code, which conserves mass flux at each point of the cross-
sactional surface of computation was developed. In the VANS
numerical method, the cross-sactional computation follows a
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biade-10-blade calculstion. Numerical calculations were made for
an axis! snnuler turbine cascade and 8 transonic, centrifugel
impeller with: splitter vanes. The subsonic turbine cascede
computation was generated i blade-to-blade surfece to evaiu-
ate the accuracy of the blade-to-blade mode of marching.
Caiculated blade pretsures st the hub, mid, an¥ ©*> radii of the
cascade agread with corresponding measursme:Z;, The transonic
impelier computation was conducted to test the newly developed
locally mass flux consarvative cross-sactional comnuter code. Both
biade-to-blede and cross sectionsl modes of calculstion ware
implemented for this problem. A triplet point shock structure
was computed in the Inducer region of the impeliar. in addition,
time-averaged shroud static pressyrss generally agreed with
maesiired shroud giressures, it is concluded that the blsde-to-bisde
computation produces a useful angineering flow field in regions
of subsonic relative flow; and cross-sectional computation, with
8 locilly mass flux conservative continuity equation, is required
::; compute the shock waves in regions of supersonic relstive
flow, M.G.

N82-24188°§ Ohio State Univ., Columbus, Dept. of Aeronauticet
and Astronautical Engineering.
RIME ICE ACCRETION AND ITS EFFECT ON AIRFOIL
PERFORMANCE Ph,D. Thesis. Fina) Report
Michse! B. Bragg Mar. 1982 182 p refs
(Grant NAG3-28)
(NASA-CR-166599; NAS  1.26:165599) Avail:  NTIS
HC A09/MF AO1 CSCL 01A

A methodology was developed to predict the growth of rime
ice, and the resulting aerodynamic penaity on unprotected,
subcritical, airfoil surfaces, The system of equations goveming
the trajectory of 8 water droplet in the airfoif flowfield is developed
and a8 numerical solution is obtained to predict the mass flux of
super coolad water droplets freezing on impact, A rime ice shape
is predicted. The effect of time on the ice growth is modeled
by a time-stanping procedure whers the flowfisld and droplet
mass flux are updated periodically through the ice accretion
process, Two similarity psrameters, the trajectory similarity
paramaeter and accumulation parameter, are found to govern the
sccretion of riine ice, In addition, an analytical solution is presented
for Langmuir's classical modified inertia parameter, The asrody-
nemic evaluation of the effact of the ice accretion on. airfoil
performance is determined using :an existing airfoil analysis code
with empirical corrections, The change in maximum lift coefficient
ia found from an analysis of the new iced airfoil shape. The
drag correction needed due to the severe surface roughness is
formulated from existing iced airfoil and rough airfoil date, A
smail scile wind tunne! test was conducted to determine the
change in airfoil performance due to a simulated rirrie ice
shape. Author

N82.-26229*§ United Technologies Research Center, East
Hartford, Conn.
AN EXPERIMENTAL INVESTIGATION OF GAPWISE
PERIODICITY AND UNSTEADY LAERODYNAMIC RESPONSE
IN AN OSCILLATING CASCADE. 1: EXPERIMENTAL AND
THEORETICAL RESULTS Final Keport
Franklin O, Carta Washington NASA Jun. 1982 103 p refs
(Contract NAS3-22018) .
(NASA-CR-3513; NAS 1.26:3513; R81-914618-27) Auvail:
NTIS HC A06/MF AO1 CSCTL 01A

Tests were conducted on a linear cascade of airfoils oscillating
in pitch to measure the unsteady pressure response on selected
blades along the leading edge plane of the cascade, over the
chord of the center blade. and on the sidewali in the plane of
the leading edge. The pressure data were reduced to Fourier
coefficient form for direct comparison, and were also processed
to vyield integrated loads and, particularly, the aerodynamic
damping coefficient. Results from the unsteady Verdon/Caspar
theory for cascaded blades with nonzero thickness and camber
were compared with the experimental measurements, The three
primary results are: (1} from the leading edge plane blade data,
the cascade was judged to be periodic in unsteady flow over
the range .of parameters tested; {2} the interblade phase angle
was found to be the single most important parameter affecting
the stability of the oscillating cascade blades; and (3) the real
blade theory and the experiment were in excellent -agreement
for the several cases chosen for comparison. A.RH,
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N82-26230*§ Massachusetts inst. of Tech, Cambudgs Gas
Turbine and Plasma Dynamics Lab.
A FORTRAN PROGRAM FOR CALCULATING THREE
DIMENSIUNAL, INVISCID AND ROTATIONAL FLOWS WITH
SHOCK WAVES IN AXIAL COMPRESSOR BLADE ROWS:
USER'S MANUAL Final Report
William T. Thompkins, Jr. ‘Washington Jun. 1982 179 p
refs T
{Grant NsG-3234)
{NASA-CR-3560: NAS 126:3560} Avail:  NTIS
HAC A09/MF AO1 CSCL O1A

A FORTRAN-IV computer program was developed for the
calculation of the inviscid transonic/supersonic flow field in a
fully three dimensional blade passage of an axisi compressor
rotor or stator Rotors may have dampars (part span shrouds).
MacCormack’s axplicit time marching method is used to soive
the unsteady Euler equations on a finite differance mesh. This
technique captures shocks and smears them o'rer several grid
points. Input Suantities afe blade row geometry, operating
conditions and thermodynamic quanities. Output quantities are
three. velocity components, density and internal energy at each
mesh point. Other flow quanities are calculsted from these
viriables. A short graphics package is included with the code,
and may be used to display the finite difference grid, blade
geometry and. static pressure contour plots on blade to blade
calculation. surfaces or blade suction and pressure surfaces. The
flow in a low aspect ratio transonic compressor was analyzed
and compared with high response tots! pressure probe measure-
ments and gas fluorescence static density measurements made
in the MIT blowdown wind tunnel: Thess comparisons show
that the computed flow fields accurately model the measured
shock wave locations and overall asrodynamic performance.

NB2-26237*§ Purdue Univ, Lafayette, ind. Thermal Sciences
and Propuision Cantér. )
THE DESIGN AND INSTRUMENTATION OF THE PURDUE
ANNULAR CASCADE FACILITY WITH INITIAL CATA
ACQUISITION AND ANALYSIS
R Charles Stauter and Sanford Fleeter Hay 198z 136 p
refs
{Grant NsG-3285)
{NASA-CR-167861; NAS 1.26:167861; ME-TSPC-TR-82-11)
Avail. NTIS HC A07/MF AO0j CSCL O1A

Three dimensional aerodynamic data, required to validate
and/or indicate necessary refinements to inviscid and. viscous
analyses of the flow through turbomachine blade rows. are
discussed. Instrumentation and capabilities for pressure measure-
ment, probe insertion and travessing, and flow visuslization are
reviewed Advanced measufement techniques including Laser
Doppler. Anemometers, are considered. Data processing is
reviewed. Predicticns were correlated with the experimental data.
A flow visualization technique using hefium fillerd soap bubbles
was demonstrated Author

NB2-26239*§ Universities Space Research Association,
Columbia, Md
GRID3C: COMPUTER PROGRAM FOR GENERATION OF
C TYPE MULTILEVEL, THREE DIMENSIONAL AND BOUND-
ARY CONFORMING PERIODIC GRIDS Final Report
Djordje S. Dulikravich Mar. 1982 26 p refs
{Contract NAS3-22532)
{NASA-CR-167B46. NAS 1.26:167846) Avail:  NTIS
HC AQ3/MF A0t CSCL O1A

A fast computer program, GRID3C, was developed for
accurately generating periodic, boundary conforming, three
dimensional. consecutively refined computational grids applicable
to realistic axial turbomachinery geometries. The method is based
on using two functions to generate two dimensional grids on a
number of coaxial axisymmetric surfaces positioned between
the centerbody and the: outer sadial boundary, These boundary
fitted grids ars of the C iype and are characterized by quasi-
orthogonality and geometric periodicity. The built in honorthogonal
coordinate stretchings and shearings cause the grid clustering in
the regions of interést, The stretching parameters are part of
the input to GRID3C. In its present version GRID3C can generate
and store a maximum of four consecutively refined three
dimensional grids. The output grid coordinates can be calculated
eithar in the Cartesian:or in the cylindrical coordinate system,
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N82.28253%§ Universities Spaco Research Associotion,
Columbia, Md
FAST GENERATION OF THREE-DIMENSIONAL COMPUTA.
TIONAL BOUNDARY-CONFORMING PERIODIC GRIDS NF
C-TYPE Final Repon
Djordje S. Dulikravich Jun. 1982 30 p refs Presented at
Symp. on Numarical Generation of Curviliner Coordinating Systems
and Use in Numerical Solution of Partial Differential Equations,
Nashville, 13-16 Apr 1982
{Contract NAS3-22532)
{NASA-CR-16559€. NAS 1.26:165596) Avail:  NTIS
HC AO3/MF AO1 CSCL O1A

A fast computer program, GRID3C, was developed to generate
multilevel three dimensional, C type, peiicdic, boundary conforming
grids. for the calculation of realistic turbomachinery and propelier
flow fields The technique is based on two analytic functions
that conformally map a cascade of semi-infinite slits to a cascade
of doubly infinste. strips on. different Riemann sheets. Up to four
consecutively refined three dimensional grids are automatically
generated and permanently stored on four different computer
tapes. Grid nonorthogonality is introduced by a separate coordinate
shearing and stretching performed in each of three coordinate
directions, The grids are easily clustered c.oser to the blade
surface, the traiting and leading edges and the hub or shroud
regions by changing appropriate input parameters. Hub and duct
{or outer free boundaty) have different axisymmetric shapes. A
vortex sheet of arbitrary thickness emanating smoothly from the
blade trailing edge is generated automatically by GRID3C, Blade
cross sectional shape, chord length, twist angle, sweep angle,
and dihedral angle can vary in an arbitrary smooth fashion in
the spanwise diraction S.L

NB82.29269*§ Purdue Univ., Lafayette, Ind.  School of
Mechanical Engineering.
CALCULATION OF THE FLOW FIELD INCLUDING BOUNDA.
HY LAYER EFFECTS FOR SUPERSONIC MIXED COMPRES-
SION IHLETS AT ANGLES OF ATTACK
Joseph Vadyak and Joe D. Hoffman Jul. 1982 406 p refs
(Grant NsG-3311) ,
{NASA-CR-167941; NAS 1.26:167941) Avail: NTIS
HC A1_B/MF ACY HHUL O1A

The flow fuékii «t 3y rsonic mixed compression aircraft inlets
at angfi of ati3sk wowauculated. A zonal modeling technique Js
aempliyad 1o i the solution which divides the flow field
into difierani Jt:mputational regions. The computational regions
consist of a supersonic core flow, boundary layer flows adjacent
to both the forebody/centerbody and cowl contours, and flow
in the shock wave boundary layer interaction regions. The zonai
modeling analysis is described and some computational results
are presented. The goveming equstions for the supersonic core
flow form a hyperbolic system of partial differential equations,
The equations for the characteristic surfaces and the compatibility
equations applicable along these surfaces are derived, The
characteristic surfaces are the stream surfaces, which are surfaces
composed of streamlines, and the wave surfaces, which are
surfaces tangent to a Mach conoid. The compatibility equations
are expressed as directional derivatives along streamlines and
bicharacteristics, which are the lines of tangency betwaen a wave
surface and a Mach conoid. S.L,

N82-32310*# Cincinnati Univ., Ohio.
Engineering and Applied Mechanics.
THREE DIMENSIONAL FLOW MEASUREMENTS IN A TURBINE
SCROLL
W. Tabakoff, B. V. R, Vittal, and B. Wood Jul. 1982 55 p refs
(Grant NAG3-26)
(NASA-CR-167920; NAS
HC A04/MF AO01 CSCL 01A
A study was conducted to determine experimentally the flow
behavior in combined scroli nozzle assembly of a radial inflow
turbine. Hot film anemometry technique was used to measure the
three dimensional flow velocity in the scroll. The through flow and
sacondary flow velocity components are measured at various points
in three scroll sections, Author

Dept. of Aerospace

1,26:167920) Avail:  NTIS

3;2-33347'# Cessna Alcraft Co., Vandalia, Ohio, Accessory

IMPACT OF ADVANCED PROPELLER TECHNOLOGY ON AIR-
CRAFT/MISSION CHARACTERISTICS OF SEVERAL GENERAL
AVIATION AIRCHAFT Final Report
Ira D, Keiter Sep. 1982 82 p refs
(Contract NAS3-21719)

1,26:167084) Avail:  NTIS

(NASA-CR-167884; NAS
HC AO5/MF A01 CSCL 01A )

Studies of several General Aviation aircraft indicated that the
application of advanced technologles to General Aviation propsitiri
can reduce fuel consumption in future aircraft by a signifitzul
amount. Propeiler blade weight reductions achieved througii ity
use of composites, propelier efficiency and noise improvements
achieved through the use of advanced concepts and improved
piopeller anaiytical design methods result in aircraft with lower
operating cost, acquisition cost and gross weight. Author

AB2.15459 * The thres-dimensional boundary lsysr on a
rotating helical blade, P. J, Morris (Pennsylvania State University,
University Park, PA), Journal of Fluld Mechanics, vol. 112, Nov,
1981, p. 283-296, 8 refs. Grant No, NsG-3265,

The laminar boundary layer on a twisted helical blade is
considered. The blade geometry is the same as that proposed by
Horlock and Wordsworth {1965}, However, the blade is twisted
about the leading edge in the manner described by Miyake and Fujita
{1974). The flow may be considered to be the analog, in a rotating
referunce frama, of the flat-plate boundary fayer in a stationary
fraine. It is shown that a coordinate system which is orthogonal in
the blade surface miay be developed. With the appropriate scaling of
the dependent variables a solution Jor the boundary layer flow is
readily obtained, The systems of ordinary differential equations for
the stream function nf the primary flow and the cross-flow are solved
numarically, G.R.

AB2.17759 * A finite element formulation of Euler eque-
tions for the solution of steady transonic flows. A, Ecer and H, U,
Akay (Purdue University, Indianapolis, IN}. American Institute of
Aeronautics and Astronautics, Aerospace Sclences Meeting, 20th,
Orlando, FL, Jan, 11-14, 1982, Paper 82-0062, 11 p, 14 refs, Grant
No, NsG-3294,

‘Trieé main objective of the considered investigation is related to
the development of a relaxation scheme for the analysis of inviscid,
rutational, transonic flow problems. To farmulate the equations of
motion for inviscid flows In a fixed coordinate system, an Eulerian
type variational principle is required, The derivation of an Eulerian
variational principle which Js employed in the finite element
formulation is discussed, The presented numerical method describes
the mathematical formulation and the application of a numerical
process for the direct solution of steady Euler equations. The
development of the procedure as an extension of existing potential
flow formulations provides the applicability of previous procedures,
e,g., proper application of the artificial viscasity for supersonic
elements, and the accurate modeling of the shock. G.R.

AB2-17933 * # Characteristics of the flow in the annulus-wall
region of an axial-flow compressor rotor blade passage. R. M. Davino
{Pennsylvania State University, University Park, PA). American
Institute of Aeronautics and Astronautics Aerospace Sciences Meet-
ing, 20th, Orlando, FL, Jan. 11-14, 1982, Paper 82-0413. 20 p. 32
refs, Grant Na, NsG-3212,

Three-dimensional characteristics of the mean velocity and
turbulence structure in the annulus-wall region of a moderately
loaded compressor rotor have been investigated experimentally by
employing triaxial hot-wire probes, Results are presented which
indicate that the flow within and downstream of the rotor passage is
highly complex due to the interaction of the annulis-wall boandary
layer, blade boundary layers, tip leakage flow, and passage secondary
flow, An understanding of the reported viscous flow interactions is
important for establishing improved aerodypamic design criteria and
efficiency, for predicting noise levels, and for determining the stall,
surge, vibration, and flutter characteristics of turbamachinery,

{Author)
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AB2-19301* # interaction of comprssor rotcr blade wake
with well boundary laver/vortex in the end-wall region. B, Lakshmi-
naraysna and A, Ravindranath (Pennsylventa State: :University,
Univerdity Park, PA), Americari Society of Mechanical Engineers,
Internations! Symposium on Applications of Fluids Mechanics and
Heat Transter to: Energy and Environmental Problems, Univ:.ty of
Patras, Patras, Greece, June 29-July 3, 1981, Psper 81-Gr/GT-1. 12
p. 11 refs. Members, $2,00; nonmembers, $4.9¥). Grant Na,
NsG-3012,

This prper reports the experimental ‘study of the thres.
dimensioial characteristics of the mean velocity of the rotor walie
inside the annuijus: and hub-wall boundary fayers. The measurements
were taken with & rotating three-sensor hot wire béhind the rotor.
This set of measurements probably represents: the first set of
comprehnasive measurements taken inside the annulus- and hub-wall
boundary layers. The wake was surveyed at several radial jocations
inside the bourdary layer region and -at several axial locations.
Interaction of the wake with the annulusswall boundary layer,
secondary flow, tip-leakage flow, and the trailing vortex system
results in siower decay and larger width of the wake, The prescnce of
a strong vortex and its merger with the wake is also observed, The
end-wall boundary layers and the secondary fiow were found to have
a substantial effect ¢n both ths decay characteristics and the profile
of the wake, These and other measurements are reported and
interpretad in this paper, {Author})

AB2-22063 * # Effects of blade loading and rotation on
comprassor rotor wake in end wall regions. B, Lakchminarayana, T,
R. Govindan, and B, Reyno!ds (Pennsylvania State University,
University Park, PA), American Institute of Aeronatitics and Astro-
nautics, Aerospace Sciences Mpeting, 20th, Orlando, FL, Jan, 11-14,
1982, Paper 82-0193. 11 p. 9 refs. Grant No. NsG-3012,
loading and rotation on the rotor end wall flow structure, including
the wake. The measurem.nts were taken with a stationary three
sensor hot wire located at the exit of a compressor rotor, The signal
was ensemble averaged to derive all the three components of velocity
and six components of stresses at the exit. Measurements were madg
at two different retational speeds {1753 and 1010 rpm) and at two
differing blade loadings at several radii near the hub and the annulus
wall, The wake decay in the annulus wall region js found to be much
more rapid than the mid span regions. Furthermore, both the ioading
and rotation of the blade have appreciable influence on the end wall
flow and wake struciure, Interaction of the arnulus and hub wall
boundary - layers {and secondary flow resulting from these) have
appreciable influence on the wake struciurg 1n the endwall regions.
{Author}

AB2-22081 * # Aerodynamic characteristizs of airfoils with
jce accretions. M. B. Bragg and G. M, Gregorek (Ohio State
University, Columbus, QH}. American /nstitute of Aeronautics and
Astronautics, Aerospace Sciences Meeting, 20th, Orlando, FL, Jan,
11-14, 1982, Paper 82-0282. 15 p. 19 refs. Grant No. NAG3-28,
Results of a wind tunnel test to evaluate the performance of an
girfoil with simulated rime ice are presented with theoretical
comparisons, A NACA 65A413 airfoil was tested in the OSU 6 x 22
inch Transonic Airfoil Wind Tunne! at a Reynolds number near tiree
million and Mach numbers from 0,20 to 0.80, The model was tested
in- four configurations to determine the aero-dynamic effects of the
raughness and shape of a rime ice accretion. The simulated rime ice
shape was obtained analytically using a time-stepping dry ice
accretion computer code, Lift, drag, moment coefficients, and
pressure distributicns for the clean and simulated rime ice cases are
revorted, The measured degradation in airfoil performance is
compared to an analytical method which uses existing airfoil anaiysis
computer codes with empirical corrections for the surface roughness.
A discussion of the empirical surface roughness correction and uses
of other airfoil computer methods is included., {Author)

AB2:26137 * Measurement and prediction of mean veiocity
and turbulence structuro i the near wake of an airfoil. C. Hah and B.
Lakshminarayana (Pennsyivania State University, University Park,
PA). Journal of Fluid Mechanics, vol. 115, Feb, 1982, p, 251-282. 18

10

1545, Grant No, NsG-3012,

An experimental investigation of the near wake of a thin airfoll
at various Incidence angles is reported In this paper, The airfoit
(NACA 0012 basic thickness form] was located In a wind tunnel, and
the wake structure was measured using bhot-wire sensors, The
measurements of mean-velacity, turbulence intensity and Reyncids-
stress components across the wake at several distances downstream
show the complex natur( of the near wake and its aymmetrical
behavior, The asymmetry In the wake property, which is maintained
up to a length of 1,5 chords downstieam of the trailing edge of the
blade, is dependent on the incidence angle of the inlet flow, The
streamwise velocity defect in an asymmetric wake decays more
slowly compared to that of a symmetric wake, The streamline
curvature due to the blade loading has a substantial ef{ect on the
mean velocity profile as well as the turbulence structure. The
numerical study of the same wake indicates that the existing
turbulence closure models need some modification to account for
the asymmetric characteristics of the wake. {Author)

AB82-29003 * / Multigrid simulation of asymptotic curved-
duct flows using a semi-implicit numerical technique. K. N. Ghia; U.
Ghia, C. T. Shin, and D, R. Reddy (Cizcinnati, University,
Cincinnati, OH}. In: Computers In fiow predictions and fluid
dynamics experiments: Proceedings of the Winter Annual Meeting,
Washington, DC, November 15-20, 1981, {A82-20001 13-02) New
York, American Society of Mechanical Engineers, 1981, p. 11-25. 19
refs, Grants No. AF-AFQSR-80-0160; No. NsG-3267.

Asymptotic flows inside curved ducts of rectangular as well as
polar cross section are analyzed using the Navier-Stokes equations in
terms of the axial velocity and vorticity ard the cross-flow stream
function. Numerical solutions of the three second-order coupled
elliptic partial differential equations governing this flow are obtained
efficiently using the coupled alternating-direction implicit (ADH)
method as weil as the multigrid strongly-mplicit {S!) scheme. For
the flow configuration studied, the ADI method is found to be more
sensitive to the time steps used than is the S| scheme, Use of the
multigrid-coupled-strongly-implicit (MG-S1) scheme makes it possible
to efficiently obtain fine-grid solutions for configurations having
strong secondzrv flow, It is shown that, for this asymptotic
curved-duct flow, ti& similarity parameter of significance is the
Dean’s number K rather than the Reynolds number Re, Results are
obtained. for curved ducts with square cross sections. for K up to 900,
which here corresponds to Re = 9,000 for this Internal flow
configuration, C.R.

AB2:31933 * # Finite volume calculation of three-dimensional
potential flow around a propeller. W.-H. Jou (Flow Industries, Inc.,
Kent, WA). American Institute of Aeronautics and Astronautics and
American Society of Mechanical Engineers, Joint Thermophysics,
Fluids, Plasma and Heat Transfer Conference, 3rd, St. Louis, MO,
June 7-11, 1982, AIAA Paper 82-0957. 7 p. 10 refs. Contrcet No.
NAS3-22148,

The finite volume scheme of Jameson (1977) is usad to calculate
potential flow around a propeiier rotating at high speed, An H-type
mesh is. generated and used successfully in the calculations. A test
calculation with a thick blade cross section shows that the present
code is capable of computing the propeller flow at the advance Mach
number 0.8, The possibie physical mechanisms which may play an
‘mportant role in‘the propeller aerodynamics are discussed. V.L.

AB82-31839* # Application of a finita element algorithm for
the solution of steady transonic Euler equations. H. U, Akay and A.
Ecer {Purdue University, Indianapolis, IN). American Institute of
Aeronautics and Astronautics and American Society of Mechanical
Engineers, Joint Thermophysics, Fluids, Plasma and Heat Transfer
Conferency, 3rd, St. Louis, MO, Jupe 7-11, 1982, AIAA Paper
82-0970.10 p. 12 refs, Grant No. NsG-3294.

A finite element algorithm for the solution of two-dimensional,
steady Euler equations is presented which, through a Clebsch-type
transformaticn for the velocity vector, solves the conservation of

mass equation with one primary variable and two additional

equations for the convection of two new variables. The accuracy and
efficiency of this scheme is discussed, and the second-order accuracy
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attained in the analysis of the convection of the vorticity is
demanstrated together with the efficlent treatment of rotatianal and
Trrotational flow subreglons. A sample problem Is used to show the
accuracy of the numerical schome and fts convergence charactaristics,

0.C.

AB2.31047 * 4 Modeling parameter influsnces on TAHD swin
combustion nozzle design, D, G, Lilley (Oklahoma State University,
Stitlwater, OK), A, K. Gupta (MIT, Cambridge, MA), and A, A,
Busnalna, American Institute of Aeronautics and Astronauties and
American Society of Mechanical Englneers, Joint Thermophysics,
Fluids, Plasma and Heat Transfer Conference, 3rd, St, Louls, MO,
June 7-11, 1982, AIAA Paper 82:0984, 10 p. 12 refs, Contrast No.
DE-QCO1-70ET=-15618; Grant o, NAG3.74.

Attention is givan to a resoarch project which has the goal to
develop n twostage slagging gasifier-combustor in the form of a
high-intensity combustor, taking into account a suitable aerodynamic
design of the second stage nozzlo which will pravent the separation
of the boundary layer as the flow turns from axlal to radial direction,
The spacific objectives of the present livestigation are to test the
effact of varleus second-stage nozzle geomatries, flow rates, swirl
number, snd distribution 1 the first and second stages upon the
corresponding tlowfigld In the second stage, Special emphasis is given
to the avoldance of boundary tayer separatien as the flow turns from
axial to radial direction into thu MHD disk genurator, G.R,

-

AB2-31964 * ¥ Three dimensional flow field Insida the passage
of a low speed axial flow compressor rotor, M, Poungare, K. N, S,
Murthy, and B, Lakshminarayana {Pannsylvanin State Unlvarsity,
University Park, PA), American Institute of Aeromautics and Astro-
natics and American Soclety of Mechanical Engineers, Joint
Thermophysics, Fluids, Plasmy and Hest Transfer Conference, 3rd,
St Louls, MO, June 7-11, 1982, AIAA Paper 82-1006, 13 p. 13 refs,
Grant No. NsG-3266.

Measurements of tha subsonie flow In the rotor passage of a
single staga axial flow comprassor were made to study the nature of
the flow fiold and to varify the existing numerical codes; The
velocity and pressure flelds were measured ncross the entire rotor
passage at six axjal locations and at five radial locations, A five-hole
probe, rotating with the rotor, was used to mensuie tho three
componenis of velaclty, the static and the total pressure, The
oxparimental results are compared with the predictions from
Katsanis and McNally's somputer program, The agreement batwaen
the two Is good for most of the cases, {Authar}

AB2:31965 * ¥ Three dimensional turbulent boundary layer
development on a fan rotor blade. B, Lakshminarayana, C, Hah, and
T. R. Govindan {Pennsylvania State University, University Park, PA),
American Institute of Aeronautics and Astronautics and American
Society of fechanical Engineers, Joint Thermophysics, Fhulds,
Plasima and fHeat Transfer Conference, 3rd, St. Lovls, MO, June 7:11,
1982, Al/A Paper 82-1007, 10 p, 12 rets, Grant No, NsG-3266.
Thtsz paper is concornad with an experimental study undertoken
to moasure the boundary layer growth on a fan rotor blade. The
measuremants. wara carrled out using a minfature 'X'.configuration
hot wire probe at various chordwise and radial locations on both
surfaces of the blade, The streamwise and radial velogity profiles as
woll as the corresponding Intansity compenents. are interpreted and
corralated, Tho validity of conventional velocity profilus such as the
‘law of the wall’ for the streamwisa profile and the hodograph plot
for thé cross flow profile re examined. The measured valuos of
boundary-layer gross properties are compared with the prodistions
based on a momentum-integral technique, {Author)

A82-35280 * ¢ Three-dimensional flow fleld In the tip region of a com-
pressor rotor passage. | - Mean velocity profilea and arnulus wall boundary
layer, B, Lakshminarayana, M. Poungare (Pennsylvania State Univarsity, Unlvar
sity Park, PA), and R. Davino (General Elactric Co., Alrcralt Engine Group, Even-
dale, OH). American Society of Mechanical Engineers, Internatonal Gas Turbine
Conference and Exhibit, 27ih, London, England, Apr, 18-22, 1982, Paper 82.GT+
11. 12 p. 15 refs, Members, $2.00; nonmombars, $4.00, Grant No, NsG-3212.

A rotating three-sengor, hot-wira probe has beon used alongs with rotor blade

11

static progsure measurements to Investigato the complex inviscid and viscld
offoets in the annulus wall flawiield, including the three components af mean
valocity, turbulence intensity, and turbulonce stress inside the rotor blade pas.
sage. Itis tound that the tip leakaga flow originates near quarter-chord, witn peak
values occurring near mid-chord. The loakage flow, which is i the form of a jot
within the biade row, is atigmented by the blade rotation and travels further away:
from the suction surface than that observad in slationary blade rows and.cas»
cades. This loakage fiow tends to roll up batween the mid-passage and the
pressuro surface near the tip ragion; the vortex foimatiun does nol oceur within
tha passage in this particular caso Vi

AB2-35281 * # Investigation of the tip-clesrance flow inside and at the
exit of a compressor rolor passage. | - Mean velocity field, A, Pandya and
B. Lakshmindrayana (Pennsylvania State University, University Park, PA).
Atnerican Snciety of Mechanical Enginears, Intemational Gas Turbine Confor
once and Exhibit, 27th, London, England, Apr. 18-22, 1983, Paper 82-GT+12, 12
p. 14 refs. Maimbers, $2.00; nonmembers, $4.00. Grant No. NsG.3212.

A stationary two-sensor holswire probe has been used in combination with an
onsemble averaging technique to measure tho tlow in the tip clearance region of
a comprossor rotar with emphasis on the leakage flow development Inside the
tip-cloarance region and at the exit ¢f ihe roter. it is found that the presence ead
interaction of loakage flow, annulug, boundary layer, and the sctaping vortex is
the dominant teaturo at mid-chord position. Tho rotation of the blade augmants
tho leakage tlow, resulting in the movement of the loakago jet toward the mid.
passage. The blade-to-blade distribution of proporties is shown to bo highly
nonuniform, excopt in the downstream and upstream ragions. AN

AB2:35379 * #  Flow distributions and discharge coefficient sffects; for
jet array impingemeant with initlal crosstiow. L. W. Florschuolz and Y. Isoda
{Atizona Stale Univarsity, Tompe, AZ). Amerncan Sociaty of Machanical Engi-
neers, Inteinational Gas Turbine Conterence and Exhibit, 27th, London, England,
Apr. 18-22, 1982, Paper 82-GT-156. 10 p. 11 rofs. Momburs, $2.00; nonmoms
vors, $4.00. Grant No. NsG-3075,

To model tho Impingement caoled mid-chord rogion of gas: turbine airfolls in
cnsos whora an initiai crossflow {s present, the paper prosonts oxperimentally
daterminod flow distributions for jot arrays with teiy spanwiso rows of holes, which
tanga from unitorm to highly nonuniformi. Tho jet flow dlter ynpingomaont is cons
strainod to oxit in a single direction afong the channel formed by the jot orifica
plate and tha impingement sutlace. The stroamwise distributions and crossllow
valocitios uro prasonted for ratios of the initial eiosstiow rate to tha fotal jot flow
rate ranging from zero to unhity. For crosstlaw to jot velacity fatios greator than
a valuo somewhat less than unity, jet orilico discharge coofticients do not ramain
constant, but docroase sigoificantly, showing @ Sacondary dopondence on z/d,
whoto z Is tha channel height and d 1s ihe jot hole diamoter DLG

ABZ-35418 * # Three-dimensional flow field in the tip reglol: of a com-
pressor rotor passage, il - Turbulence properties, B. Lakshrainarayana, M.
Pouagare (Ponnsylvania State University, University Park, PA), and R. Davina
{Gonoral Elactric Co., Aircrait-Engine Group, Evondale, OH). Amenran Socioty
of Machanieal Engineers, intornational Gas Turline Confarence and Exhibit, 27th,
London, England, Apr. 18-22, 1982, Paper 82-GT-234. 10 p. 9 rofs. Membors,
$2.00; nonmombrs, $4.00. Grant No. NsG:3212.

The turbulence properties in the annulus wall ragion of an axial flow comprass
sor rotor was measured using a iriaxial, hot-wira probe rotating with tha rotor. Tho
{low was surveyedc 2oross tha ontire passagae at 1o axial locations (leading atye.
1/4 chord, 1/2 chord, 374 chord, and the trailiv:g adge location) and at six radip!
locations In a lowsspeed campressor roter. The data derived includa all thigu
components of turbulence intansity and threa comporonts of turbulenca stross
A comprehensive intarpretation of the dala with ampivasis on taaturos rolatod to
rotation, toakage flow, annulus wall boundary layer, and blade boundary layer
intaractions Is included. All the components of turbutent intensitios and strosses
aro found ta ba high in the loakago-lilow mixing region. The radial componant of
intensitics and strosses is found to bo much higher than the corrasponding
streamwisa components. The turbulant spactra clearly raveal the decay procoss
of tha inlet-guida-vane wake within tha rotor passage. {Author)

AB2-35427 * # A study of viscous flow In stator and rotor passages.
Y. Sheoran and W. Tabakoff (Cincinnati, University, Gincinnati, OH). American
Society of Mechanical Engineers, International Gas Turbine Conforence and
Exhibit, 27th, London, England, Apr. 18-22, 1982, Paper 82.GT-248.17 p. 21 rols.
Mombars, $2.00; nonmembaers, $4.00, Army-sponsored research; Contract No.
NAS3.21609.

A numerical technique to pradict the viscous behavior in the threo-dintensional
domain of rotating and stationary blade passages is prosented. The analysts s
based upon the numerical integration of the Incomprassible Navier-Stokes equa~
tions, An approach Is taken to combing the thrae momontum equations and the
continuity equation into- two sets of vorticity transport-stream function equations.




These equations are oxpressed along families of arbitrarily delined orthogonally
infarsecting surtaces placed within the blade passage. Unliko the stream sur«
faces, the arbitrary surfaces allow fluld 10 flow across. The numericil coda
oemploys a nonarthogonal body fitted coordinate system on each of the intersocts
ing surfaces. The solution process lnvolves the Rerative combination o' the solu-
tions on the two families of intersocting sutfaces for a complote sedution, The
rosults of flow in thin blade stationary and rotating polar ducts is pmsot(\lod.
Author)

2

A02:35459 * # Aerodynamic damping irassurements in a transonic
compressor, E. F. Crawloy {MIT, Cambridna ‘MA). Americén Socioty af Mo~
vhanical Engineers, Interational Gas Turbine Conference ant Exhibit, 27th, Lon.
don, England, Apr. 18:22, 1982, Paper 82.GT+287. 12 p. 1510(s. Mombars, $2.00;
nonmembars, $4 00 Grant No. NsG-3079. )

A mathod has been devoloped and demonstrated for the direct measuroment

of aoradynamic damping in a transonic compressor. The meéaod Is based on the
invarse solution of the structural dynamis equations of motion of the blade-disk -

systom. The oquations are solved inversely to determing the lorces acting on the
system. 1f tho structural dynamic equations are transiormod to raultblade or
modnl caordinates, tha damping can be measured for blade-disk modos, and
related to A reduced frequency and interblade phase angle. This mathod ol
damping dotormination was demorisirated using a specially Instrumenied version
of the MIT Transonic Comprassor run in the MIT Blowdown Coimprassor Tost
Fagility. No regions of noroalastic instabllity wore found. In runs at tho oporating
polnt, tho rotor was asrodynamically excited by a centrolled two-parravolution
fixod up-stroam disturtbance, The disturbanco was sharply terminated midway
through the test. Analysis of the data in tarms of multiblade modes led to a diract
maasuremont of agrodynamic damping fer throo Interblade phase angles.
{Author)

A82:35460 * #  In-plane inertial coupling in tuned and severely inis-
tunad bladed disks, E. F. Crawloy (MIT, Cambridge, MA). American Socialy of
Machanical Enginears, Intornational Gas Turbine Conlerence and Exhibit, 27th,
London, England, Apr. 18-22, 1982, Paper 82-GT-288. 3 p. B rets. Mombers,
$2 00; noamembars, $4.00 Geant No: NsG.3076.

Amodel has been daveloped and verifiod for blade-disk-shaft SGupling in rotors
duo to-the in-plane rigid bady modas of tho disk. An analytic model has boen
doveloped which couples tho in-plane rigid body modes of the disk on an slastie
shafl with the blade bending nivdes. Banch resonanco tost wore catriod out o
tha MIT Comprassor Rotor, typleal of research rotors with flexibla biades and
& thick riyid disk. When the rotor was carofully tunod, thé structural coupling of
the biades by the disks was confinad lo zoro and one nods! diameter medes,
whose madal froquoncios weore greator than the blade 2antilover froguaney. In
the case of the tunad rotor, and In two 4asos where savera mistuning wag
intentionally intraduced, agroornomt betwoon iho prodicted and obsorvoed rutural
frequencies is oxcellant. Tho analyiic model was then gxtended to includo the
offocts of constant angular rotation &t the disk, (Authar)

AB2-35571 * # Rapid approximate determination of nonlinear solutions
« Application to asrodynamic flows and deslgn/optimization probiama, 5.
S Stahara {Niolsen Enginoeting and Research; Ine, Mounteln View, GA). In:
Trargonic neredynamics; Transonic Porspactive Symposium, Maffett Fleld, CA,
Fabirunry 18-20, 1981, Tachnical Papers, {A82-35653 17.02) Now York, Amerl-
eaninstituto of Agronautica and Astronautics, 1982, p, 637<661. 16 retls, Gontract
No: NAS3-20836.

Stahara ot ak (1978) have considerad the use of an approximation techniquo
which omploys lwe or more nonlinear base solutions degrmingd by the full
computational method to prodict entiro tamiliys of related norlingar solutions. The
presont invostigation provides results tor several opplications of that mothod
which domonstrato both Its accuracy and its utility Jor anginaaring appiications.
Attention is given ta the perturbation conespt and othods, aspects of coordinate
stealning, aspocts of analytical formulation, and an application to surtace proper-
Yias, Ina discussion of the rosults, single and multipio parameter porfurbations are
tangidarod alang with a combination of the approximation mathed with optimiza-
tlon proceduras, Tho rasults show that It 1§ possinio to combine in certain casaes
larga savings in computational cost with improved optimization GR.

A02:37741 * # Investigation of rotationa! transonic tlows through

ducts using a finite element acheme. B, U, Akay and A, Ecer (Purdue Unlver-

sity, indianapolis, IN), AIAA, SA«, and ASME, Joint Propulsion Conforence, 18th,

glcg'al;gg, OH, June 2123, 1862, AIAA Papar 82-1267, 8§ p. 5 rof3, Grant No,
5G-3294,

An application of the {inlto alemant method s presentad In order to study the
{low.through & two-dimenslonal channel including the chokad and nearly-choked
flow conditions. Tha mathematical procodure provides & combired treatmont of
potentlal and Euler equations, where tho steady Euler equations are seived
through the intagrition of a pseudo-time system which I8 gauivalent to a rolaxas

tion schamo; the isentropic, potuntial flow equations are embedded in this formu.
lation, To analyza the transoric flow through & channel with noar-choked flow
condivons, the flow through » paratiel channel with a 10 parcent cireylar ar¢ bump
is calculated as a zample Jroblem. ) cn

A82-27536 * Two dimensional stagnation point iow of a dusty gas
near an oschisting, piaie, J, Fernandez do la Mora (Yale University, Now Haven,
GT‘%:. Acta Machanica, vol. 43, no, 3-4, 1962, p. 261-265. 11 rofs, Grant No.
NsG-3107.

Nocessary improvements to 3 paper on the fiow of a dusty gas by Datta and
Mishra (1980} are presented. Particular attention Is given to the importance of
particle phase compressibility and the hypeitiolic nature of the particle momen.
tum consarvation eauation which prohibits downstream (wall) boundary condis
tions for the solid phase. Fundamental diferances between pariculate and
ordinary flow boundary layers are discussed, and the correct conservation eéqua-
tions are written, CR.

AB2:37938 * #  'Corlolis reaonance’ within & rotsting duct. M. Kurosaka
and J, E, Caruthers (Tennessee, University, Tullahoma, TN), AJAA Joiimal, vol,
20, Aug, 1982, p. 1148-115C, Grant No. NAG3-86. -

An investigation of the unsteady disturbances of a fixed frequency within a
radial duct rotating at a set speed Is jiresented, The fiow is assumed to be
compressible, inviscid, and of a fluld which is a perfect gas, Equations are devals
oped for the steady and the unsteady parts of the flow in cylindrical cotedinatos,
The unsteady fisturbances ara expressed by Fourier decomposition in angular
position, distanza Into the duct, and in time. it Is found that a resonance iz possible
when the frequenoy of flow disturbances is twice ihe shatt-rotation frequency,
considering only the radial and tangential disturbances and not the radial and
circumterentiat disturbances, The particular paint Wt which the resananca occurs
indicates tho eccurrence Is due to the Ceriolis force, which s only present in the
radial and tangentia! directions. It Is notec that the Corlolls forco can only be
prosont In open-ended ducts, such as those found I centrifugal compressors,

w3y

A82:41267 * Solution of the unsteudy subsoric thin sirfoll problem.
M. H. Williatas (Purdue University, West Lafayatte, IN). Quartedy Joume! of
Mechanics and Applied Mathematics, vol. 35, Aug. 1082, p, 367-300, 16 rels,
Grant No. NeG-3292,

The probiari of a thin alrfoll subject to simpie harmonic disturbances in &
uniform subsonic {réa stream Is knlved by exiension of a technigue doveloped
enrlier for a stationary strip vibrating in a uniform ¢luid. Explicit oxpressions are
giver tor ths it and momdnt, acoustic diractivity pattoin, and toial acoustic power
for arbltrary upwissh and, In perticular, for the *elementary disturbances': plunge,
pitcr and a stationary transvérse gust, Numerical results for a simple skewed
gust are presented and compared to tha high-treguency asympiatic theory of
Martinez and Widnall, (Author}

ORIGINAL PAGE I
OF POCR QUALITY




PR b e e r TR At e R

03 AIR TRANSPORTATION AND SAFETY
Includes passenger and cargo ak tranaport operations;

and alrcrafi acckients,

For riated information see also 16 Space Transporiation

and 35 Urban Technology and Transportation,

NB82.21148%F National Agronautics and Space Administration.
Laowis Research Contor, Claveland, Obio

NASA/LEWIS RESEARCH CENTER ICING RESEARCH
PROGRAAM

Pegoy L Evanich /n NASA  Maishall Space Flight Center
Prog . 5th Ann. Workshop on Meteoro!. and Enwiron. lnputs to
Aviation Systems Duc 1981 p 84.75 {For primary document see
NB2.21139 12.01)

Avail NTIS HC A07;WF A0t CSCL Q1C

NE2-30207*§ National Aeronautics and Space Administration.
Lewis Research Canter. Cleveland, Qhio
AIRCRAFET ICING RESEARCH AT NASA
J. J. Reinwann, R J. Shaw, and W. A Olsen, Jr. 1982 17 p
1afs  Presented at the 15t Intern. Wotkshop on AtmoGapharie
teing of Suuct, Hanover, NH, 1-3 Jun 1982
{NASA-TM.82919; E:1307; NAS 1.15:82919) Avail. NTIS
HC AO02/ME A0 CSCL 01C

Raseaich activity is desciibed for. ice protection Systams,
icing instrumantation, expetimantal methods, analytical modeling
for tha above, and in flight research. The tenewed interest In
aiteraft icing has come about because of the new need for
All\Waeather Holicoptars and General Aviation alrcraft. Because
of increased fual costs, tomotrow's Commercial Transport aircratt
will also requita new types of ice protection systams and better
estimates ol the astopenaities saused by ice on unprotected
sutlaces. Tha physics of aireraft ining is vety similar 1o the icing
that occurs on ground situctures and structures at sea; all involve
droplets that freera on the surfaces bacause of the cold al
Tharafora all icing research groups will benafit greatly by sharing
thelr reggarch infarmation Author

N82-10021°%§ Kansas Univ. Contar for Rasuarch, Inc., Lawrance
Flight Resentch Lab ;
ICING TUNNEL TEST OF A GLYCOL-EXUDING POROUS
LEADING EDGE ICE PROTECTION SYSTEM ON A GENERAL
AVIATION AIRFOIL Final Report
David L Kohiman, William G. Schweikhard, and Alan E. Albright
Sep. 1981 37 p rafs
{Grant NAG3-71)
{NASA.CR-165444,  KU-FRL-464-1) Avail: NTIS
HC AO3/MF AO1 CSCL 0iC

Tast results show that the system is very effective in
pravanting ice accretion {antiice model of removing tce {tom
an aifoil. Minimum’ glycol flow rates raquired far antiicing are a
function of velocity, liquid water content in the air, ambient
tamparatire, and droplat size. Large ice caps were temoved in
only a faw minites using anti-ice flow fates, with the shed
timo baing o function of the type of ice, size of the ice cap,
angle of attack, and glycol flow rate. Wake sutvays monsuraments
show that no significant dra) ponalty 8 associated with the
installation or oparation of the system tested. ™

N82.19198*4 Littta {Arthur D), Inc.. Combridge, Mass
AN ASSESSMENT OF THE CRASH FIRE NHAZARD OF
LIQUID HYDROCGEN FUELED AIRCRAFT Final Report
Feby. 1982 132 p rafs
{Contract NAS3-22482)
{NASA-CR: 168526; ADL-85161) Avail: NTIS
HC AO07/MF AQ1 CSCLOIC

The crash tire harards of liquid hydrogen {ueled aircraft
relativa to those of mission aquivalant airctaft fueled aither with
conventional fuel ar with liquefied mathane were evaluated. The
aitcratt evalustad ware based on Lockheed Corporation design
{or 400 passanger, Mach 0.86, 5500 n. mila aircraft. Four crash
scanarios ware considerad ranging from a minor incident causing
some loas of fuel system integrity to a catastrophie crash,
Major tasks inclided a raview of hazardous properties of the
altarnate fuels and of historc crash five data; & comparative

13

hazard eviuation for each of the thiee fuels under four crash
acenatios a comprehensive review and analysis and an identifica«
tion of sreas further developmenmt work. The conclusion was
that the crash fire hatards ate not significantly different when
compared in genersl for the three fusls, sithough some fuels
shitvkad minor advantages in one respect or another. RJF
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(05 AIRCRAFT DESIGN, TESTING AND
PERFORMANCE

Includes aircraft simulation technology.
For related Information see also 78 Spacecraft (Jesign,
Testing and Performance ans 39 Structural Maechanics.

N82-110563*4 National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
SELECTED BIBLIOGRAPHY OF NACA-NASA AIRCRAFT
ICING PUBLICATIONS
John J. Reinmann, comp. Aug. 1981 127 p
(NASA-TM-B1661; E-668) Avail: NTIS HC E15/MF A0t CSCL
01C

A summary of NACA-NASA icing research from 1940 to
1962 is presented. It includes: the main resuits of the NACA
icing program from 1940 to 1950Q; a selected bibliography of
132 NACA-NASA airzraft icing publications; 8 techniccl summary
of each document cited in the selected bibliography; and a
microfiche copy of esch document cited jn the selected
bibliegraphy TM.

AB2-17894 * # The NASA MERIT program - Developing new
concepts for accurate flight planning. B, Steinberg {NASA, Lewis
Research Center, Cleveland, OM), American Institute of Aeronautics
and Astronautics, Aerospace Sciences Meeting, 20th, Orlando, FL,
Jan, 17-14, 1982, Paper 82-0340, 6 p,

It is noted that the rising cost of aviation fue) hoas necessitated
thi development of a new approach to upper air forecasting for flight
planning. It is shown that the spatial resolution of the present
weather forecast models used in fully automated computer flight
planning is an important accuracy-limiting factor, and it is proposed
that man be put back into the system, although not in the way he
has been used in the past. A new approach is propased which uses
the application of man-computer interactive display techniqués to
upper air forecasting to retain the fine scale features of the
atmosphere inherent in the present data base in order to provide a
more accurate and cost effective flight plan, it is pointed out that, as
a result of NASA research, the hardware required for this approach
already exists, C.R.

AB2-28322 * } Performance degradation of propeller/rotor
systums due to rime ice accretion. K. D, Korkan (Texas A & M
Unlversity, College Station, TX), L. Dadone (Boeing Vertol Co.,
Philadelphia, PA}, and R. J. Shaw (NASA, Lewls Research Center,
Cleveland, OH). American Institute of Aeronautics and Astronautics,
Aerospace Sciences Meeting, 20th, Orlando, FL, Jan, 11-14, 1982,
Paper 82-0286. 14 p. Grants No. NAG3-109; No. NAG3-242.

A theoretical model h:as been establizhed which is applicable to
bath propeller and helicopter systems that determines the effect of
rime ice accretion on the thrust coefficient, power coefficient, and
efficiency as a function of time in a natural icing condition,
Theoretical comparisons have been made with experimentally deter-
mined decrease in propelier thrust coefficient and efficiency for five
natural icing conditions with good agreement. The present analytical
model is also applicable to the helicopter case, where the method
predicts radial and azimuthal rotor blade ice shapes jn addition to
torque rise as a function of time in a natural icing condition,

{Author)

NB2-11062*§ Kansas Univ. Center for Research, inc., Lawrence.
Flight Research Lab.
ICING TUNNEL TESTS OF A COMPOSITE POROUS
LEADING EDGE FOR USE WITH A LIQUID ANTI-ICE
SYSTEM
David L. Kohiman Sep. 1981
{Grant NAG3-71)
(NASA-CR-164966; KU-FRL-464-3)
HC AQ2/MF AQ1 CSCL 01C

The efficacy of liquid ice protection systems which distribute
a glycol-water solution onto leading edge surfaces through a
porous skin was demonstrated in tests conducted in the NASA

2t p refs

Avail: NTIS

14

Lewis icing research tunnel using s composite poraus leading
edge panels. The deta obtained were compared with the
performance of previously tested stainless steel leading “dge
with the same geometry. Results show: (1} anti-ice protectics:
of a composite leading edge is possible for all the simulated
conditions tested; {2) the glycol flow rates required to achleve
enti-ice protection were generally much highar than those tequired
for 8 stainless steel panel; {3) the low reservoir pressures of
the glycol during test runs indicates that more uniform distfibus
tion of glycol, and therefore lower glycol flow rates, can probably
be achieved by decreasing the porosity of the panel: and (4)
significant weight savings can be achieved in fluid ice protaction
systems with composite porous Jeading edges. The resistance of
composite panels to sbrasion and erosion must yst be determined
before they can be incorporated in production systems. A.R.H.

N82-33375'# Douglas Aircraft Co., Inc., Long Fieach, Calif.
:DVA:CED TURBOPROP TESTBED SYSTE/{S STUDY Finai
opo

l. M. Goldsmith Jul, 1982 255 p refs
(Comiact NAS3-22347)
(NASA-CR-167895; NAS 1,26:167895; ACEE-22-FR-1699A) Avall:
NTIS HC At12/MF A01 CSCL 01C

The proof of concept, feasibility, and verification of the
advanced prop fan and of the integrated advanced prop fan aircraft
are established, The use of existing hardware is compatible with
having a successfully expedited testbed ready for flight. A prop
fan testbed aircraft is definitely feasible and necessary for
verification of prop fan/prop fan aircraft integrity. The Allison T701
is most suitable as a propulsor and modification of existing engine
and propeller controls are adequate for the testbed. The aiframer
is considerad the logical overail sysiems integrator of the testbed
program. St

AB2-27008 * ¥ Mathematical modeling of ice accretion on
airfoils. C, D, MacArthur, J. L. Keller, and J, K. Luers (Dayton,
University, Dayton, OH)., American Institute of Aeronautics and
Astronautics, Aerospace Sciences Meeting, 20th, Orlando, FL, Jan,
11-14, 1982, Psper 82-0284. 18 p, 8 refs. Grant No, NAG3-65,

The progress toward development of a computer mode] suitable
for predicting icing behavior on airfoils over a wide range of
environmental conditions and sirfoils shapes Is reported. The
LEWICE program was formulated to solve a set of equations which
describe the physical processes which occur during accretion of ice
on an airfoll, including heat transfer in a time dependent mode, with
tha restriction that the flow must be describable by a two-
dimensional flow code, Input data comprises the cloud liquid water
content, mean droplet diameter, ambient air temperature, &ir
velocity, and relative humidity, A potential flowfield around the
airfoil is calculated, along with the droplet trajectories within the
flowfield, followed by local values of water droplet collection
efficiency at the impact points, Both glaze and rime ice conditiors
are reproduced, and comparisons with tust results on icing of circular
cylinders showed good agreement with the physical situation. M.S.K,
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06 AIRCRAFT INSTRUMENTATION

Includes cockpit and cabin display devices; and flight
instruments.

For related information see also 79 Spacecraft instru-
mentation and 35 Instrumentation and Photography.

N82-23241*§ National Aeronautics and Space Administration.

Lewis Research Center, Cleveland, Ohio,

NASA/HAA ADVANCED ROTORCRAFT TECHMOLOGY

AND TILT ROTOR WORKSHOP. VOLUME B: PROPULSION

l:::ION1 Workshop h | iif, 3-5 D

1 211 p orkshop held at Palo Alto, Calif,, 3- ac. 3 . 4
1980 OR?G‘NAL PA is 3 %

(NASA-TM-84207; NAS  1.15:84207)  Avall.  NTIS
HC A10/MF AG1 CSCL 01C OF POOR QuALITY

The expressed needs and prioritiex of the civil helicopter
users, the existing research efforts, and technology requirements
as perceived by leading airframe and engine manufacturers were
addressed, compared, snd evaluated. Specifically, the observations .
and conclusions of these aress as they relate to the helicopter
propulsion system are reported. Author

AB2-37691 * # Optical tip clearance sensor for aircraft engine con-
trols. G, L, Poppel {General Electric Co., Alrcraft Engine Business Group, Cincin-
nati, OH}), D. T. F, Marple (General Electric Co., Schenectady, NY), and R, J.
Baumnbick (NASA, Lewis Research Center, Cleveland, OH). AJAA, SAE, and
ASME, Joint Propulsion Conference, {8th, Cleveland, OH, June 21-23; 1982,
AlAA Faper 82-1131. 9 p. Contract !4o. NAS3-21843,

Aircraft gas turbine performance and efficiency are related to airfoil tip clear-
anice, The possibility has been considered to obtain optimum performance and
efficiency by feducing clearance o a safe minimum with the aid of a closed-loop
tip clearance control system, which utilizes a tip clearance sensor, The use of
optical sensing methods appears to represent a potential solution to the tip
clearance measuremant problem. Principles of sensor operation are discussed
along with dimensional considerations and diffraction limitations. A description is '
presented of the study of the feasibility of a: certain sensor, taking into account .
the test rig system, the optical components, and the mounting tube. Attention is
also given to the oparation of the feasibility-study sensor, performance estima-
tions, the optical fiber bundle, light beam refraction, and aspects of aircraft engine
implementation. GR,

st
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07 AIRCRAFT PROPULSION AND

POWER

Includes prime propulsion systems and systems compo-
nents, e.g., gas iurbine engines and compressors; and
on-board auxiliary power plants for aircraft,

For related information see also 20 Spacecraft Propuision
and Power, 28 Propellants and Fuels, and 44 Energy

Production and Conversion.

N82-13143*§ National Aeronzutics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
EFFECY OF FUEL-AIR-RATIO NONUNIFORMITY ON
EMISSIONS OF NITROGEN OXIDES
Valerie J. Lyons Nov. 1981 14 p refs
(NASA-TP-1798; E-648) Avail: NTIS HC A02/MF AO1 CSCL
21E

The inlet fuel-air ratio nonuniformity is studied to deterine
how nitrogen oxide {(NOx} emissions are affected. An incresse
in NOx emissions with increased fuel-air ratio nonuniformity for
average equivalence ratios less than 0.7 and a decrease in NOx
emissions. for average equivalence ratios near stoichiometric is
predicted. The degree of uniformityy of fuel-air ratio profiles that
is necessary to achieve NOx emissions goals for actusi engines
that use lean, premixed, prevaporized combustion systems is
determined. S.L.

N82-13144*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
A REAL TIME PEGASUS PROPULSION SYSTEM MODEL
FOR VSTOL PILOTED SIMULATION EVALUATION
James R, Mihaloew, Stephen P. Roth {Pratt and Whitney Aircraft
Group, West Palm Beach, Fla), and Robert Creekmore (Pratt
and Whitney Aircraft Group, West Palm Beach, Fia) 1981
18 p refs Presented at VSTOL Conf, Palo Alto, Calif.. 7-9 Dec.
1981; sponsored by AIAA and NASA. Ames Research Center
(NASA-TM-82770; E-1004; AIAA-81-2663) Avail: NTIS
HC A0Z/MF AO1 CSCL 21E

A real time propulsion system modeling technigue suitable
for use in man-in-the-loop simulator studies was developed. This
technique provides the system accuracy, stability, and transient
response required for integrated aircraft and propulsion control
system studies. A Pegasus-Harrier propulsion system was selected
as a baseline for developing mathematical modeling and simutation
techniques for VSTOL. Initially, static and dynamic propulsion
system characteristics were modeled in detail to form a
nonlinear aerothermodynamic digital computer simulation of a
Pegasus engine. From this high fidelity simulation, a real time
propulsion model was formulated by applying a piece-wise linear
state variable methodology. A hydromechanical and water injection
control system was also siriulated. The real time dynamic model
includes the detail and fiexibility required for the evaluation of
critical control parameters a)d propulsion component limits over
a limited flight envelope. The model was programmed for
interfacing with a Harrier aircraft simulation. Typical propulsion
system simulation results are presented. M.D.K,

NB82-13146*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
NASA RESEARCH IN AIRCRAFT PROPULSION
Milton A. Beheim 1982 17 p Proposed for presentation at
the 27th Ann. Intern. Gas Turbine Conf.. London, 18-22 Apr.
1982; sponsored by ASME
(NASA-TM-82771; E-1096)
CSCL 21E

A broad overview of the scope of research presently being
supported by NASA in aircraft propulsion is presented with
emphasis on Lewis Research Center activities related to civil air
transports, CTOL and V/STOL systems. Aircraft systems work is
performed to identify the requirements for the propulsion system
that enhance the mission capabilities of the aircraft. This important
source of innovation and creativity drives the direction of
propulsion. research. In a companion effort, component research
of a generic nature is performed to provide a better basis for
design and provides an evolutionary process for technological
growth that increases the capabilities of ali types of aircraft.
Both are important. A.R.H

Avail; NTIS HC A02/MF AO1
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N82-14080°§ National Aeronsutics and Space Administration.
Lewis Research Center, Clevéland, Ohio.
GAS TURBINE CERAMIC-COATED-VAKE CONCEPT WITH
C:. 3VECTION-COOLED POROUS METAL CORE
Albert F, Kascak (AVRADCOM Research and Technology Labs.,
Cleveland), Curt' H, Uiebert, Robert F. Handschuh, and Lawrence
P. ludwig Dec. 1881 14 p refs Sponsored in part by U.S,
Army Avistion Research and Development Command, St. Louis
(NASA-TP-1942; AVRADCOM-TR-81-C-7; £.732) Avail: NTIS
HC AOZ/MF AO1 CSCL 21E

Analysis and flow experiments on a ceramic-coated-porous-
maetsl vane concept indicated the feasibility, from s heast transfer
standpoint, of operating a8 high-temperature (2600 F) gss
turbine cascade facility. The heat transfer and pressure drop
calcutations provided a basis for selecting the ceramic lsyer
thickness. {to 0.08 in.), which was found to be the dominant
factor in the overall heat transfer cosfficient. Also an approximate
anslysis of the heat transfer in the vane trailing edge revealed
that with trailing-edge ejection the ceramic thickness could be
reduced to {0.01 in.) in this portion of the vane. B.W.

N82-14094*§ Nationa! Aeronautics and Space Administration,
Lewis Research Center, Cieveland, Ohio.
THE USE OF OPTIMIZATION TECHNIQUES TO DESIGN
CONTROLLED DIFFUSION COMPRESSOR BLADING
Nelson L. Sanger 1982 18 p refs Proposed for presentation
at the 27th Ann, Intern. Gas Turbine Conf,; London, Apr. 18-22,
1982; sporsored by ASME
{NASA-TK:.-82763: E-1084)
CSCL 21E

A methed for automating compressor blade design using
numerical optimization, and applied to the design of a controlled
diffusion stator blade row is presented, A general purpose
optimization procedure is employed, based on conjugate direc-
tions for locally unconstrained problems and on feasibie directions
for locally constrained problems. Coupled to the optimizer is an
snalysis package conisisting of three analysis programs which
calculate blade gedmatiy, inviscid flow, and blade surface boundary
layers. The optimizing concepts and selaction of design objective
and constraints are described. The procedure for automating the
design of a two dimensional biade section is discussed, snd
design resuits are presented. EAK.

Avail: NTIS HC A02/MF AO1

N82-165039*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
COMPUTER PROGRAM FOR AERODYNAMIC AND
BLADING DESIGN OF MULTISTAGE AXIAL-FLOW COM-
PRESSORS ]
James E. Crouse and William T. Gorrell Dec. 1981 105 p
refs Prepared in cooperation with Army Aviation Research and
Development Command, St. Louis, Mo.
(NASA-TP-1946; AVRADCOM-TR-80-C-21; E-280)
NTIS HC AO6/MF AO1 CSCL 21E

A code for computing the aerodynamic design of a multistage
axial-flow compressor and, if desired, the associated biading
geometry irput for internal flow analysis codes is presented,
Compressible flow, which is assumed to be steady and axisym-
metric, is thie basis for a two-dimensional solution in the meridionsl
plane with viscous effects modeled by pressure loss coefficierts
and houndary laysr blockage. The radial equation of motion and
the continuity equation are solved with the streamline curvsture
method on calculation stations outside the blade rows. The annulus
profile, mass flow, pressure ratio, and rotative speed are input,
A number of other input parameters specify and control the
blade row aerodynamics and geometry. In particular, blade
element centerlines and thicknesses can be specified with fourth
degree polynomials for two segments., The output includes a
detailed asrodynamic sojution and, if desired, blading coordinates
that can be used for internal flow analysis codec, Author

Avail:

NB82-15040*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.

EFFECT OF FUELINJECTOR TYPE ON PERFORMANCE AND
EMISSIONS OF REVERSE-FLOW COMBUSTOR

Cafrl T. Norgren-and Stephen. M. Riddlebaugh Dec. 1981 40 p
refs

(zt;lléSA-TP-wt%s; E-556) Avail: NTIS  HC AO3/MF AO1 CSCL

ORIGINAL PAGE IS
OF POOR QUALITY




o -,

S T i

The combustion process in a reverse-flow combustor suiteble
for a smali gas turbine engine was investigsted 10 evaluste the
effect of fuel injector type on performance and emissions. Fuel
injector configurations using pressure-atomizing, spill-flow, ajr
biast, and air-assist techniques ware compared and evaluated
on the basis of performance obtained in a full-scale expurimen-
tal combustor oparated at inlet conditions corresponding to takeoff,
cruise, low power, and idle and typical of a 16:1<pressuje-ratio
turbine engine. Major differences in combustor performance and
emissions characteristics were exparienced with each injector
type even though the asrodynamic configuration was common
to most combustor mcdels. Performance characteristics obtainad
with the various fuel injector types could not have been predicted
from bench-test injector spray characteristics. The effect of the
number of oparoting fuel injectors on performance and emissions
1s. also presented Author

N82-15041*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
INTERACTIVE-GRAPHIC FLOWPATH PLOTTING FOR
TURBINE ENGINES
Robert R Corban Nov. 1981 51 p refs
{NASA-TM.82758; E-1074) Avail: NTIS HC AO4/MF AO1
CSCL 21E

An. engine cycle program capable of simulating the design
and off-design performance of arbitrary turbine engines, and a
computer code which, when used in conjunction with the cycle
code, can predict the weight of the engines are described. A
graphics subroutine was added to the code to enable the engineer
to visualize the designed engine with more clarity by producing
an overall view of the designed engine for output on a graphics
device using 1BM-370 graphics subroutines, In addition, with
the engine drawn on a graphics screen, the program allows for
the interactive user to make changes to the inputs to the code
for the engine to Le redrawn and reweighed. Thess improve-
ments allow better use of the code in conjunction with the
engine program. ™

NB2-16084*4 National Aeronautics and. Space Administration.
Lewis Research Center, Cleveland, Ohio.
NASA RESEARCH ACTIVITIES IN AEROPROPULSION
John F. McCarthy, Jr- and Richard J. Weber 1982 30 p rels
Presented at the 24th Ann. Conf on Aviation &nd Astronautics,
Tel Aviv, Israel, 1718 Feb. 1982
{NASA-TM-82788; E-1113) Avail: NTIS HC A03/MF AOI
CSCL 21E

NASA is responsible for advancing technologies related to
air transportation. A sampling of the work at NASA's Lewis
Rescarch Center aimed at improved aircraft propulsion systams
is described. Particularly stressed are efforts related to reduced
noise and fuel consumption of subsonic transports. Generic work
in specific disciplines are reviewed including computational
analysis, materials, structuras, controls, diagnostics, alternative
‘fuels, and high-spead propellers. Prospects for variable cycle
engines aro also discussed. Author

NB82.18222%§ National Aeronautics apd Space Administration.
Lewis Research Center, Cleveland, Ohir,.
EFFECTS OF FAN INLET TEMPERATURE DISTURBANCES
ON THE STABILITY OF A TURBOFAN ENGINE
Mahmood Abdelwahab Dec. 1981 3G p refs
{NASA-TM-B2699: £-982) Avail: NTIS HC A0Q3/MF A01 CSCL
21E

The effects of steady-state and time-dependent fan inlet
total temperature disturbances on the stability of a TF3Q-pP-3
turbofan engine were detarmined. Disturbances were induced
by a gaseous-hydrogen-fueled burner system installed upstream
of the fan inlet. Data were obtained at a fan inlet Reynolds
number index of 0:50 and at 8 low-pressure-rotor corrected speed
of 80 percent of military speed, All tests were conducted with
3 90 deg extent of the fan inlet circumference exposed to
above-average temperatures, TM.

17

N82.-19145*§ Nationsl Aeronautics and Space Administration,
Lewis Research Center, Claveland, Ohio.

ENGINE TECHNOLODGY

Anthony C. Hoffman /n NASA. Langl:y Ressarch Centsr Elec,
Flight Systems Feb. 1882 p 235-240 {For primary documont
ses N82:19134 10.01}

Avsil; NTIS HC A12/MF AO1 CSCL 21E

NB2-19220%§ National Agronautics and Spacs Administration.
Lewis Research Center, Cleveland, Ohio,
DILUTION JET BEHAVIOR IN THE TURN SECTION OF A
REVERSE FLOW COMBUSTER
Steven M, Riddiebaugh, Abraham Lipshitx {Ahuza, Haifs, Israst),
and [sasc Greber (Case Western Reserve Univ,, Cleveland, Ohio)
Jan, 1982 15 p refs Presented at the 20th Aerospace Sci.
Meeting, Orlando, Fla, 10-14 Jan. 1982; sponsored by AlAA
(NASA-TM-82776; E-1107; AIAA-B2-0192) Avseil: NTIS
HC AO2/MF AO1 CSCL 21E

Measureraents of the temperature field produced by a single
jet and a row of dilution jets issued into a reverse flow combustor
ate presented. The temperatura measurements are prasented in
the form of consecutive normalized temperature profiles, and jet
trajectories. Single et trajectories were swept toward the inner
wall of the tum, whether injection was. from the inner or outer
wall. This behavior is explained by the radially inward velocity
component necessary to support irrotational flow through the
turn. Comparison between sxperimental results and model
calculations showed poor agréement due to the model's not
including the radial velocity component. A widely spaced tow of
Jets produced trajectories similar to single jets at similar test
conditions, but as spacing ratio was reduced, penetratizn was
reduced to the point where the dilution jet flow attachsd to the
wall. Author

NB82.19222°% National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio. . )
PERFORMANCE OF SINGLE-STAGE AXIAL-FLOW TRAN.
SONIC COMPRESSOR WITH ROTOR AND STATOR ASPECT
RATIOS OF 1,63 AND 1,78, RESPECTIVELY, AND WITH
DESIGN PRESSURE RATIO OF 1.82
Royce D. Moore and Lonnie Reid Feb, 1982 112 p refs
(ZNASA'TP*\SN: E-259) Avail: NTIS HC AQG6/MF AO1 CSCL
1E

The overall and blade-element performance of a transonic
compressor stage is presentad over the stable operating flow
range for speeds from 50 to 100 percent of design. The stage
was designed for a pressure ratio of 1,82 at a flow 20.2 kg/sec
and a tip speed of 456 m/sec. At design speed the stage
achieved a peak efficiency of 0.821 at a pressure ratio of 1.817.
The stage stall margin ot design speed based on conditions at
stall and peak efficiency was about 11 percent. Author

N82-21194%§ National Aeronautics and Space Administration
Lewis Research Cente, Clevaland, Ohio.
PRELIMINARY RES!/LTS ON PERFORMANCE TESTING OF
A TURBOGCHARGEY ROTARY COMBUSTION ENGINE
P. B. Meng, W. J. Rice, H. J. Schock, and D. P Pringle 1982
24 p refs Presented at the 1982 Soc. of Automotive Engrs.
Intern. Congr. and Exposition, Detroit, 22-26 Feb. 1982
(NASA-TM-82772; E-1097; NAS 1.15:82772) Avail: MTIS
HC A02/MF AO1 CSCL 21E

The performance of a turbocharged rotary engine at power
levels above 75 kW (100 hp) was studied. A twin rotor
turbocharged Mazda engine was tested at speeds of 3000 fo
6000 rpm and boost pressures to 7 psi. The: NASA developed
combustion diagnostic instrumentation was used to quantify
indicated and pumping mean effect pressures, peak pressure,
and face to face variability on a cycle by cycle basis. Resuits of
this testing showed that a 5900 rpm a 36 peicent increase in
power was obtained by operatirig the angine in tha turbocharged
configuration. When operating with lean carburetor jets at 105 hp
{78.3 kW) and 4000 ipm, a brake spacific fuel consumption -6f

0 45 tbm/ib-hr was_measured, 8w,
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N82:21198%§ National /\eronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio. )
:&ttVTICAL INVESTIGATION OF NONRECOVERABLE
Leon M, Wenze! and Willlam M. Bruton Feb, 1882 23 p
refs
(NASA-TM-82792; E-1126; NAS 1.16:82792) Avail: NTIS
HC AO2/MF AO1 CSCL 21E

A lumped parametér model of the TF34 engine is formulated
to study nonrecoverable sisll. Featu/ss of the model include
forward and reverse flow, radial flow in the fan, and variable
correctad speed. The purpose of the study is to point out those
parameters to which recoverability is highly sensitive but are
not well known. Experimental research may then be directed
toward identification of the parameters in that cstegory,
Compressor performance in the positive flow region and radial
flow in the fan are shown to be important but unknown psrameters
determining recoverability. Other parameters such &s compressor
performance during reverse flow and in-stall efficiency have
relatively small impact on recoverability. Author

N82-22262*§ Nationsl Aeronautics and Space Administration,
Lewis Ressarch Center, Cleveland, Ohio.
THE ROLE OF MODERN CONTROL THEORY IN THE DESIGN
OF CONTROLS FOR AIRCRAFT TURBINE ENGINES
J. Zeller, B, Lehtinen, snd W, Merrili 1982 17 p refs Presanted
st 12th Aerospace Sci, Conf., Orlando, Fla., 11-14 Jan, 1982;
sponsored by AlAA
{NASA-TM-82815; E-1162; NAS 1,15:82815) Avall; NTIS
HC AO2/MF AO1 CSCL 21E

Accomplishments in applying Modern Control Theory to the
design of controls for advanced alrcraft turbine engines were
reviewed, The resuits of successful tesearch programs are
discussed. Ongoing programs ss well as planned or recommended
future thrusts are also discussed. Author

N82-22268*§ Naticnal Aeroneutics and Space Administration,
Lewis Resesrch Centor, Cleveland, Ohio,
STRUCTURAL DYNAMICS OF SHROUDLESS, HOLLOW
FAN BLADES WITH COMPOSITE IN-LAYS
R. A, Aisllo, M. S. Hirschbein, and C, C. Chamis 1982 12 p
fefs - Prasented at the 27th Ann. intern. Gas Turbine Conf,,
London, 18-22 Apr, 1882; sponsored by ASME
(NASA-TM-82816; E-1163; NAS 1,15:82818) Avcil: NTIS
HC AO2/MF AOY CSCL 21E

Structural and dynamic analyses are presented for a
shroudiess, hollow titanium fan blade proposed for future use in
sircraft turbine engines. The blade was modeled and analyzed
using the composite bisde structural analysis computer program:
(COBSTRAN); an integrated program consisting of mesh
generators, composite mechanics codes, NASTRAN, and pre-
and post-processors, Vibration and impact analyses are presented.
The vibration analysis was conducted with COBSTRAN., Results
show the effect of the centrifugal force field on frequencies,
twist, and blade camber, Bird impact analysis was performed
with the multi-mode blade impact computer program, This program
uses the geometric model and modai analysis from the COBSTRAN
vibration analysis to determine the gross impact sesponse of
the fan blades to bird strikes. The structural performance of this
blade is also compared to a blade of similar design but with
composite in-lays on. the outer surface. Results show that the
composite :In-lays can be telected (designed) to substantislly
modify the mechanical performance of the shroudiess, hollow
fan blade, Author

N82-22269*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio,
PERFORMANCE OF SINGLE-STAGE AXIAL-FLOW TRAN-
SONIC COMPRESSOR WITH ROTOR AND STATOR ASPECT
RATIOS OF 1.63 AND 1,77, RESPECTIVELY, AND WITH
DESIGN PRESSURE RATIO OF 2.05
Royce D. Moore and Lonnie Heid Apr. 1982 116 p refs
(NASA-TP-2001; E-334; NAS 1,60:2001) Avail; NTIS
HC AOB6/MF AO1 CSCL 21E

The overall and blade-el t perfcr of a transonic
compressor stage is presented over the stable operating range
for speeds from 50 to 100 percent of design. The stage was
designed for a pressure ratio of 2.05 at s flow of 20.2 kg/sec
and a tip speed of 4556 m/sec. At design speed the rotor and

18

stage achieved peak sffisiencies of 0,849 and 0.831, respectively,
ot the minimum flow condition. The stage stall point occurred
st & flow higher than the design flow, Author

N82-24201*§ National Asronsutics and Space Administration,
Lewis Resesrch Center, Cleveland, Ohio,
A PIECEWISE LINEAR STATE VARIABLE TECHNIQUE FOR
REAL TIME PROPULSION SYSTEM SIMULATION
James R. Mihsloew and Stephen P, Roth {Pratt and Whitney
Aircraft Group, West Palm Besch, Fla) 1982 16 o refs
Presented at the 13th Ann, Pittsburgh Conf. on Modslling and
Simulstion, Pittsburgh, 22.23 Apr. 1982; sponsorad by IEEE,
ISA, SCS and SMCS
(NASA-TM-82861; E-1210; NAS 1,16:82851) Avail: NTIS
HC AO2/MF AO1 CSCL 21E

The emphasis on increased aircraft and propulsion control
system integration and piloted simulation has crested » need
for higher fidelity real time dynamic propuision models. A real
time propulsion system modeling technique which satisfies this
need and which provides the capabilities needed to evaluste
propulsion system performance and aircraft system interaction
on manned flight simulators was developed and demonstrated
using flight simulator faciiities at NASA Ames, A piecewise linesr
state variable technique is used, This technique provides the
system sccuracy, stsbility and transient response required for
integrated aircraft and propuision control system studies, The
real time dynamic model includes the detaii and flexibility required
for the evaluation of critical control psrameters and propulsion
component limits over a fimited fHight anvelope, The modsl contains
spproximately 7,0 K bytes of in-line computational code and
14,7 K of block data. It has an 8.9 ms cycle time on a Xarox
Sigma 9 computer. A Pegasus-Harrier propulsion system was
used as a baseline for devsloping the mathematical modeling
and simulation technique. A hydromechanics! and water injection
control system was also simulated, The moda! was programmed
for interfacing with a Harrier aircraft simulstion st NASA Ames,
Descriptions of the real time methodology and model capabiti-
ties are presented, Author

NB82-24203*§ Nationa! Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
FUTURE PROPULSION OPPORTUNITIES FOR COMMUTER
AIRPLANES
William C, Strack Washington 1982 24 p refs Presented
at the Commuter Airlines Meeting, Savannsh, 24-26 May 1982;
sponsored by the Society of Automotive Engineers
(NASA-TM-82880; E-1256; NAS 1.15:82880) Avail: NTIS
HC AOZ/MF AO1 CSCL 21E

Commuter airplane propulsion opportunities are summarized,
Consideration is given to advanced technology conventional
turboprop engines, advanced propellers, and several unconven-
tional aiternatives: regenerative turboprops, rotaries, and diesels,
Advanced versions of conventional turboprops. {including propel-
lers) offer 16-20 percent savings in fuel and 10-15 percent in
DOC compared to the new crop of 1500-2000 SHP engines
currently in development, Unconventional engines could boost
the fuel savings to 30-40 percent. The conclusion is that several
important opportunities exist and, therefore, powerpisnt technol-
ogy need not plateau, Author

N82-25260*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
STGSTK: A COMPUTER CODE FOR PREDICTING
MULTISTAGE AXIAL FLOW COMPRESSOR PERFORMANCE
BY A MEANLINE STAGE STACKING METHOD
Ronald J, Steinke May 1582 65 p refs
{(NASA-TP-2020; E-551: NAS 1,60:2020) Aveail: NTIS
HC A04/MF AO01 CSCl, 21E

A FORTRAN computer code is presented for off-design
performance prediction of axial-flow compressors,. Stage and
compressor performance is obtained by a stage-stacking method
that uses representative velocity diagrams at rotor inlet and outlet
rneanline radii, The code has options for: (1) direct user input
or ‘calculation of nondimensional ‘stage characteristics;
{2) adjustment of stage characteristics for off-design speed and
biade setting angle: {3) adjustment of rotor deviation angle for
off-design conditions; and (4) S| or U.S. customary units,
Correlations from experimenta! date are used to model real fiow
conditions, Caiculations are compared with experimentz’ data,
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NB2-28285°§ National Aeronautics end Space Administiation,
Lewis Research Center, Cleveland, Ohio
EXHAUST EMISSIONS SURVEY OF A TURROFAN ENGINE
FOR FLAME HOLDER SWIRL TYPE AUGMENTORS AT
SIMULATED ALTITUDE FLIGHT CONDITIONS
John E. Moss, Jr. Oct. 1981 47 p refs
{NASA.TM-82787; E-955, NAS 1.15.82787) Avail: NTIS
HC A03/MF A0t CSCL 21E

Emissions of carbon dioxide, total oxides of nitrogen,
unburned hydrocarbons, and carbon monoxide from an
Fi00 afterburning two spool turbofan engine at simulated flight
conditions. sre reported. Tests were run at Mach 0.8 at altitudes
of 1097 and 13.71 km {36,000 and 45,000 ft), and ot Msch
1.2 a1 13,71 km (45,000 f1). Emission measurements were made
from intermediate power (nonafterburning) through maximum
afterburning, using a single point gas sample probe traversed
across the horizontal diameter of the exhaust nozzle. The data
show that emissions vary with flight speed, altitude, power level,
and radial position across the nozzle. Carbon monoxide emissions
were low for intermediate and partial afterburning power,
Unburned hydrocarbons weire near zero for most of the simulatyd
flight conditions. At maximum afterburning, there were ragions
of NOx deficiency in regions of high CO., The results suggest
that the low NOx levels observed in the tests are a resuit of
interaction with high CO in the thermal converter. CO2 emissions
were proportional to local fuel air ratio for all test conditions,

T

N82-26293* Nationa! Aeronautics and Space Administration
Lewis Research Center. Cleveland, Ohio
THRUST REVERSER FOR A LONG DUCT FAN ENGINE
Patent
Everett A. Johnston {GE, Cincinnati} and Edward W. Ryan,
inventoars ({to NASA) (GE, Cincinnati) Issued 14 Jul 1941 9 p
Filed 30 Mar. 1979
{NASA-Case-LEW-13199-1; US-Patent-4,278,220,
US.Patent-Appl-SN-026301, US-Patent-Class-244-1108;
US-Patent-Class-60-226A} Avail.  US Patent and Trademark
Office CSCL 21E

A bypass duct outer cowl includes a fixed cascade disposed
between axially spaced fixed cowl portions and a translatable
cowl sleeve and blocker doors movably disposed on the respective
radially outer and inner sides of the cascade Actuation and
linkage structure located entjrely within the outer cow! provides
for selectively moving the cow! sleeve rearwardly and rotating
the blocker doors 1o a position across the bypass duct to cause
the fan airflow to pass through the cascade in a thrust reversing
manner Official Gazette of the U.S. Patent and Trademark Office

NB2.26294*} National Aeronautics and Space Administration
Lewis Research Center, Cleveland, Ohio
REAL TIME PRESSURE SIGNAL SYSTEM FOR A ROTARY
ENGINE Patent Application
William J. Rice. inventor {to NASA) Filed 19 Feb. 1982 21 p
(NASA-Case-LEW-13622-1, US-Patent-Appl-SN-350473} Avail:
NTIS HC A02/MF AO1 CSCL 21E

Apparatus for developing a signal which is a composite of
the pressures at four different points in the chamber of a rotary
type engine is disclosed. The composite signal can be read by
an IMEP meter or displayed on an oscilloscope. The physical
arrangement of a Wankel engine and the correlation embodying
the invention is shown. The profile of the inner surface of a
Wankel engine housing and the profile of a three lobed rotor
together with the positions of the transducers are also shown
The timing diagrams depicting the active regions of the transducers
and tinwng signals used in the correlator circuitry are illustrated

SL

NB82-26297*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio
DEVELOPMENT POTENTIAL OF INTERMITTENT COMBUS-
T!GN (1.C.)) AIRCRAFT ENGINES FOR COMMUTER TRANS-
{*ORT APPLICATIONS
Udward A. Willis 1982 31 p efs Presented at the Commuter
Airlines and Operations Meeting, Savannah, 23-24 May 1982
{NASA-TM-82869; E-1221; NAS 1.15:82869) Avail: NTIS
HC AO03/MF AO1 CSCL 21E

An update on general aviation {g/a) and commuter aircraft
propulsion research effort is reviewed. The following topics are
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discussed: on several advanced intermittent combustion engines
emphasizing lightweight diesels and rotary stratified charge
engines. The current state-of-the-art 1s evaluated for lightweight,
aircraft suitable versions of each engine. This information is used
1o project the engine characteristics that can be expect¥d on
near-term and long-term time horizons. The key enabling
technology requitements are 1dentified for each engine on the
long-term time horizon. EAK

N02.26298*§ National Aeronautics and Space Administration.
Lewis Research Center, Claveland, Ohio.
PROPULSION OPPORTUNITIES FOR FUTURE COMMUTER
AIRCRAFT .
William C. Strack 1982 27 p refs Piesented at 18th Joint
Propulsion Conf., Cleveland, 21-23 Jun. 1982; gponsored by
AlAA, SAE and ASME )
{NASA-TM-82915; E-1304: NAS 1.15:82915) Avail: NTIS
HC AD3/MF AO1 CSCL 21E

Circa 1990 propulsion improvement concepts are discussed
for 1000 to 5000 SHP conventional turboprop powerplants
including engines, gearboxes, and propellers. Cycle selection,
power plant configurations and advanced technology elements
are defined and evaluated using average stage length DOC for
commuter aircraft as the primary merit criterion. 8w

NB2.-26299*§ National Aeionautics and Space Administration
Lewis Research Center, Cleveland, Ohio.
COMPARISON OF EXPI:RIMENTAL AND ANALYTICAL
PERFORMANCE FOR (ONTOURED ENDWALL STATORS
Robert J. Boyle and Jeffley E Haas {(Army Aviation Research
and Development Command, Cleveland) 1982 15 p reis
Presented at Eighteenth' Joint Propulsion Conf., Cleveland,
21-23 Jun. 1982; sponsipred by AIAA, SAE and ASME
{NASA-TM-B2877; NAS 1.15:82877;
AVRADCOM-TR-82-C-12) Avail: NTiS HC A02/MF AO1 CSCL
21E

Comparisons between predicted and experimental stator
losses showed that the analysis was able to predict the change
in stator loss when contoured endwalls with highly three
dimensional passage geometry were used. The level of loss was
predicted to within 75 percent of that measured. The predicted
loss was due only to profile loss and boundary {ayer growth on
the endwalls. The 25 percent difference was approximately 0.015
at design pressure ratio. The analysis was shown to predict the

trend in stator flow angle, even for small stator geometries,
Author

NB82.26300*# National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
NASA RESEARCH IN SUPERSONIC PROPULSION: A
DECADE OF PROGRESS
L. H. Fishbach, L. E. Stitt, J. R. Stone, and J. B. Whitlow, Jr.
1982 40 p refs Presented at 18th Joint Pripulsion Conf.,
Cleveland, 21-23 Jun. 1982: spopsored by AlAA, SAE and
ASME
{NASA-TM-82862: - NAS
HC A03/MF AQ1 CSCL 21E
A second generation, economically viable, snd environmentally
acceptable supersonic aircraft is reviewed, Engine 'selection,
testbed experiments, and noise reduction research are de-
scribed. Author

1.15:82862) Avail: . NTIS

N82-27311*§ National Aeronautics and Space Administration,
Lewis Reseiirch Center, Cleveland, Ohio,
QCSEE UNDER-THE-WING ENGINE ACOUSTIC DATA
Harry E. Bloomer and Nick E, Samanich May 1882 28 p
refs
(NASA-TM-82691; E-972: NAS 1.15:82691) Avail: NTIS
HC AO3/MF AO1 CSCL 21E

Both an over-the-wing {OTW) and an under-the-wing {UTW)
experimental engine are discussed. The UTW engine had &
varisble-geometry fan exhaust nozzle and a variable-pitch fan
that provided quick-response reverse thrust capability. An
automatic digital control enabied optimal engine operation under
all steady-strte conditions as well as during forward and reverse
thrust trang.ent operation. The engine was tested at the Engine
Noise Test Facility alone and with wind and flap. segments to

i



simulate ‘an installation on a short-haul trsnsport aircraft, The
rngine scoustic configuration was varied to give 14 test
configurations. All of the scoustic test rasults from the UTW
program ¢ Lewis are presented as 1/3-octave-band sound
pressure fevel (SPL) tabulations for sll of the test points and
some narrow-bend spectra. and 1/3-octave-band data plots for
selected conditions, ™.

NB82-29324°*§ National Aeronautics and Space Administration.
Lewis Research Center, Clgveland, Ohio.

QCSEE OVER-THE-YiNG ENGINE ACOUSTIC DATA

Hany E. Bloomer and Jrvin J. Loeffler May 1982 28 p refs
(NASA-TM-82708, E-930, NAS 1.15:82708) Avail: NTIS
HC AO03/MF AH1 CSCL 21E )

The over the wing (OTW) Quiet, Clean, Short Haul Experimen-
tal Engine (QCSEE) was tested at the NASA Lewis Engine Noise
Test Facility. A boilerplate (nonflight weight), high throat Mach
number, acoustically treated inlet and a D shaped OTW exhaust
nozzle with variable position side doors were used in the tests
along with wing and flap segments to simulate an installation
on a short haul transport aircraft. All of the acoustic test data
from 10 configurations are documented in tabular form. Some
selected narrowband and 1/3 octave band plots of sound pressure
jovel are presented Author

N82-31328*# National Aeronautics and Space Administration.
Lewis Research Center. Cleveland, Ohio.
VENTURI NOZZLE EFFECTS ON FUEL DROP SIZE AND NITRO-
GEN OXIDE EMISSIONS
Susan M. Johnson Aug. 1962 17 p refs
(NASA-TP-2028; E-1029; NAS 1.60:2028)
HC A02/MF A01 CSCL 21E

The effect of a venturi nozzle on the Sauter mean diameter
of a water spray produced by a simplex pressure atomizing injector
in a swirling airflow was determined. A Maivern particle and droplet
size distribution analyzer, Type S.T. 1800, was lsed to measure
D sub 32 of the water sprays. The water spray was studied at
ambient temperature (293 K) and atmospheric pressure, The venturi
reduced D sub 32 by an average of 30 percent when installed
with a simplex injector and air swirler. Tho venturi primarily
improved. atomization of the injector spray by increasing relative
air velocity. The small drop size enhanced vaporization and
therefore decreased oxides of nitrogen in a combustor. The
decrease in drop size provided by the addition of a venturi
explains the results obtained in a previous small scale research
combustor wherein NOx emission indices decreased as a result
of this hardware modification. S.L.

Avaiit NTIS

N82-32366* National Aeronautics and Space Administration. Lewis
Research Center, Cleveiand, Ohio.
ACTIVE CLEARANCE CONTROL SYSTEM FOR A TUR-
BOMACHINE Patent
Richard P. Johnston, wialcolm H. Knapp, and Charles E. Coulson,
inventors (to NASA) issued 11 May 1982 6 p Filed 25 Jul.
1979
(NASA-Case-LEW-12938-1; US-Patent-4,329,114;
US-Patent-Appl-SN-060449; US-Patent-Class-415-145;
US-Patent-Class-415-178; US-Patent-Class-60-726;
US-Patent-Class-60-39,29; US-Patent-Class-60-39.07) Avail: US
Patent and Trademark Office CSCL 21E

An axial compressor is provided with a cooling air manifold
surrounding a portion of the shroud, and means for bleeding air
from the comprassor to the manifold for selectively flowiny it in a
modulating mariner axially along the outer side of the stator/shroud
to cool and shrink it during steady state operating conditions so
as to obtain minimum shroud/rotor clearance conditions. Provi-
sion is also made to selectively divert the flow of cooling air from
the manifold during transient perigds of operation so as to alter
the thermal growth or shrink rate of the stator/shroud and result
in adequate clearance with the compressor rotor.

Official Gazette of the U.S, Patent and Trademark Office
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N82-33389'# National Aeronauti: and Space Adminictration,
Lewis Research Center, Cleveland, Ohio,
ROTO: T/ CLEARANCE EFFECTS ON OVIRALL AND BLADE-
%ﬁ::ﬂ'r PERFORMANCE OF AXIAL-FLOW TRANSONIC FAN
Royce D, Moore Sep, 1882 B7 p refs
(NASA-TP-2049; E-559; NAS 1,60:2048) NTIS
HC A05/MF A01 CSCL 21E

The effects of tip clearance on the overall and blass-element
performance of an axial-flow transonic fan stage are prawenied,
The 50-centimeter-diameter fan was tested at four tip clearances
(noniotating) from 0,061 to 0.178 centimeter. The caiculated radiat
wrowti: nf the blades was 0.040 centimeter at design conditions,
The dectaase in overall stage performance with increasing
clesranca Is attributed to the loss in rotor performance. For the
rotor tiic stfects of clearance on performance parameters extended
to about 70 percent of blade span from the tip. The stage still
margir: baséd on an assumed opwrating line decreased from 15.3
to 0 percant zs the clearance increased from 0.081 to 0,178
centimeter, Authior

Avail;

AB2-10952 ¢ Thermal and flow analysis of a convection,
air-cooled ceramic coated porous metal pt for turbine vanes, F,
S. Stepka (NASA, Lewis flesearch Center, Cleveland, OH), American
Society of Mechanical Engineers and American Institute of Chemical
Engineers, National Heat Transfer Conference, 20th, Milwaukee, Wi,
Aug, 2-5, 1981, ASME Paper 81-HT-48.7 p. 9 refs. Members, $2.00;
nonmembers, $4,00,

Analysis wax made of the heat transfer and pressure drop
through turbine vanes made of a sintered, porous metal coated with a
thin layer of ceramic and convection cooled by spanwise flow of
cooling air, The analysis was made to determine the feasibility of
using this concept for cooling very small turbines, primarily forshort
duration applications such as in missile engines. The analysis was
made for gas conditions of approximately 10 and 40 atm and 1644 K
and with turbine vanes made of felt-type porous metals with relative
densities from 0.2 and 0.6 and ceramic coating thicknesses of 0,076
to 0.254 mm, 4Author)

AB2-19214 * § Comparison of two paraliel/series flow turbo-
fan propulsion concepts for supersonic V/STOL, R. W. Luida: * G,
E. Turney, and J. Allen (NASA, Lewis Research Center, Clevelar.
OH). American Institute of Aeronautics and Astronautics and NASA
Ames Research Center, V/STOL Conference, Palo Alto, CA, Dec.
7-9, 1981, AIAA Paper 81-2637. 15 p. 5 refs.

The thrust, specific fuel consumption, and relative merits of the
tandem fan and the dual reverse flow front fan propulsion systems
for a supersonic V/STOL aircraft are discussed. Consideration is
given to: fan pressure ratio, fan air burning, and variable core
supercharging. The special propulsion system components required
are described, nanmiely: the reflecting front inlet/nozzle, the aft
subsonic inlet, the reverse pitch fan, the variable core supercharger
and the low pressure forward burner. The potential benefits for these
unconventional systems are indicated, {Author)

AB2-19221 * # A real time Pegasus propulsion system model
for VSTOL pilnted simulation evaluation. J. R. Mihaloew (NASA,
Lewis Research Center, Cleveland, OH), S. P. Roth, and R.
Creekmore {United Technologies Corp., Government Products Div.,
West Palm Beach, FL), American Institute of Aeronautics and
Astronautics and NASA Ames Research Center, V//STOL Confer-
ence, Palo Afto, CA, Dec, 7-9, 1981, AIAA Paper 81-2663. 18 p. 6
refs,

A Pegasus-Harrier propulsion system is selected as a baseline for
developing ‘mathematical modeling and simulation -techniques for
VSTOL. Initially, static and dynamic propulsion system character-
istics are modeled in detail to form a nonlinear aerothermodynamic
digital computer simulation of 'a Pegasus engine. From this high
fidelity simulation, a real-time propulsion mede! is formulated by
applying a piecewise linear state variable methodology. A hydro-
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mechanical and water infection control system Is also simulated. It Is
noted that the real-time dynamic model includes the detall and
flexibil'ty required for evaluating critical control parameters and
propulsion component limits aver 3 limited {light envelope, C.R.

AB2:18337 * ¥ Asrosimtic characteristics of & cescade of
mistuned biades in subsonic snd supsrsonic flows. R. E. Kielb
(NASA, Lewis Research Center, Structury: Dynamics Sectlon,
Clewland, OH) and K. R. V. Kaza {NASA, Lewis Research Center,
Cleveland; Toledo, University, Toledo, OH), American Sociéty of
Mechanical Engineers, Design Eigineering Technical Conference,
Hartford, CT, Sept. 20-23, 1981, Paper 81-DET+-122, 12 p, 18 refs,
Members, $2,00; nonmembers, $4.00,

An Investigation of the effects of mistuning on flutter and
forced response of a cascade in subsonic and supersonic flows Is
presented, The aerodynamic and structural coupling between the
beriding and torsional motions and the aerodynamic coupling
between the blades are Included. It is shown that frequency
mistuning always has a beneficial effect on flutter, Additionally, the
results indicate that frequency mistuning may have either a beneficial
or an adverse effect on forced response, depending on the engine
order of the excitation and Nrach number, (Author)

AB2.20291 * # Dilution jet behavior in. the turn section of a
reverse flow combustor, S. M, Riddlebaugh (NASA, Lewis Research
Center, Claveland, OH), I. Greber (Case Western Reserve University,
Cleveland, DH), and A. Lipshitz. American Institute of Aeropautics
and Astronautics, Aerospace Scienceés Meeting, 20th, Orlando, FL,
Jan, 11x14, 1982, Paper 82.0192,13 p.

Measurements of the temperature field produced by a single jet
and a row of dilution jets issued into a reverse flow combustor are
presented. The téemperature measurements are presented in the form
of consecutive normalized temperature profiles, and jet trajectories.
Single Jet trajectories wera swept toward the inner wali of the turn,
whether injection was from the inner or outer wall, This behavior is
explained by the radially inward velocity component necessary to
support irrotational flow through the tuyn, Comparison between
experimental results and model ¢alculations showed poor agreement
due to the model’s not Including the radial velocity component, A
widely spaced row of jets produced trajectories similar to single jets
at similar test cceditions, but as spacing ratio was reduced,
penetration was reduced to the point where the difution jet flow
attached to the wall, {Author)

AB2-34981 * # Turbine blade nonlinear structural and lite analysis. R, L.,
McKnight, J. H. Latlen (General Electric Co,, Cincinnati, OH), G. R, Halford, and
A, Kaufman (NASA, Lewis Research Center, Claveland, OH), AJAA, SAE, and
ASME, Joint Propulsion Conference, 18ith, Cleveland, OH, June 21-23, 1982,
AIAA Paper 8. -1056. 8 p. 9 rels.

The utility of advanced structural analysis and iife prediction techniques was
evaluated for the life asséssment of a commerciz] air-cooled turbine blade with
a history of tip cracking. Three dimensional, 1iunfinear finite elament structural
analyses were performed for the blade tip region. The computed strain-tempera-
ture history of the critical focation was imposed on a uniaxial strain cantrolled test
speéimen to evaluate the validity of the structural analysis method, Experimental
results indicated higher peak stresses and greater stress relaxation than the
analytical predictions. Life predictions using the Siralnrange Partitioning and Fre-
quency Modified approaches predicted 1200 to 4420 cycles and 2700 cycles to
crack initiatiori, respectively, compared to an observed life of 3000 cy(c}!\es'.1 )

uthor,

AB2-34992 * # Experimental study of the effects of secondary air on
the emissions and stability of a iean premixed combustor. G, Roffe, R. S.
V. Raman (General Applied Science Laboratories, Inc., Westbury, NY),and C. J.
Marek (NASA, Lewis Rasearch Center, Cleveland, OH). AIAA, SAE, and ASME,
Joint Propulsion Conference, 18th, Cleveland, OH, June 21-23, 1982, AlAA Pa-
per 82-1072. 10 p. 7 rets. NASA-supported research,

A study of the effects of secondary air addition on the stability and emissions
of a gas-turbine combustor has been performed., Tests were conducted with two
types of flameholders and-varying amounts -of dilution air addition. Results Indi-
cate that NO(x) decreases with increasing dilution alr injection, whereas CO'is
independent of the amount of dilution air and is related to the gas temperature
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noar the walls, The axial location of the dilution air addition has no nffect on the
performance or stability, Resulls also indicate that the amount of fiecondary air
entrained by the tiameholder recirculation zone Is dependent on the amount of
dilution air and flameholder geometry. {Author)

AB2-34005 ° #  Advaiicements in resi-time engine imulsilon tech.
nology. J. R. Szuch (NASA, Lewis Research Canter, Clevsjland, OH). AlAA,
SAE, and ASME, Joint Propulision Conférence, 18th, Cleveland, OH, June 21-23,
1962, AIAA Paper 82-1075, 9 p. 21 refs.

(Previously announced in STAR as N82.22915)

AB2-34988 * #  NASA Brosd Specification Fualy Qambustion Tech-
nology program - Pratt and Whitney Airciaft Phaau | resuits and stetus. B,
P. Lohmann (United Technologies Corp,, Commerciz! Products Div., East Hurt~
ford, CT) and J. S. Fear (NASA, Lewis Research Canter, Aerothermodynamics
and Fuel Div., Cleveland, O}4). AIAA, SAE, and ASME, Joint Propulsion Confer~
ence, 18th, Cleveland, OH, June 21-23, 1982, AlA/, Paper82-1088. 12 p. 11 refs,

In connection with increases In-the cost of fuels and the reduced avaitability ot
high quality petroleum crude, a modification of fiief specifications has been con-
sidered to allow acceptance of poorsr quality fuels, To obtain the information
upon which a selection of appropriate fuels fo; aircraft can be based, the Broad
Specification Fuels Combustion Technology program was formulated by NASA,
A description is presented of program-relaied investigations conducted by an
American aerospace company. The specific objective of Phase | of thie program
has been to evaluate the impact of the s of broadenad properties fuels on
combustor design through comprehensive combustor rig testing. Attention I
given to combustor concepts, experimental evaluation, results obtained wii sin-
gle stage combustors, the stage combustor concspt, and the capability of a
variable geomatry combustor. G.R.

A82-35000 * # MASA/Genera! Electric broad-specification fuels com-
bustion technology p.ogram - Phase | resuits and status, W. J, Dodds, E. E.
Eksivdt, D, W. Bahr {General Eigetiic Co., Aircraft Engine Business Group, Tin-
cinnati, OH), and J. S. Fear (NASA, Lewls Research Center, Cleveland, OH).
AlIAA, SAE, and ASKE, Joint Propulsion Conference, 18th, Clavaland, OH, June
21-23, 1982, AIAA Paper 82.1089, 12 p, 14 refs,

A program Is being conducted {6 develop the technology required to utilize
fuels with broadened propurties in aircraft gas turbine engines. The first phase
of this program consisted of the experimental evaluation of three ditterent com-
bustor concepts to determine their potential for meeting severa! specific emis-
sions and performance {joals, when operated on broadenad property fuels, The
three concepts were a single annular combustor; a double annular combustor;
and a short single anrular combustor with varicble geometry, All of these con-
cepts were sized for the General Electric CF6-80 engine, A total of 24 different
configurntions of these concepts were evaluated In a high pressure test facility,
using four test fuels having hydrogen contents between 11.8 and 14%, Fusl
effects on combustor performance, durability and amissions, and combustor
design features 1o offset these effacts were demonstrated. {Author)

A82-35017 * # In-tiight acoustic results from an advenced-design pro-
pelier at Mach numbers to 0.8, K. G, Mackall, P. L. Lasagna, K. Walsh (NASA,
Ames Research Center, Edwards, CA), and J, H. Dittmar (NASA, Lewis Re-
search Center, Cleveland, OH). AIAA; SAE, and ASME, Joint Propuision Confer-
ance, 18th, Cleveland, OH, June 21-23, 1982, AlAA Paper 82-1120.9 p. 6 refs,

Acoustic data for the advanced-design SR-3 propeller at Mach numbers t0 0.8
and helica! tip Mach numbers to 1.14 are presented. Several advanced-design
propellers, previously tested in wind tunnéls at the Lewis Research Center, are
being tested in fiight at the Dryden Flight Research Facllity. The fiight-test propel-
lers are mounted on a. pylon on the top- of the fuselage of a JetStar airplane,
Instrumentation provides near-field acoustic data for the SR-3, Acoustic data for
the SR-3 propeller at Mach numbers up to 0.8, for propeller helical tip Mach
numbers up to 1,14, and cornparison of wind tunne to flight data are included.
Flowfield profiles measured in the area adjacent to the propeller are also in-
cluded. {Author)

AB2-35041 * # Evaluation of fuel injection configurations to ¢ontrol
carbon and soot formation in small GT combustors. T, J, Rostjord (United
Technologies Research Center, East Hartforif, CT) and D. Brishl (NASA, Lewis
Research Center, Cleveland, OH). AIAA. SAE, and ASME, Joint Propulsion
gonflerence, 18th, Cleveland, OH, June 21123, 1982, AIAA Paper 82-1175, 12 p.

refs, :

An experimental programi to investigate hardware configurations which attempt
to minimize carbon formation and soot production without sacrificing performance




in small gas turbine combustors has been conducted at the Unitsd Technologies
Research Center. Four fusl Injectors, smbodying either airblast atcmization,
pressure atomization, or fuel vaporization techniques, were combined with nozzie
air swirlers and injector sheaths, and evaluated at test conditions which included
and extended beyond standard srnall gas turbine combustor operation. Extensive
testing was accomplished with configurations enibodying either a spill return or
a T-vaporizer injector, Minimal carbon deposits were observed on the spill return
nozzle for tests using either Jet A or ER.BS test fuel. A more extensive film of soft
carbon was observed on the vaporizer after operation at standard engine condi-
tions, with |arge carbonaceous growths forming on the device duting off-design
operation at low combustor inlet termnperature. Test results indicated that smoke
emission levels depended on the combustor fluid mechanics (especially the mix-
ing rates near the Injector), the atomization quality of the injector and the fuel
hydrogen content. {Authar)

A02:35348 * # A computational design method for irsnsonic turboms-
chinery cascades. H, Sobleczky (Deutsche Forschungs- und Versuchsanstalt
tor Luft- und Raumfahrt, Institut fdr theoretische Strdmunsgmechanik, Gottingen,
West Germany) and D, S, Dulikravich (NASA, Lewis Research Center, Cleve-
land, OH). American Soclety of Mechanical Engineers, International Gas Turbine
Conlerence and Exhibit, 27th, London, England, Apr. 18-22, 1962, Paper 82-GT-
117. 10 p. 17 refs, Members, $2.00; nonmembers, $4.0C,

This paper describes a systematical computational procedure to find configura-
tion changes necescary to modify the resulting flow past turbomachinery cas-
cades, channels and nozzles, to be shock-frae at prescribed transonic operating
conditions. The method Is based on a finite area transonic analysis technique and
the fictitious gas approach, This design scxieme has two major areas of applica-
tion, First, it can be used for design of supercritical cascades, with applications
mainly in compressor blade design, Second, it provides subsonic inlet shapes
including sonic surfaces with suitable initial data for the design of cupersonic
(accelerated) exits, like nozzles and turbine cascade shapes, This fast, accurate
and economical method with a proven pciantial for applications to three-dimen-
sional flows is illustrated by some design examples. {Author)

AB2-35373 * #» The use of optimization techniques to design controlied

diffusion compressor blading. N, L. Sanger (NASA, Lewis Research Center,

Cleveland, OH). American Society of Mechanical Engineers, International Gas
Turbine Conference and Exhibit, 27th, London, England, Apr, 18-22, 1962, Faper
82-GT-149. 11 p. 17 refs. Members, $2,00; nonmembers, $4.00,

(Previously announced In STAR as N82-14094)

A82:35380 * # NASA research in aircraft propulsion. M. A. Beheim
(NASA, Lewlis Research Center, Cleveland, OH), American Soclety of Mechani-
cal Enginsers, International Gas Turbine Conference and Exhibit, 27th, London,
England, Apr, 18-22, 1982, Paper 82-GT-177. 10 p. Members, $2.00; nonmem-
bers, $4.00.

(Previously announced in STAR as N82-13146)

AB2-35409 * # The effect of rotor blade thickness and surface finish on
the performance of a small axial flow turbine. R, J, Roelke (NASA, Lewis
Research Center, Cleveland, OH) and J. E. Haas (U.S. Army, Propulsion Labora-
tory, Cleveland, OH). American Society of Mechanical Engineers, International
Gas Turbine Conference and Exhibit, 27th, London, England, Apr. 18-22, 1982,
Paper 82-GT-222, 6 p. 8 refs. ‘Aembers, $2.00; nonmembers, $4.00.
{Previously announced in STAR as N82-13114)

A82:35456 * # Structural dynamics of shroudiess, hollow, fan blades
with composite in-lays. R. A, Alello, M. S. Hirschbein, and C. C, Chamis (NASA,
Lewis Research Center, Cleveland, OH), American Society of Mechanical Engi-
neers, International Gas Turbine Conference and Exhibit, 27th, London, Engla)d,
Apr. 18-22, 1982, Paper 82-GT-284. 7 p. Members, $2.00; nonmembers, $4.00,
(Previously announced in STAR as N82-22266)

AB2-40521 * # TF3¢ Convertible Engine System Technology Program.
K. L, Abdalia: (NASA, Lewis Research Genter, Cleveland, OH) and A. Brooks
(General Electric Co., Lynn, MA), in: American Helicopter Society, Annual Forum,
38th, Anaheim, CA, May 4-7, 1982, Proceedings. (A82-40505 20-01) Washington,
DC, American Helicopter Society, 1982, p, 163-165. 8 refs,

- The ability of the helicopter to function efficlently at zero flight speed is counter-
balanced by a limitation to rather low forward flight speeds. An ability to fly
efficiently at high speed would provide very significant improvements in rotorzraft
productivity and economics. The implementation of such improvements would
require the development of a suitable integrated power plant for both the vertical

™
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und horizontal fiight modes. The engine should be a shaft output engine in the
vertical flight mode. In the horizontal mode, the propulsor cari be fan or propeller.
A description is presented of a program concemnaed with the demonstration of &
convertible turbofan/turboshaft engine. The program s nominally directed
toward the demonsiration of a propuision system for an X-wing alrcraft, However,
the principles being investigated are applicable to any convertible turbofan/turbo-
shaft enging application. At the cutrent early stage of the program, no barrier
problems have become apparent, and interesting possitilities for high speed
rotorcraft flight are envisaged. G.R.

N82-70037%§ Deiroit Diesel Allison, Indianapolis, ind.
PROPULSION STUDY FOR SMALL TRANSPORT AIRCRAFT
TECHNOLOGY (STAT) Contractor Final Report
J. C, Gill, R, V. Earle, D, V, Staton, P, C. Stolp, D. S. Huelster,
and B, A, Zolezzi 16 Dec. 1980 186 p rels
{Contract NAS3-21995)
(NASA-CR-185489; DDA-EDR-11470)
HC AO9/MF AO1 CSCL 21E

Propulsion requirements were determined for 0.5 snd
0.7 Mach sircraft. Sensitivity studies were conducted on both
these sircraft to determine parametrically the influence of
propulsion characteristics on aircreft size snd direct opesating
cost (DQC). Candidate technology elements and design festus~s
were iduntified and parametric studies conducted to selact the
STAT advanced engine cycle. Trade off studies were conducted
to deterntine those advanced technologies and design features
that would offer a reduction in DOC for operation of the STAT
engines. These features were incorporated in the two STAT
engines, A benefit. assessment was conducted comparing the
STAT engines to current technology engines of the same power
and to 1985 derivatives of the current technology engines,
Research and devalopment programs were recomnmended as part
of an overall technology devalopment plan to ensure that full
commercial development of the STAT engines could be Initisted
in 1988, T.M.

Avsil:  NTIS

PROPULSION STUDY FOR SMALL TRANSPORT AIRCRAFT
TECHNOLOGY (STAT), APPENDIX 2 Final Report
{1980] 11 p refs
{Contract NAS3-21995)
{NASA-CR-1654989-App-B; DDA-EDR-10470-App-8)
NTIS HC AO2/MF-A01 CSCL 21E

Data are tabulated for two conceptusl engines désigned- for
small transport aircraft, These are the 1790 W (2400 shp) class
engine and the 3679 kW (4800 shp) class engine for the 0.5 M
sub N and 0.7 M sub N airplanes, respectively. All data puints
required to perform the STAT missions are provided including
take-off, climb, cruise, loiter, and fuel allowances, The weight,
dimensions, price, and maintenance costs are given as well as
the instaliation criteria and equations used for adjusting horse-
power for gearbox loss, and converting horsepower to thrust.
Sceling equations are included, ARH.

Avail;

N82-10039*§ United Technologies Research Center, East
Hartford, Conn.
OEVELOPMENT OF LOW MODULUS MATERIAL FOR USE
IN CERAMIC GAS PATH SEAL APPLICATIONS Final
Report
H. E. Eaton and R. C. Novak Oct. 1981 83 p refs
(Contract NAS3-22134)
(NASA-CR-165469; R81-9165188-13) Avail: NTiS
HC AO5/MF AO1 CSCL 21E

Three candidate materisls were examined: Brunsbond (R)
Pad: plasma sprayed porous NiCrAlY; and plasma sprayeu low
modulus microcracked zirconia, Evalugtion consisted of mechani-
cal, thermophysical, and oxidation resistance testing aloiig with
optical microscopy and a feesibility demonstration of attaching
the material to & suitable substrate, The goals of the program
were the following: feasibility of fastening or depositing the low
modulus sysism onto a broad range cf substrate alioys; feasibility
of depositing or forming the low modulus system to a thickness
of 0.19 cm to 0,38 cm; posential to attain a modulus of elasticity
in the range of 3.4 to 6.9 GPa (0.5 to 1,0 MSI), and a&n ultimate
strength of 17,2 MPa (2,5 ksi); suitable thermal conductivity;
and static oxjdation life of at least 1000 hours at 1311 K, The
results nof the program indicate that all three systems offer
attractive properties as a strain isolator material, 7M.
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N82.10040°4 General Electric Co., St. Petersburg, Fla.
THERMAL-BARRIER-COATED TURBINE BLADE STUDY
Finel Repont
P. A, Siemers and W, 8. Hillig Aug. 1981 134 p refs
{Contract NAS3-21727)
{NASA-CR-185351; SRD-81-083) Avail: NTIS
HC AQ7/MF AD1 CSCL 21E

The effects of coating T8C on .8 CF6-50 stage 2 high-pressure
turbine biade were anslyzed with respect to changes in the
mesn bulk temparature, cooling air requirements, and high-cycie
fatigue. Localied spaliation was found to have s possible
deleterious effect on low-cycle fstigue life, Miew biade design
concepts were developed to take optimum advanisge of TBCs.
Process and matsrial deveispment work and rig) evaiuations were
undertaken which identified the most promising combination as
2102 containing 8 w/o Y203 applied by air plasma spray onto
a Ni22Cr-10Al-1Y bond layer. The bond layer was applied by a
low-pressure, high-velocity plasma spray process onto the base
afloy. During the initial stertup cycles the blades experienced
localized leading edge spullation caused by foreign objects. T.M.

N82-11088*§ Taledyne Continental Motors, Muskegon, Mich,
General Products Div.
LIGHTWEIQHT DIESEL ENGINE DESIGNS FOR COMMUT-
ER T(PE AMRCRAFT
Alex §* Brouwers Jul. 1981 70 p refs
(Contract NAS3-22149)
{NASA-CR-165470; Rept-995) Avail: NTIS HC AO4/MF AO1
CSCL 21E

Conceptual designs and performance of advanced technology
fightweight diesel engines, suitable for commuter type aircraft
power plants are defined. Two engines are discussed, a 1431 kw
{2000 SHP) eight-cylinder engine and a 895 kW (1200 SHP)
six-cylinder engine. High peiformance and related advanced
technologies are proposed such as insulated cylindess, very high
injection pressures and high compressor and turbine efficiencies.
The description of each engine includes concept drawings, a
performance analysis, arid weight Jata, Fual flow data are given
for full and partial power up.to 7620m altitude. The performance
data are also extrapolsted over & power range from
67% kW(900 SHP) to 1864 kW (2500 SHP). The specific fuel
consumption of the 1491 kW (2000 SHP) engine is 182
g/hWh (299 Ib/HPh) at cruise altitude, its weight 620 kg
<1365 Ib) and specific weight .415 kg/kW (683 Ib/HP). The
specific fuel consumption of the 895 kW (1200 SHP) engine is
187 g/hWh (.308 Ib/HPh) at cruise altitude, its weight 465 kg
{1025 ib) and specific weight .520 kg/kW {854 |b/HP). RJ.F.

N82-12075%§ General Electric Co., Lynn, Mass, Aircraft Engine
Group.
EFFECT OF A PART SPAN VARIABLE INLET GUIDE VANE
ON TF34 FAN PERFORMANCE Final Report
Jose Alvarez and Paul W, Schneider Sep. 1981 133 p refs
(Contract NAS3-21624)
{NASA-CR-165468; RB1AEGO30) Avail: NTIS
HC AO7/MF AOt1 CSCL 21E

Experimental aarodynamic and performance data were
obtasined from a TF34 engine, Part spsn varisble inlet guide
vanes mounted in front of the fan on the TF34 engine were
tester] to demonstrate the feasibility of modulating air flow and
thrust for vertical takeoff aircraft systems, The fan was mapped
to stall for & range of spesds and variable inlet. guide were
settings. Modulated fan tip performance and unmodulated hub
performances we:e evaluated with a without an extended fan
bypass splitter. The effect of 8 crosswind distortion screen on
performance was also evaluated. -RJ.F,

N82-13146*§ Pratt and Whitney Aircraft Group. East Hartford,
Conn. Commercial Products Div.
SENSOR FAILURE DETECTION SYSTEM Final Report
E. C. Beattie, R, F. LaPrad, M. E. McGlone, S. M, Rock, and M.
M. Akhter Aug. 1981 172 p refs Prepared in cooperstion
with Systems Control, Inc., Pal~ Aito, Calif.
{Contract NAS3-22481)
{NASA-CR-165515; PWA-5736-17)} Avails NTIS
HC AD8/MF AO1 CSCL 21E

Advanced concepts for detectirig, isolating, and accommodat-
ing sensor failures were studied to determine their applicability
to the gas tuibine control. problem. Five concepts were formulated

23

based upon such techniques as Ksiman filters and a scresning
process led to the selection of one advanced concept for further
evalyation. The selected advanced concept uses » Kaiman filter
10 generate residuals, a waighted sum square residuals teshnigue
to detect soft failures, likelihood ratio testing of a bank of Malman
filters for isolation, and reconfiguring of the pormal mode Kaiman
filter by eliminating the failed input to acccmmodate the failure,
The advanced concept was compared to a baseline parameier
synthesis technique. The advanced concept was shown to be a
viable concept for detecting, isolating, and accommodating sensor
failutes for the gas turbine applications MG,

N92-14082*4 General Electric Co., Cincinnati, Ohio.  Aircraft
Engine Business Group. i
CORE COMPRESSOR EXIT STAGE STUDY. VOLUME 4
DATA AND PERFORMANCE FEPORT FOR THE BEST
STAGE CONFIGURATION Final Report
D. C. Wisler Apr. 1981 204 p refs
(Contract NAS3-20070)
{NASA-CR-166357: RBOAEG3I14-Vol-4) Avail: NTIS
HC A10/MF A0V CSCL 21E

The care compressor exit stage study program develops rear
stage blading designs that have lower losses in their endwall
boundary fayer regions, The test deta end performance resuits
for the bess stage configuration consisting of Rotor-B running
with Statcr-B are described. The technical approach in this
efficiency improvement program utilizes & low speed research
compressor. Tests were conducted in two ways: {1} to use four
identical stages of blading to obtain test data in a trus muitistage
environment and {2) to use a single stage of blading to compare
with the multistage test results. The effacts of increased rotor
tip clearances and circumferential groove casing trestment sre
evaluated. EAK.

N82-140123*§ Geners! Electric Co, Cincinnati, Ohio.  Alrcraft
Engine Business Group.
CORE COMPRESSOR EXIT STAGE STUDY, VOLUME &:
DESIGN AND FERFORMANCE REPORT FOR THE ROTOR
C/STATOR B CONFIGURATION
D, C, Wisiar May 1981 101 p refs
{Contract NAS3-20070)
{NASA-CR-1656358; RB1AEG287-Vol-5) Avail:  NTIS
HC A06/MF AO1 CSCL 21E

Rear stage blading designs that have lower losses in their
endwall boundary layer regions were devoloped. The design of
rotor-C snd the performancs results for rotor-C running with
stator B are described. A low speed research compressor is
utilized as the principal investigative tool, Four identical stages
of blading are used to obtained data in a true muitistage
environment, EAK.

N82-14095°§ AiResearch Mfg. Co., Phoenix, Ariz,
POLLUTION REDUCTION TECHNOLOGY PROGNAM SMALL
JET AIKCRAFT ENGINES, PHASE 3 Finsl Report
T. W, Bruce, F. G, Davis, T. E. Kuhn, and H, C, Mongia Dec.
1981 180 p refs
{Contract NAS3-20819)
{NASA-CR-165386; AiResearch-21-3615) Avail:  NTI$S
HC AO8/MF AO1 CSCL 21E

A series of Model TFE731-2 engine tests were conducted
with the Concept 2 variable geometry airblast fuel injector
combustion system installed. The engine was tested to:
{1) establish the emission levels over the selected points which
comprise the Environmental Protection Agency Landing-Takeoff
Cycle; (2) determine engine performance with the combustion
system; and (3) evaulate the engine acceleration/deceleration
characteristics. The hydrocarbon {HC), carbon monoxide (CO),
and smoke goals were met. Oxides of nitrogen (NOx) were
sbove the goal for the same. configuration that met the dther
pollutant goals. The engine and combustor performance, as well
as leration/ deceleration characteristics, were acceptable. The
Concept 3 staged combustor system was refined from earlier
phase develop snd subjected to further rig refinement
testing. The Zoncept met all of the emissions gols. EAK.
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N82-14008°%§ AiResearch Mfg. Co.. Phosnix, Ariz.
ERGS FUEL ADDENDUM; POLLUTION REDUCTION
TECHNOLOQGY PROGLAM BMALL JET AIRCRAFY EN-
GINES. PHASE 3 Finel Roport
T. W. Brice, F, G, Davis, T. E. Kuhn, and H. C, Mongia (1982}
47 p . refs
{Contract NAS3-20819)
{NASA-CR-165387; AiResearch-21-3618} Avai:  NTIS
HC AQ3/MF AOY CSCL 21E

A Model TFE731-2 engine with a low emission, variable
gecmetry combustion system wes tested to compare the sffects
of oparating the engine on Commercisl Jet-A aviation turbine
fusl and sxperiments! referse broad specification (ERBS) fuels.
Low power emission leveis were esszntislly identical while the
high powser NOx emistion indexes wers approximately 15% lower
with the EBRS fuel, The exhaust smoks number was approximately
50% higher with ERBS at the takeoff thrust setting; howaver,
both values wera still below the EPA limit of 40 for the Model
TFE731 engine. Primary zone liner wall temperature ran sn average
of 26 K higher with ERBS fusl than with Jet-A, The possible
adoption of brosdenad proprties fuels for gas turbine applications
is suggested. EAK.

N82-16080*§ United Technologies Research Center, East
Hartford, Conn,

RESEARCH AND DEVELOPMENT PROGRAM FOR NON-
LINEAR STRUCTURAL MODELING WITH ADVANCED
TIME-TEMPERATURE DEPENDENT CONSTITUTIVE RELA-
TIONSH:PS Final Report

Kevin P, Walker 25 Nov. 1981 187 p refs

{Contract NAS3-22055)

{NASA-CR-165532; PWA-6700-50} Avail: NTIS
HC AO09/MF AO1 CSCL 21E )

Resuits of a 20-month. research and development program
for nonlinear structural modeling with advanced tiine-temperature
constitutive relationships are reported. The program included:
{1} the evaluation of a number of viscoplastic constitutive models
in the published literature; {2) incorporation of three of the most
appropriate constitutivé modeis into the MARC noniinear finits
element progiam; (3) calibration of the three constitutive models
against experimenta! data using Hastelloy-X material; and
{4} application of the most appropriate constitutive model 10 a
three dimensional finite element analysis of a cylindrical combustor
liner louver test specimen to establish the capability of the
viscoplastic model to predict component structural response.

M.D.K.

N82-18081*4 Pratt and Whitney Aircraft Group, East Hartford,
Conn,
STUDY OF CONTROLLED DIFFUSION STATOR BLADING,
1. AERODYNAMIC AND MECHANICAL DESIGN REPORT
E. Canal, E. C, Chisholm, D. Lee, and D, A. Spear Jan. 1981
97 p refs
(Contract NAS3-22008)
{NASA-CR-165500; PWA.5698-28) Avail: NTIS
HC AO5/MF AQO1 CSCL 21E

Pratt & Whitney Aircraft is conducting a test program for
NASA in order to demonstrate that a controlled-diffusion stator
provides low losses at high loadings and Mach numbers, The
technology has shown great promise in wind tunnel tests, Details
of the design of the controlled diffusion stator vanes and the
multiple-circular-arc rotor blades are presented. The stage,
including stator and rotor, was designed to be suitable for the
first-stage of an advanced multistage, high-pressure compressor.

Author

N82-17174*§ General Electric Co., Cincinnati, Ohio.  Aircraft
Engine Group;
CF@ JET ENGINE PERFORMANCE IMPROVEMENT: HIGH
PRESSURE TURBINE ROUNDNESS
W, D. Howard and W. A Fasching Jan, 1982 136 p refs
{Contract NAS3-20629)
(NASA-CR-185555; RB2AEB1165) Avail: NTIS
HC AO7/MF AO1 CSCL 21E

An improved high pressure turbine statnr reducing fuel
consumption in current CF6-50 turbofan engines was developed,
The feasibility of the roundness and clearsnce resgonse improve-
ments was demonstrated. Application of these improvoinents will
resuit in & cruise SFC reduction of 0.22 percent for new engines.

24

For high tims snjinas, the improved roundness and response
cheracteristics results in an 0.5 percent reduction in cruise SFC.
A basic fife capability of the improved HP turbine stsiar In over
800 simulated flight cycles without any sign of significant distress
is shown. EAK,

N82-19221%§ Garrett Turbine Engine Co., Phoenix, Ariz,
COOLED VARIABILE-AREA RADIAL TURBINE TECHNOL-
OGY PROGRAM Finel Report
G. O, Large and L, J, Meyer Jan. 1982 303 p refs
{Contract NAS3-22004)
(NASA-CR-165408) Avail; NTIS HC A14/MF AO1 CSCL
21E

The objective of this study was a conceptual evaluation and
design analyses of s cooled varisble-ares radial turbine capable
of maintaining nearly constant high efficiency when operated at
3 constant speed and pressure ratio over a range of flows
sorresponding to 50- to 100-percent maximum engine power.
The resuits showed that a 1589K {2400 F) turbine was feasible
that would satisfy a 4000-hour duty cycly life gosl. The final
design feasibility is based on 1988 matarisl technology gosls. A
pesk aerodynamic stage total efficiency of 0.88 was predicted
at 100 percent power. Two candidste stators ‘were identified;
an articulated trailing-edge and a locally movable sidewall, Both
concepts must be experimentally evalusted to determine the
optimum configuration, A follow-on test program is proposed
foi- this evaluation, Author

N82.21193°%§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
COLD-AIR PERFORMANCE OF A 15.41-cm-TIP-DIAMETER
AXIAL-FLOW POWER TURBINE WITH VARIABLE-AREA
STATOR DESIGNED FOR A 75-kW AUTOMOTIVE GAS
TUABINE ENGINE Final Report
Kerry L. McLallin, Milton G. Kofskey, and Robert Y, Wong Feb.
1982 33 p refs
{Contract DE-A101-77CS-51040)
{NASA-TM-82644; £-899; NAS 1.15:82644;
DOE/NASA/51040-20) Avail; NTIS HC AO3/MF AQ1 CSCL
21E

An experimental evaluation of the aerodynamic performance
of the axial flow, variable area stator power turbine stage for
the Department of Energy upgraded automotive gas turbine engine
was conducted in cold air. The interstage transition duct, the
varisblé area stator, the rotor, and the exit diffuser were-ificiuded
in the evaluation of the turbine stage, The measured totai blading
efficienicy was 0.096 less then the design value of 0.85, Large
radial gradients in flow conditions were found at the exit of the
interstage duct that adversely affected power turbine performance.
Although power turtine efficiency was less than design, the turbine
operating line corresponding to the steady state road losd power
curve was within 0,02 of the maximum available stage efficiency
st any given speed. Author

NB2-21196*§ Pratt and Whitney Aircraft Group, East Hartford,
Conn, Commercial Products Div.
ENERGY EFFICIENT ENGINE SHROUDLESS, HOLLOW FAN
BLADE TECHNOLOGY REPORT
C. J. Michaei Dec. 1981 81 p ‘refs
(Contract NAS3-20646)
{NASA-CR-165586; NAS 1.26:165586: PWA-5594-199) Avail:
NTIS HC AOS/MF AO01 CSCL 21E

The Shroudless, Hollow Fan Blade Technology program was
structured to support the -design, fabricatiun, and subsequent
evaluation of advanced hollow and shroudless blades for the
Energy Efficient Engine fan component. Rockwell International
was initially selected to produce hollow airfoil specimens
employing the superplastic forming/diffusion bonding (SPF/DB)
fabrication technique. Rockwell demonstrated that a titanium
hollow structure could be fabricated utilizing SPF/DB manufactur-
ing methods. However, somie problems such as sharp internal
cavity radii and unsatisfactory saécondary bonding of the edge
and root details prevented production of the required quantity
of fatigue test specimens, Subsequently, TRW was selected to
(1) produce hollow airfoil test specimens utilizing a laminate-core/
10t isostatic press/diffusion bond approach, and (2) manufacture
full-size hollow prototype fan blades utilizing the technology that
evolved fiom the specimen fabrication effort. TRW estsblished
elements of blade design and defined faminate-core/hot isostatic
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press/diffusicn bonding fabrication technigues to produce test
specimens, This fabrication technology was utilized to produce
full size hollow fan blades in which the HIP'ed parts were
cambered/twisted/isothermally forged. finish machined, and
delivered 1o Pratt & Whitney Aircraft and NASA for further
evalustion, Author

N82.21197*§ Genetal Electric Co., Cincinnati, Ohio.  Ajrcraft
Engine Group. ] ) )

CF8 JET ENGINE DIAGNOSTICS PROGRAM: HIGH
PRESSURE COMPRESSOR CLEARANCE INVESTIGATION

M. A, Radomski Jsn. 1982 48 p ref

{Contract NAS3-20631) ) ) ,
{NASA-CR-185580; NAS 1.26:165580; R82AEB185) Avsil:
NTIS HC A03/MF AO01 C3CL 21E

The effects of high pressure compressor clearance changas
on engine paormance were experimentally determined on a
CF6 core engine. The results indicate that a one percent reduction
in normalized average clearance, expressed as a fraction of airfoil
length, improves compressor efficlency by one percent. Compres-
sor clearances are r-duced by the application of sotor bore cooling.
insulation of the stator casing, and use of a low coefficient of
expansion material in the aft stages. This improvement amounts
to a reduction of normalized average clearance of 0.78 percent,
relative to CF6-60 compressor, which is equivalent to an
improvement in compressor efficiency of 0.78 percent.  J.M.S.

N82-22263*§ Cessna Aircraft Co,, Wichits, Kans. Pawnes
Div,
ADVANCED GENERAL AVIATION COMPARATIVE ENGINE/
AIRFRAME INTEGRATION STUDY Fina! Report, Jan,
1980 - Sep. 1981
George L. Huggins and David R. Ellis Sep, 1981 133 p refs
{Contract NAS3-22221)
(NASA-CR-165664; NAS 1.26:166564; Cessna-AD-217) Avail:
NTIS HC AO7/MF AC1 CSCL 21E

The NASA Advanced Aviation Comparative Engine/Airframe
Integration Study was initiated to help determine which of four
promising corcepts for new general aviation engines for the
1990's should be considered for further research funding. The
engine concepts included rotary, diesel, spark ignition, and
turboprop powerplants: a conventional state-of-the-art piston
engine was used as a baseline for the comparison, Computer
simulstions of the performance of single and twin engine
pressurized aircraft designs were used to determine how ‘the
various characteristics of each engine interacted in the <+tign
process, Comparisons were made of how each engina performed
relative to the others when.integrated into an airframe and requirec
to fly a transportation mission, Author

NB82-22264*§ Pratt and Whitney Aircraft Group, East Hartford,
Conn. Commercial Products Div.
ENERGY EFFICIENT ENGINE EXHAUST MIXER MODEL
TECHANOLOGY
H. Kozlowski and M. Larkin Jun. 1981 186 p refs
{Contract NAS3-20646)
(NASA-CR-165459; NAS 1.26:166459; PWA-65594-164) Avail:
NTIS HC A0S/MF A01 CSCL 21E

An exhaust mixer test program was conducted to define
the technriogy required for the Energy Efficient Engine Program.
The model configurations of 1/10 scale were tested in two
phases, A parametric study of mixer design options, the impact
of residuai low pressure turbine swirl, and integration of the
mixer with the structural pylon of the nacelle were investigated.
The improvement of the mixer itself was also studied. Nozzle
performance characteristics were obtained along with exit profiles
and oil smear photographs. The sensitivity of nozzle performance
to tailpipe length, lobe number, mixer penetration, and mixer
modifications like scalloping and cutbacks were established.
‘Residual turbine swirl was found detrimental to exhaust system
performance and the low pressure turbine system for Energy
Efficient Engine was designed so that no swirl would enter the
mixer, The impact of mixer/plug gap was also established, along
with importance of scalloping, cutbacks, hoods, and plug angies
on high penetration mixers, M.D.K,
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N82-22288°§ Pratt and Witithey Alrcraft Group, Esst Hartford,
Conn, Commerclal Product! Div,
ADVANCED LOW-EMISSIDNS CATALYTIC.COMBUSTOR
PROAGRAM, PHASE 1 Final Report
G. J. Sturgess Jun. 1881 158 p refs
{Contract NAS3-20821)
{NASA-CR-159656; NAS 1.26:159656; PWA-5589-19;
ESL-TR-79-23} Avall: NTIS HC AO8/MF A01 CSCL 21E
Six catslytic combustor concepts were defined, ansiyzed, and
eveluated. Major design considerations inciuded low emissions,
performance, safety, durability, instellations, operations and
developmaent. On the basis of these considerstions the two mont
promising concepts were selected, Refined snalysis and pre-
liminary design work was conducted on these two concepts.
The selected concepts were required to fit within the combustor
chamber dimensions of the reference engine. This is achieved
by using a dump diffuser discharging into & plenum chamber
between the compressor discharge and the turbine inlet, with
the combustors overlsying the prediffuser and the rear of the
comprassor, To enhance maintsinability, the outer combustor cese
for each concept is designed to transiate forward for accessibility
to the catelytic reactor, liners and high pressure turbine ares.
The catalv’s reactor is self-contsined with air-cooled canning
on a rr .ent mounting, Both selected concepts employed
integrated engine-starting approaches to raise the catslytic reactor
up to operating conditions. Advanced liner schemes are used to
minimize required cooling air. The two selected concepts
respectively employ fuel-rich initial thormal reaction followed by
repid quenci and subsequent fusl-lsan catalytic redction of carbon
monoxide, and, fuel-lean thermal reaction of some fusl in a
continuously operating pilot combustor with fuel-lsan catslytic
reaction of remaining fusl in a radially-staged main oombu;::m
r

N82-22267*§ Unitad Technologies Research Center, East
Hartford, Conn,
INVESTIGATION OF SOOT AND CAIBON FORMATION IN
SMALL GAS TURBINE COMBUSTORS Final Report
T. J. Rosfjord Apr. 1982 654 p refs
{Contract NAS3-22524)
(NASA-CR-167853; NAS 1.26:167853;
UTRC-RB2-915387-16) Avail: NTIS HC A04/MF A0t CSCL
21E

An investigation of hardware configurations which attempt
to minimize carbon and soot-production without sacrificing
performance in small gas turbine combustors was conducted,
Four fuel injectors, employing either airblast atomization, pressure
stomization, or fus) vaporization techniques were combinad with
nozzle air swirlers and injector sheaths, Eight configurations were
screened at sea-level takeoff and idle test conditions. Selected
configurations were focused upon in an attempt to auantify the
influence of combustor pressure, inlet temperature, primary zone
operation, and combustor loading on soot and carbon formation.
Cycle tests were also performed. It was found that smeke emission
levels depended on thie combustor fluid mechanics, the atomization
quality of tiie injector and the fuel hydrogen content. RJF,

N82-22268*§ Boech Aircraft Corp., Wichita, Kans,
ADVANCED GENERAL AVIATION ENGINE/AIRFRAME
INTEGRATION STUDY
Leon A, Zmroczek Mar. 1982 131 p refs
{Contract NAS3-22220)
(NASA-CR-165565; NAS 1.26:165565) Avail:  NTIS
HC AO7/MF A0t CSCL 21E

A comparison of the in-airframe performance and efficiency
of the advanced engine concepts is presented, The results indicate
that the proposed advanced engines can significantly improve
the performance and economy of general aviation airplanes. The
engine found to be most promising is the highly advanced version
of a rotary combustion (Wankel) engine, The low weight and
fuel consumption of this engine, as well as its small size, make
it suited for aircraft use, T.M.

N82-23246*§ Pratt and Whitney Aircraft Group, West Palm
Beach, Fla. Government Products Div,

COMPUTER MODELING OF FAN-EXIT-SPLITTER SPACING
EFFECTS ON F100 RESPONSE TO DISTORTION Final
Report

M. Shaw and R. W. Murdoch- Mar, 1982 115 p refs
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{Contract NAS3:22739}
(NASA-CR-167879; NAS 1.26:167879; FR-15596) Avail:
NTIS HC AOB6/MF AO1 CSCL 21E

The distortion response of the F100(3) engine was effectad
by the fan exit splitter configuration, The sensitivity for & proximata
splitter fan is cslculated to be slightly greater than a remote
splitter conﬁgumion with ident+3l sirfoils. Predicted respon
was based upon a multiple segment paralle! comp r -‘Mode!
modified to include s bybass ratio representation that effects
the performance characteristics of the last rotor and intermediate
case struts, The predicted distortion response required an
sccurate definition of row pre- snd post-stall undistorted
operation. Author

N82-23247°%§ Notre Dame Univ,, Ind,
Engineering.
ALTERNATIVES FOR JET ENGINE CONTROL Technical
Progress Report, 1 Oct. 1980 - 30 Sep. 1981
Michael K. Sain 1981 140 p refs
{Grant NsG-3048)
{NASA-CR-168894; NAS 1.26:168894; TPR-12) Avail: NTIS
HC AO7/MF AQt1 CSCL 21E

Research centered on basic topics in the modeling and
feedback control of nonlinear dynamical systems is reported, Of
special interest wera the following topics: (1) the role of series
descriptions, especially insofar as they relate to questions of
scheduling, in the control of gas turbine engines; {2) the use of
algebraic tensor theoty as a teshnique for parameterizing such
descriptions; (3) the relstionship between tensor methodology
and other pssts of the nonlinear literature; (4) the improvemaent
of interactive methods for parsmater selection within a tensor
viewpoint; and (6) study of feedbrck goin representation as a
counterpart to these modeling and parameterization idoas,

Author

Dept. of Electricel

N82-23248*§ Fratt and Whitney Aircraft Group, East Hariford,
Conn,
ANALYSIS OF HIGH LOAD DAMPERS Fina! Report
S. T. Bhat, D, F. Buono, and D. H. Hibner 21 Aug. 1981
79 p refs
{Contract NAS3-22518)
{NASA-CR-165503; NAS 1,26:165503: PWA-5779-10) Auvail:
NTIS HC AO5/MF AO1 CSCL 21E

High load damping requirements for modern jet engines are
discussed. The dasign of damping systems which could satisfy
these requirements is also discusseed. In order to evaluate high
load damping requirements, engines in three major classes were
studied; large transport engines, small general aviation engines,
and military engines. Four damper concepts applicable to these
engines were evaluated; multi-ring, cartridga, curved beam, and
viscous/friction, The most promising dsmper concept was selected
for each engine and performance was assessed rolative to
conventional dampers and in light of projected damping require-
ments for advanced jet engines. BW,

N82-24202*%§ Garrett Turbine Engine Co., Phoenix, Ariz,
STUDY OF ADVANCED PROPULSION SYSTEMS FOR
SMALL TRANSPORT AIRCRAFT TECHNOLOGY (STAT)
PROGRAM Final Report
C. F. Baerst, R, W, Heldenbrand, and J. H. Rowse Mar, 1981
119 p refs
{Contract NAS3-21997)
{NASA-CR-165610; NAS 1.26:165510; Garrett-21-3911) Avail;
NTIS HC A06/MF AO1 CSCL 21E

Definitions of takeoff gross weight, performance, and direct
operating cost for both a 30 and 50 passenger airplane were
established. The results indicate that a potential direct operating
cost. benefit, resulting from advanced technologies, of ap-
proximately 20 percent would be achieved for the 1990 engines.
Of the numerous design features that were evaluated, only
maintenance-related items. contributed to a significant decrsase
in direct operating cost. Recommendations are made to continue
rasearch and technology programs for advanced component and
engine develoment. ™.
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N82-26262*§ Pannsylvania State Univ,, University Park. Lab,
of Turbomachinery.
THREE DIMENSIONAL MEAN VELOCITY AND TURBU.
LENCE CHARACTERISTICS IN THE ANNULUS WALL
REGION OF AN AXIAL FLOW COMPRESSOR ROTCR
PASSAGE
R. Davino snd 8, Lakshmingrayara May 1982 262 p rmafs
{Grant NsG-3212)
{NASA-CR-189003; NAS 1.26:169003; PSU/TURBO-82-2)
Avail; NTIS HC A12/MF AO1 CSCL 21E

The expariment was performed using the rotating hot-wiry
technique within the rotor blade cassage and the stationary
hot-wire technique for the exitficw of the rotor blade passsge.
The messurements reveal the effect of rotation and subspquent
flow interactions upon the rator blade flo vfield and wake
development in the annulus-wall tegion. The flow near the rotor
blade tips is found to be highly complex due to the interaction
of the annulus-wali boundary ljyer, the blade boundary isyers,
the tip leakage flow, sand the jecondary flow. Within the blada
passage, this interaction results in an appreciable radisl inward
flow ss well as a defect in the mainstream velocity near *he
mid-pisssge. Turbulence levels within this region are very %igh.
This indicates a considerable extant of flow mixing due to ihe
viscous flow interactions. The size and strength of this loss core
is found to grow with axisl distence froin the blade trailing
edge. The nature of the rotor blade exit-flow was dominated by
ths wake development. TM.

NB2-26263*§ Pennsylvania State Univ., University Park. - Lab.
of Turbomachinery,
INVESTIGATION OF THE TIP CLEARANCE FLOW INSIDE
AND AT THE EXIT OF A COMPRESSOR ROTOR PAS-
SAGE
A. Pandya and B. Lakshminarayana May 1982 147 o mfs
(Grant NsG-3212) )
{NASA-CR-169004; NAS 1.26:769004; PSU/TURBO-§2-3)
Avail; NTIS HC AQ7/MF AO1 CSCL 21E

The nature of the tip clearance fiow in a moderately loaded
compressor rotor is studied. The measurements were taken inside
the clearance between the annulus-wail casing and the rotor
biade *ip. These mieasurements were obtained using a stationary
two-sensor hot-wire probe in combination with an ensemble
averaging technique, The flowficld was surveyed at various
radial locations and at ten axial locations, four of which were
inside the blade passage in the clearzace region and the remaining
six outside the passage. Variations of the mean flow properties
in the tangential and the radial directions at various axial locations
were derived from the data, Variation of the leakage velacity at
different axial stations and the annulus-wall boundary layer profiles
from passage-averaged mean velocities were also estimated, w

B.W.,

NB82.25264*§ General Electric Co., Evendale, Ohio. Materials
and Processes Technoiogy Labs,
COST/BENEFIT STUDIES OF ADVANCED MATERIALS
TECHNOLOGIES FOR FUTURE AIRCRAFT TURBINE
ENGINES: MATERIALS FOR ADVANCED TURBINE
ENGINES
M. Stearns and L. Wilbers May 1982 49 p
{Contract NAS3-20074)
{NASA-CR-167849; NAS
HC AO3/MF AO1 CSCL 21E
Cost benefit studies were conducted on six advanced materiais
and processes technologies applicable to commercial engines
planned for production in the 1985 to 1990 time frame. These
technologies consisted of thermal barrier coatings for combustor
and high pressure turbine airfoils, directionally solidified eutectic
high pressure turbine blades, (both cast and fabricated), and
mixers, tail cones, and piping made of titanium-aluminum alloys,
A fabricated titanium fan blisk, an advanced turbine disk alloy
with improved low cycle fatigue life, and a long-life high pressure
turbine blade abrasive tip and ceramic shroud system were also
analyzed. Technologies showing considerable promise as to
benefits, low development costs, and high probability of success
were thermal barrier coating, directionally solidified eutectic tuibine
blades, and abrasive-tip blades/ceramic-shroud turbine systems,
RJ.F.

1.26:167849) Avail:  NTIS
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N82-28257*§ United Technologies Corp, East Hartford, Conn,
Commarcial Products Div.
FRACTURE MECHANICS CRITERIA FOR TURBINE ENGINE
HOT SECTION COMPONENTS Final Report
G. J. Meyers May 1982 123 p rofs
{Contract NAS3-22550)
{NASA-CR-187896; NAS 1,26.167896, PWA.5772-23) Avail:
NTIS HC AO6/MF AO1 CSCL 21E

The application of several fructure mechanics data correlation
parameters to pradicting the crack propagation life of turbine
engine hot section components was svaluated. An engino survey
was conducted to determine the locations whare conventional
{racture mechanics approaches may not be adequate to
characterize cracking behavior Both linear and nonlinear fracture
mechanics analyses of a cracked annular combugior liner
configuration were performed. Isothermal and variable t4mperature
crack propagdtion itests were parformed on Hastelloy X combistor
linar material. The crack growth data was reduced using the
stress intensity factor, the strain intensity factor, the J integral,
crack opening displacement, and Tomkins' model. The purameter
which showed .she most effectiveness in correlation high
tempurature and variable temperature Hastelloy X crack growth
data was crack opening displacement. S.L

NB2-26296*} Pennsylvania State Univ. Unwaersity Park
INVESTIGATION OF SPRAY CHARACTERISTICS FOR
FLASHING INJECTION OF FUELS CONTAINING DIS.
SOLVED AIR AND SUPERHEATED FUELS Final Report,
1 Aug, 1980 - 31 Aug. 1981
A S P Soiomon, L D. Chen, and G. M Faeth Washington
NASA Jun. 1982 90 p rels
(Grant NsG-3306)
{NASA.CR.3563; NAS  126:3563) Avail: NTIS
HC AOG6/MF AO1 CSCL 21E

The flow. atomization and spreading of {lashing injector
flowing liquids containing dissolved gases (jet/air} as well as
superheated liquids (Freon 1l}) ware considered. The use of a
two stage expansion process separated by an expansion chamber,
ws found to be beneficial for flashing injection particularly for
dissoived gas systems Both locally homogeneous and separated
flow models provided good predictions of injector flow proper-
ties. Conventional correlations for drop: sizes from pressure
atomized and airblast injectors were successfully modified, using
the separated flow model to prescribe injector exit conditions,
to correlate drop size measurements. Additional experimental
results are provided for spray angle and combustion properties
of sprays from flashing injectors Author

N82-27308*§ Pratt and Whitney Alrcraft Group, Eest Hartford,
Conn,
PERFORMANCE DETERIORATION DUE TO ACCEPTANCE
TESTING AND FLIGHT LOADS; JT90 JET ENGINE DIAG-
NOSTIC PROGRAM
W. J, Qlssor: 22 Jan. 1982 147 p refs
{Contract NAS3-20632)
(NASA-CR-166572; NAS 1,26:1655672; PWA-5612-87) Avail:
NTIS HC AO7/MF AO1 CSCL 21E

The results of a flight foads test of the JTOD-7 engine are
prasented, The goals of this test program were to; measure
aerodynamic and inertia loads on the engine during flight, explore
the -effects of airplane gross weight and typical maneuvers on
these flight loads, simultaneously measure the changes in engine
running:clearances and performanse resulting from the maneuvers,
make refinements of engine performance detarioration prediction
models based on apalytical resuits of the tests, and make
recommendations to improve propulsion system performance
retention. The test progiam included a typical production airplane
acceptance test plus additional flights and maneuvers to
encompass the range of flight loads'in revenue service. The test
results indicated that aerodynamic loads, primarily et take-off,
were the major cause of rub-indicated that asrodynamic loads,
primarily at tske-off, were the major cause of rub-induced
deterioration in the cold section of ths engine Differantial thermat
expansion between rotating and static parts plus asrodynamic
{oads combined to cause blade-to-ses! rubs in the turbine. B.W.
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N82-27310*§ 7enaral Electric Co.. Cincinnati, Ohio.  Alrcraft
Engine Business Group.
CORE COMPRESSOR EXIT STAGE STUDY, VOLUME & Final
Report, Oct, 1976 - Dec. 1981
D. C. Wisler Dec. 1881 97 p refs
{Contract NAS3-20070)
{NASA-CR-165664; NAS 1.26:165554; GE-RB1AEG2688) Avall:
NTIS HC AOS5/MF AO1 CSCL 21E

Rear stage blading designs that have lower lossas in their
endwall boundary layer regions we}’s studied. A baseline Stage
‘A was designed as a8 low-sp>sd model of stage 7 of a 10-stage
compressor. Candidate rotors and stators were designed which
have the potential of reducing endwall lossis relative to the
baseline. Rotor B uses a type of meanline in the tip region that
unloads the leading edge and louds the trailing edge relative to
the baseline rotor A designs. Rotor C incorporates @ more skewed
{hub strong) radial distribution of total pressure and smoother
distribution of static pressure on the fotor tip than those of
totor B. Candidate stator B embodies twist gradients in tha
endwall reglion, Stator C embodies sirfoil sections near the
endwalls that have reduced trailing edge loading relstive to stator
A. The baseline and candidaste bladings were tested using four
identical stages to produce a true multistage environmaent.
Single-stage tests were also conducted. The test data were
snalyzed and performances were compared. Several of the
candidate configurations showed a performance improvement
relative to the baseline ARH,

N82-27316*§ Naval Alr Propulsion Test Center, Trenton, N.J.
Propulsion Technology and Project Engineering Dept.
ROTOR FRAGMENT PROTECTION PROGRAM: STATIS-
TICS ON AIRCRAFT GAS TURBINE NGINE ROTOR
FAILURES THAT OCCURRED IN U.8. COMMERCIAL
AVIA'TION DURING 1978 Final Report, 1977 - 1878
R. A, Delucia and J. T. Ssivino Sep. 1981 30 p
(NASA Order C-41581-B)
{NASA.CR-166388; NAS 1,26:165388; AD-A113767;
NAPC-PE-23) Avail: NTIS HC AO3/MF AO1 CSCL 21/5
This report presents statistical information relating to the
number of gas turbine engine rotor failures. which occurred in
commercial aviation service use. The predominant fallure involved
blede fragments, 82.4 percent of which were contained. Although
fewer rotor rim, disk, and seal failures occurred, 33.3%, 100%
and 50% respectively were uncontained, Sixty-five parcent of
the 16 rwor failures occurred during the takeoff snd climb
stages of Vlight. Author {GRA)

N82.28296*# Pratt and Whitney Aircraft Group, East Hartford,
Conn. Commaercial Products Div
B747/JT9D FLIGHT LOADS AND THEIR EFFECT ON
ENGINE RUNNING CLEARANCES AND PERFURMANCE
DETERIORATION; BCAC NAIL/P AND WA JT9D ENGINE
DIAGNOSTICS PROGRAMS
W, J. Oisson and R L Martin 19 Feb. 1982 74 p refs
Prepared in cooperation with Boaing Commergial Airplane Co..
Seattle
{Contracts NAS3-20632; NAS1.16325) )
{NASA-CR-165673; NAS 1.26:1655673; PWA-5612.88) Avail.
NTIS HC AO4/MF AO1 CSCL 21E -
Flight loads on the 747 propulsion system and resuiting
JT9D blade to outer airseal running clearances during representa«
tive acceptance flight and revanue flight sequences were
measured. The resulting rub induced clearance changes, and
éngine performance changes were then analyzed to validate and
refine the JTOD-7A short tetm parformance detefioration Z\oc:‘el.
uthor

NB2-28297*§ General Electric Co., Cincinnati, Ohio.  Aircraft
Engine Group.
CF6 JET ENGINE PERFORMANCE IMPROVEMENT: HIGH
PRESSURE TURBINE ACTIVE CLEARANCE CONTROL
S. E. Rich and W. A. Fasching Jun. 1982 136 p tels
{Contract NAS3-20629)
(NASA-CR-165656; NAS 126:165656; R82AEB198) Avail:
NTIS HC AO7/MF AO1 CSCL 21E

An active clearance control - system was developed which
reduces fuel consumption and performance degradation. This
system utilizes compressor discharge air during takeoff and fan
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discharge air during cruise to impinge on the shroud structure
to improve the thermal response. The system was evaluated in
component and engine tests, The test resuits demonstrated a
performance improvement of 0.7 percent in cruise SFC. S.L

NB2-29323*§ Teledyne CAE. Toledo, Ohio.
COOLED VARIABLE NOZZLE RADIAL TURBINE FOR
ROTOR CRAFT APPLICATIONS
C. Rogo Mar 1981 205 p refs
{Contract NAS3-22005; DA Proj. 1L1-62209-AH-76)
{(NASA-CR-165397; NAS 1.26.165397; Rept-1759}
NTIS HC A10/MF AO1 CSCL 21E

An advanced, small 2.27 kb/sec (5 Ibs/zec), high temperature,
variable area radial turbine was studied for 4 rotor craft application.
Variable capacity cycles including single-shaft and free-turbine
engine configurations were analyzed to define an optimum engine
design configuration. Parametric optimizations were made on
cooled and uncooled rotor configurations. A detailed structurgl
and heat transfer analysis was conducted to provide a 4000-houy
life HP turbine with material properties of the 1988 time frame.
A pivoted vane and a moveable wdewall geometry were analyzed.
Cooling and variable geometry penalties were included in the
cycle apalysis. A variable geometry free-turbine engine configura-
tion with a design 1477 K {2200 F) inlet temperature and a
compressor pressure ratio of 16:1 was selected. An uncooled
HP radial turbine rotor with a moveable sidewall nozzle showed
the highest performance potential for a time weighted duty
cycle Author

Avail;

NE2-31328*# Georgla Inst, of Tech., Atlanta.
Aerospace Engineering.
DEVELOPMENT OF A SPINNING WAVE HEAT ENGINE Final
Report
B. T. Zinn, E. A, Powell, and J. E. Hubbartt Aug, 1982 100 p
refs
(Grant NAG3-96)
\NASA-CR-165611; NAS
RC A05/MF A01 CSCL 21E
A theoretical analysis and an experimental investigation were
conducted to assess the feasibility of developing a spinning wave
heat engine. Such as engine would utilize & large amplitude traveling
acoustic wave rotating around a cylindrical chamber, and it should
not suffer from the inefficiency, noise, and intermittent thrust which
characterizes pulse jet engines. The objective of this investigation
was to determine whether an artificially driven large amplitude
spinning transverse wave could induce a steady flow of air
through: the combustion chamber under ¢nld flow conditions. In
the theoretical analysis the Masleri and Moore perturbation
technique was extended to study flat cylinders (pancake geometry)
with completely open side walls and a central opsning. in the
parallel experimental study, a test moel was usad to determine
resonant frequencies and radial pressute distrioutions, as well as
oscillatory and steady flow velocities 8¢ the inner and outer
peripheries. The experimental frequancy was nearly the same as
the theoretical acousiic value fcr a model of the same outer
diameter but without a central hole. Although the theoretical
analysis did not predict a steady velocity component, simultaneous
measurements of hotwire and microphone responses have shown
that the spinning wave pumps a mean flow radially outward through
the cavity. Author

School of

1.26:165611) Avall:  NTIS

N82-32367*# Avco Lycoming Div., Stratford, Conn.
SMALL AXIAL TURBINE STATOR TECHNOLOGY PROGRAM
Final Report
W, Brockett and A, Kozak Apr. 1982 89 p refs
(Contract NAS3-22109; DA Proj. 1L1-62209-AH-76)
(NASA-CR-165602; NAS 1,26:165602; LYC-82-15)
HC A0S5/MF A01 CSCL 21E

An experimental investigation was conducted to determine the
effects of surface finish, fillet radius, iniet boundary layer thickness,
and free-stream inlet turbulence level on the aerodynamic perfor-
mance of a small axial flow turbine stator. The principal objective
of this program was to help understand why large turbine efficiency
is not maintained when a large turbine is scaled to a smaller size.

Avail: NTIS
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The stator used in this program as a one-sixth scale of a 762 mm
(30 In.) diameter stator design with 50 vanas having a vane height
of 17 mm (0.666 In.) and an aspect ratio of 1.77. A comprehensive
overall test matrix was used to provide a complete engineering
understanding of the effects of each variable over the full range
of all the other variables. The range of each variable investigated
was as follows: surface finish 0.1 micro (4 micro in.) to 2.4 micro
(95 micro In.); boundary layer thickness 2 to 25 percent of channel
height at each wall; fillet radius 0 mm (0 in.) to 1.0 mm (.040 in.)
and turbulence 2 to 12 percent, Author

N82-32370*# Lockheed-Georgla Co., Marietta.
ADVANCED TURBOPROP TESTBED SYSTEMS STUDY. VOL-
UME 1: TESTBED PROGRAM OBJECTIVES AND PRIORITIES,
DRIVE SYSTEM AND AIRCRAFT DESIGN STUDIES, EVALUA-
TION AND RECOMMENDATIONS AND WIND TUNNEL TEST
PLANS
E. S. Bradley, B. H. Little, W, Warnock, C, M, Jenness, J. M.
Wilson, C. W, Powell, and L. Shoat Cleveland, Ohio NASA.
Lewis Research Center Jul. 1982 368 p refs 2 Vol.
(Contract NAS3-22346)
(NASA-CR-167928-Vol-1; NAS 1.26:167928-Vol-1;
LGB1ER0202-Vol-1) Avail: NTIS HC A16/MF A01 CSCL 21E
The sstablishment of propfan technology readiness was
determined and candidate drive systems for propfan application
were identified, Candidate testbed aircraft were investigated for
testbed aircraft suitability and four aircraft selected as possible
propfan testbed vehicles. An evaluation of the four ¢andidates
was performed and the Boeing KC-135A and the Gulfstream
American Guifstream |l recommended as the most suitable aircraft
for test application, Conceptual designs of the two recommended
aircraft were performed and cost and schedule data for the entire
testbed program were generated, The program total cost was
estimated and a wind tunnel program cost and schedule is
generated in support of the testbed program. E.AK.

N82-33390*# Akron Univ., Olio,
Engineering,

ENGINE DYNAMIC ANALYSIS WITH GENERAL NONLINEAR
FINITE ELEMENT CODES. PART 21 BEARING ELEMENT
IMPLEMENTATION OVERALL NUMERICAL CHARACTERISTICS
AND BENCHMAKING

J. Padovan, M. Adams, J. Fertis, I. Zeid, and P. Lam Oct. 1982
229 p refs

(Grant NsG-3283)
(NASA-CR-167944; NAS
HC A11/MF AO01 CSCL 21E

Dept. of Mechanical and Civil

1.26:167944) Avail:  NTIS

Finite element codes are used in modelling rotor-bearing- '

stator structure common to the turbine industry. Engine dynamic
simulation is used by developing strategies which enable the usze
of avallable finite element codes. benchmarking the elements
developed are benchmarked by incorporation into a general
purpose code (ADINA); the numerical characteristics of finite
element type rotor-bearing-stator simulations are evaluated through
the use of various types of explicit/implicit numerical integration
operators, Improving the overall numerical efficiency of the
procedure is improved. S.L

N82-33391*# Pratt and Whitney Aircraft Group, East Hartford,
Coiin. Commercial Products Div.
STRUCTURAL TAILORING OF ENGINE BLADES (STAEBL)
Interim Report
C. E. Platt, T. K. Pratt, and K. W, Brown Jun. 1982 359 p refs
(Contract NAS3-22525)
(NASA-CR-167949; NAS 1.26:167949; PWA-5774-21) Avalil: NTIS
HC A16/MF AO1 CSCL 21E

A mathematical optimization procedure was developed for the
structural tailoring of engine blades and was used to structurally
tailor two engine fan blades constructed of composite materials
without midspan shrouds. The first was a solid blade made from
superhybrid composites, and the second was a hollow blade with
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metal matnx composite iniays. Three major computerized functions
were needed to compiete the procedure: approximate analysie
with the established input variables, optimization of an obioctm
function, and refined analysis for daslgn verification,

NB82-33392"# Teledyne Continental Motors, Mobile, Ala.  Aircraft
Products Div,
EXHAUST EMISSIONS REDUCTION FOR INTERMITTENT COM-
BUSTION AIRCRAFT ENGINES Final Report
Bernard J. Rezy, Kenneth J. Stuckas, J. Ronald Tucker, and Jay
E. Meyors May 1882 55 p reis
(Contract NAS3-19755)
(NASA-CR-167914; NAS  1.26;167914) Avall:  NTIS
HC AO4/MF AO1 CSCL 21E

Three concepts which, to an aircraft piston engine, provide
reductions in exhaust emissions of hydrocarbons and carbon
monoxide while simultaneously improving fuel ecoriomy. The three
chosen concepts, (1) an improved fue! injection system, (2) an
improved cooling cylinder head, and (3) exhaust air injection, when
combined, show a synergistic relationship in achieving these goals.
In ndditlon, the benefits of variable ignition timing were explored
and both dynamometer and flight testing of the final engine
configuration were accomplished. S.L.

N82-33393*# General Electric Co., Cincinnati, Ohlo.  Alrcraft
Engine Group.
THE CFé JET ENGINE PERFORMANCE IMPROVEMENT: LOW
PRESSURE TURBINE ACTIVE CLEARANCE CONTROL
B. D. Beck and W, A. Fasching Jun. 1982 159 p refs
(Contract NAS3-20629)
{NASA-CR-185657; NAS 1.26:165557; RB2AER462) Avail: NTIS
HC A08/MF A01 CSCL 21E

A low pressure turbine (L.PT) active clearance control (ACC)
cooling system was developed to reduce the fuel consumption of
current CF6-50 turbofan engines for wide bodied commercial
aircraft, The program performance improvement goal of 0.3% delta
sfc was determined to be achievable with an improved impingement
cooling system. The technology enables the design of an opti-
mized manifold and piping system which is capable of a perfor-
mance gain of 0.45% delta sfc. EAK.

N82-33394*# Pratt and Whitney Alrcraft Group, East Hartford,
Conn. Commercial Products Div.
ENERGY EFFICIENT ENGINE: TURBINE TRANSITION DUCT
MODEL TECHNOLOGY REPORT
K. Leach and R. Thurlin Aug. 1982 113 p refs
(Contract NAS3-20646)
(NASA-CR-167996; NAS 1.26:167996; PWA-5594-215) Avalil:
NTIS HC A06/MF A01 CSCL 21E

The Low-Pressure Turbine Transition Duct Model Technology
Program was directed toward substantiating the aerodynamic
definition of a turbine transition duct for the Energy Efficient Engine.
This effort was successful in demonstrating an aerodynamically
viable compact duct geometry and the performance berefits
associated with a low camber low-pressure turbine inlet guide vane.
The transition duct design for the flight propulsion system was
tested and the prassure loss goal of 0,7 percent was verified.
Also, strut fairing prassure distributions, as well as wall pressure
coefficients, were in close agreement with analyticai predictions.
Duct modifications for the integrated core/low spool were alsc
evaluated. The total pressure loss was 1.59 percent., Although the
increase In exit area in this design produced higher wall loadings,
reflecting a more aggressive aerodynamic design, pressure profiles
showed no evidence of flow separation. Overall, the resuits
acquired have provided pertinent design and diagnostic information
for the design of a turbine transition duct for both the flight
propuision system and the integrated core/low spool. JMS,

ORIGINAL PAGE j§
OF POOR QUALITY

29

AB2.10457 * # Effacts of vane/blade ratio and spacing on fan
noise. B. A. Kantola (General Electric Ca., Power Generation Group,
Lynn, MA) and P, R. Gliebe (General Electric Co,, Alrcraft Engine
Group, Cincinnati, OVJ. American Institute of Aeronautics and
Astronautics, Aeroaccustics Conference, 7th, Palo Alto, CA, Oct.
§.7, 1981, Paper 81-2033, 16 p. 11 refs, Contrect No, NAS3-22062,

The effects of vane/blade ratio and spacing on fan noise are
Investigated to develop a fan noise prediction scheme which is
calibrated sgainst experimental data, A 44 blade, 0,604 diameter fan
is used to demonstrate the production of fan noise data free from
excess noise caused by rotor turbulence jnteraction, Two stator sets
consisting of a cut-off set with 86 vanes, and a cut-on set of 48 vanes
are used, with a total range of spacing from 0,5 to 2,3 rotor chords.
The model includes viscous wake interaction noise and the potential
field interactions of both the rotor and stator. A free-field acoustic
environment is achieved by covering the walls, ceiling and floor with
0,7 m polyurethané foam wedges, providing less than + or - 1 dB
standing wave ratio at 200 Hz, Only a 3 dB drop in tone level occurs
as the spacing is increased from 0.5 to 2.3 rotor chords, and results
indicate that the rotor wakes impinging on the stator vanes are the
principal noise source for subsonic rotor speeds, D.L.G.

AB2-11999 * /# Thermel expsnsion sccommodstion in s jet
engine frame, M, H, Schneider (General Electric Co., Cincinnati,
OH). (American Society of Mechanical Engineers, Gas Turbine
Conference and Products Show, Houston, TX, Mar. 9-12, 1981.)
ASME Transactions, Journal of Engineering for Power, vol, 103, Oct,
1981, p. 776-780, Contract Na, NAS3-20643.

Design advancements to enhance stress accommodation in gas
turbine engine frames are described, Consideration is given to
mechanical stiffness to maintain an adequate spring rate, and to
thermal stresses in both ambient and transient modes, Noting that
thermal stresses occur due to differing temperatures at different parts
of the frame, the matching of the thermal expansion rates of
different structural materials is emphasized, Adéquate stiffness is
necessary to avoid dynamic reactions leading to case cracking as a
result of normal imbalances of moving parts, Stress and deflection
analysis of a total frame concept using a three-dimensional finite
element stress analysis computer program, with modelling of all
frame componsnts, is presented, and iltustrations are provided,

M.S.K.

AB2-12120* # On the prediction of swirling flowfields found
in. axisymmetric combustor geometries. D, L. Rhode, D, G, Lilley,
and D, K. McLaughlin {Oklahoma State University, Stiflwater, OK],
in: Fluid mechanics of combustion systems; Proceedings of the
Fluids Engineering Conference, Boulder, CO, June 22, 23, 1981,
{AB2-12101 02-34) New York, American Society of Mechanical
Engineers, 1981, p. 257-266. 32 refs, Grant No, NAG3-74,

The paper reports resedirch restricted to steady turbulence flow
in axisymmetric geometries under low speed 2nd nonreagting
conditior;s, Numerical computations are performed for a basic
two-din-ensional axisymmetrical flow field similar to that foundin a
conveniional gas turbine combustor, Calculations include a stairstep
boundary representation of the expansion flow, a conventional
k-epsilon turbulence model and realistic accomodation of swirl
effects, A preliminary evaluation of the accuracy of computed
flowfields is accomplished by comparisons with fiow visualizations
using neutrally-buoyant helium-filled soap bubbles a2 iracer particles,
Comparisons of calculated results show good agreement, and. it is
found that a problem in swirling flows is the accuracy with which the
sizes and shapes of the recirculation zones may be predicted, which
may be attributed to the quatity of the turbulence model, D.L.G.

AB2-16909 * # V/STOL propulsion control technology. H.
Brown (General Electric Co., Cincinnati, OH). American Institute of
Aeronautics and Astronautics and NASA Ames Research Center,
V/STOL Conference, Palo Alto, CA, Dec. 7-9, 1981, AIAA Paper
81-2634., 10 p. Contract No. NAS3-22087.

Results of a NASA sponsored study of V/STOL Propulsion
Control Analysis are presented. The study -involved propulsion
control requirements, design concepts and procedures, and control
designs for supersonic V/STOL. A variable cycle engine with a
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remote augmented lift system was used as a basis for establishing
typical aperating requirements and control concepts, and a nonlinear
engine model was developed for control development as a precursor
to a real-time simulation capability. A simplified aircraft model was
also used to investigate transition requirements, and s fong-range
technology plan was developed to define subsequent program
requirements for achieving a real-time piloted simulation capability,

D,L.G,

AB2-17788 * # A simple finite difference procedurs for the
vortex controlled diffuser. A, A. Busnaina and D. G. Lilley
(Okishoma State University, Stillwater, OK), American Institute of
Aesronsutics and Astroiitics, Aerospace Sciences Meeting, 20th,
Orlsndo, FL, Jan, 11-14, 1982, Paper 820109, 8 p. 21 refs,
USAF-supported research; Grant No, NAG3-74.

A simple prediction procedure for sudden expansion incom-
pressible flows is developed and appiied to the vortex controlled
diffuser, Transient Navier-Stokes egquations of an incompressible,
fiuid are solved by means of their associsted finite difference
equations in terms of the primitive pressure velocity variables. A
computer code is developed using a Jaminar flow simulation with free
dlip or no slip wall boundary conditions. In addition, pradicted
results confirmd that effectiveness increases with increasas in duct
length. arid bleec! flow rate, D.L.G,

AB2-17796 * # An_ iterative finite element-integral technique
for predicting sound radiation from turbofan inlets in steady flight.
S, J. Horowitz, R. K. Sigman, and B. T, Zinn {Georgia Institute of
Technology, Atlanta, GA), American Institute of Aeronautics and
Astronautics, Aerospace Sciences Meeting, 20th, Orlendo, FL, Jan,
11-14, 1982, Paper 82-0124. 9 p. 23 refs. Grant No, NsG-3036.

A new iterative solution technique for predicting the sound field
radiated from a turbofan iniet in steady flight Is presented. The
sound field is divided into two regions: the sound field within and
near the inlet which is computed using the finite element method
and, the radiation field beyond the inlet which is calculated using an
infegral solution technique. A continuous solution is obtained by
miitching the finjte elemest and integral solutions at the interface
beiween the two regions, “The applicability of the iterative technique
is demonstrated by compurison of experimental results with the
theoretical results for several different inlet configurations with and
without flow. These examples show that good agreement between
experiment and theory is obtained within five iterations,  (Author)

AB2-17838 * # Water ingestion into jet engine axial compres-
sors. T. Tsuchiya and S, N. B, Murthy (Purdue University, West
Lafayette, IN). American Institute of Aéronautics and Astrcnautics,
Aerospace Sciences Meeting, 20th, Orlando, FL, Jan, ?(-14, 1982,
Paper 82-0196. 11 p. 14 refs, Contract No, F33615-78-C-2401;
Grant No, NAG3-62.

An axial flow compressor has been tested with water droplet
ingestion under a variety of conditions, The results illustrate the
manner in which the compressor pressure ratio, efficiency and
surging characteristics are affected. A model for estimating the
performance of a compressor during water ingestion has been
developed and the predictions obtained compare favorably with the
test results, it is then shown that with respect to five droplet-
associated nonlinearly-interacting processes (namely, droplet-blade
interactions, blade performance changes, centrifugal action, heat and
mass transfer processes and droplet break-up), the initial water
content and centrifugal action play the most dominant roles.

{Author)

A82:34982 * # Blade loss transient dynamic analysis of turbomachi-
nery. M. J, Stallone, V. Gallardo, A. F. Storace, L, J. Bach, G. Black, and E. F.
Gaffney (General Electric Co,, Cincinnati, OH). AIAA, SAE, and ASME, Joint
Propulsion Conference, 18th, Cleveland, OH, June 21-23, 1982, AIAA Paper
82-1057, 8 p. Contract No, NAS3-22053. -

This paper reports on work completed to develop an analytical method: for
predicting the transient non-iinear response of a complete aircraft engine system
due to the loss of a fan blade, and to validate the analysis by comparing the
results against actual blade loss test data. The solution, which Is based on the

30

componant element method, accounts far rotor-ta-casing rubs, high damping and
rapid deceleration rates. associated with the blade loss event, A comparison of
test resuits and predicted response show good agreement except for an nitial
overshoot spike riot observed in test. The method is effective foranalysis of large
systems. (Author)

A82-35081 * # A comprehensive method for preliminary design optimi-

zation of axial gas turbine stages, R. M, Jenkins (Tuskegee Institute, Tus-

kegee, AL). AIAA, SAE, and ASME, Joint Fropulsion Confersncs, 18th,

Cleveland, OH, June 21-23, 1982, AIAA Paper 82-1264, 11 p. 15 refs. Grant No, .

NsG-3295,

A method is preésented that performs a rapid, reasonably accurate preliminary
pitchiine optimization of axial gas turbine annular flowpath geometry, as well as
an initial estimate. of blade profile shapes, given only a minimum of theymody-
namic cycle requirements, No geometric parametfirs need be specified. The
following preliminary design data are determined; (1) the optimum flowpath
geometry, within mechanical stress limits; (2) initial estimates of cascade blade
shapes; (3) predictions of expected turbine performance, The method uses an
inverse calculation technique whereby blade profiles are generated by designing
channels to yield a specified velocity distribution on the two walls, Velocity distri-
butions are then used to calculate the cascade loss parameters. Calculated
blade shapes are used primarily to determine whether the assumed velocity
loadings are physically realistic. Model verification is accomplished by compari-
son of predicted turbine geometry and performance with four existing single stage
turbines. C.D.

AB2-35384 * # The infiuence of Coriolis forces on gyroscopic ‘motion
of spinning bisdes. F. Sisto, A. Chang, and M, Sutcu (Stevens Ins\itite of
Technology, Hoboken, NJ), American Soclety of Mechanical Engineers, Intemna-
tional Gas Turbine Conference and Exhibit, 27th, London, England, Apr, 18-22,
1982, Paper 82-GT-163. 6 p. 5 refs, Members, $2.00; nonmembers, $4.00, Grant
No. NAG3-47.

Turbomachine blades on spinning and precessing rotors experience gyroscopi-
cally induced instabilities and forcing. With vehicle-mounted turboméchines, ei-
ther constant .or harmonic precession occurs, depending on vehicle or mount
motion. Responses of uniform cantilever beams at arbitrary stagger, subjected
to the noted rotor motion, are predicted in both seif-excited and forced-excitation
modes taking into account Coriolis acceleration. (Author)

AB2-35450 * # Progress in the devsiopment of energy efficient engine
companents. R. W. Bucy (General Electric Co., Cincinnati, OH). American
Society of Mechanical Engineers, International Gas Turbine Conference and
Exhibit, 27th, London, England, Apr, 18-22, 1982, Paper 82-GT-275. 7 p. 8 refs,
Members, $2,00; nonmembers, $4.00. Contract No, NAS3-20643.

Component test results are presented for the NASA Energy Efficient Engine
program, whose design goals relative to the CF6-50C reference enging include
a 12% reduction in specific fue! consumption, 5% reduction in direct operating
costs, and 50% reduction in specific fuel consumpticn deterioration rate over the
course of commercial service, Emphasis is placed on the engine’s high pressure
compressor, which has a design pressure ratio of 23:1, and has completed a
series of component tests whose resulting corifiguration is expected to meet all
major objectives of the program. Descriptions are given of the core engine and
integrated core/low spoo} tests, and system test benefits are discussed. Atten-
tion Is given to the design features of the engine's double annular combustor, high
and low pressure air turbines, and scale model exhaust mixer. 0.C.
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09 RESEARCH AND SUPPORT
FACILITIES (AIR)

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

For related information; see also 74 Ground Support
Systemns and Facllities (Space).

N82-(922¢)*§ National Aeronautics and Space Administration.
Lewis Jesnarch Center, Cleveland, Ghio,
THE AEROSPACE TECHNOLOGY LABORATORY (A
PERSPECTIVE, THEN AND NOW)
James F, Connors and Robert G. Hof/man Feb. 1982 21 p
refs
(NASA-TM.82754; E-1070} Avail: NTIS HC AOZ/MF AO1
CSCL. 14B

The physical changes that have taken place in aerospace
facilities since. the Wright brothers’ accomplishment 78 years
ago are highlighted. For illustrative purposes soma of the technical
facilities and operations of the NASA Lewis Research Center
are described. These simulation facilities were designed to support
research and technology studies in aerospace propulsion. Author

N82-32383°# Pratt and Whitney Alrcraft Group, East Hartford,
Conn.  Energy Efficient Engine Component Development and
Integration Program,
ENERGY EFFICIENT ENGINE: HIGH PRESSURE TURBINE
UNCOOLED RIG TECHNOLOGY REPORT
W, B. Gardner QOct. 1979 242 p refs
(Contract NAS3-20646)
{NASA-CR-165149; NAS 1.26:1685140; PWA.5594-02) Avail: NTIS
HC A11/MF AQ1 CSCL 14B

Results obtained from testing five performance builds (three
vane cascades and two rotating rigs of the Energy Efficient Engine
uncooled rig have established the uncooled aerodynamic efficlency
of the high-pressure turbine at 91,1 percent. This efficiency level
was attained by increasing the rim speed and annulus area (AN(2)),
and by increasing the turbine reaction level. The increase in
AN(2) resulted in a performance improvement of 1.15 percent. At
the design point pressure ratio, the increased reaction leve! rig
demonstrated an efficiency of 91.1 percent. The resuits of this
program. have verified the aerodynamic design assumptions
established for the Fnergy Efficient Engine high-pressure turbine
component. Author
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. 13 ASTRODYNAMICS

Includes powered and free-fiight trajectories; and orbit and
launching dynamics,

NBQ-26336%§ National Aeronautics and Space Administration
Lewis Research Center, Cleveland, Ohio.

MATERIAL AND PROCESSING NEEDS FOR SILICON
SOLAR CELLS IN SPACE

Henry W. Brandhorst, Jr.  /n NASA, Marshall Space Flight
Center Float Zone Workshop Sep. 1981 p 33-41 (For primary
document see N82-26330 17-12}

Avail. NTIS HC A10/MF AO1 CSCL 22A ORIGINAL PAGE i3

The technical conceins of NASA in the area of space grade 4 N
solar cells are summarized. Solar power needs are projected OF POOR QUAL'TY 1 %
through 1987, The degradation of solar cell performance due to
the effects of radiation on impurities and crysta! defects and
the improved performance of float zone silicon are {llustrated.
The reduction of oxygen and carbon in float zone silicon allows
for much faster low temperature annealing of the defects. The
effects of improved crystal purity on cell performance are
summatized. J.D. M

S S

A82-35817 * # A smali scale lunar Isuncher for early lunar material utili-
zation. W, R, Snow, J. A, Kubby, and R. S. Dunbar (Princeton University, Prince-
ton, NJ). In: Space manufacturing 4; Proceedings of the Fifth Conference,
Princeton, NJ, May 18-21, 1881, (A82-35601 17-12) New York, American Ingti-
tute of Aeronautics and Astronautics, 19881, p. 167-171, 12 refs, Grant No. NsG-
3176.

A system for the launching of lunar derived oxygen or raw matenals into low .
lunar orbit or to L2 for transfer to low earth orbit is presented, The system
described is a greatly simplified version of the conventional and sophisticated
approach suggested by O'Neill using mass drivers with recirculating buckets. An
electromagnetic accelerator is located on the iunar suriace which iaunehes 125
kg 'smart' containers of liquid oxygen or raw materials into a transfer orbit, Upon
reaching apolune a kick motor is fired to circularize the orbit at 100 km altitude
or L2, These containers are collected and their payloads transterred to a tanker
OTV. The empty containers then have their kick motors refurbished and then are
returned to the launcher site on the lunar surface for reuse, Initial launch capabil-
ity Is designed for about 500T of liquid oxygen delivered to low earth orbit per year
with upgrading to higher levels, delivery of lunar soil for shielding, or raw materials
for processing given the demand. (Author)

AB2-35618 * # The supply of lunar oxygen to low earth orbit, D. G,
Andrews (Boeing Co., Seattle, WA) and W. R. Snow (Princeton University, Prince-
ton, NJ).In; Space manufacturing 4; Praceedings of the Fifth Conference, Prince-
ton, NJ, May 18-24, 1981, (A82-35601 17-12) New York, American Institute of
Aeronautics and Astronautics, 1981, p, 173-179, Grant No. NsG-3176,

Since oxygen makes up 86% of the total mass of propellants which would
normally have been brought up from the earth to LEQ, considerable savings are
avallable if this oxygen can be obtained from the moon for little Delta-V penaity,
This paper presents a scenario in which 400 T/yr of LOX is delivered to LEO, with
the ability for upgrading to 5000 T/yr, In this scenario, cylindrical tanks of liquid
oxygen with a mass of 500 kg are launched from the lunar surface by a mass
driver and rendezvous with a collection station in @ 100-km lunar orbit. The
oxygen is removed from each tank and placed into a tanker QTV which later will
transfer from low Junar orbit to LEO with an aerobiakilg maneuver. Launch
requirements for aerobraked chemical OTVs using earth oxygen are compared
to those using lunar oxygen, 8.J.
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14 GROUND SUFPORT SYSTEMS AND
FACILITIES (SPACE)

Includes launch complexes, résearch and production
facilities; ground support equipment, mobile transporters; and
simulators.

For related information see also 09 Research Suuport
Facilities (Alr).

AB2-18310 * # Testing of a spacecraft model in a combined
environment simulator, J. V. Staskus and J, C. Roche (NASA, Lewis
Research Center, Cleveland, OH). (IEEE, U.S. Defense Nuclear
Agency, NASA, and DOE, Annual Conference on Nuclear and Space
Radiation Effects, 18th, Seattle, WA, July 21-24, 1981.) IEEE
Transactions on Nuclear Science, vol. NS-28, Dec. 1981, p,
4509-4512, 7 refs.

A scale model of a satellite was tested in a large vacuum facility
under electron bombardment and vacuum ultraviolet radiation to
investigate the charging of dielectric materials on curved surfaces,
The model was tested both stationary and rotating relative to the
electron sources as well as grounded through one megohm and
floating relative to the chamber, Surface potential measurements are
presented and compared with the predictions of computer modelling
of the stationary tests, Discharge activity observed during the
stationary tests is discussed and signals from sensing devices located
inside and olitside of the model are presented. {Author)

AB2-44859 * # Feasibility of an earth-to-space rail launcher system. E.
E, Rice, L, A. Miller (Battelle Columbus Laboratorles, Columbus, OH), R. A,
Marshall (Australian National University, Canberra, Australia), and W. R. Ker-
slake (NASA, Lewis. Research Center, Propulsion Systems Technology Section,
Cleveland, OH). International Astronautical Federation, International Astronauti-
cal Congress, 33rd, Paris, France, Sept, 27-Oct, 2, 1982, Paper 82-46,9 p, 6 refs,
Contract No. NAS3-22882,

The feasibility of earth-to-space electromagnetic (rallgun) Jaunchers (ESRL) is
considered, in order to deterniine their technical practicality and economic viabil-
ity. The potential applications of the launcher Include nuclear waste dispesal into
space, deep space probe lauriches, and atmospheric research. Examples of
performance requirements of the ESRL system are a maximum acceleration of
10,000 g's for nuclear waste disposal in space (NWDS) missions and 2,500 g's
for earth orbital missions, a 20 km/sec launch velocity for NWDS misslons, and
a launch azimuth of 90 degrees E. A brief configuration description is given, and
test resuits jndicate that for the 2020-2050 time perlod, as much as 3.0 MT per
day of bulk material could be launched, and about 0.5 MT per day of high-level
nuclear waste could be launched, For earth orbital missions, a significant projec-
tile mass was appreximately 6.5 MT, and an integral distributed energy store
launch system demonstrated a good potential performance. ESRL prove to be
economically and environmentally feasible, but an operational ESRL of the
proposed size is not considered achievable before the ysar 2020, RK.R.

N82-29346%§ Battelle Columbus Labs, Ohio.
PRELIMINARY FEASIBILITY ASSESSMENTY FOR EARTH-
TO-SPACE ELECTROMAGNETIC (RAILGUN) LAUNCHERS
Final Technical Report, May 1981 - Jun. 1982
Eric E. Rice, L. A. Miller, and R W Earhart 30 Jun 1982
403 .p refs
{Contract NAS3.22882)
(NASA-CR-167886; NAS 1.26:167886)
HC A18/MF AO1 CSCL 148

An Earth to space electromagnetic (railgun) launcher (ESRL)
for {aunching material into space was studied Potential ESRL
applications were identified and initislly assessed to formulate
preliminary system requirements. The poténtial applications
included nucfear waste disposal in space, Earth orbital applications,
deep space probe launchers, atmospheric research, and boost of
chemical rockets. The ESRL system concept consisted of two
saeparate railgun launcher tubes (one at 20 deg from the horizontal
for Earth orbital missions, the other vertical for solar system
escape disposal missions) powered by a common power plant.
Each 2040 m launcher tube is surrounded by 10,200 homopolar
generator/induclor units to transmit the power to the walls.
Projectile masses are 6500 kg for Earth orbital missions and
2055 kg for nuclear waste disposal missions. For the Earth

Avail:  NTIS
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orbital missions, the projectile requires a propulsion system, leaving
an estimated paylcad mass of 850 kg. For the nuciear waste
disposal in space mission, the high jevel waste mass was estimated
at 260 kg. This preliminary assessment included technical,
environmental, and gcondmic analyses St

*

A82-18319 ¢ NASCAP siniulation of laboratory charging
tests using muitiple slectron guns. M, J. Mandell, |, Katz, and D, E,
Parks (Systems, Science and Software, La Jolla, CA), (/EEE, U.S.
Defense Nuclear Agency, NASA, and DOE; Anniual Conferénce on
Nucisar and Space Radistion Effects, 18th, Seattle, WA, July 21-24,
1981.) IEEE Transactions on Nuclesr Science, vol, NS-28, Dec,
1981, p, 4668-4570, 10 refs. Contracts: Nc. NAS3-22636; Na.
DNA00%-79-C-0079,

NASCAP calculstions have been performed simulating exposure
of a spacecraft-like model to multipie slectron guns. The results agree
wall with experiment. 1t is found that magnetic field effects are fairly
smail, but substantial differential charging can resuit from electran
gun placement. Conditions for surface flashover are readily achisved,

{Author)

A82-48245 * #  Real-time microcomputar simulation tor space Shuttle/-
Centaur avionics. G. P, Szatkowski and H. C. Nelander (General Dynamics
Corp., Convalr Div,, San Diego, CA), Soclety for Computer Simulation, Confer-
ence for Modeling and Simulation on Microcomputer Systems, San Diego, CA,
Jan, 28-30, 1982, Paper. 6 p. Contract No. NAS3-22324,

The design of a simulator system for emulating the characteristics of Shuttle/«
Centaur avionic support equipment for launching the Solar Polar Mission and the

‘Galileo probe are discussed. The simulators are being constructed on a modular

basis for the Centaur control avionics, the Centaur Airborne Support Equipment
avionics, the tanking skid ground support equipment, development mechanisms,
the tanking skid ground support equipment, deployment mechanisms, the tanking
onboard fluid functions, the star scanner guidance update avionics, the Orbiter
command interface avionics, and the Qrbiter power system, Each simulator por-
trays the actual working conditions, including signal delay times and harnessing.
Block diagrams are provided of the interfaces and a flow diagram is presented
of the software. M.SK.
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15 LAUNCH VEHICLES AND SPACE
VEHICLES

Includes: boosters: manned orbital iaboratories; reusable
vehicles; and space staiions.

SN

AB2.12623 * Advanced 30/20 GHz communication setel-
lites, J, N, fiivo (NASA, Lewis Research Center, Cieveland, OH). in:
The Space Shuttle - Its current status and future impact; Proceedings
of the Aerospace Congress and Exposition, Los Angeles, CA, October
13-16, 1980, (AB2-12617 02-16) Warrendale, PA, Society of Auto-

.

motive Engineers, Inc,, 1881, p, 75-81, E IS §
Increasing demands for satellite communications channels have OR|G‘NAL PAG Y ¥
filled the C-band, have begun to fiil the Ku-band, and have resulted OF POOR QUAL‘T ?{
in a dévelopmental effort to. utilize 2.5 GHz of the 30/20 GHz Ka *
band, Problems of raln attenuation in the Ku and Ka bands are
explored, and solutions are indicated in the use of antenna gain
coupled with ground terminal site diversity, and higher satellite
power capabilities. Tradeoffs in sateliite design are focused on the
number of reflectors, increased #/d, gain and sidelobe performance,
and total satellite capacity, The NASA 20/3C GHz program is
described, including desion features of two test systems to be
launched in the 1980's to examine the functioning limits of two
baseline systems, D,H.K.
N@2-27331°%§ Systematics General Corp,, Sterling, Va,
COMMUNICATIONS SATELLITE SYSTEMS CAPACITY
ANALYSIS Final Report
Larry Browne, Taylor Hines, and Brisn Tunstall Jun. 1982
114 p refs :
(Contract NAS3-22888)
{NASA-CR-187911; NAS 1.26:167911) Avail:  NTIS
HC AO8/MF AO1 CSCL 22B
Analog and digital modulation techniques are compared with
regard to efficient use of the geostationsry orbit by communica-
tions satellites. Included is the definition of the baseline systems
(both space and ground segments), determination of interference
susceptibility, calculation of orbit spacing, snd evatuation of relstive
costs. It is assumed that voice or TV is communicated st
14/11 GHz using either FM or QPSK todulation, Both the
Fixed-Satellite Service and the Broadcasting-Satellite Service are
considered, For most of the cases examined the digital approach
requires a satellite spacing fess than or equal to that required
Ly the snalog spproach, ™,
A82-35082 * # Shuttle to GEO propulsion tradeoffs. C, L. Dailey (TRW,
Inc,, Redondo Beach, CA) and R, M, Lovberg {California, University, La Jolla,
CA). AIAA, SAE, and ASME, Joint Propulsion Conference, 18th, Cizvaland, OH,
June 21-23, 19882, AIAA Paper 82-1245, 7 p. Contract No, NAS3-22¢61.
An analysis has been made over a range of thruster, spacecraft and mission
parameters to determine optimum electric propulsion requirements for LEO tg
GEO transfer missions, For this mission solar cell cover thicknesses of four to six
mils each side appear to be an optimum compromise between mass and power
loss due to radiation damage. The optimum range of thruster specific impulse for
this mission is roughly from 1500 to 3000 seconds. Thrusters limited to much
lower values of specific impulse and those requiring much higher specific impulse
for good efficiency require substantially greater transfer times, {Author)
AB2-36286 * # Centaur capabilities for communications satellite jaun-
ches. W. F. Rector, ill (General Dynamics Corp., Convair Div., San Diego, CA),
American Institute of Aeronautics and Astronautics, Communications Satellite
System Conference, 9th, San Diego, CA, Mar. 8, 1982, Paper 82-0558, 6 p,
Contracts No, NAS3-22914; No, NAS3-22901.
The configurations, payload capabilities, and payload envelopes for Centaur in
various applications are. presented, The Centaur launch record is summarized
and the Atlas/Centaur launch schedule is shown. Impravements in capability are
: reported on, and current and proposed vehicles are depicted. Dual Delta class
i spacacraft will be flown using a-tandem adapter or large direct broadcast satel-
i lites in a single launch model, Shuttle/Centaur will permit spacecraft weights of
‘ up te 14,000 Ib to be put into orbit, including payload lengths up to 40 ft, A new
H capability to transfer large deployed space systems. from the Shuttle to high- .
i altitude orbits at low thrusts will be available, Spacecraft lengths requiring ths full, E
i 60-foot cargo bay and weighing 20,000 Ib could be placed in geosynchronous
i orbit with on-orbit rendezvous and assembly of the Centaur and spacecraft in low .
I;; earth orbit, C.D, . ‘
I 34 Cy
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16 SPACE TRANSPORTATION

Includes passenger and cargo spacs transportation e.g..
shuttie operations; and rencus techniques.

For relatza information see also 03 Air Transportation
and Safeiy ard 85 Urban Technology and Transporiation,

AB2:-10124 * ¢ Design snd verification of a multiple fault
tolerant control system for STS applications using computer simuls-
tion, G, P, Szatkowski and J, C, Karas (General Dynamics Corp,,
Convalr Div., San Diego, CA), In: Computers in Aerospace Confer:
ence, 3rd, San Diego, CA, October 26-28, 1981, Collection of
Technical Papers, (AB2-10076 01-69) New York, American Institute
of Aeronautics and Astronautics, 1981, p, 348-357, Contract No,
NAS3.22324, (AIAA 81-2173)

General Dynamics/Convair is under NAS/ contract to integrate
the Centaur upper stage into the space transportation system for
future planesary missions, This requires that control of all safety
critical functions be two-fallure tolerant, The control system
developed consists of five asynchronous computers, each contrib-
uting at their outputs to a 3-out-of-5 voting plane, Subsystem control
is based on an end function redundancy management scheme,
Analysis of muitiple component failures and worst-case time-phase
asynchrony among the computers is performed by a real-time
computer simulation. The simulation emulates the hardware and
subsystem interfaces, wire by wire, providing assessibility to any
component for the insertion of preprogrammed failures, Observ-
ability is provided via a graphics system and diagnostic software, The
simulation provides an engineering tool where the integrity of
control system hardware and imbedded software can be demon-
strated, {Author)
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17 SPACECRAFT COMMUNICATIONS,
COMMAND AND TRACKING

Inciudes telemetry; space communications networks;
astronavigation; and radio blackout.

For related information see also.04 Akcraft Comniunica-
tions and Navigation and 32 Communications.

N82-25290*§ National Aeronautics and Space Administration, i
Lewis Research Center, Cleveland, Ohio. ORIGINAL PAGE 's
SATELLITE-AIDED LAND MOCBILE COMMUNICATIONS OF POOR QUAL'TY

SYSTEM IMPLEMENTAT!ON CONSIDERATIONS
Bruce E. LeRoy 1982 10 p refs Presented at the Intern,
Commun, Conf., Philadelphia, 16-19 Jun, 1982
(NASA-TM-82861; E-1229; NAS 1,16:82861) Avail: NTIS
HC AO2/MF AO1 CSCL 09F

It was proposed that s saiellite-based land mobile radio ’
system could effectively extend the terrestrial cellular mobile
system into rural and remote areas. The market, technical and
economic feasibility for such a systam is studied. Some of the
aspects of implementing an cperational mebile-satellite system
are discussed. In particular, two key facto: in implementation
are examined: (1) bandwidth requirements; and (2} frequency
sharing, Bandwidth requirements are derived based on the satellite
antenna requirements, modulation characteristics. snd numbaers
of subscribers. Design trade-offs for the satellite system and
potential implementation scenarios are identified. Frequency
sharing is examined from a power flux dansity and modulation
viewpoint, BW.

AB227224 * Openioop nanosecond-synchronizatinn for
wideband satellite communications. W, M, Holmes, Jr, (TRW Defense
and Space Systems Group, Space Systems Div.,, Redondo Beach,
CA}, In: 1ITC/USA/'B0; Proceedings of the International Telemeter-
ing Conference, San Diego, CA, October 14-16, 1980, (A82-
27176 12-32) Research Triaigle Park, NC, Instrument Society of
America, 1980, p, 543-547, Contract No, NAS3-22341,

A synchronization technique for use with an onhoard processing
satellite communication system is discussed. Tha saiullite oscillator is
used both as the system time reference an as v¥: frequency source
for all downlink carriers and data clocks. Downlink timing is
established at each system earth terminal through a conbination of
carrier and data-clock tracking and a downlink timing epoch signal
consisting of one bit per TDMA data burst, Uplink timing is
established by an open-loop range prediction process using pracision
ephemerides calculated and distributed by the central control
station. Overall timing accuracy of the uplink signal at the satellite
receiver of + or - T nanoseconds permits unambiguous identification
of each data bit position in a 128 Mbps TOMA burst, This is
accomplished by means of simple, inexpznsive terminal hardware
using available crystal oscillators for time/frequency references and
digital synthesis techniques that may ke implemented in digital LS|
chips. C.R.

AB2-28925 * # Microwave intersateliite links for communications sa-
tetites. G. R. Welti (COMSAT Laboratories, Clarksburg, MD), institute o} Electri-
cal and Electronics Engineers, Interational Conference on' Communications,
Philadelphia, PA, June 14-17, 1982, Paper. 5 p. 9 refs, Research sponsored by
the international Telecommunications Satellite Organization; Contract No, NAS3-
22005.

Applications and interface requirements for intersatellite links (ISLs) between
commercial communications satellites are reviewed, ranging from (SLs between
widely separated satellites to ISLs between clustered satellites. On-board pro-
cessing architectures for ISLs employing a variety of modulation schemes are
described, These schemes include FM remodulation and QPSK regeneration in
combination with switching and buffering. The various architectures are com-
pared in. terms of complexity, required performance, antenna size, mass, and
power. {Auths)
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18 SPACECRAFT DESIGN, TESTING AND
PERFORMANCE

includes spacecraft thermal and environmental controf;
and attitude control.

For life support systems see 54 Man/System Technology
and Life Support. For related information see also 05 Akcraft
Fes;fgn, Testing and Performance and 39 Structural Mechan-
cs.

N82-11108%§ National Aeronautics and Space Administiation.
Lewis Research Canter, Cleveland, Ohio. )
TESTING OF A SPACECRAFT MODEL IN A COMBINED
ENVIRONMENT SIMULATOK
J. V. Staskus and J. C. Roche 1981 11 p refs Presented at
the 18th Ann. Conf. on Nucl, and Space Radiation Effects, Seattle,
20-24 Jul, 1981
(NASA-TM-82723; E-1024) Asail: NT)S KC A02/MF AN
CSCL 228

A scale model of a satellite was tested in & large vacuum
facility under electron bombardment and vacuum ultraviolet
radiation to investigate the charging of dielectric materials on
curved surfaces. The model was tested both stationatry and rotating
relative to the electron sources as well as grounded through
one megohm and floating relative to the chamber. Surface potentis!
measurements are presented and compared with the predictions
of computer modalling of the stationary tests, Discharge activity
observed during the stationary tests is discussed and signals
from sensing devices located inside and outside of the modei
are presented. M.G.

N82-11107*¥ Natianal Aaronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
VOLTAGE GRADIENTS IN SOLAR ARRAY CAVITIES AS
POSSIBLE BREAKDOWN SITES IN SPACECRAFT.
CHARGING-INDUCED DISCHARGES
N. John Stevens, Hilton E. Milis, and Lisa Orange 1981 10 p
refs Presented at the Ann. Conf. on Nucl. and Space Radiation
Effects, Seattle, 21-24 Jul. 1981
(NASA-TM-82710; E-1003} Awvail: NTIS HC AQ2/MF AO1
CSCL 108

A possible explanation for environmentally-induced discharges
on geosynchronous satellites exists in the electric fields formed
in the cavities between solar cells - the small gaps formed by.
the cover slides, rolar cells, metallic interconnacts and insulating
substrate. When exposed to a substorm environment, the cover
slides become less negatively charged than the spacecraft
ground. If the resultant electric field becomes farge enough, then
the interconnect could emit electrons (probably by field emission)
which could be accelerated to space by the pesitive voltage on
the covers. An expenmental study was conducted using a small
solar array segment in which the inteiconnect potential was
controlled by a power supply while the cover slides were irradisted
by monoenergetic electrons, It was found that discharges could
be triggered when the. interconnect potential became at least
500 volts negative with respect to the cover slidgs. Analytical
modeling of satellites exposed to substorm environments indicates
that such gradients are possible. Therefore, it appears that this
trigger mechanism for discharges is possible. M,

N82-14213*§ National Aeronautics and Space Administration,
Lewis Research Center, Claveland, Ohio.
SPACECRAFT CHARGING TECHNOLOGY, 1980
Washington Oct. 1981 1005 p refs Conf, held in Colorado
Springs, 12-14 Nov. 1980; sponsored by AFGL and NASA Lewis
Research Center
(NASA-CP-2182;  AFGL-TR-81-0270) Avail; NTIS
HC A99/MF AO1 CSCL 228

The third Spacecraft Charging Technology Conference
proceedings contain 66 papers on the geosynchronous plasma
environment, spacecraft modeling, charged particle environment
interactions with spacecraft, spacecraft materials ct - acterization,
and sat_lite design and testing. The procesdi,.cv is a compilation
of the state of the ant of spacecraft charging #nd environmentsi
interaction phenomena. For individual titles, see N82-14214
through N82-14275,
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N82.14281°§ National Aeronautics and Space Administration.
Lewis Research Center, Cisvsland, Ohio.

SCATHA T3PM CHANGING RESPONSE: NASCAP
PRED!ZT15KE COMPARED WITH DATA

Carolyn K. Purvis and John Staskus /n /ts Spacecraft Charging
Technol,, 1680 Oct. 1980 p 592-607 refs (For primary document
see NE2-14213 05-18)

Aveil: NTIS HC AS9/MF AO1 CSCL 228 ;

Models for the satellite surface potential monitor (SSPM)
units constructed in the NASCAP code and the resuits of
comparing predictions to surface voltage and beseplate current
dats are reported. Several peculisrities in the test dats are noted.
Preliminary results from space simulations of a SCATHA model
with environments. representative of the dey 87, 1879, eclipse
in event are prasented, snd their implications for predicting
Space responss are discussed. E.AK.

NE2-14288°§ National Aeronautics and Space Administration,
Lewis Research Canter, Cleveland, Ohio,
COMPARISON OF NASCAP MODELLING RESULTS WITH
LUMPED CIRCUIT ANALYSIS
David B, Stang and Carolyn K. Purvis /n its Spacecraft Charging
Technol,, 1980 Oct, 1980 p 865-683 refs (For primary document
see NB82-14213 05-18)
Avail: NTIS HC AS9/MF AO1 CSCL 228

Engineering design tools that can be used to predit the
deveiopment of absolute and differential potentials by realistic
spacecraft under geomagnetic substorm conditions are described.
Two types of snalyses ara in use; (1) the NASCAP code, which
computes quasistatic charging of geometrically compiex. objects
with multiple surfece materisls in three dimensions; (2) lumped

element equivsient circuit models that are used for lnn!yus of
particular spececraft. The equivaient circuit models require very
flittle computation time. however, they cannot account for sffects,
such as the formation of potential barrierz, that are inherently
multidimensional. Steady state potentisis of structure and
insulation are compared with those resulting. from.the equivalent
circuit model, EAK.

N82-14288*4 National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohlo. o
ANALYTICAL MODELING OF SATELLITES IN GEOSYN-
CHRONOUS ENVIRONMENT
N. John Stevens /n its Space Charging Yechnol., 1980 Oct,
1980 p 717-729 refs (For primary document see N82-14213
05-18)
Avail; NTIS H{: A99/MF AOT CSCL 228

Experiences with surface charging of geosynchronous satellites
are reviewed and mechanisms leading to discharges on satellite
surfaces sre considered. it was found that the large differential
voitages betwaen tha surface and the substrate required to produce
massive laboratory discharges do not occur on satellites in space,
Analytical modeling predictions supported by dielectric charging
date from P78-2, SCAT:x., (Spacecraft Charging at High Altitudes)
flight results are discussed. Ungrounded insulator areas, buried
charge layers (due to mid-energy range particles}, and positive
differentisl voltages (where structure voltages are less negative
than surrounding dielectric surface voltages) are considered as
possible mechanisms producing satellite charge up, JDH,

N82-14263*} National Aeronautics and Space Administration,
Lewiis Research Center, Cleveland, Ohio.
USE OF CHARCING CONTROL GUIDELINCZS FOR GrO-
SYNCHRONOUS SATELLITE DESIGN STUDIES
N, John Steves /n its Spacecraft Charging Technol., 1980 Oct.
1980 p 789-801 rafs (For primary document see N82-14213
05-18)
Avail: NTIS HC A99/MF AO1 CSCL 22p

Several of the principle guidelines from the Spacecraft
Charging Design Guidelines Handbook are presented with
illustrative examples, Use of the geomagnetic substorm: specifica-
tion to qualify seteliite designs. the evaluation of satellite designs
by using analytical modeiling techniques, the use of selocted
materials, and coatings to minimize charging. the tying of all
corducting elernents to a8 common ground, and the use of electrical
filering to protect circuits from discharge induced upsets are
discussed, Discharge criteria and SCATHA data are excluded.

JOH.
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N32-14271°§ National Aeroriautics and Space Administration.
Levis Resesrch Center, Clevelsnd, Ohio, .
AGREEMENT FOR NASA/OASY - USAF/AFSC SPACE
INTERDEPENDENCY ON SPACECRAFT ENVIRONMENT
INTERACTION
C. 2. Pike (AFGL) and N. John Stevens /n its Spacecraft Charging
Ti:siinol,, 1980 Oct. 1980 p 912-830 refs {Far primary document
o080 N82-14213 05-18)
Avall: NTIS HC A99/MF AC1 CSCL 228

A joint AF/NASA comprehensive program on spscecraft
envivonment (nteractions consists of combined contractue! and
in house efforts aimed at understanding spacecraft environmant
ineraction phenomena and relsting ground test results to space
conditions. Activities include: (1) a concerted sffort to identify
project related environmental interactions; (2) a matzrisls
investigation 10 meéssure the basic properties of materisis and
develop or modify materiais as needed; and (3) a ground simulation
investigation to evaluate basic plssma interactios phenomens
snd provide inputs to the analytical modeling investigation,
Systems performance is evslusted by both ground tests and
snalysis. There s an environmental impact investigation to
determine the effect of future large spacecraft on the charged
particle environment. Space flight investigations are planned to
verify the results., The products of this program are test
standards and design guidelines which summarize the technology,
specily test criteris, and provide techniques to minimize or
eliminate system interactions with the charged particle environ-
ment, AR.H,

N82-18311°*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
DESIGN PRACTICES FOR CONTROLLING SPACECRAFT

CHARGING INTERACTIONS
N. John Stevens 1982 21 p refs Presented at the 20th
Aerospace Sci. Meeting, Orlando, Fla, 11-14 Jan, 1982;
sponsored by AIAA
(NASA-TM-82781: E-1112) Avail; NTIS HC AOZ/MF AGH
CSCL 228

A design guidelines handbook prepared to provide criteria
for assessing and minimizing spacecraft charging interactions is
described. An evaluation philcsophy of analyzing specific satellite
designs. in a substorm environment specification with NASCAP
is praposed, Criteria for possible discharges are given and a
technique for computing the discharge transients is outli,ed. The
charging of a three axis stabilized satellite is examined to illustrats
the philosophy. Possible discharge locations are found and
transients computed. The effect of changing seleciad surface
costings is evaiusted and fouid to substantially reduce chirging
levels, JM.S.

N82.23281°*§ National Aeronautics and Space Administration,
Lewis Rosearch Center, Cleveland, Ohio.
ENVIRONMENTALLY INDUCED DISCHARGES ON SATEL-
LITES
M. John Stevens 1982 14 p refs Presented at the 2nd EMC-
Seminar, Noordwijk, Netherlands, 11-13 May 1982; sponsored
by ESTEC
{NASA-TM-82849; E-1219; NAS 1,15:82849) Avail: NTIS
HC AO2/MF AO1 CS-L 228

The problem of asse.. "~ hazards to geosynchronous satellite
systems from geomagnetic .. storm encounters is investigated,
The available space flight data, coupled with analytical modeling
stiidies, show that only relatively low differential charging is
possible from environmental encounters, Using an analytical study
<" . discharge event on SCATHA, a discharge process is postulated
where 8. small amount of charge is lost to space. These
characteristics could ther: be used as inputs to a coupling model
to determine the hazard to & spacecraft. The procedure is applied
5 a thrye axis stabilized satellite design. B.W,

AB2-17872 % ¥ Validation of the NASCAP model using space-

flight data. P. R. Stannard, 1, Katz {Systems, Science and Softwe ,

La Joila, CA), L. Gedeon, J =, Roche (NASA, Lewis Research
Center, Cleveland, OH), A. G. Rubin, and M. F. Tautz (USAF,
Geophysics Laboratory, Bedford, MA). American institute of Aero-
nautics and - Astronautics, Aerospace Sciences Meeting, 20th,
Oriando, FL, Jan. 11-14, 1982, Paper 82-0269. 13 p. 16 refs,
Contract No. NAS3-22536,

The NASA Charging Analyzer Program (NASCAP) has besn
validated in a space environment. Data ¢pllected by the SCATHA
(Spacecraft Charging at High Altitude) spacecraft has baen used with
NASCAP to simulate the charging response of the spacecraft ground
conducter and dielectric surfaces with considerable success. Charging
of the spacecraft ground observed in eclipse, during moderate and
savere substorm environments, and in sunlight has been reproduced
using the code, Close agreement between both the currents and
potentials measured by the SSPM's, and the NASCAP simulated
response, hus been obtained for differential charging. It is concluded
that NASCAP |s able to predict spacecraft charging behavior in a
space environment, {Author)

A82-18317 * # Voltage gradients in solar array cavities as
possible breskdown sites in spacecrsft-charging-induced discharges,
N. J. Stevens, H, E, Mills, and L. Orange (NASA, Lewis Research
Center, Cleveland, OH). (/EEE, U.S, Defense Nuclear Agency,
NASA, and DOE, Annual Conference on Nuclear: and Space
Radiation, Effects, 18th, Seattle, WA, July 21-24, i581.) IEEE
Transactions on Nuclesr Science, vol. NS-28, Dec. 1981, p.
4558-4562, 35 refs.

A possible explanation for environmentally-induced discharges
on geosynchronous satellites exists in the electric fields formed in the
cavities between solar cells - the small gaps formed by the cover
slides, sofar cells, metallic interconnects and insulating substrate.
When exposed to a substorm environment, the cover slides become
less negatively charged than the spacecraft ground. Hence, it is
possible for metallic suriaces {usually silver mesh) to be at a negative
potential in a cavity that has a ‘positive’ surface above it, If the
resultant electric field becomes large enough, then the interconnect
could emit electrons (probably by field emission) which coull) be
accelerated to space by the positive voltage on the covers, Af;
experimental study was connected using a small solar array segment
in which the interconnect potential was controlled by a power
supply while the cover slides were irridated by monoenergetic
electrons, It was found that discharges could be triggered when the
interconnect potential became at least 500 volts negative with
respect to the cover slides. Analytical modeling of satellites exposed
to substorm environments indicates that such gradients are possible.
Therefore, it appears that this trigger mechanism for discharges is
possible, Details of the experiment and modeling study are pre-
sented, (Author)

N8Z-14224*§ TRW Defenso and Space Systems Group, Redondo
Heach, Calif.
SRUSHFIRE ARC DISCHARGE MODEL
G. 7. Lnouye /n NASA. Lewis Research Center Spacecraft
Charging Technol., 1880 Oct, 1981 p 133-162 refs (For
primary document see N82-14213 05-18)
{Contract NAS3-21961)
Aveil; NTIS HC A99/MF AO1 CSCL 228

A one dimensional arc discharge model incprporating a
brushfire-type propagation of a discharge wavefront was
investioat:id. A set of equations, developed and their wislzh include
electrical, thermal and plasma parameters, were solutions. shown
to be consistent with a propagating brushfire wavefront. Volitage,
current, ple~ma density, temperature, and resistivity profiles
were obtair. , Mechanical forces, magnetic and elactrostatic were
considered :i evaluating the flashover to blowout current ratio,
G’, for r7c discharges with the brushfire parameters developed
in the model. This ratio is an important factor in determining
the éloctromagnetic interfarence (EMI) impact of "arc discharges
on spaceciaft electrical subsystems. The conclusion of the analysis
is that electrostatic forces are much more important than
magnetic forces. The magnitude of the G' factor obtained,
58.5 percent, is within the range of those obtained by expsrimen-
tal means. Improvements in the analytical model ss well in the
experimental approach are recommended. M.D.K.

NB82-142268°%§ Case Western Reserve Univ., Cleveland, Ohic.

SECONDARY ELECTRON EMISSION YIELDS

I. Krainsky, W. Lundin, W. L. Gordon, and R, W, Hoffman /n
NASA. Lewis Research Center Spacecraft Charging Technol.,
1980 Oct. 1981 p 179-197 refs {For primary document see
N82-14213 05-18)
{Cirant N8G-3197)

ORIGINAL PAGE IS
38 OF POOR QUALITY

Fawe

B e




T

R R

Avail; NTIS HC A99/MF AO1 CSCL 225

The secondary electron emission (SEE) characteris.ics for a
varisty of spacecraft mataerials were determined under UHV
conditions using a commercisl double psss CMA which permits
sequential Auger electron alectron spectroscopic analysis of the
surface, The transparent conductive coating indium tin oxida {ITO)
was examined on Kapton and borosilicate glass and indium oxide
on FED Teflon. The totul SEE coefficient ranges from 2.6 to
2.8 on as-received surfaces and from 1.5 to 1.8 on Arl+)
sputtered surfaces with < 6 nm removed. A cylindrical sample
carousel provides normal incidence of the primary beam as well
as & multiple Faraday cup measurement of the approximately
nA beam currents, Total atid true secondary ylelds are obtained
from target current measurerments with biasing of the carousel,
A primery beam pulsed mode to reduce electron beam dosage
and minimize charging of insuiating coatings was applied to
Mg/F2 costed solar celi covers. Electron beam effect on ITO
were found quite important at the current densities necessary
to do Auger studies. M.D.K.

NB82-14227*§ Pennsylvenia State Univ., University Park.
OBLIQUE-INCIDENCE SECONDARY EMISSION FROM
CHARGED DIELECTRONICS
James W, Robinson and Paul A, Budd /n NASA. Lewis Research
Center Spacecraft Charging Technol, 1980 Oct, 1981
p 198-210 refs (For primary document sea N82-14213 05-18)
{Grant NsG-3166)
Avail: NTIS HC A99/MF AO1 CSCL 228

Experimental measurements and computer simulation of
secondary electron emission coefficients for FEP-Teflon, for normal
and oblique incidence in the prasence of a normal electric field
are reported, Knowledge of the electrostatic environment
surrounding the s»ecimen calculation of particle trajectories are
considerad. A simuiation using a conformal mapping, 8 Green's
integral, and a trajectory generator provides the necessary
fnathamatical support for the measurements which have been
made with norms! fielde of 1.8 and 2.7 kY/mm. When incidence
is normal and energy exceeds the critical energy, the coefficient
is given by V.58 and for oblique incidence this expression may
be divided by the cosine of the angle. The parameter V sub
O is a function of normal field, Measurements for values of V
sub f are presented. M.D.K.

NB2-14249*%§ Systems Science and Software, La Joila, Calif.
REPRESENTATION AND MATERIAL CHARGING RE-
SPONSE OF GEOPLASMA ENVIRONMENTS
P. R. Stannard, G. W, Schnuelle, 1. Katz, and M. J. Mandell /4
NASA. Lewis Research Center Spacecraft Charging Technol.,
1980 Oct, 1980 p 560-579 refs (For primary document see
N82-14213 05-18)
{Contract NAS3-21762)
Avail: NTIS HC A99/MF AO1 CSCL 228

The sensitivity of the charging response to the representation
of the measurest environments and material properties are
discussed. Single and double Maxwellian representations are
compared with direct numerical integration of the observed
spectra. The effect of anisotropic incident flux distribution is
modsled, In addition, the effect of the high energy, radiation
upon bulk conductivity and hence differential charging is
examined, E.AK.

N#2-14272*§ Kansas Univ., Lawrence.
NUMERICAL SIMULATION OF PLASMA INSULATOR
INTERACTIONS IN SPACE. PART 1: THE SELF CONSISTENT
CALCULATION
J. H. Nonnast, R, C, Chaky, T, P. Armstrong, J. Enoch, and G.
G, Wisemen /n NASA. Lewis Research Center Spacecraft
Charging Technol,, 1980 Oct, 1980 p 932-945 refs (For
primary document see N82-14213 05-18)
{Grant NsG-3280)
Avail: NTIS HC A99/MF AO1 CSCL 228

A computer program is being developed to simulate the
interaction of a plasma with a conducting disk partially covered
by sn insulator. Initial runs consider only charge sticking to: the
dieie;iv - Results indicate that the current density drawn by the
hole;, & dielectric increasss approximately linearly with voltage
for conductor voltages between 5 voits and 250 voits,  Author

ORIGINAL PAGE IS
OF POOR QUALITY

N82-14273*§ Kansas Univ., Lawrance,
NUMERICAL SIMULATION OF PLASMA INSULATOR
INTERACTIONS IN SPACE. PART 2: DIELECTHIT
EFFECTS
R. C. Chaky, J. H. Nonnast, T. P, Armstrong, J. Enoch, and G.
Wiserman /n NASA. Lewis Research Center Spaceciaft Chaiging
Tsshiol, 1980 Oct. 1980 p 946-966 (For primary document
o8 %92-14213 05-18)
{Grant NsG-3290)
Avsil: NTIS HC AS9)MF AO01 CSCL 228

Any process which may be modeled statistiual'y for a simple
plasma particle may be modeled by the particle in cell technique.
The success of the calculation is then dependent on having a
targe enough number of particles that the statistical treatment
Is meaningful, Thus it is possible to include the effects of seconcary
emission, backscattering, charge sticking and possibly dielectric
breskdown, photoemission, and spallation, The first plasms
dielectric interaction included in the computer code for simulating
plasma Insulator Interactions is z3zondary electron emission. A
calculated current density vs. voltage curve is presented and
compared to an experimental curve, ARMH.

N82-14250*§ Systeins Science and Software, La Jolla, Calif,
SiMULATION OF CHARGING RESPONSE OF SCATHA
{P78-2) SATELLITE )
G. W. Schnuelle, P. R. Stannard, |. Katz, and M, J. Mandéll /n
NASA. Lewis Research Center Spacecrait Charging Technol.,
1880 Oct, 1980 p 580-591 refs (For primary document see
NB82-14213 05-18)
{Contract NAS3-21762)
Avail: NTIS HC A99/MF AO1 CSCL 228

A model of tha satellite charging at high altitudes (SCATHA
P78-%} satellite was usaed to simulate the charging response of
SCATHA at geosynchronous orbit. The model includes a
description of the geometry, currents to exposed surface materials,
and electrical connections on the spacscraft. The charging
response of the vehicle 1o that predicted by the NASCAP madsl
for the Day 87, 1979 eclipse charging event, in which the
spacecraft charged to several kilovolts ne(jative during a
magnetospheric substorm are compared. Doubje Maxwellian
representations of the plasma environment reproduce the charging
response observed experimentally, EAK,

NB2-14275*§ Systems Science and Software, San Diego, Calif,
CHARGING OF A LARGE OBJECT IN LOW FIOLAR EARTH
ORBIT
D. E. Parks end I. Katz /n NASA. Lewis Research Center
Spacecraft Charging Technol, 1980 Oct, 1980 p 979-989
refs Sponsored in part by AFGL (For primary document see
N82-14213 05-18)
{Contract NAS3-21762)
Avail: NTIS HC A99/MF AO1 CSCL 228

The charging of a iarge sphare subject to the environment
encountered by the shuttie orbiter as it passes through the auroral
regions in its low polar Earth orbit was investigated, The
environment consists of a low temperature dense plasma and
relatively intense (200 mu A/sq m) field aligned flux of energetic
electrons (approximately 5 10 10 keV), The potential on a sphere
in eclipse is presented as a function of the ratio kappa of the
charging rate produced by precipitating electrons to the discharging
rate produced by ram ions. {t was found that a 5 meter conducting
sphere charges to potentials of order 1 kilovolt for kappa
approximately 2, even though a 0.5 meter sphere charges to
lezs than 100 volits. It is concluded that the natural charging
environment can induce large: potentials (approximately 1 kilovolit)
on the shuttle orbiter, ARH.

N82-16117*§ Martin Marietta Corp,, Bethesda, Md.
CRYOGENIC FLUID MANAGEMENT EXPERIMENT  Finel
Report, Dec. 1978 - Oct. 1981
R. N. Eberhardt, W. J. Bailey, and D. A. Fester Oct. 1981
237 p refs
{Contract NAS3-21591)
{NASA-CR-165495; MCR-81-597) Avail; NTIS
HC A11/MF AO1. CSCL 22B

The cryogeric fluid management expariment {CFME), designed
to characterize subcritical liquid hydrogen storage and expulsion
in the low-q space environmant, is discussed, The experiment
utilizes a fine mesh screen fluid-management device to accomplish
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gas-free liquid expulsion and a thermodynamic vent system to
intercept heat leak and control tank pressura. The experiment
design evolved from a single flight prototype to provision for a
muitimission {up to 7) capability. A detailed design of the CFME,
a dynamic test article, and dedicated ground support equipment
were generated, All materials and parts were identified, and
components were selected and specifications prepared. Long lead
titanjum pressurant spheres and the flight tape recorder and
ground reproduce unit were procured, Experiment integration with
the shuttie orbiter, Spacelab, and KSC ground operations was
coordinated with the appropriate NASA centers, and experiment
Interfaces were defined, Phase 1 ground and fliglit safety reviews
were conducted, Costs were estimated for fabrication and
assembly of the CFME, which will become the storage and supply
tank for a cryogenic fluid management facility to investigate
fluid management in space. RJ.F.

NB82.26377*§ Systems Science and Software, San Diego, Calif.
ADDITIONAL EXTENSIONS TO THE NASCAP COMPUTER
CODE, VOLUME 2 Progress Report, 9 Sep, 1980 - 22 Dec.
1981
P. R. Stannard, ). Katz, and M. J. Mandell Feb, 1982 163 p
refs Sponsored in part by AFGL
{Contract NAAS3-22536)
{NASA-CR-167856; NAS 1.26:167856; SSS-R-82-5218) Avail:
NTIS HC AO8/MF AO1 CSCL 228B

Particuiar attention is given to comparison of the actural
response of the SCATHA (Spacecraft Charging AT High Altitudes)
P78-2 satellite with theoretical (NASCAP) predictions. Extensive
comparisons for a variety of environmental conditions confirm
the validity of the NASCAP model. A summary of the capabilities
and fange of validity of NASCAP is presented, with extensive
reference to previously published applications. It is shown that
NASCAP is captble of providing quantitatively accurate results
when the objsct and environment are adequately represented
and fall within the range of conditions for which NASCAP was
intended. Three dimensional electric field affects play an important
role in determining the potential of dielectric surfaces and
electrically isulated conducting surfaces, particularly in the
presence of artificially imposed high voltages. A theory for such
phenomena is presented and applied to the active control
experiments carried out in SCATHA, as well as other space and
laboratory experiments, Finally, some preliminary work toward
modeling large spacecraft in polar Earth orbit is presented. An
initial physical modet is presented including charge emission. A
simple code based upon the model is described along with code
test results. Author

NB2-26378*§ Systems Science and Software, San Diego, Calif.
ADDITIONAL EXTENSIONS TO THE NASCAP COMPUTER
103805, VOLUME 3 Contractor Report, 9 Sep, 1980 - 22 Dec.

1
M. J. Mandell and D. L. Cooke Aug, 1981 90 p refs
{Contract NAS3-22536)
(NASA-CR-167857: NAS 1,26:167857; SSS-R-81-5140) Avail;
NTIS HC AO5/MF AO1 CSCL 22B

The I1ON coniputer code is designed to calculate charge
exchange ion densities, electric potentials, plasma temperatures,
and current densities external to a neutralized ion engine in R-Z
geometry. The present version assumes the beam ion current
and density to be known and specified, and the neutralizing
glactrons to ¢riginate from a hot-wire ring surrounding the
beam orifice. The plasma is treated as being resistive, with an
electron relaxation time comparable to the plasma frequency.
Together with the thermal and electrical boundary conditions
described below and other straightforward engine parameters,
these assumptions suffice to determine the required quantities,
The ION code, written in ASCI} FORTRAN for UNIVAC
1100 series computers, is designed to be run interactively,
although it can also be run in batch mode. The input is free-format,
and the output is mainly graphical, using the machine-independent
graphics developed for the NASCAP code. The executive routine
calls the code's major subroutinas in user-specified order, and
the code allows great latitude for restart and parameter’ change.

Author

AB2-13494 * f# Real-time computer simulation/emulation for
verification of multi-fauli-tolerant control of Centaur-in-Shuttle, G..
P. Szatkowski (General Dynamics Corp., Convair Div., San Diego,
CA). In: Digital Avionics Systems Conference, 4th, St. Louis, MO,

40

A82-17793 * j/

November 17-19, 1081, Collectirn of Technical Papers. (A82-
13451 03-04) New York, Amerfcan Institute of Aeronautics and
Astronautics, 1981, p, 315-326, Contract No. NAS3-22324, (AlAA
81.2283) :

NASA has contracted with General Dynamics to design and
develop an advanced Centaur liquid upper stage for support of the
Galileo and Sofar Polar interplanatary missions in 1985-86, The
control of the Centaur while it resides in the Shuttle cargo bay must
meet the STS safiity requirements to be dyal failure tolerant in afl
mission critical fuprctions, The demonstration of the Integrity of this
control system In the event of multiple component failures and
worst-case time-phése asynchroniety among the system’s computers
is performed by a real-time computer simulation, The simujation
emulates the control hardware, subsystem interfaces, and imbedded
software processes, Vvire-by-wire, to provide accessibility for fault
insertion. Observalility Is provided via graphics and diagnostic
software, Verification is the product of Monte Carlo simulation
analysls, {Author)

A82-15904 * Numerical simulation of sheath structure snd
current-voltage characteristics of a conductor-dielectric disk in a
plasma. R. C. Chaky, J. H. Nonnast, and J, Enoch (Kansas,
University, Lawrence, KS). Journal of Applied Physics, vol, 52, Dec,
1981, p. 7092-7098. 16 refs. Grant No. NsG-3290.

A computer program is being developed to simulaté the
interaction of a plasma with a conducting disk. Two configurations
are examined: {1} the conductor is a ‘button’ in the center of a larger
dielectric disk, and {2) the conducting disk is covered by a.dielectric
disk to the same size with a circular hole in the center of the
dielectric, expasing a region of conductor. Results of the electro-
static plasma simulation. are presented beth with and without

secondary electron emission from the dielectric; characteristic curves .

and voltage profiles are included. V.L.

A82-16194 * # Modification ‘of spacecraft potentials by ther-
mal electron emission on ATS-5. R. C. Olsen (Alabama, University,
Huntsville, AL). Journal of Spacecraft and Rockets, vol. 18,
Nov.-Dec. 1981, p. 527-532, 7 refs. Cowtract No. NASS5-23481;

Grant No. NsG-3150.
Electron emission experiments on Applied Technology Satellite

5 using a thermal electron emitter are reported and analyzed.
Operations in eclipse charging environments showed that electron
emission could partially discharge a negatively charged satellite,
Typical operations resulted in kilovolt potentials being reduced to
hundreds of volts for a few tens of seconds, followed by a gradual
recharging over a period of minutes. Equilibrium currents were
modeled with a one-dimensional current balance model. Currents on
the order of 1 microampere were found, significantly below emitter
capabilities. Application of a three-dimensional, time-dependent
computer mode| showed that differential charging on the solar arrays
was limiting the emitted current, praventing the complete discharge
of the satellite, and allowing it to recharge in spite of the electron
emitter. {Author)

Space Shuttle Orbiter charging. 1. Katz and D.
E, Parks {Systems, Science and Software, La Jolla, CA). American

Institute of Aeronautics and Astropautics, Agrospace Sciences
Meeting, 20th, Orlanido, FL,Jan. 11-14, 1982, Paper 82-0119.6 p. 8

refs. USAF-supported research; Contract No. NAS3-22536.
“This paper considers ‘the charging of the Space Shuttie Orbiter
by energetic particles of environmental origin and from emission by

accelerators. The results indicate that precipitating electrons quickly

induce large voltages. High voltages may also occur when onboard
accelerators inject energetic beamis into the high altitude plasma. A
significant concltsion from electron beam esxperiments is that the
rockets charged to positive potentials much- less than anticipated

" from the theory of probes in a quiescent plasma, Elementary theories

predict the large negative potentials observed by firing energetic ions
and predict severe d\fferential charging of the Orbiter. {Author)
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AB2-18312 * internal braakdown of charged spacecraft
dislectrics. B, L. Beers, V. W. Pine, and S. T, Ives {Beers Associates,
Inc., Reston, VA), (IEEE, U.S. Defense Nuclear Agency, NASA, and
DOE, Annual Conference on Nuclear and Space Radlation Effects,
18th, Seattle, WA, July 21-24, 1981.) IEEE Transactions on Nuclear
Science, vol, NS-28, Dec, 1981, p, 4529-4534, 17 refs, Contract No,
NAS3-22630.

it is suggested that small energy dischargés of low differential
voltage that are associated with internal burled charge may be an
important mechanism by which sorted electrostatic energy is released
from dielectrics. on board orbiting spacecraft. The evidence from
space givén by Stevens (1980} Is noted, ani the laboratory
experimental evidence of Frederickson is cited to demonstrate that
discharges occur under circumstances with no external potentjal
drop, Pravious calculations indicating that significant internal electric
fields can exist In dielectrics charged with multiple-kilovolt electron
beams under conditions involving little or no external potential drop
are reviewed, Attention is given to the internal discharge mechanism
of Meulenberg (1976), and new calculations suggesting that the space
environment is conducive to the formation of the conditions
required by this mechanism are presented. Expérimental procedures
for checking the suggestions made are developed, C.R.

AB2-35547 * Differential charging of high-voltage spacecraft - The
equiilbrium potential of insulated surfaces. |. Katz and M, J, Mandel! (Sys-
tems, Science, and Software, La Jolla, CA).  Journal of Geophysical Research,
vol. 87, June 1, 1982, p. 4533-4541, 36 refs, Contract No. NAS3-22536,

A theory is presented for the steady-state potential of insulated surfaces near
exposed high voltages. The term ‘insulated surfaces' is used to mean either
dielectric surfaces or electrically isolated metallic surfaces. The potential is
bounded below by the zero of the material's I-V curve assuming total suppression
of secondary electrons, and above by assuming total extraction of secondaries.
Within these bounds, the material's surface potential is determined consistently
with the solution to Poisson's equation external to. the. vehicle, The theory Is
compared with rocket experiments and with SCATHA satelliite data, Also, an
explanation is suggested for the observed 'snapover' of solar cell coverslips from
near plasma greund potential to near the potential of positively blased intercon-
nects with increasing bias voltage, {Author)

a1

o
A
ON

ORIGINAL PAGE I8
CF PGOR QUALITY




B2
Pty ==

i
¥

20 SPACECRAFT PROPULSION AND
POWER

Includes main propulsion systems and components e.g.,
rocket engines; and spacecraft auxiliary power sources.

For related information see also 07 Alrcraft Propulsion,
28 Propellants and Fuels, and 44 Energy Production and
Conversion,

N82.20240*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
GEOMETRY AND STARVATION EFFECTS IN HYDRODY-
NAMIC LUBRICATION
David E. Brewe and Bemard J. Hamrock 1982 18 p refs
Proposed for presentation at the 69th Mesting of the Propulsion
and Energetics Panel Symp. on Problems in Bearings and
Lubrication, Ottawa, Canada, 31 May - 3 Jun. 1982 sponsored
by AGARD Prepared jointly with Army Aviation Research and
Development Command, St. Louis
{NASA-TM-82807; E-1147; NAS 1.15:82807;
AVRADCOM-TR-82-C-17) Avail: NTIS HC AO2/MF AO1 CSCL
20D

Numerical methods were used to determine the effects of
lubricant starvation on the minimum film thickness under
conditions of a hydrodynamic point contact, Starvation was
effected by varying the fiuid inlet level. The Reynolds boundary
conditions were apjtlied at the cavitation boundary and zero
pressure was stipulaied at the meniscus or inlet boundary. A
minimum-film-thickneys equation as a function of both the ratio
of dimensionless load to dimensionless speed and inlet supply
level was determined. By comparing the film generated under
the starved inlet condition with the film generated from the
fully. flooded inlet, an expression for the film reduction factor
was obtained. Based on this factor a starvation threshold was
defined as well as a critically starved inlet. The changes in the
inlet pressure buildup dus to changing the available lubticant
supply are presented in the form of three dimensional isometric
plots and also in the form of contour plots, Author

NB82.24286*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
AN INSIGHT INTO AUXILIARY PROPULSION REQUIRE-
MENTS OF LARGE SPACE SYSTEMS
James E, Maloy and William W, Smith (Boeing Aerospace Co.,
Seattle) 1982 21 p refs To be presented at the 18th Joint
Propuision Conf., Cleveland, 21-23 Jun. 1981
{NASA-TM-82827; E-1185; NAS 1,15:82827}) Avail: NTIS
HC AD2/MF AO1 CSCL 214

Electric and chemical propulsion systems’ requirements for
Large Space Systems {LSS) launchable by a single Shuttle are
considered, Sets of generic LSS classes (ranging in size from
30 m to 250 m) are described and the tisturbance force and
torque requirements for low Earth orbit {L¥x:D), geosynchronous
Earth orbit (GEO), and LEO-GEO transfer, are given, Auxiliary
propulsion requirements were determined as a function of: specific
impuise {250 and 500 sec, for chemical and 1000, 3000, and
10000 sec. for elactric); orbit: and angle of orientation, The
results were used to size the Auxiliary Propulsion System (thruster
size, fuel requirements, power processor, etc), T.M,

NB2-27368*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
LARGE SPACE SYSTEMS/PROPULSION INTERACTIONS
Jun, 1982 253 p refs Workshop held at Cleveland, 22-23 Oct,
1981
(NASA-TM-82804; E-1288; NAS 1.15:82904) Avail: NTiS
HC A12/MF AO1 CSCL 22A

Material iliustrating the presentations on and the conclu-
sions of workshop' panels considering the missions, systems
requirements and operations, and systems design and integration
is presented. For individual titles, see N82-27359 through
N82-27379.
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N82-27371%§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ghio,
SYSTEMS INTEGRATION
James J. Pelouch, Jr. /n its Large Space Systems/Propulsion
Interactions Jun, 1882 p 123-126 (For primary document sae
N82.27358 18-20)
Avail; NTIS HC A12/MF AO1 CSCL 228

The workings of systems integration, its accomplishments,
the Influences of its character changes on the STS, propulsion
out of the orbiter and LSS, and technological demands are
discussed, The task of systems integration Is to define, understend,
and account for interactions between the major systems on a
space mission. The safety and propulsion systems and their
roljabllity are outlined, EAK,

NB82-29354*§ National Aeronautics and Space Administration.
Lewis Researct Center, Cleveland, Ohio.

A NEW STRATEGY FOH EFFICIENT SOLAR ENERGY
CONVERSION: PARALLEL-PROCESSING WITH SURFACE
PLASMONS

Lynn Marie Anderson 1982 13 p refs Presented at the
17th Intersoc, Energy Conversion Eng. Conf.. Los Angelss,
8-13 Aug. 1982; sponsored by (EEE

(NASA-TM-82867: E-1236; NAS 1,15:82867) Avail: NTIS
HC AD2/MF AO1 CSCL 10A ‘

An advanced concept for direct conversion of sunlight
electricity, which aims at high efficiency by tailoring the conversion
process to separate energy bands within the broad solar spectrum
is introduced. The objective is to cbtain a high levsl of spectrum-
splitting without sequential losses or unique materials for each
frequency band. In t))is concept, sunlight excites a spectrum of
surface plasma waves which are processed in parallel on the
came metal film. The surface plasmons transport energy to an
array of metal-barrier-semiconducter diodes, where energy is
extracted by inelastic tunneling, Diodes are tuned to different
fraguency bands by selecting the operating voltage and geometry.

but all diodes share the same materials, Author .

NB82-31443°# National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
EFFECTS OF PROCESSING AND DOPANT ON RADIATION
DAMAGE REMOVAL IN SILICON SOLAR CELLS
I. Welnberg, H. W. Brandhorst, Jr., C. K. Swartz, and S. Mehta
(Cleveland State Univ., Ohic) 1982 15 p refs Presented at the
3rd European Symp. on Photovoltaic Generators in Space, Bath,
England, 4-6 May, 1982; sponsored by RAE, the U.K. Dept. of
Industry and ESA
(NASA-TM-82892; E-1270; NAS 1.15:82892) Avail: NTIS
HC A02/MF A01 CSCL 10A oo~

Gallium and boron doped sllicon solar cells, processed by
ion-implantation followed by either laser or furnace anneal were
irradiated by 1 MeV electrons and their post-irradiation recovery
by thermal annealing determined. During the post-irradiation arnaal,
gallium-doped cells prepared by both processes recovered mcre
rapidly and exhibited none of the severe reverse annealing
observed for similarly processed 2 ohm-cm boron doped cells.
lon-implanted furnace annealed 0.1 ohm-cm boron doped cells
exhibited the lowest post-irradiation annealing temperatures
(200 C) after irradiation to 5 x 10 to the 13th e(-)/sq cm. The
drastically lowered reccvery temperature is attributed to the reduced
oxygen and carbon content of the 0.1 ohm-cm cells. Analysis
based on defect properties and annealing kinetics indicates that
further reduction in annealing temperature should be attainable
with further reduction in the silicon’s carbon and/or divacancy
content after irradiation. Author

A82-11706 * # Alkaline regenerative fuel cell systems for
energy storage. F, H, Schubert (Life Systems, Inc,, Cleveland, OH),
M. A. Reid (NASA, Lewis Research Center, Cleveland, OH), and R.
E. Martin (Unjted Technologies Corpi, South:Windsor, CT}. In:
Intersociety Energy Conversion Engineering Conference, 16th, Atlan-
ta, GA, August 9-14, 1981, Proceedings. Volume 1. {AB2-11701 02-
44) New York, American Society of Mechanical Engineers, 1981, p.
61-66, 11 refs,
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A deseription is presented of the results of a preliminary design
study of o regencrative fuel cell energy storage system for application
to future low-earth orbit space missions, The high energy density
storage system Is based on state.ofsthe-art alkaline electrolyte cell
technotogy and incorporates dedicated fuel cell and olectrolysis cell
modules, In addition to providing energy storsge, the system can
provide hydrogen and oxygen for attitude control of the satelfite and
for lite support, During the daylight portion of the orbit the
electrolysis module uses power provided by the solar array to
generate H2 and 02 from the product water produced by the fuel
cell module, The fuel cell module supplies electrical power during the
dark period of the orbit. G.R.

AB2-11736 * # High power solar array switching regulation.
D, K, Decker, J, Cassinelli {TRW Dafense and Space Systems Group,
Redondo Beach, ‘CA}, and M. Valgora {NASA, Lewis Research
Center, Cleveland, OH). In: Intorsociety Energy Conversion Engi
neering Conference, 16th, Atlanta, GA, August 9:14, 1981, Proceed-
ings. Volume 1, {AB2:11701 02-44) New Yark, Araarican Society of
Mechanical Enginecrs, 1981, p, 224.231,

1t is pointed out that spacecraft utilization projoctions for the
1980s and beyond show a trend toward extended lifetimes and larger
electric power systems, The need for improved power management
and energy transfer arising in connection with this trend has resulted
in the conduction of a Solar Array Switching Power Management
study, A description is presented of initial development work
porformed in the study, taking into account the characteristics for
three mission classes, Attention is given to the manned LEO platform
{250-ky. average load), the unmanned GEO platform {50-kW average
Joad), and an ion propulsion orbit transfer vehicle {50- to 250 KW
tond), G.R.

AB82-11765 * = Gallium arsenide solar celis-status and pros.
pects for use in space, H, W, Brandhorst, D, Flood, and 1, Weinberg
(NASA, Lowis Research Center, Cleveland, OH), In: Intarsociety
Energy Conversion Engineering Conferance, 16th, Atlanta, GA,
August 9-14, 1981, Proceedings, Volume 1, {A82:11701 02:44) New
York, Amarican Socioty of Mechanica! Engineers, 1981, p, 409-416.
27 rafs,

Gallium Arsenide salar cells now equal or surpass the ubiquitous
silicon solar calls in efficiency, radiation resistance, annealability, and
i the capability for producing usable power output at elevated
temperatures, NASA has developed a longwrange research and
davelopment jprogram to capitalize on these manifold advantages. in
this paper we roview the current state and future prospects for R&D
in this promising solar cell material, and indicate the prograss -being
made toward development of GaAs cells suitable for a variety of
space missions. Results are presented from studies which demon.
strate conclusively that GaAs cells can provide a net mission cost and
weight savings for certain important mission classes, {Author)

AB2-11796 * / Multijunction high voltage concentrator solar
cells, G, J. Valco, V., J, Kapoar {Case Westarn Reserve University,
Cleveland, OH), J. C. Evans, and AT, Chal (NASA, Lewis Research
Center, Cleveland, OH), In: infersociety Energy ConversionEngi-
neering Conference, 16th, Atlanta, GA, August 9-14, 1981, Proceed-
Ings, Volume 2. (A82-11701 02-44) New York, American Saciety of
Mechanical Engincers, 1981, p, 1649:16563, NASA-supported. re-

search,
The standard integrated circuit technology has been developed

to deslgn ane fabricate new innovative planar multi-junction solar
cell chips for concentrated sunlight appications. This 1 cm x 1 cm
cell consisted of several voltage generating regions called unit cells
which wera Internally connected in series within -a single chip
resulting In high open circuit voltagas, Typical open-circuit voltages
of 3.6 V and short-circuit currents of 80 ma were obtained at 80
AM1 suns. A dramatic increase in both short eircuit current and opon
circuit voltage with Increased light le-els was observed, {Authar)
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AB2-15438 * # Measuring the spacecraft and environmental
interactions of the 8-cm mercury {on thrusters on the P8C-1 mission,
J. L, Power [NASA, Lewis Research Center, lon Auxiliary Propulsion
Office, Claveland, OH), In: Electric propuision and its applications ta
space missions, (AB2:16432 04-12) Naw York, American Institute of
Aeronautics and Astronautics, 1081, p. 813.825, 14 refs,

The subject Interface measurements ate described for the Jon
Auxiliary Propulsic® System {JAPS) tiight test of two 8-cm thrusters,
The diagnostic dovices ond the effects to be measured Include: 1)
quartz crystal microbalances to detect nonvolatile dezosition due to
thruster operation; 2) warm and cold solar cdff monitars for
nonvolatile and volatile {mercury) deposition; 3) retarding potential
fon collectors to characterize the low energy thruster lonic efflux;
and 4) o probe to measure the spacecraft potantial and thruster
generated electron currents to biased spacecraft surfaces, The
diagnostics will also assess space enuironmental interactions of the
spacecraft and thrusters, The diagnostic data will characterize
mercury thruster interfaces and provide data useful for future
spplications, (Author)

AB2-35087 * # A simpliified design procedure for life prediction of
rocket thrust chambers, J. S. Porowski, W. J. O'Donnell, M. L. Badlani, B,
Kasrala (O'Donnoll and Associates, Inc, Pittsburgh, PA), and H. J. Kasper
(NASA, Lowis Research Center, Cloveland, OH). AlAA, SAE, and ASME, Joint
Propuision Conference, 18th, Cleveland, OH, June 21-23, 1982, AIAA Papor
82-1251. 9 p. 8 refs.

An analytical procedure for predicting thrust chamber life is developed. The
hot-gas-wall ligaments separating the coolant and cormbustion gas are subjected
to pressure loading and sovere thermal cycling, Thé rasulting stresses interact
during plastic straining causing incremental bulging of the ligaments during each
tiring cycle. This moachanism of plastic ratcheting is analyzed and a method using
a yiold surface for combined bending and membrane loading developed for
determining the incremental permanaont doflection and progréssive thinning near
the canter of the ligamants. Fatigue and tensila instability are analyzed as possi-
ble failure modes. Results of the simplified analyses compare favorably with
available experimenial data and finite elament analysis v4suits for OFHG {Oxy-
gen Fres High Conductivity) copper. Thaey are also In reasonably good agreement
with exporimental data for NARloy Z, & copper-zirconium-silver alioy doveloped
by the Rocketdyne Division of Rockwell International. {Author)

AB82-39599 * On the cause of the fiat-spot phenomenon observed In
silicon solar cells at low temperatures and low intensities, V. G, Welzerand
J. D. Broder (NASA, Lewls Research Center, Cleveland, OH). Journal of Applied
Physics, vol. 53, Aug. 1982, p. 5926-5930. 15 refs, ,

A model is presented that explains the 'flat-spot’ power-Joss phenomenon
observed In silicon solar cells operating under deep space {low temparature, low
inténsity) conditions. Evidence is presented suggesting that the effact is due to
localized metaliurgical interactions between the silicon substrate and the contact
metallization. These reactions are shown ta result in localizad regions in which
the PN junction is destroyed aid repiaced with a metal-semiconductor-like inter-
depth, and metallization are presented along with a method of prevanting the
effect through the suppression of vacancy formation at the tree surface of the
contact metallization. Preliminary data indicating the effectivenass of a TiN diffu-
sion barrier in preventing the eoffect are also given. {Author)

»

AB2-44750 * # Component technology for space power systems. R, G.
Finke (NASA, Lawis Research Center, Cleveland, OH). Intarnational Astronauti-
cal Federation, International Astronautical Congress, 33rd, Paris, France, Sopt,
27-Oct, 2, 1982, Papor 82-408 10 p. 15 refs. )

Progress made by NASA toward implementation of equipment for the conver-
sion, management, and distribution of voitage power in space applications are
raviewed. Work has baen carried forward on components such as bipolar transis-
tors, deep impurity semiconductors, conductors, dielactrics, magnetic devices,
and rotary power transfer. Specific programs lor the high voltage systems have
included research on lightwelght, low-cost conductors faaturing graphite {ibers
coftaining electron donor materials lor wires and cables with reduced mass and
the cenductivity of copper. Altention has &lso besn given p-n jut:élion technology
for high-speed, high-¢-irrent, high-voltage materials and diemond-like dielectric
{ilms which are hard Aave high dielectric strength, and can operate up to 300 C.
A transistor has been fabricated with a voltage of 1200 V. at 100 A, with & gain
of 10 and a 0.5 microsec rise/fall time. A 25 kW transformer has also beer bulit
which performs at 20 kHz with an efficiency of 99.2%. M.S.K.
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AS2-44085 * #  Oni the cause of the fiat spot Elienomenon observed in
siiicon solar celis at low temperatures and low intensities. V. G, Welzer and
J. D. Broder (NASA, Lewis Research Center, Cleveland, OH). In: Photovoitaic
Specialists Conference, 15th, Kissimmee, FL, May 12-15, 1981, Conference
Record, (AB2-44928 23-44) New York, Institute of Electrical and Electronics
Engineers, inc., 1981, p, 235, 236, 6 refs,

The resuits of an effort to determine the mechanisms invoived in the fiat spot
(FS) effect are given. It is suggested that the FS effect is due to a resistive
metal-semiconductor-like (MSL) interface in paralle! with the cell PN junction.
Regions responsible for the FS effect lie under the front surface metallization in
these cells, where the PN junction has been destroyed and replaced with a metat
silicide-semiconductar interface. Such structural changes, which appett to be
due to the thermally activated dissolution of the silicon, have been induced. n calls
as a result of isochranal heat treatments at temperatures between 450 C a'.d 560
C. It has been found that a 650 A layer of Ta205 evaporated over the met “iza-
tion is sufficlent to prevent the underlying silicon from pitting during the subx -
quent heat treatment, although pitting at the meta! silicon ambient interface could
still be observed. AB.

N82-11111*§ Boeing Aerospace Co., Seattle, Wash.
STUDY OF ELECTRICAL AND CHEMICAL PROPULSION
SYSTEMS FOR AUXILIARY PROPULSION OF LARGE SPACE
SYSTEMS, VOLUME 2 Final Report
W. W, Smith Nov. 1981 540 p refs 2 Vol,
{Contract NAS3-21952)
(NASA-CR-165502-Vol-2;: D180-2595-4-Vol-2) Avail: NTIS
HC A23/MF AO1 CSCL 21H

The five major tasks of the program are reported. Task 1 is
a literature search followed by selection and definition of seven
generic spacecraft classes. Task 2 covers the determination and
description of important disturbance effects. Task 3 applies the
disturbances to the generic spacecraft and adds maneuver and
stationkeeping functions to define total auxiliary propulsion
systems requirements for control. The important auxiliary
propulsion system characteristics are identified and sensitivities
to control functions and large space system characteristics
determined. In Task 4, these sensitivities are quantified and the
optimum  auxiliary propulsion system characteristice determiied,
Task 5 compares the desired characteristics with those avail-
able for both electrical and chemical .auxiliary propulsion systems
to identify the directions technology advances should take. T.M,

N82-12133%§ Hughes Research Labs., Malibu, Calif. lon
Physics Dept.
RETROFIT AND ACCEPTANCE TEST OF 30-cm [ON
THRUSTERS Final Report, 12 Apr. 1978 - 1 Apr. 1981
R.. L. Poeschel Jun, 1881 324 p
{Contract NAS3-21367)
(NASA-CR-165269) Avail: NTIS HC A14/MF AO1 CSCL
21C

Six 30 cm mercury thrusters ware modified to the J-series
design and evalusted using standsrdized test procecdures. The
thruster performance meets the design objectives (lifstime
objective requires verification), and documentation (drawings, etc.)
for the design is completed and upgraded. The etrofit modifications
are described and the test data for the inodifications are prasented
and discussed, S.L

N82-16172*§ Rocketdyne, Canoga Park, Calif.
REUSABLE ROCKET ENGINE MAINTENANCE STUDY Final
Report, Sep. 1980 - Oct. 1981
Charles A. MacGregor Jan. 1982 306 p
{Contract NAS3-22652)
{NASA-CR-165569; RI/RD81-226) Avait: NTIS
HC A14/MF AO1 CSCL 21H

Approximately 85,000 liquid rocket engine failure reports,
obtained from 30 years of developing and delivering major pump
feed engines, were reviewer] and screened and reduced to 1771.
These were categorized into 16 different failure modes. Failure
propagation diagrams were established. The state of the art of
engine condition monitoring for in-flight sensors and between
{light inspection technology was determined. For the 16 failure
modes, the potential measurands and diagnostic requirements
were identified, assessed and ranked. Eight areas are identified
requiring advanced technology development, M.
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NU2-18318%§ Mantin Marietta Aerospace, Denver, Colo,
PRIMARY PROPULSION/LAKGE SPACE SYSTEM INTER-
ACTION STUDY Final Report, Sep. 1979 - Dec. 1980
J: V. Coyner, R. H. Dergance, R. I. Robertson, and J, V, Wiggins
Dec. 1981 358 p refs
(Contract NAS3-21955)
(NASA-CR-165277; MCR81-504) Avail; NTIS
HC A16/MF AO1 CSCL 21H

An interaction study was conducted between propulsion
systéms and large space structures to determine the effect of
low thrust primary propulsion system characteristics on the mass,
area, and orbit transfer characteristics of large space systems
(LSS). The LSS which were considered would be deployed from
the space shuttle orbiter bay in low Earth orbit, then transferred
to geosynchronous equatorial orbit oy their own propulsion
systems. The types of structures studied were the expandable
box truss, hoop and column, and wrap radial rib esch with
various surface mesh densities, The impact of the acceleration
forces on system sizing was dutermined and the effects of single
point, multipoint, and transient thrust applications were examined.
Orbit transfer strategies were analyzed to determine the required
velocity increment, burn time, trip time, and payload capability
over a range of final acceleration levels, Variables considered
were number of perigee bums, delivered specific impulse, and
constant thrust and constant acceleration modes of progulsion,
Propulsion stages were sized for four propellant combinations:
oxygen/hydrogen, oxygen/methane, oxygen/kerosene, and
nitrogen tetroxide/monomethylhydrazine, for pump fed snd
pressure fed engine systems. Two types of tankage configurations
were evaluated, minimum length to maximize svailable payload
volume and maximum performance to maximize available payload
mass, S.L.

N82-21262*§ Xerox Electro-Optical Systems, Pasadena, Calif.
INERT GAS ION THRUSTER Final Report, Mar. 1978 -
Dec. 1980
William D. Ramsey Dec. 1980 80 p refs
{Contract NAS3-21345)
{NASA-CR-165521; NAS 1.26:165521; Rept-2372-5009) Avail:
NTIS HC AO5/MF AO1 CSCL 21C

Inert gas performance with three types of 12 cm diameter
magnetoelectrostatic containment (MESC) jon thrusters was
tested. The types tested included: (1) a hemispherica! shzped
discharge chamber with platinim cobalt magnets: (2) three
different lengths of the hemispherical chambers with samarium
cobalt magnets: and (3) three lengths of the conical shaped.
chambers with aluminum nickel cobatt magnets. The best argon
performance was produced by a 8.0 ¢cm long conical chamber
with ailnico magnets. The best xenon high mass utilization
performance was obtained with the same 8.0 cm long conical
thruster. The hemispherical thruster obtained 76 to 87% mass
utilization at 185 to 205 eV/ion of singly charged ion equivalent
beam. EAK.

N82-21253*f O'Donnell and Associates, Inc.. Pittsburgh, Pa.
DEVELOPMENT OF A SIMPLIFIED PROCEDURE FOR
THRUST CHAMBER LIFE PREDICTION Final Report
J. S. Porowski, M. Badlani, B. Kasrale, W. J. O Donnell, and D.
Peterson Oct. 1981 85 p refs
{Contract NAS3-22649)
{NASA-CR-165585; NAS 1.26:165585; ODAI-1403-12-81)
Avail: NTIS HC A05/MF A0t CSCL 21H

An analytical design procedure for predicting thrust chamber
life considering cyclically induced thinning and bulging of the
hot gas wall is developed. The hat gas wall, composed of ligaments
connecting adjacent cooling channel ribs "and separating the
coolant flow from the combustion gas, is subjected to pressure
loading and severe thermal cycling. Thermal transients during
start up and shut down cause plastic straining through the
ligaments, The primary bending stress superimposed on the
alternate in-plane cyclic straining causes incremental bulging of
the ligaments during each firing cycle. This basic mechanism of
plastic ratcheting is analyzed snd a method developed for
determining ligament deformation and strain. The method uses
a yield surface for combined bending and membrane loading to
dstermine the incremental permanent deflection and pregressive

. thinning near the center of the ligaments which cause the geometry

of the ligaments to change as the incremental strains accumulate.

Fatigue and tensile instability are affected by these local geometry

changes. Both are analyzed and a failure criterion developed.
Author
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N82-22308%§ Aeiojet Liquid Rocket Co., Sacramento, Celif,
LOW-THRUST isp SENSITIVITY STUDY Final Repent
L. Schosnman 12 Apr. 1982 2656 p refs
{Contract NAS3-22666)
{NASA-CR-185621; NAS 1.26:165621) Avail:  NTIS
HC A12/MF AO1 CSCL 21H

A comparison of the cooling requirements and attainable
specific impulse performance of engines in the 445 to 4448N
thrust class utilizing LOX/RP-1, LOX/Hydrogen and LOX/Methane
propellants is presented, The unique design requirements for the
ragsnerative cooling of low-thrust engines operating at high
pressurss {up to 6894 kPa) were explored analytically by
comparing single cooling with the fuel and the oxidizer, and
dual cooling with both tha fuel erd the oxidizer. The effects of
coolant channel geometry, chamtsr length, and contraction ratio
on the ability to provide proper covling were evaluated, as was
the resulting specific impulse, The resuits show that larger
contraction ratios and smaller channels are highly desirable for
certain propeliant combinstions, ™

N82-24286%) Colorado State Univ., Fort Collins, Dept. of
Maechanical Engineering.
ELECTRIC THRUSTER RESEARCH
Herold R. Kaufman and Rsymond S. Robinson Dec, 1981
151 p refs
{Grant NsG-3011)
(NASA-CR-165603;: NAS 1.26:165803) Avail:  NTIS
HC AOB/MF AO1 CSCL 21C

The multigole discharge chamber of an electrostatic ion
thruster is discussed. No reductions in discharge losses ware
obtained, despite repeated demonstration of anade potentials more
positive than the buik of the discharge plasma. The penaity
associsted with biased anode operstion was reduced as the
magnetic integral above the biased anodes was increased. The
hollow cathode is discussed, The experimental configuration of
the Hall cutrent thruster had a uniform field throughout the ion
generation and acceleration regions. To obtain reliable ion
generation, it was necessary to reduce the magnetic field strength,
to the point where excessive electron backflow was required to
establish ion acceleration, The theoretical study of ion acceleration
with closed electron drift paths resulted in two classes of solutions.
One class has the continuous potential variation in the acceleration
region that is normally associsted with a Hall current accelerator,
The other class has an almost discontinuous potential step near
the anode end of the acceleration region. This step includes a
significant fraction of the total acceleration potentis! difference.

Author

N82-24287*§ General Dynamics/Convair, San Diego, Calif,
LOW-THRUST CHEMICAL PROPULSION SYSTEM PRO-
PELLANT EXPULSION AND THERMAL CONDITIONING
STUDY, CXECUTIVE SUMMARY
F. Merino, |. Wakabayashi, R. L. Pleasant, and M. Hill Apr.
1982 42 p refs
{Contract NAS3-22650)
(NASA-CR-165622; GDC-NAS.-82-001; NAS 1,26:165622)
Avail: NTIS HC AO3/MF AO1 CSCL 21H

Preferred techriques for providing abort pressuiization snd
engine feed system net positive suction pressure (NPSP) for
low thrust chemical propulsion systems (LTPS) were determined.
A rapresantative LTPS vehicla configuration is presented. Analysis
tasks include: propellant heating analysis: pressurant require-
ments for abort propsllant dump; and comparative analysis of
oressurization techniques and thermal subcoolers. T.M.

NB2-24288*§ General Dynamics/Convair, San Diego, Calif.
LOW-THRUST CHEMICAL PROPULSION SYSTEM PRO-
:%‘.LAYNT EXPULSION AND THERMAL CONDITIONING
D
F. Merino, |. Wakabayashi, R. L. Plessant. and M. Hill Apr.
1982 210 p refs
{Contract NAS3-22650)
{NASA-CR-167841; GDC-NAS-82-002; NAS 1.26:167841)
Avail: NTIS HC A10/MF AO1 CSCL 21H
Thermal conditioning systems for satisfying engine net positive
suction pressure (NPSP) requirements, and propellant expulsion
systems for achieving propellant dump during a retum-to-launch
site (RTLS) aboit were studied for LH2/LO2 and LCH4/LO2
upper stage propeliant combinations, A state-of-the-art thurmal

45

conditioning system amploying helium injection beneath the
liquid surface shows the lowest weight penalty for LO2 and
LCH4. A technology system incorporating @ thermal subcooler
{heat exchanger) for engine NPSP resuits in the lowest weight
pevalty for the LH2 tank. A preliminary design of two state-of-the-
art and two new technology systems indicates s weight penasity
difference too small to warrant development of a LH2 thermel
subcooler. Analysis results showed that ths LH2/LO2 propeliant
expulsion systam is optimized for maximum dump line diameters,
whereas the LCH4/LO2 system is optimized for minimum dump
line diameter (LCH4) and maximum diump. line dismeter (LO2),
The primary uncertainty is the accurate determination of two-phase
flow rates through the dump system; experimentation is not
recommended because this uncestainty is not considered
significant. Author

N82-26381*§ Tuskegee Inst., Ala. o
CHARBRACTERIZATION OF ADVANCED ELECTRIC PROPUL-
SION SYSTEMS Final Report, 1 Jun. 1880 - 31 Jen. 1982
Pradosh K, Ray May 1982 82 p refs

(Grant NAG3-76)

(NASA-CR-167885; NAS 1,26:167885) JAvail: NTIS
HC AO5/MF AO1 CSCL 21C .

Characteristics of several advanced electric propulsion systems
are evaluated and compared, The propiision systems studied
are mass driver, rail gun, MPD thruster, hydrogen free radical
thruster and mercury electron bombardment ion engine. These
are characterized by specific impulse, overall efficiency, input
power, average thrust, power to average thrust ratio and sverage
thrust to dry weight ratio. Several important piysical characteris-
tics such as dry system mass, accelerator length, bore siza and
current pulse requirament are also evaluated in appropriate cases.
Only the ion engine can operate at a specific impulse beyond
2000 sec, Rail gun, MPD thruster and free radical thruster are
currently characterized by low efficiencies. Mass drivers have
the best performance characteristics in terms of overall efficiency,
power to average thrust ratio and average thrust to dry weight
ratio, But, they can only operate at low specific impulseés due
to large power requitements and are extremely long due to
limitations of driving current. Mercury ion engines have the next
best performance characteristics while operating at higher specific
impulses. It is concluded that, overall, ion engines have somewhat
better characteristics as compared to the other electric propulsion
systems, Author

N82-28350*§ Colorado State Univ., Fort'Collins.  Dept, of
Mechanical Engineering.
ELECTRIC AND MAGNETIC FIELDS
Harold R, Kaufman, Raymond S, Robinson, and Richard D, Etters
Mar, 1982 42 p refs
{Grart NsG-3011)
(NASA-CR-165604; NAS 1,26:165604) Avail:  NTIS
HC AOS/MF AO1 CSCL 21C

A number of energy momentum anomalies are described
that result from inhe use of Abraham-Lorentz electromagnetic
theory. These ansmalies have in common the motion of charged
bodies or current carrying conductors. relative to the observer,
The anomalies can be avoided by using the nonflow approach,
based on internal energy of the electromagnetic field. The
anomalies can also be avoided by using the flow approach, if
all contributions to flow work are included. The general objective
of this research is a fundamental physical understanding of electric

.and magnetic fields which, in turn, might promote the develop-
‘ment of new concepts in electric space propulsion, The approach

taken is to investigate quantum representations. of these fields.
TM,

NY2-33424*# TRW Defense and Space Systems Group, Redondo

Beach, Calif,

INTEGRATED PROPULSION FOR NEAR-EARTH SPACE MIS-
SIONS. VOLUME 1: <XECUTIVE SUMMARY Final Report,
29 Sep. 1980 - 29 Sep. 1981
C. L. Dailey, H. F. Meissinger, R. H. Lovberg, and S. Zafran- Oct.

1981 27 p refs
(Contract NAS3.-22661)
(NASA-CR-167889-Vol-1; NAS 1.26:167889-Vol-1;

;:aéw-ansseom-ur-vm-n Avail: NTIS HC A03/MF A01 CSCL
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Tradeoffs between electric propulsion system mass ratio and
transfer time from LEO to GEO were conducted parametrically for
various thruster efficiency, specific Impulse, and other propuision
parameters, A computer model was developed for performing orbit
transfer calculations which included the ef/ects of acrodynamic
drag, radiation degradation, and occuitatih. The tradeoff results
showed that thruster technology areas: ‘or integrated propulsion
shouid be directed towards improving primary thrusiar efficiency
in the range from 1500 to 2500 seconds, and be continued towards
reducing specific mass. Comparison of auxiliary propulsion systems
showed large total propellant mass savings with integrated electric
suxiliary propulsion. Stationkeeping is the most demanding on orbit
propuision requirement. At area densities above 0.5 sq m/Kg,
East-Waest stationkeeping requirements from solar pressure exceed
North-South stationkeeping requirements from gravitational forces.
A solar array pointing strategy was developed to minimize the
effects of atmospheric drag at. low altitude, enabling electric
propulsion to Initiate orbit transfer at Shuttle’s maximum. cargo
camrying altitude. Gravity gradient torques &re used during ascent
to sustain the spacecraft roll motion required for optimum. solar
airay illumination, A near optimum cover glass thickness of 6 mils
was established for LEO to GEO transfer. Author

N82-33425'# TRW Defense and Space Systems Group, Redondo
Beach, Calif.
INTEGRATED PROPULSION FOR NEAR-EARTH SPACE MIS-
SIONS. VOLUME 2: TECHNICAL Final Report, 29 Sep. 1980 -
29 Sep. 1081 .
C. L. Dailey, H. F. Meissinger, R. H. Lovberg, and S, Zafran Oct.
1981 173 p refs
(Contract NAS3-22661)
{NASA-CR-167885-Vol-2; NAS 1.28:167889-Vol-2;
TRW-37255-6002-UT-Vol-2) Avail: NTIS HC A08/MF A01 CSCL
210

The calculation approach is described for parametric analysis
of candidate electric propulsion systems empiayed in LEO to GEO
missions. Occultation relations, atmospheric asnsity effects, and
natural radiation effectr are presented. A solar cell cover glass
tradeoft is performed to determine optimuns glass thickness. Solar
array and spacecraft pointing strategies are described for low
altitude flight and for optimum array illumination during ascent.
Mass ratio tradeoffs versus transfer time provide direction for
thruster technology improvements. Integrated electric propulsion
analysis is performed for orbit boosting, inclination change, attitude
control, stationkeeping, repositioning, and disposal ‘unctions as
well as power sharing with payload on orbit. Comparison with
chemical auxiliary propulsion is made to quantify the advantages
of integrated propulsion in terms of weight savings and concomittant
{aunch cost savings. Author

N82-11110*4 Boeing Aerospace Co.. Seattle, Wash,
STUDY OF ELECTRICAL AND CHEMICAL PROPULSION
SYSTEMS FOR AUXILIARY PROPULSION OF LARGE SPACE
SYSTEMS., VOLUME 1: EXECUTIVE SUMMARY
W. W, Smith .and J. P. Clark Nov. 1981 35 p refs 2 Vol,
(Contract NAS3-21952)
{NASA-.CR-165502-Vol-1; D180-25956-3-Vol-1)
HC AO03/MF AO1 CSCL 21H

The objective was to determine the direction auxiliary
propulsion research and development should take to best meet
upcoming needs. The approach used was to define the important
electrical and chemical propulsion characteristics in terms of the
demands: that will be imposed by future spacecraft. Comparison
of these desired characteristics and capabilities with those
presently available was then used to identify deficiencies. T.M.

Avail: NTIS

AB2-11762* # High- and low-resistivity silicon solar cells, A,
Meulenberg, Jr, and R, A, Arndt {ZOMSAT Laboratories, Clarksburg,
MD). in: Intersociety Energy Jonversion Engineering Conference,
16th, Atlanta, GA, August 9-14, 1981, Proceedings. Volume 1.
(A82-11701 02-44) New. York, American Society of Mechanical
Engineers, 1981, p. 397-399, 13 refs. Research sponsored by the
Communications Satellite Corp.; Contracts No, NAS3-21280; No.

NAS3-22217,
ORIGINAL PACE IS
OF POOR QUALITY
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Attention Is given to recent work at COMSAT Laboratories on'
improving silicon solar cell efficiencies and open-circuit voltages for
both high (more than 1000 ohm-cm) and low (less than 1 ohm-cm)
resistivities, It is noted that open-circuit voltages above 650 mV have
been obtained for 0.1 ohm.cm cells and that air mass zero
efficiencies of 12.5% have been measured from 4-mil 1,250 ohm-cm,

C.R.

AB2-13434 * # 30-cm mercury ion thruster technology. R, L.
Poeschel, J. R. Beattie, P, A. Robinson, and J. W, Ward (Hughes
Research Laboratories, Malibu, CA). In: Electric propuliion and its
applications to space missions. (AB82-1543204-12). New York,
American Institute of Aeronautics and Astronautics, 1981, p,
346-361. 21 refs. Contract No. NAS3-21040.

The LeRC/Hughes 30-cm mercury fon thruster has been
developed to a state of maturity such that is has become meaningful
to formulate models for describing the performance characteristics of
the major subassemblies, The thruster hollow cathode and the ion
optics subassemblies have been investigated with this objective and
conceptual, semiquantitative models have been formulated for
relating lifetime and performance capabilities to design and operating
parameters, This paper summarizes the investigations, discusses the
factors considered for inclusion in the models, and describes the
status of the models. {Author)

AB2.15435 * } Characteristics of the LeRC/Hughes J-series
30-cm engineering model thruster, C, R, Collett, R. L. Poeschel, and
S. Kami (Hughes Research Laboratories, Malibu, CA). in: Electric
propuision and jts applications to space missions, (A82-15432 04-12)
New York, American Institute of Aeronautics and Astronautics,
¥981, p. 376-388, 25 refs. Contracts No, NAS3-21062; No.
NAS3-21357,

As a consequence of endurance and structural tests performed
on 900-series engineering mode! thrusters (EMT), several modifica-
tions in design were found to be necessary for achieving performance
goals, The modified thruster is known as the J-series EMT, The most
important of the design modifications affect the accelerator grid,
gimbal mount, cathode polepiece, and wiring harness, The paper
discusses the design modifications incorporated, the condition(s)
they corrected, and the characteristics of the modified thruster,

{Author)

AB2-18191 * Mass Driver Two - A status report. W, R.
Snow, R. S. Dunbar, J, A, Kubby, and G. K. O'Neill (Princeton
University, Princeton, NJ). (U.S. Army Armaments Research and
Development Command and Defense Advanced Research Projects
Agency, Conference on Electromagnetic Guns and Launchers, San
Diego, CA, Nov, 4-6, 1980.) IEEE Transactions on Magnetics, vol,
%AG-18, Jan, 1982, p, 127-134. 9 refs. Research supported by the
Space Studies Institute; Grant No. NsG-3176.

The current status of Mass Driver Two, a linear synchronous
motor for accelerating payloads or reaction mass, is discussed. Mass
Driver Two combines all the essential elements of an operational
mass driver with the exception of bucket recirculation and payload
handling. These essential elements include: magnetic flight, vacuum
environment, superconducting bucket coils, high acceleration {nomi-
nally 500 g's), optical position sensing and eléctronic triggering,
power circuitry similar to that of a flight article, and regenerative
braking. Mass Driver Two is opérated on a single shot basis. V.L

AB2-18199 * Mass driver reaction engine characteristics :nd
performance in earth orbital transfer missions. W, R. Snow and R, S.
Dunbar (Princeton University, Princeton, NJ). (U.S, Army Arms-
ments Research and Development Command and Defense Advanced
Research Projects Agency, Conference on Electromagnetic Guns and
Launchers, San Diego, CA, Nov. 4-6, 1980.) IEEE Transactions on
Magnetics, vol. MAG-18, Jan. 1982, p, 176-189. 19 refs, Research
supported by the Space Studies Institute; Grant No, NsG-3176,
Configurations of a typical mass driver reaction engine (MDRE)
are presented and its use for delivery of nzyloads to geosynchronous
orbit (GEO) from low earth orbit {LEO) js discussed. Basic rocket
equations. are developed for LEO to GEO round-trip missions using a
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single exhaust velocity, It is shown that exhaust velocities in the 5-10
km/sec range (specific Impuise of 500-1000 sec) are well cuited for
mass drivers, minimizing the overall cost of missions. Payload
delivery rate fractions show that there is little to be gained by
stretching out LEO to GEO transfer times from 90 to 180 days, It
therefore pays to use the shorter trip time, approxjmately doubling
the amount of delivered payioad during any fixed time of use of the
MDRE. V.L

A82-35056 * # Propulsion system options for low-acceleration orbit
transfer. L. Schoenman (Aerojet Liquid Rocket Co., Sacramento, CA). AlAA,
SAE, and ASME, Joint Propulsion Conference, 18th, Cleveland, OH, June 21-23,
1982, AIAA Paper 82-1186. 7 p. 6 refs, Contracts No. NAS3-21940; No, NAS3-
22665,

The present inventory of developed bipropsliant engines suitable for the orbit
transfer of large space structures is based on the uss of storable propellants
{nitrogen tetroxide/monomethyl hydrazine). A range of engine sizes from 22N (5
1bF) to over 26,690N (6000 IbF) is available, These engines are capable of
delivering specific impulse values from 2795 to 3089 N-s/kg (285 to 315 |bF.
sec/Ibm). A comparison is made between the attainable specific impulse of these
demonstrated engines and future low-thrust engine designs which can utilize
LOX/RP-1, LOX-methane, and LOX/hydrogen propeliants., The requirements for
cooling these small engines for multi-hour burns as well as the merits of operating
at nonoptimum performance mixture ratios to improve cooling margins and
reduce tank volumes are addressed in this paper. (Author)

AB2-37713 * # Developing a scalable inert gas ion thruster. E. James,
W. Ramsey, and G, Stelner (Xerox Electro-Optical Systems, Pasadena, CA).
AlAA, SAE, and ASME, Joint Propulsion Conference, 18th, Cleveland, OH, June
21-23, 1982, AIAA Paper 82-1275. 9 p, 9 refs. Contracts No. NAS3-22444; No.
NAS3-22876.

Analytical studies to identify and then design a high performance scalable lon
thruster operating with either argon or xenon for use in large space systems are
presented, The magnetoelectrostatic containment concept is selected ht its
efficient ion gerneration capabilities. The iterative nature of the baunding magnetic
fields allows the designer tc scale both the diameter and length, so that the
thruster can be adapted to spacecraft growth over time, Three different thruster
assemblies (conical, héxagonal and hemispherical) are evaluated for a 12 cm
diameter thruster and performance mapping of the various thruster configura-
tions shows that conical discharge chambers produce the most efficient dis-
charge operation, achleving argon efficiencies ot 50-80% mass utilization at
240-310 eV/ion and xenon efficiencies of 60-97% at 240-280 eV/ion, Preliminary
testing of the large 30 cm thruster, using argon propellant, indicates a 35%
irmprovement aver the 12 cm thruster in mass utilization efficiency. Since initial
performance is found to be better than projected, a larger 50 cm thruster is
already in the development stage. N.8.

a7
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23 CHEMISTRY AND MATERIALS
(GENERAL)
Includes blochemistry and organic chemistry.

NO2-16118*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio,
THERMODYNAMICS AID KINETICS OF THE SULFATION
OF POROUS CALCIUM SILICATE
Robert A. Milier and Fred J. Koh} 1981 18 p refs Presented
st the Fall Maeeting of the Eiectrochem. Soc., Inc., Denver,
11-17 Oct, 1981
{NASA-TM-82769; E-1023) Avail: NTIS HC AOZ/MF AO1
CSCL 111G

The suifation of plasma sprayed calcium silicate in flowing
SOZ/ni_r mixtures at 800 and 1000 C was investigated thermo-
gravimetrically. Reaction products were analyzed using electron
microprobe and X-ray diffraction analysis techniques. and resuits
were compared with thermodynamic predictions. The percentage.
by volume, of SO2 in air was varied between 0.036 and
10 percent. At 10 percent SO2 the weight gain curve displsys
8 concave downward shoulder early in the sulfation process. An
snalytical model was developed which treats the initist process
as one which decays exponentially with increasing time and the
subsequent process as ons which decays exponentisily with
incressing weight gain, At lower SO2 ievels the initisl rete is
controlled by the reactant flow rate. At 1100 C and 0.038 percent
SO02 there is no resction, in agreement with thermodynamic
ptedictions. S.L.

N82-17283°%§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.

PERFORMANCE OF PTFE-LINED COMPOSITE JOURNAL
EEARINGS

Harold €. Sliney and Frank J. Willisms {North American Aviation,
Inc., Los Angeles) 1982 18 p refs Presentad at Ann, Meeting
of the Am. Soc, of Lubrication Engr,, Cincinneti, 10-13 May
1982

(NASA-TM-82779; E-1110) Avail: NTIS HC AO2/MF AO1
CSCL 13!

Plain cylindrical journal bearings’ consisting of aramid fiber
reinforced epoxy outer shelis and glass fiber reinforcad PTFE
lubricating liners were. evaluated, All materials in these bearings
are electrically nonconductive; thus eliminating the problem of
gealvanic corrosion sometimes encountered with metal bearings
installed in dissimilar metal mountings, Fricticn and wear
characteristics were determined for loads, temperatures, and
oscillating conditions that are typical of current airframe bearirig
applications. Friction and wear characteristics were found to be
compatible with most airframe bearing requirements from -23 C
to 121 C, Contamination with MIL H-5606 hydraulic fluid
increased wear of the PTFE liners at 121 C, but did not affect
the structural integrity of the aramid/epoxy composite,  Author

AB2-23773 * Inexpensive cross-linked polymeric separators
madr; from water-soluble polymers, L-C. Hsu and D, W, Sheibley
(NASA, Lewis Research Center, Cleveland, OH). Electrochemical
Society, Journal, vol, 129, Feb, 1982, p, 251-254,

Polyvinyl alcohol (PVA), cross-linked chemically with aldehyde
reagents, produces membranes which demonstrate oxidation re-
sistance, dimensional stability, low ionic resistivity {less than 0,8
Ohms sq cm), tow zincate diffusivity (less than 1 x 10 to the -7th
mols/sq cm per min), and low zinc dendrite penetration rate (greater
than 350 min} which make them suitable for use as alkaline battery
separators, They are intrinsically low in cost, and environmental
health and safety problems associated with commercial production
appear minimal, Preparation, property measurements, and cell test
resuits in Ni/Zn and Ag/Zn cells are described and discussed,

{Author)
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N82-12138°% Ultrssystems, Inc., Irvine, Calit,

THERMAL OXIDATIVE DEGRADATION REACTIONS OF
P::lLUOROALKVLlTNIII Finsl Repart; Sap. 1080 - Sep.
1901

K. L. Paciorek, T. | lto, and R. H. Kratzer Oct. 1981 48 p
refs

{Contract NAS3.22517)
{NASA-CR-165818;  SN-1020-A1-F) Avail: NTIS
HC AO3/MF AO1 CSCL 07C

The mechanisms operative in thermal oxidative degradstion
of Fombiin Z and hexsfluoropropene oxide derived fiuids snc
the affect of alioys and additives upon these processes are
investigeted. The nature of arrangements responsible for the
inherent thermal oxidetive instability of the Fomblin Z fluids Is
not established. 1t was determined that this behavior is not
sssociated with hydrogen end groups or peroxy linksges. The
degradation rate of these fluids st elevated ismperatures in
oxidizing atmospheres is dependent on the surface/volume ratio.
Once. a limiting ratio is reached, s steady rate appesrs to be
sttained. Based on elements| anslysis and oxygen consumption
date; CF20CF2CF202, no, CF2CF20, is one of the major
srrisfigements present. The action of the M-50 and Til4 Al, 4 Mn)
stloys is much more drastic in the case of Foizdlin Z fluids
then. that observed for the hexafluoropropene derived materials,
The  effectivensss of antioxidation enticorresion sdditives, P-3
and phospha-s-triszine, in the presence of metsl alloys is very
limited at 316 C; at 288 C the additives arrested almost completely
the fiuid degradation, The phosphs-s-triszine sppesrs to be ot
lesst twice us effective as the P-3 compound; it also proiected
the coupon better. The Ti(4 AL, 4 Mn) aNoy degraded the fuid
mainly by chain scistion processas this tikes place to0 a much
lessar degres with M-50, SL

AR2-15896 * Quantitative separation of tetralin hydro-
peroxide from its decomposition prodicts by high performence
liquid chromatography, J, H, Worstell and S. R, Danlel (Colorado
School of Mines, Golden, CO), Journal of Liquid Chromatography,
vol. 4, 1981, p, 539-547, 19 refs, Grant No. NsG-3122, .

A mathod for the separation and analysis of tetralin hydro-
peroxide and jts decomposition products by high pressure liquid
chromatography has been daveloped, Eiution with a single, mixed
solvent from a micron-Porasil coluinn was employed, Constant
response factors (internal standard mathod) over large concentration
ranges and reproducible retention parameters are reported,

{Author}
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24 COMPOSITE MATERIALS

includes laminates,

N82-11117%§ Nationzl Aeronautics and Space Administration
Lewis Research Center, Cleveland, Ohio.
NOVEL IMPROVED PMR POLYIMIDES
Ruth H. Pater 1981 18 p refs Presented at the 13th Natl.
SAMPE Tech. Conf., Mt, Pocono, Pa., 13-15 Oct, 1981
(NASA-TM-82733; E-1045) Avall; NTIS HC AO2/MF AO1
CSCL 11D

A series of N-phenylnadimide (PN) modifie PMR polyimide
composites reinforced with graphite fibers was investigated. The
improved flow matrix resins consist of N-phenyinadimide (PN),
monomenthyl ester of 5:norbornene-2, 3-dicarboxylic acid {NE),
Jimethy! ester of 3,3, 4.4-benzophenonatetracarboxylic acide
(BTDE), and 4.4 methylenedianiline: (MDA}. Five modified PMR
resin systems were formulated by the addition of 4 10 20 mole
percent N-phenyinadimide to the standard PMR-16 composition.
These formulations and the control PMR resin were evaluated
for rheological charactaristics, The initial thermai and mechanical
properties of the PN modified PMR and the control PMR/Celion
600C composites were determined. The results show that the
addition of N-phenylnadimide to PMR-15 significantly improved
the resin flow charactesistics without sacrificing the composites
properties, Concentrations of 4 and 9 mole percent PN appear
to improve the thermoxidative stability of PMR composites.

ARH.

N82.14287°# Nailonal Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio,
DURABILITY/LIFE OF FIBER COMPOQSITES IN HYGRO-
THERMOMECHANICAL ENVIRONMENTS
C. C. Chamis and J. H. Sinclair 1981 28 p refs Pmsunted
at the Sixth Conf. on Composite Mater.: Testing and Design
sponscred by the Am. Soc. for Testing snd fipter., Fhoenix,
Ariz., 12-13 May 1981
(NASA-TM-82749; E-1065) Avail: NTIS HC AO3/MF AC1
CSCL 11D

Statistical analysis and multiple regression wore used to
determine and quantify the significant hygrothermomechanical
varisbles which infuence the tensile durability/lifs (cycle joading.
fatigue) of boron-fiber/epoxy-matrix (B/E) and high-modulus-
fiber/ epoxy-iiiatrix (HMS/E) composites. The use of the multiple
regression analysis reduced the variables from fifteen, assumed
initislly, to six or less with a probability of greater than 0.999,
The reduced varisbles were used to derive predictive models for
compression. an intralaminar shear durability/life of B/E and
HMS/E composites sssuming isoparamatric fatigue behavior, The
predictive models were subsequently generalizcd to predict the
durability/life of graphite-fiber-r generalized mode} is of simple
form, predicts conservative velues compared with measured date
and should be adequate for use in preliminary designs. BW,

N82-16181*# National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
PREDICTION GF COMPOSITE HYGRAL BEHAVIOR MADE
SIMPLE
Christos C. Chamis and J. R, Sinclair 1982 30 p refs Presented
at the 37th Ann, Conf, of the Soc. of the Plastics Ind. {SPI),
Washington, D.C,, 12-15 Jan. 1982
(NASA-TM-82780; E-1022) Avail: NTIS HC AO3/MF AO1
CscL 11D

A convenient procedure is described to determine the hygral
behavior (moisture expansion coefficients and moisture stresses)
of angleplied fiber composites using a pocket caiculator, The
procedure consists of equations and appropriate graphs for various
{+ or - theta) ply combinations. These graphs presen. reduced
stiffnass and moisture expansion coefficients as functions of {4
or - theta) in order to simplify and expedite the use of the
equations. The procedure is applicable to all types of balanced,
symmetric fiber composites including interply and intraply hybrids,
The versatility and generality of the procedure is iltustrated using
several step-by-step numerical examples. Author
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N82-21288°§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
STRENGTH ADYANTAGES OF CHEMICALLY POLISHED
BORON FIBERS BEFORE AND AFTER REACTION WITH
ALUMINUM
James A, DiCarlo and Robert J, Smiith 1982 28 p refs
Presented at iha 6iH Ann, Conf. on Composites and Advanced
Mater., Cocos Beach, Fia, 18-21 Jan. 1982; sponsored by the
American Ceramic Society
(NA SA-TM-8B2806; E-1146; NAS 1.15:82806) Avail: NIIS
HC A03/MF AO1 CSCL 13D

In order to determine. their strength potential, the fracture
properties of different types of commercial boron fibers ware
meassured before and after application of secondary strengthening
treatments. The principal treptments employed were a slight
chemical polish, which fémoved low strength surface flaws, snd
8 heat trastment in oxygen, which contracted the fibers and
thereby compressed intrinsic bulk flaws. Those fibér types most
significantly strengthened were 200 to 400 micrometers (8 to
18 mil) diameter boron on tungsien fibers produced in & single
chemical vapor deposition reactor. The slight polish increased
average tensile strenghts from 3.4 10 4.4 CN/m2GN/sq m (600 to
640 ksi) and reduced coefficients of varistion from about 15 to
3 percent. The oxygen heat treatment plus slight polish further
improved average strengths to 5.5 GN/m2 GMN/ sq m (800 ksi) with
coefficients. near 3 percent, To ascertain whether thess sxgeilent
properties could be retained after fabrication of B/Al composites,
as produced and polished 203 micromaters {8 mil) fibers ware
thinly coated with aluminum, heat treated at B/Al ‘sbrication
temparstures, and then tested in tsnsion and fiexure at room
temperature, The pre-polished fibers were observed to retain their
superior strengths to higher temperstures than the as-produced
fibers even though both were subjected 10 the same deétrimen-
tal reaction with aluminum, Author

N82-21269*§ National Aeronautics and Space Administration.
Lewis. Research Center, Cieveland, Ohin.
TUNGSTEN FIBER REINFORCED SUPERALLOY COM-
POSITE HIGH TEMPERATURE COMPONENT DESIGN
CONSIDERATIONS
Edward A, Winsa 1982 23 p refs Presented at the 111th
Ann. Meeting of the Am. Inst. of Mining, Met. and Petrol. Engr.,
Dallas, 14-18 Feb. 1982
(NASA-TM-B82811; E-1152; NAS 1.15:82811} Avail: NTIS
HC A02/MF AO1 CSCL 11D

Tungsten fiber reinforced superalloy composites (TFRS) are
intended for use in high temperature turbine components. Current
turbine component design methodology is based on applying
the experience, sometimes semiempirical. gained from over
30 years of superalicy component design. Current composite
component design capability is generally limited to the methodol-
ogy for low temperature resin matrix compcsites. Often the
tendency is to treat TFRS as just another superalloy or low
temperature composite. However, TFRS behavior is significantly
different than that of superallioys, and the high envilonment adds
consideration not common in low temperature composite
component design. The methodology used for preliminary design
of TFRS compornents are described. Considerations unique to
TFRS are emphasized. Author

N82.21260*# National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
THERMAL DEGRADATION OF THE TENSILE PROPERTIES
OF UNDIRECTIONALLY REINFORCED FP-AI203/EZ 33
MAGNESIUM COMPOSITES
R. T. Bhatt (AVRADCOM) and H. H, Grimes 1982 9 p- refs
Presented at the 111th Ann, Meeting of the Am. iInst. of Mining.
Met, and Petro. Engr., Dallas, 14-18 Feb. 1982
(NASA-TM-82817; E-1164; NAS 1,15:82817;
AVRADCOM-TR-82-C-2) Avail; NTIS HC AO2/MF A01 CSCL
110

The effects of isothermal and cyclic exposure on the room
temperature axial and transverse tensile strength and dynamic
flexural modulus of 35 volume percent and 55 volume peicent
FP-AI203/EZ 33 magnesium composites were studied. The
composite specimens were continuously heated in a sand bath
maintained at 350 C for up to 150 ‘hours or thermaily cycled
between 50 and 250 C or 50 and 350 C for up to 3000 cycles.
Each thermal cycle lasted for a total of six minutes with a hold
ime of two minutes at the maximum temperature. Results indicate




ISR e v

gt Ko

ot et e

to significant loss in tha room temperature axial tensile strength
and dynsmic flexurs! modulus of composites thermally cycled
between 50 and 250 C or of composites isothermally heated at
380 C for up to 160 hours from the strength and modulus
data for the untreated, as fabricated composites. In contrast,
thermal cycling between 50 and 350 C caused considerable
loss in both room temperature strength and modulus. Fractographic
analysis and measurament of composite transverse strength and
matrix hardness of thermally cycled and isothermally heated
composites indicated matrix softening and tiber/matrix debonding
due to void growth at the interface and matrix cracking at ths
likely causes of the strength and modulus foss behavior. S.L.

N82-22313*§ National Acronautics and Space Administration.
Lewis Research Center, Clevelund, Ohio,
COMPRESSION BEHAVIOR OF UNIDIRECTIONAL Fl-
BROUS COMPOSITE
J. H. Sinclair and C. C, Chamis 1982 20 p refs Presented
at Symp. on Compression Testing of Homogeneous Mater, and
Composites, Williamsburg. Va., 10-11 Mar. 1882; sponsored by
Am. Soc, for Testing and Materials
(NASA-TM-82833; E-1145; NAS 1,15:82833) Avail: NTIS
HC AOZ/MF AO01 CSCL 11D

The longitudinal zompression behavior of unidirectional fiber
composites is investigated using a modified Celanese test method
with thick and thin test specimens, The test data obtained are
interpretad using the stress/strain curves from back-to-back strain
gages, examination of fracture surfaces by scanning electron
microscope, and predictive equations for distinct failure modes
including fiber compression failure, Euler buckling, delamination,
and floxure. The results show that the longitudinal compression
fracture is induced by a combination of delamination, flexure,
and fiber tier breaks, No distinct fracture surface characteristics
can be associated with unique failure modes. An equation is
describad which can be ¢sed to extract the longitudinal
compression strength knowing the longitudinal tansile and flexural
strengths of the same composite system. M.G.

N82-24297*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio,
FACTORS INFLUENCING THE THERMALLY-INDUCED
STRENGTH DEGRADATION OF B/Al COMPQOSITES
James A, DiCarlo 1982 17 p refs Presented at the Symp,
on Failure Modes in Metal Matrix Composites, Dallas, 15-18 Feb,
1982; sponsored by Am. Inst. of Mining, Met. and Petrol. Engr,
{NASA-TM-82823; E-1175; NAS 1.16:82823) Avail: NTIS
HC AO2/MF AO1 CSCL 11D

Literature data related to the thermally-induced strength
degradation of B/Al composites were examined in the light of
fracture theories based on reaction-controlied fiber weakening.
Under the assumption of a parabolic time-dependent growth for
the interfacial reaction product, a Griffith-type fracture model
was found to yield simple equations whose predictions were in
good agreement with data for boron fiber average strength and
for B/Al axial fracture strain, The only variables in these equations
were the time and temperature of the thermal exposure and an
empirical factor related to fiber surface smoothness prior to
composite consolidation, Such variables as fiber diameter and
aluminum alloy composition were found to have little influence.
The basic and practical implications of the fracture model equations
are discussed. Author

N82.24300*§ Nstional Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
DESIGNING WITH FIGER-REINFORCED PLASTICS (PLAN-
AR RANDOM COMPOSITES)
Christos C. Chamis Washington ‘Mar, 1982 26 p refs
(NASA-TM-82812; E-1153; NAS 1,15:82812) Auvail: NTIS
HC A03/MF AOt CSCL 11D

The use of composite mechanics to predict the hygro-
thermomechanical behavior of planar random composites {PRC)
is reviewed and described. These composites are usually made
from chopped fiber reinforced resins {thermoplastics or thermo-
sets). The hygrothermomechani~ -t behavior includos mechanical
properties, physical properties, thermal propersties, fracture
toughness, creep and creep rupture. Properties are presented in
graphical form with samplu calculations to illustrate their use,
Concepts such as directional reinforcement and strip hybrids are
describect. Typical data that can be used for preliminary design

for various PRCs are included, Several resins and molding
compounds used 1o make PRCs are described briefly. Pertinent
references are cited that cover analysis and design methods,
materials, data, fabrication procedures and spplications, Author

N82-28385%§ Natlonal Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio,
METHOD AND APPARATUS FOR STRENGTHENING
BORON FIBERS Ratent Application
anmes A. DiCarlo, inventor {to NASA) Filed 23 Apr. 1982
12 p
{NASA-Case-LEW-13826-1; US-Patent-Appl-SN-371354) Avail:
NTIS HC AO2/MF AO1 CSCL 11D

The tensile strength of commercially available boron fibers
produced by the chemical vapor deposition of boron onto tungsten
wire substrates is increased by treating the fibers in. an oxygen
plus inert gas.{argun) atmosphere to about BBO C. High
temperature oxidation increases the residual compression of each
tungsten core by forming a thin boron oxide coating on the
fiber surface so that the fiber contracts axially. This incresses
the intrinsic strength of the fiber by raising the tensile strength
level required for core initiated fracture. After cooling to room
temperature the fibers are chemically polished to reduce their
diameters by 0.2 mils to 0.6 mils, The reduction in diameter
removes both original and oxidation induced surface flaws, The
strengthened fibers are intended to be utilized as reinforcement
in camposite tnaterials. Such materials may be boron/aluminum
or boron/epoxy. NASA

N82.263868*§ National Aeronautics and Space Administration,
Lewis Research Center, Claveland, Ohio.
ION BEAM TEXTURED GRAPHITE ELECTRODE PLATES
Patent Application
James S. Sgvey, Ralph Forman, Arthur N. Curren, and Edwin G.
Wintutky, wiventors {to NASA) Filed 31 Mar, 1982 14 p
{NASA-Cags.l EW.12018.2; LIS-Patant-Annl-SN-364072} Avail:
NTIS HC AO2/MF AO01 CSCL 11D

A specially textured surface of pyrolytic graphite exhibits
extremely low yields of secondary electrons and reduced numbers
of reflected primary electrons after impingement of high energy
primary electrons, Electrode plates of this material are used in
multistage depressed collectors, An ion flux having an -energy
between 500 eV and 1000 &V and a current density between
1.0 mA/sq cm and 6.0 mA/sq cm produces surface roughening
or texturing which is i the form of needles or spires. Such
textured surfaces are especially useful as anode collector plates
in high efficiancy electrun tube gavices. NASA

N82-30336*§ National Aeronautics and Space Administration,
Lewis. Rasearch Center, Cleveland, Ohio.
MODULUS, STRENGTH AND THERMAL EXPOSURE
STUDIES OF FP-A1203/ALUMINUM AND FP-AI203/MAG-
NESIUM COMPOSITES
R, T. Bhatt 1981 18 p refs Presented at the Symp. on
Composites and Advanced Mater., Cocoa Beach, Fla., 18-24 Jan.
1981
(NASA-TM-828B68; E-1238; NAS 1,15:82868;
A\/{UADCOM-TH-BLC-H Avail; NTIS HC AD2/MF A01 CSCL
140

The mechanical properties of FP-AI203 fiber reinforced
compositas prepared by liquid infiltratior,-techniques are improved.
A strengthening addition, magnesium, was incorporated with the
aluminum-lithium matrix alloy usually selected for these com-
posites because of its good wetting characteristics, This ternary
composite, FP-AI203/AI-(2-3]Li-{3-5)Mg, showed improved
transverse strength compared with FP-AI203/Al+(2-3)Li com-
posites, The lower axial strengths found for the FP-AI203/Al-(2-3}
Li-(3-5)Mg composites visra attributed to fabrication related
defects. Another technique was the use of Ti/B coated FP-AI203
fibers in the composites. This coating is readily wet by molten
aluminum and permitted the use of more conventional aluminum
alloys in the composites, Howaver, the anticipated improvements
in the axisl and transverse strengths were not obtained due to
poor bonding between the fiber coating and the matrix, A third
approach studied to improve the strengths of FP-Al203 reinforced
composites was the use of magnesitim alloys as matrix materials,
While these alloys wet fibers satisfactorily, the result indicated
that the magnesium alloy composites used offered no axial
strength or modulus advantage over FP-A1203/Al-(2-3)Li
composites. S.L.
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N82-30336¢*§ National Aeronautics and Space Administration,
Lewlis Research Center, Claveland, Chio
HIGH TEMPERATUHRE COMPOSITES.
FUTURE DIRECTIONS
Robert A. Signorelli 1982 25 p refs Presented 8t the 4th
Intern, Conf. on Composite Mater., Tokyo, 26-28 Oct 1982
(NASA-TM.82029; E-1280: NAS 1.15:82929) Avail: NTIS
HC A02/MF AO1 CSCL 11D

A summary of research investigations of manufscturing
methods, fabrication methods, and testing of high temperature
composites for use in gas turbine engines is presented, Ceramic/
ceramic, ceramic/metal, and metal/metal composites are
onsidered, Directional solidification of superalloys and eutectic
alloys, fiber reinforced metal and ceramic composites, ceramic
fibers and whiskers, refractory coatings, metal fiber/metal
composites, matrix metal selection, and the preparation of test
specimens are discussed J.D.

STATUS AND

N82-31449*# National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
ENVIRONMENTAL AND HIGH-STRAIN BATE EFFECTS ON
COMPOSITES FOR ENGIME APPLICATIONS
C. C. Chamis and G. T. Smith 1982 20 p refs Presented at
the 23rd Struct. Dyn. and Mater, Conf,, New Orleans, 10-12 May
1982; sponsored by AIAA, ASME, ASCE, and AHS Previously
announced in |AA as A82-30118
(NASA-TM-82882; NAS  1,15:82882) Avail:  NTIS
HC A02/MF A01 CSCL 11D

The Léwis Research Center is conducting a series of programs
intended to investigate and develop the application of composite
materials to structural components for turbojet engines. A significant
part of that effort is directed to establishing resistance, defect
growth, and strain rate characteristics of composite materials over
the wide range of environmental and load conditions found in
commercial turbojet engine operations. Both analytical and
experimental efforts are involved. Author

AB2-27440 * Effects of nadic ester concentration and
processing on physical and mechanical properties of PMR/Celion
6000 composites, F, |, Hurwitz znd J. D. Whittenberger {NASA,
Lewis Research Center, Cleveland, OH), In: Technology transfer;
Proceedings of the Thirteenth National Technical Conference, Mount
Pocono, PA, October 13-15, 1981, (AB2-27401 12-24) Azusa, CA,
Society for the Advancement of Material and Process Engineering,
1981, p, 477-486, 16 refs,

AB2-37101 * # Sensitivity analysis results of the effects of varicus
parameters on composite design, C. C, Chamis (NASA, Lewis Research Cen-
ter, Structures and Mechanical Technologles Div., Cleveland, OH). In: Reinforced
Plastics/Compositss Institute, Annual Conference, 37th, Washington, DC, Janu-
ary 11-15, 1982, Preprints, (A82-37081 18-24) New York, Soclety of the Plastics
Industry, Inc,, 1982 (Session 20-B), 8 p.

Sepjitivity analysis resuits are presented to assess the effects of a multitude
of important parameters on fiber composite design and structural response.
These results were obtained by using optimum design procedures in conjunction
with sensltivity analyses. Sensitivity analyses were performed to assess the
effects on composite optimum design and structural response of parameters
such fiber transverse and shear properties, in situ matrix elastic and strength
properties, correlation coefficients used in composite micromechanics and in
combined strength predictions, processing varlables, and perturbations of loading
conditions, The results show that matrix properties, fibervolume ratio and small
perturbations of the loading conditions have significant effects on certain compos-
ite structural responses. The remaining parameters have negligible effect.

{Author)

A32-38133 * On determination of fibre fraction in continuous fibre
composite materials. J. D. Whittenberger, F. I, Hurwitz (NASA, Lewis Research
Center, Cleveland, ORH), J. J. Ricca, and R. M, Jurta (U.S, Army, Army
Materials and Mechanics Research Center, Watertown, MA), Journal of
Materials Sclence Letters, vol. 1, June 1982, p, 249:252,

It s pointed out that the fibgr volume fraction is probably the most Important
parameter influencing the properties of fibrous composite materials. The present
investigation is concerned with questions regarding the accurate determination of
this parameter, It Is found that an estimate of the fiber volume fraction based on

determinations from several coupons taken from different reglons of a laminate
Is not accurate, At present liber volume (actions are not dyectly measured but
rather are calculated from the fiber welght fraction and densities of the composite
and fiber. Image analysis techniques can and should be applisd to determine fiber
volume fraction, However, several factors have {6 be considered In this connec-
tion. Jtis necessary to male many measurements of the local fiber area fractions,
and the preparation of representative planar cross sections paratlel to the fiber
axis may be difficult, GR.

AB2-40796 * Application. of a gripping systemn 1o test a uniaxisl
graphite fiber reinforced composite /PMR 15/Celion 6000/ in tension at
316 C, J, D, Whittenberger and F. 1. Hurwitz (NASA, Lewis Research Center,
Cleveland, OH). Polymer Composiles, vol. 3, Apr. 1882, p. 75-82, 5 refs,

A gripping system has been developed to test unlaxial, 0 deg orjentation PMR
15/Celion 6000 composites at slaevated temperatures. The methad involves com-
prasslon of grit-blasted laminéte hetween grit-blasted metal to give a non-slipping
interface for load transter, Tensila testing at both 316 C and room temperature
indicated that deformation wa elastic to fracture and that the variation In tensile
properties for one laminate is the same as that for several panels. In addition, the
tensile propzriies for unlaxial PMR 15/Celion 6000 are identical at 316 C and
room temperature. For nominally 51 volume percent fiber, the elastic modulus is
119.6 GPa, the fracture stressis 1370 MPa, and the strain to fracture is about
1,15 percent. |n addition, data are ‘presented which indicate that the gripping
system can be used for long term, elevated temperature testing of composite
materials, {Author)

A32-42657 * High-temperature resins, T, T, Serafini (NASA, Lewis Re-
search Center, Cleveland, OH). In: Handbook of composites, (AB2-42651 21-24)
New York, Van Nostrand Reinhold Co,, 1982, p, 88-114, 24 refs.

The basic chemistry, cure processes, properties, and applications of high tem-
perature resins known as polyimides are surveyed. Condensation aromalic poly-
mides are prepared by reacting aromatic diamines with aromatic dianhydrides,
aromatic tetracarboxylic acids, or with dialkyl esters of aromatic tetracarboxylic
acids, depending on the intended end use, The first is for coatings or films while
the latter two are more suitable for polyimide matrix resins. Prepreg solutions are
made by dissolving reactants in an apratic solvent, and advances in the addition
of a diamine on the double bond and radical polymerization of the double bond
are noted to have ylelded a final cure product with void-free characteristics.
Attention is given to properties of the Skybond, Pyralin, and NR-1508 polyimide
prepreg materials and characteristics of aging in the NP-150 polyimides, Finally,
features of the NASA-developed PMR polyimides are reviewed. M.SK.

AB2-45630 * Forced torsional properties of PMR composites with
varying hadic ester concentrations and processing histories. F. I. Hurwitz
(NASA, Lewis Research Center, Cleveland, OH). Polymer Composites, vol. 3,
July 1982, p. 152-161. 40 refs,

PMR nolyimide resin was prepared from 4,4'-methylenedianiline, the dimethy!
estnr of 3,3',4,4-benzophenonetetracarboxylic acid and the monomethy) ester of
5-norbornene-2,3-dicarboxylic acid (NE). The NE group serves as a chain ter-
minator and crosslinking site. PMR/Celion 6000 composites were fabricated from
resins having varying NE concentrations using two molding processes, and the
laminates characterized in forced torsion. Glass transition temperatures (T(g) ) of
360-390 C were observed in the crosslinked resins, as compared with the litera-
ture value of 284 C reported for the uncrosslinked system. T(g) did not decrease
with dacreasing NE concentrations over the range from 2,0 to 1.25 moles. Stoichi-
ometry, within the range studied, showed little influence on shear properties;
however, a 25% variation in matrix shear modulus with processing was observed.
The G(12) values determined in forced torsion were in excellent agreement with
those reported from tensilp tests of + or - 45 deg laminates. A branching and
possible secondary crosslink mechanism is proposed based on dynamic me-
chanical behavior and infrared spectra of the composites. (Author)

N82-12139*§ Composites Horizons, Pomona, Callf,
HYBRIDIZED POLYMER MATRIX COMPOSITE Final
Report
Bruce A. Stern and Teunis Visser Sep. 1881 85 p refs
(Contract NAS3-21384)
(NASA-CR-165340) Avall: NTIS HC AO05/MF AG1
11D

Under certain conditions of combined fire and impact, graphite
fibers are relaased to the stmosphere by graphite fiber composites.
The retention of graphite fibers in these situations is investigated,
Hybrid combinations of graphite tepe and cloth, glass cloth, and
resin additives are studied with resin systems. Polyimide resins
form the most resistant composites and resins based on simple
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novolaz spoxies the least resistant of thoss tested, Gidat
Improvament In the containment of the fibers is outained in
using graphite/glass hybrids, and nearly complete prevention of
Individual fibsr release Is made possible by the use of resin
sdditives, S.L

N82-14288*§ Wyoming Univ,, Laramis. Composite Materisls
Regesrch Group,
ANALYSIS OF CRACK PROPAGATION AS AN ENERQGY
ABSORPT:ON MECHANISM I METAL MATRIX COM-
POSITES Interim Report, Sep. 1279 - Dec, 1980
D?.nnld F. Adams and Daniel P, Murphy Feb, 1881 169 p
(]
{Grant NsG-3217)
{NASA-CR-165051; UWME-DR-101-102-1) Avail: NTIS
HC AOB/MF AO1 CSCL 11D

The crack initiation and crack propagation capability was
extended to the previcusly developed generalized plane strain,
finite element micromechanics analysis, Aiso, an axisymmetric
anslysis was developed, which contains ail of the general features
of the plane anslysis, including elastoplestic materis! behavior,
tempaerature-dependent materisl properties, and crack propagation.
These analyses were used 1o generats various example problems
demonstrating the -inslastic response of, and crack initiation snd
prcpagation in, & boron/sluminum composite, BW.

N82-16123*§ Purdue Upiv,, Lafayette, Ind, Composite Materials
Lab,
INDENTATION LAW FOR COMPOSITE LAMINATES
S, H. Yang 31 Jul. 1981 47 p refs
{Grant NsG-3185)
{NASA-CR-165460; CML-81-1) Avail: NTIS
HC AO03/MF AO1 CSCL 11D

Static indemgtion tests are described for glass/epoxy and
graphi(e/epoxy composite laminates with steef balls as the
indentor. Beam specimens clamped at various spans wera used
for the tests. Loading, unloading, and reloading data were obtained
and fitted into power laws, Results show that: {1) c=ntact behavior
is not appreciably affected by the span; (2} loading and
reloading curves seem to follow the 1.6 power law: and
{3) unloading curves are described quite well by a 25 power
lave. In addition, values were datermined for the critical indentation,
alpha sub cr which can be used to predict permanent indentations
in unlodding. Since alpha sub cr only depends on composite
material properties, only the loading and an unloading curve are
needed to establish the complete loading-unloading-reloading
behavior, Author

N82.16176*§ TRW, Inc., Cleveland, Ohio,
FABRICATION OF 30RON/ALUMINUM FAN BLADES FOR
SCR ENGINES Final Report, Jun, 1976 - Jun, 1580
G. S. Doble Mar, 1981 48 p refs
{Contract NAS3-20360)
{NASA-CR-165294; ER-7891-F} Awvail: NTIS
HC AOS/MF A0t CSCL 11D

The fabrication of boron/aluminum fan blades for the F-404
Supersonic Cruise Rosearch prototype engine by rapid air bonding
of fully dense monotapes is described, and the fan hlades
evaltated, The F-404 configuration is representative of a low
aspect ratio advanced design blade with supersonic capability,
Dovetail pull tests of this geometry, which substituted boron/
aluminum for titanium, suggested that excessive shear stresses
ware present in the root, A re~designed biade, incorporating a
titanium tang and root, was fabricated by hot isostatic pressing.
Blades appeared well bonded but the airfoil contained sizable
areas of deformation and identification from the alumina grain
used as a pressure transmitting medium. The use of hot
jsostatic pressing with a formed steel encapsulator should
eliminate this problem. J.DH,

N82-18326*§ Wyoming Univ,, Laramie, - Composite Materiais
Research Group.

MICROMECHANICAL PREDICTIONS OF CRACK PROPA-
QATION AND FRACTURE ENERGY IN A SINGLE FIBER
BORON/ALUMINUM MODEL COMPOSITE

Donald F, Adams and Jayant M. Mahishi Feb. 1982 65 p
refs

52

{Grant NsG-3217) \
{NASA-CR-168550; UWME.DR-201-101-1) Avail: NTIS
HC AO4/MF AO1 CSCL 11D

The exisymmetric finite eleament model and associated
computer program developed for the analysis of crack propagation
in & composite consisting of & single broken fiber In an annular
sheath "of matrix material was extepded to include 8 constant
displacement boundsry condition dusing an increment of crack
propagation. The tonstant displacement condition perriits the
growth of a stable crack, as opposed to the catastropic failure
in an earlier version, The finite element mode! was refined to
respond ‘mors accurately to the high stresses and stesp stress
gradients near the broken fiber end. The accuracy and effectivenass
of the conventional consiant strain axisymmetric element for
crack problems was established by solving the classical problem
of a penny-shaped crack in a thick. cylindrical rod under uxis!
tension, The stress intensity factors predicted by the present
finite element model are compared with existing continuum
resuits,

4+

NE2-20248*§ Bosing Military Alrplane Development, Seattle,
Wash, Advanced Alrplane Branch.
ENVIRONMENTAL EFFECTS ON DEFECT GROWTH IN
COMPOSITE MATERIALS Final Report
T. R. Porter - Jan. 1981 418 p refs
{Contract NAS3-20405)
(NASA-CR-166213; NAS 1.26:165213) Avgil:  NTIS
HC A18/MF AO7 C€SCL 11D

Data for evaluating the effects of moisture and temperature
on the integrity of fiber composite components was gathered,
In particular, the static and cyclic performance of three composite
taminates containing flaws was investigated at room temperature
and at 422 K (300 F) in wet and dry conditions: RAJ.F.

NB2-29363*§# Hughes Aircraft Co., Torrance, Calif,  Electron
Dynamics Div.
PYROLYTIC GRAPHITE COLLECTOR DEVELOPMENT
PROGRAM Final Report
William J, Wilkins 25 Feb, 1982 ,23 p refs
{Contract NAS3-22505)
{NASA-CR-167909; NAS 1.26:167909: W-09170) Avail:
NTIS HC A0O6/MF AO1 CSCL 11D

Pyrolytic jraphite promises to have significant advantages
as a material for multistage depressed collector electrodes. Among
these advantages are lighter weight, irnproved mechanical stiffness
under shock and vibration, reduced secondary electron back-
streaming for higher efficiency, and reduced outgassing at higher
operating temperatures, The essential properties of pyrolytic
graphite and the necessary design criteria are discussed, This
includes the study of suitable electrode geometries and methods
of attachment to other metal and ceramic collector components
copsistent with typical electrical, thermal, and mechanical
requirements, Author

N82-31448*# Douglas Aircraft Co., Inc., Long Beach, Calif.
KEVLAR/PMR-15 REDUCED DRAG DC-9 REVERSER STANG
FAIRING
R: T. Kawai Aug. 1982 140 p refs
(Contract NAS3-21763)
(NASA-CR-165448; NAS  1,26:165443) Avail: NTIS
HC AO7/MF A01 CSCL 11D

A reduced drag fairing for the afterbady enclozing the thrust
reverser actuators on the DC-9 has been developed with Keviar-49/
PMR-15 advanced composite material. The improved
reduces airplane drag 1% compared to the production baseline.
Use of composites reduces weight 40% compared to an equivalent
metal fairing. The Keviar-49/PMR-15 advanced composite is an
organic matrix material system that can be used at temperatures
up to 500 F. Author

AB82.13403 * Fatigue of Ni-Al-Mo aligned eutectics at ¢levat-
od temperatures, J. M, Tartaglia {Climax Molybdenum Company of
Michigan, Ann Arbor, Ml} and N. S, Stoloff {Rensselaer Polytechnic
Institute, Troy, NY). Metallurgical Transactions A - Physical Metal-
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lurgy and Materfals Science, vol, 12A, Nov. 1881, p, 1891,1898, 18
refs, Gronts No, NAG3-22; No, AF-AFOSR-80-0015,

The elavateds-temperature meshanical behavior of two aligned
outestics (N.8,1 wt % A5:26,4 wt % Mo and Ni-8,3 wt % Al-31,2 wt
% Mo) has bean Investigated utitizing monotonic and cyclic testing In
vacuum, Tenslle yleld strength and fatigue resistance increased from
26 to 725 C, but then weiafeduced at 826 C. The fatigue lives of
specimens tested ot 726 C dacreased sharply with decreasing
frequency, A shift from surface to Internal crack Inltiation was
observed upon increasing the test temperature from 726 to 826 C,
Stage (l crack propagation was observed at both temperatures, in
contrast to stage | cracking ot 25 C, Tha test rosults are compared to
those for other nickel and cobalt-base aligned eutactics to show that
the frequency effect on fatigue life Is not limited to the Ni-Al-Mo
systam, {Author)

AB82:31339 * Work of fracture in aluminum metal-matrix
composites. A, Skinner (Revere Research, Ine,, Edison, NJ), M, J,
Koczak !Drexel University, Philadelphia, PA), and A, Lawlay,
Matallyrgic W Transactions A » Physical Metallurgy and Materials
Science, vol, 13A, Feb. 1982, p, 289:207. 13 refs. Grant No,
NsG-3128,

Mechanical tests were conducted on B/AI composites and, for
comparison, FP-AI203/Al cumposites in the as-fabricated condition
and following high-tomperature isothermal expostre or thermal
¢ ~ling. in B/Al {1100), Isothermal exposure at 773 K for 125 hr
reduced toughness, measurod by the work of {racture, from 76 to 10
kJ/sqa m, and a slmilur reduction was observed after equivalent
thermal cycling. In B/Al {60G1), the same isothermal exposure
reduced toughness from-44.6 10 8 KJ/sq m, but the effect of thermal
cyeling was less detrimental, In FP-AI203/Al, the work of {racture
was nsensitive te-either type of treatment, Experimental results are
interpreted In terms of matrix softening, intorface properties, and
fiber noteh sunsitivity, V.L.

A82-46220 * Tensile properties of SiC/aluminum fllamentary com-
positen - Thermal degradation sffects. A, Skinner (Revere Research, Inc,,
Edison, NJ), M. J. Koczak, and A, Lawley (Drexel Univarslity, Philadelphia, PA),
Powder Motallurgy Intorational, vol. 14, Aug, 1982, p. 144-147. 18 refs, Grant
No, NsG-3128,

Aluminium metal matrix compositas with a low cost fiber, e.g. SIC, provisia for
an atiractive combination of high elastic madulus and longitudinal strengths <ou-
plad with a fow donsity, SIC (volume fraction 0.56)-aluminum (6061) systems
have been studied in ordor to optimize fiber composita strongth and processing
paramoters, A comparison of two SIC/aluminum composites praduced by AVCO
and DWA Is provided. Fibor propertiés are shown to alter composite tensile
proportios and fracture morpholagy. The room tempaerature tensile strongths
appoar to bo insensitive o tharmal exposures at 500 C up to 1560 h, The elastic
modulus of the composites also appears to be stable up to 400 C, howevet
varlations in the loss modulus are apparent. The fracture morphology reflects the
quality of tho Interfacial bond, fibor strengths and fiber pracessing.  (Author)
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25 INORGANIC AND PHYSICAL
CHEMISTRY

Includes chemical analysis, e.g., chromatography; combus-
tion theory; electrochemistry; and photochemis™y.

For related information see also 77 Thermoaynamics and
Statistical Physics.

N82.19333*}§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ghio.
NASA REDOX CELL STACK SHUNT CURRENT, PUMPING
POWER, AND CELL PERFORMANCE TRADEOFFS Final
Report
Norman Hagedom, Mark A, Hoberecht, and Lawrence H, Thaller
Feb. 1982 33 p refs
{Contract DE-AI01-80AL-12726)
(NASA-TM-82686: DOE/NASA/12726-11: E-967) Avail:
NTIS HC AO3/MF AO1 CSCL 10C

The NASA Redox energy storage system is under active
technology developmant. The hardwsre undergoing laboratory
testing is either 310 sgq. cm. or 929 sq. cm. {0.33 sq. ft. or
1.0 sq. ft, per cell active area with up to 40 individual cells
connected to make up a modular cell stack. This size of hardwara
allows rather accurate projections to be made of the shunt
power/pump powér tradeoffs, The modeling studies that were
completed on the system concept are reviewed along with the
approach of mapping the performance of Redox cells cover a
wide rangje of flow rates and depths of discharge of the Redox
solutions, Methods are outlined for estimating the pumping and
shunt current losses for any type of cell and stack combination.
These methods are applicable to a variety of pumping options
that are present with Redox systems. The results show that a
fully developed Redox system has acceptable parasitic losses
when using a fixed flow rate adequate to meet the worst conditions
of current density and depth of discharga, These losses are reduced
by about 65 percent if variable flow schedules aré uged. The
exact value of the overall parasitics will depend on' the specific
system requirements of current density, voltage limits, charge,
discharge tims, etc. 8.4,

N82-21268* National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Chio.
METHOD OF MAKING FORMULATED PLASTIC SEPARA.
TORS FOR SOLUBLE ELECTRODE CELLS Patent
Dean W. Sheibley, inventor {to NASA} Issued 5 Jan, 1982
7 p Filed 3 Nov. 1977 Supersedes N78-26148 (16 - 16,
p 2085) Cuntinuation of US Patent Appl. SN-776146, US
Patent-4,133,941, filed 10 Mar, 1977
{NASA-Case-LEW-12368-2; US-Patent-4,308,372;
US-Patent-Appl-SN-848428; US-Patent-4,133,941;
US-Patent-Appl-SN-776146; US-Patant-Class-2£4-453;
US-Patent-Class-264-53; US-Patent-Class-264-216;
US-Patent-Class-427.115; US-Patent-Class-427-244;
US-Patent-Class-427-246) Avail: US Patent and Trademark
Office CSCL 07D ~

A method making a membrane comprised of a hydrochloric
acid-insoluble sheet of a8 mixture of a rubber and a powdered
ion transport material is disclosed, The sheet can be present as
a coating upon a flexible and porous substrate, These membranes
can be used in oxidation-raduction electrical accumulator cells
wherein the reduction of one member of a couple is accompained
by the oxidation of the other member of the couple on the
other side of the cell and this must be accompained by a change
in chloride ion concentration In both sides. The method comprises
preparing a mixture of fine rubber particles, a solvent for the
rubber and a powdered ion transport material. The mixture is
formed into a sheet and dried to produce a microporous sheet.
The ion transport material includes particles ranging from about
0.01 to 10 microns in size and comprises from 20 to 50 volume
percent of the microporous shest.

Official Gazette of the U.S, Patent and Trademark Office

NB82-22327*§ National Aeronautics and Space Administration.
Lewis Resaarch Center, Cleveland, Ohio.

CROSS-LINKED POLYVINYL ALCOHOL FILMS AS ALKA-
LINE BATTERY SEPARATORS

Dean W, Sheibley, Michelie A. Manzo, and Olga D. Gonzalez-

Senabria Mar, 1982 19 p refs Presented at the 16Bth
Meeting of the Electrochim, Soc., Hollywood, Fla.,, 6-10 Oct,
1980
{NASA-TM-82802; E-1141; NAS 1,16:82802) Avall: NTIS
HC A02/MF AO1 CSCL 07D

Cross-linking methods were investigated to determine their
effect on the performance of polyviryl alcohol {PVA) films as
alkaline battary separators. The following types of cross-linked
PVA films are discussed: (1) PVA-dialdehyde blends post-trested
with an acid or acid periodate solution {two-step method} and
{2) PVA-dialdehyde blends cross-linked during film formation
(drying} by using a reagent with both aldehyde and acid
functionality {one-step method). Laboratory samples of each
cross-linked type of film were prepared and evaluated in standard
separator screening tists. The pilot-plant batches of films were
prepared and compared to measure differences due to the
cross-linking method. The pilot-plant materisis were then tested
in. nickel oxide - zinc cells to compare the two methods with
rézpect 10 performance characteristics and cycle life. Cell test
restlts are compared with those from tasts with Celgard. Author

N82-31450*# National Aeronautics and Space Administration,
Lewis Rusearch Center, Cleveland, Ohio.
PIEZOELECTRIC COMPOSITE MATERIALS Patent Applica-
tion
L. J. Kiraly, inventor (to NASA) Filed 12 Jul, 1982 9 p
(NASA-Case-LEW-12582-1; US-Patent-Appl-SN-397281) Avail;
NTIS HC A02/MF A01 CSCL 11D

A laminated structural device that has the ability to change
shape, position and resonant frequency without using discrete
motive components is described. The laminate may be a combina-
tion of layers of a piézoelectrically active, non-conductive matrix
material, A power source selectively places various levels of charge
an electrically conductive filaments imbedded in the respective
laysrs to producs various configurations In a pradsterminsd mannar.

The layers may be electrically conductive, having imbedded

piezoe!sctrically active filaments. A combination of layers of

electrically conductive material may be laminated to layers of
piezoelectrically active material. NASA

N82-31459*# National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
DESIGN FLEXIBILITY OF REDOX FLOW SYSTEMS
Norman H. Hagedorn and Lawrence H. Thaller 1982 18 p refs
Presentad at the Intersoc. Energy Conversion Eng. Conf, Los
Angeles, 8-13 Aug. 1982
(Contract DE-AI04-80AL-12726)
(NASA-TM-82854; E-1223; NAS 1.15:82854,
DOE/NASA/12726-16) Avail: NTIS HC A02/MF A01 CSCL
10C

The characteristics inherent in Redox flow systems permit
ccnsiderable latitude in designing aystems for specific storage
applications. The first of these characteristics is the absence of
plating/deplating reactions with their attendant morphology
changes at the electrodes. This permits a given Redox system to
operate over a wide range of depths of discharge and charge/
discharge rates. The second characteristic is the separation of
power generating components (stacks) from the energy storage
components (tanks). This resuits in cost effactive system design,
ease of system growth via modularization, and freedom from sizing
restraints so that the whole spectrum of applications, from utilities
down to single residence can be considered. The final characteris-
tic is the commonality of the reactant fluids which assures that all
cells at all times are receiving reactants at the same state of
charge. Sinca rio cell can be out of balance with respect to any
other cell, it is possible for some celis to be charged while others
are discharging, in effect creating a DC to DC transformer. It is
also possible for various groups of celis to be connected to
separate loads, thus supplying a range of output voltages. Also,
trim cells can be used to maintain constant bus voltage as the
load is changed or as the depth of discharge increases. The
commonality of reactant fluids also permits any corrective measures
such as rebalancing to occur at the system level instead of at the

single cell level,
ORIGINAL PAGE IS
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N82-33483*# Naticrial Aeronautics and Space Administration,
Lawis Research Center, Cleveland, Ohio.
CHEMICAL AND ELECTROCHEMICAL BEHAVIOR OF THE
Cr(3)/Cr(2) HALF CELL IN THE NASA REDOX ENERGY STOR-
AGE SYSTEM
David A. Johnson (Spring Arbor Coll.) and Margaret A, Reid 1982
21 p refs Presented at The 162nd Meeting of the Electrochem.,
Soc., Detroit, 17-22 Oct, 1982
(Contract DE-AI04-80AL-12726)
(NASA-TM-82913; E-1318; DOE/NASA/12726-17; NAS
1.15:82913) Avall: NTIS HC A02/MF A01 CSCL 10C

The Cr(lll) complexes in the NASA Redox Energy Storage
Systeri were Isolated and identified as Cr(H20)6(+3) and
Cr(H20)5CI(+2) by ion exchange chromatography and visible
spectrophotometry, The cell reactions during charge-discharge
cycles were followed by means of visible spectrophotomstry. The
spectral bands werae resolved into component peaks and concentra-
tlons calculated using Beer’'s Law. During the charge mode
Cr(H20)5CI(-+2) is reduced to Cr(H20)5CI(+-) and during the
discharge mode Cr(H20)5CI(-+-) is oxidized back to Cr(H20)5CI
(+2). Both electrode reactions occur via a chloride-bridge
inner-sphere reaction pathway. Hysteresis effects can be explained
by the slow attainment of equilibrium between Cr(H20)6(+3) and
Cr(H20)5CI(+2), Author

AB2-43194 * The premixed flame in uniform straining flow. P, A, Dur-
bin (NASA, Lewis Research Center, Cleveland, OH). Journal of Fiuld Mechanics,
vol, 121, Aug, 1882, p, 141-161, 19 refs.

Characteristics of the premixed flame In uniform straining flow are investigated
by the technique of activation-energy asymptotics. An Inverse method is used,
which avolds some of the restrictions of previous analyses, It Is shown that this
method recovers known results for adiabatic flames, New results for flames with
heat loss are obtained, and it s shown that, in the presence of finite heat loss,
straining can extinguish flames. A stability analysis shows that straining can
suppress the celiular Instabliity of flames with Lewls number less' than unity.
Strain can produce instability of flames with Lewls number greater than unity, A
comparison shows quite good agreement between theoretical deductions and
exparimental observations of Ishizuka, Miyasaka & Law (1881), (Author)

N$2.22326*}§ Woestinghouse Electric Corp., Concordville, Pa,
Combustion Turbine Systems Div,
LOW NO SUB x HEAVY FUEL COMBUSTOR CONCEPT
PROGRAM. PHASE 1A: COMBUSTION TECHNOLOGY
GENERATION COAL GAS FUELS Final Report
T. P, Sherlock Feb. 1982 67 p refs
{Contracts DEN3-146; DE-AIO1-77ET-13111)
(NASA-CR-166814; DOE/NASA/0146-2; NAS 1,26:166614)
Avail: NTIS HC AO04/MF AO1 CSCL 20B

Combustion tests of two scaled burners using actual coal
gas from a 25 ton/day fluidized bed coal gasifier are described,
The two combustor configurations studied were a ceramic lined,
staged rich/lean burner and an integral, all metal multiannual
swirl bumer (MASB). The tests were conducted over a range of
temperature and pressures representative of current industrial
combusticn turbine inlet conditions. Tests on the. rich leen bumer
were conducted at three levels of product gas heating vriues:
104, 197 and 254 btu/scf. Corresponding levels of NOx emissions
were 5, 20 and 70 ppmv. Nitrogen was added to the fuel in
the form of ammonia, and conversion efficiencies of fuel nitrogen
to NOx were on the order of 4 percent to 12 percent, which is
somewhat lower than the 14 percent to 18 percent conversion
efficiency when src-2 liquid fuel was used. The MASB was tested
only on medium btu gas {220 to 270 btu/scf), and produced
approximately 80 ppmv NOx at rated engine conditions. Both
burners operated similarly on actual coal gas and erbs fuel, and
all heating values tested can be successfully burned in current
machines, S.L

NB82-26337*§ General Electric Co., Syracuse, N.Y. Gas Turbine
Div,

LOW NO SUB x HEAVY FUEL COMBUSTOR CONCEPT
PROGRAM PHASE 1A GAS TESTS

M. B. Cutrone, Kenneth W, Beebe, and Martin B, Cutione ' Apr,
1982 135 p refs

(Contract DEN3-147)

{NASA-CR-167877: DOE/NASA/0147-2; NAS 1,26:167877)

55

Avail: NTIS HC AO7/MF AD1 CSCL 21B

The emissions performance of a rich Jean combustor
(developed for liquid fuels) for combustion of simulated coal
gases ranging in heating value from 167 to 244 Btu/scf were
assesspd. The 244 Btu/scf gas is typical of the product gas
from an oxygen blown gasifier, while the 167 Btu/scf gas is
similpr to that from an air blown gasifier. Although mesting
NOx poals far the 167 Btu/scf gas, NOx peiformance of the
rich lean combustor did not ineet program goals with the
244 Btu/scf gas because of high thermal NOx, similar to levels
expected from conventional lean burning combustors, The NOx
emissions are attributed to inadequate fuel air mixing in the
tich stage resulting from the design of the large central fuel
nozzle delivering 71% of the total gas flow. NOx generation
from NH3 was significant at ammonia concentrations significantly
less tha 0.5%. These levels ogcur depending on fusl gac cleanup
system design, However, NOx yield from ammonia injected into
the fuel gas dacreased rapidly with increasing ammonia level,
and Is projected to be less than 10% at NH3 levels of 0.5% or
higher. S.L.

N82-25338*j§ Detroit Diesel Allison, Indianapolis, Ind
LOW NOx HEAVY FUEL COMBUSTOR CONCEPT PRO-
GRAM ADDENDUM: LOW/MID HEATING VALUE
GASEOUS FUEL EVALUATION Final Report, Apr, 1981 -
Feb. 1982
A. S, Novick and D. L. Troth Apr. 1882 77 p refs
{Contract DEN3-148)
(NASA-CR-165615; DOE/NASA/0148-2; NAS 1.26:165615;
EDR-10950) Avail; NTIS HC AO5/MF AO1 CSCL 21B

The combustion performance of a rich/quench/lean (PCL)
combustor was evaluated when operated on low and mid heating
value gaseous fuels. Two synthesized fuels were prepared having
lower heating values of 10.2 Md/cu m. (274 Btu/scf) and
6.6 MJ/cu m (176 Btu/scf), These fuels were configured to be
representative of actual fuels, being composed primarily of
nitrogen, hydrogen, carbon monoxide, and carbon dioxide, A liguid
fuel air assist fue! nozzle was modified to inject both of the
gaseous fusls, The RQL combustor liner was not changed from
the configuration used when the liquid fuels were tested. Both
gaseous fuels were tested over a range of power levels from
50 percent load to maximum rated power of the DDN Model
5§70-K industrial gas turbine engine. Exhaust emissions were
recorded for four power lavel at several rich zone equivalence
ratios to determine NOx sensitivity o the rich zone operating
point. For the mid Btu heating value gas, ammonia was added
to the fuel to simulate a fuel bound nitrogen type gaseous fuel.
Results at the testing showed that for the low heating value
fuel NOx emissions were all below 20 ppme and smoke was
below a 10 smoke number. For the mid heating value fuel,
NOx emissions were in the 50 to 70 ppmc range with the
smoke below a 10 smoke number, S.L.

AB2.15732 * Moderate temperature Na cells, i1l - Electro-
chemical and structural studies of Cr0,5V0.552 and its Na inter-
calates. K. M, Abraham and L. Pitts {EIC Laboratories, Inc,, Newton,
MA). Electrochemical Society, Journal, vol, 128, Dec. 1981, p.
2574-2577. 20 refs. Contract No. NAS3-21726.

Experimental results are reported on the behavior of a recharge-
able Na cell incorporating a Cr0.5V0.5S2 cathode. The cell operates
at 130 C and uses as electrolyte a 1M solution of Nal in
1,2-bis{2-methoxy-ethoxy)ethane (triglyme). The mechanism of dis-
charge of Cr0.6V0.852 involves Na intercalation. It is found that the
maximum rechargeable capacity of the Cr0,5V0.5S82 cathode is 0.7
eloverbar)/mol. With an average cell voltage of 1.9 V, the theoretical
specific energy of the cathode is 273 W-hr/kg. V.L.

AB82-15743 * Moderate temperature Na cells. IV - VS§2 and
NbS2CI2 as rechargeable cathodes in' molten NaAlCl4. K. M.
Abraham, M. W. Rupich, and L. Pitts (EIC Laboratories, inc.,
Newton, MA). Electrochemical Society, Journal, vol. 128, Dec.
1981, p, 2700-2702, 10 refs. Contract No. NAS3-21726.
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AB2-17746 * } Secondary effects in combustion instabilities
feading to flashback, L. Vaneveld, K. Hom, and A. K. Oppenheim
(Catiiornia, University, Berkeley, CA), American Institute of Aero-
nautics and Astronautics, Aerospace Sciences Meeting, 20th, Orlan-
do, FL, Jan, 11-14, 1982, Paper §2-0037. 16 p, Grant No, NsG-3227;
Contract No. W-7405-eng-48,

The secondary effects In turbulent combustion instabllities
leading to flashback are investigated, including those due to
buoyancy and contraction at the combustor outlet, Experiments
were canducted in an oblong, rectangular cross-section combustion
tunnel, where the effects of a bluff-body flames holder were
generated by a rear-facing step behind a streamlined inlet nozzle, The
results of experiments leading to flashback with the stop mounted at
the bottom of the combustion chamber were comparell to those of
experiments in which it was jocated at the top. lrrespective of the
flow obstructions introduced downstream, the critical equivalence
ratio for flashback was consistently lower with the step at the
hottom, indicating that buoyancy was enhancing the growth of the
recirculation zone that pushed the flame upstream and caused
flashback. The contraction at the end of the combustion chamber
had a promoting influence on the process of vortex pairing,
re-enforcing the influence of the trailing vortices over that of the
recirculation vortex system, and thereby curbing the tendency to
flashback. Provided that the flow velocity was low, however, the
characteristic features of combustion. instabilities leading to flash-
back In the absence of contraction could still be established in its
presence, J.F,

AB82-20739 * High temperature durable catalyst devefop-
ment. G. C, Snow and H. Tong {Acurex Corp., Mountain View, CA),
Workshop on.Catalytic Combustion, 5th, San Antonio, TiZ, Sept. 15,
16, 1981, Paper. 38 p. 14 refs, Research supported by the Acurex
Corp.; U.S. Environmental Protection Agency Contract No.
68-02-3122; Contract No. DEN3-83.

A program has been carried out to develop a catalytic reactor
capable of operation In environments reprosentative of those
anticipated for advanced automotive gas turbine engines. A reactor
consisting of a graded cell honeycomb support with a combination of
noble metal and metal oxide catalyst coatings was built and
succeesfully operated for 1000 hr. At an air preheat temperature of
740 K and a propane/air ratio of 0.028 by mass, the adiabatic flame
temperature was held at about 1700 K, The graded cell monolithic
reaction measured 5 cm in diameter by 10.2 cm in length and was
operated at a reference velocity of 14.0 m/s at 1 atm.-Measured NOx
levels remajned below & ppm, while unburned hydrocarbon concen-
trations registered near zero and carbon monoxide levels were
nominally below 20 ppm. V.L.

AB2-21431 * Analysis of infrared emission from thin ad-
sorbates. J. L. Lauver and L. E. Keller (Rensselaer Polytechnic
Institute, Troy, NY). in: International Conference on Fourier
Transform Infrared Spectroscopy, Columbia, SC, June 812, 1981,
Proceedings. {A82-21426 08-35) Bellingham, WA, Society of Photo-
Optical instrumentation Engineers, 1981, p. 87-93, Grants No.
NsG-3170; No. AF-AFOSR-78-3473; No, DAAG29-79-C-0204; Con-
tract No. NO0173-80-M-4575,

Fuel and lubricant deposits on solid surfaces, though often of
similar visual appearance, differ in composition, depending on the
nature of the deposit formers and the circumstances of deposition,
To help establish these relations an infrared Emission Fourier
Polarization Microspectrophotometer was constructed to record
infrared spectra from the deposits on their original support. By
focussing on small aggregates with a reflecting microscope objective
and by discriminating against the randomly polarized blackbody
radiation with a rotating polarizing filter phase-locked to an
amplifier, excellent Fourier emission spectra of polarized bands
could be obtained, In many instances, the microscope objective was
adequate without the polarizer. The analysis was calibrated against a
very thin film of polyethylerie terephthalate attached to a highly
reflective aluminum mirror on the samp'e positioner, {Author)

AB2-22023 * § Time vesolved density -measursments In
premixed turbulent flames. K, V. Dandekar and F. C. Gouldin
{Cornell University, Ithaca, NY), American Institute of Aeronautics
and Astronautics, Aerospace Sclences Meeting, 20th, Orlando, FL,
Jan, 11-14, 1982, Paper 82-0036, 6 p. Research supported by the
General Motors Corp. and U.S. Navy; Grant No. NsG-3019,
Premixed, turbulent flames are important in connection with
Investigations of fundamental, turbulent-reacting-flow processes and
the study of practical combustion devices, such as spark ignition
engines and premixed, prevaporized gas turbine 2ombustors which
burn premixed reactants. The considered investigation is concerned
with the application of laser induced Rayleigh scattering to measure
the gas dansity in premixed, methane-air flames. A description is
provided of the rasults of density and velocity measurements in an
open, lean, premixed methane-air flame stabitized in grid turbulence
of low Reynolds number. It is found that where applicable, Rayleigh
scattering can be used to good advantage to measure molecular
number density, Mean and rms density results how that the mean
flame thickens with axial distance but that the maximum in rms does
not change appreciably, G.R.

AB2-28651 * Symposium /International/ on Combustion,
18th, University of Waterloo, Waterloo, Ontario, Canada, August
17-22, 1980, Proceedings. Symposium supported by Acurex Corp,,
U,S. Air Force, NASA, NBS, NSF, U.S. Navy, U.S. Army, U.S.
Department. of Energy, et al; NSF Grant No. CPE-79-23680;
Contracts No. NAS3-22171; No. N0O0014-80-G-0079; No, DE-FG20-
80PC-30197; Grants No, NBS-HA-1008; No. DAAK11-78-M-0010.
Pittsburgh, PA, Combustion Institute, 1981, 1998 p, $76.50, (For
individual items see A82-28652 to AB2-28738)

Problems related to combustion generated pollution are ex-
plored, taking into account the mechanism of NO formation from
nitrogen compounds in hydrogen flames studied by laser fluo-
rescence, the structure and similarity o? nitric oxide production in
turbulent diffusion flames, the effect of steam addition on NO
formation, and the formation of NO2 by laminar flames. Other
topics considered are concerned with propellant combustion, fluid-
ized bed combustion, the combustion of droplets and sprays,
premixed flame studies, fire studies, and flame stabilization. Atten-
tion is also. given to coal flammability, chemical kinetics, turbulent
combustion, soot, coal combustion, the modeling of combustion
processes, combustion diagnostics, detonations and explosions, igni-
tion, internal combustion engines, combustion studies, and furnaces.

) .G.R.

A82-28694 * Flame structure in a swirl stabiiized combustor
inferred by radiant emission’ measurements, C, L, Beyler and F. C.
Gouldin {Cornell University, Ithaca, NY), In: Symposium /Interna-
tional/ on Combustion, 18th, Waterloo, Ontario, Canada, August
17-22, 1980, Proceedings. (AB82-28651 13-25) Pittsburgh, PA, Com.
bustion Institute, 1981, p. 1011-1019, 25 refs, Grant No. NsG-3019,

Results of measurements of time-averaged chemiluminescent
emissions from CH, OH, and CO2 and of Na tracer emissions along
Jateral lines-of-sight through a cylindrical premixed, swirl-stabilized
combustor are reported, Assuming axial symmetry and small optical
depth, raw data are inverted to obtain local emission levels frem
these species as a function of radius. The chemiluminescent emissions
are intcrpreted as signatures of chemical reaction and used in
determining the regions of redctions and heat release in the
combustor, The data are compared with composition and velocity
data obtainzd in the combustor for identical operating conditions.
The results demonstrate that reaction occurs in a relatively narrow,
turbulent flame-like combustion zone which begins upstream of the
time-averaged location of the swirl-induced recirculation zone and
propagates around and laterally away from the recirculation zone
into the unburned gas. C.R.

AB2-28708 * Numerical modeling of ‘turbulent combustion
in premixed gases, A, F, Ghoniem, A. J. Chorin, and A, K,
Oppenheim (California, University, Berkeley, CA). In: Symposium
/International/ on Combustion, 18th, Waterloo, Ontario, Canada,
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August 1722, 1880, Proceedings, (A82-28651 13-25) Pittsburgh,
PA, Combustion Institute, 1981, p. 1375-1381; Comments, p.
1384-1383. 19 refs, Contract No, W-7405-eng-48; rant No,
NsG-3227,

(Previousty announced in STAR as N81-15029)

AB2-28709 * Experimental and theoretical studies of the
laws governing condensate deposition from combustion gases, D. E,
Rosner and K. Seshadri (Yale University, New Haven, CT). In:
Symposium /International/ on Combustion, 18th, Waterloo, Ontario,
Canada, August 17-22, 1980, Proceedings. {(A82-28651 13-25) Pitts-
burgh, PA, Combuition Institute, 1981, p. 1385-1393; Comments, p.
1394, 49 refs, Grants No, NsG-3107; No, NsG-3169; Contract No,
F49620-76-C-0020.

A description is presented of the results of a research program
directed at an improved understanding of condensate deposition rate
phznomena in combustion systems. The conducted experiments
make use of realtime optical laser reflectance-interference-
polarization techniques in flame environments, The obtained new
data and the results of previous gravimetric experiments are
employed as a basis for the development of a comprehensive
convective diffusion deposition theory, taking into account the
assumption of a multicomponent vapor or multisize class particles
“source-free’ boundary layer. The theory makes it possible to provide
salf-consistent salt/ash/soot deposition rate predictions over a wide
variety of environmental conditions, G.R.

AB82-28736 * Lean-limit extinction of propane/air mixtures
in the stagnation-point flow. C. ¥. Law, S. Ishizuka, and M.
Mizomoto {Northwestern University, Evanston, IL}. In: Symposium
/International/ on Combustion, 18th, Waterloo, Ontario, Canada,
August 17-22, 1980, Proceedings. {AB2-28651 13-25) Pittsburgh,
PA, Combustion Institute, 1981, p. 1791-1797; Comments, p, 1797,
1798, 25 refs. Grant No, NAG3-53.

The extinction limits of lean propane/alr mixtures in the
stagnation-point. flow of a flat surface were mapped as functions of
the surface temperature and the mixture concentration, velocity, and
temperature. The maximum flame temperatures and the flame
locations were also measured. The results show that the extinction
limits are extremely insensitive to the nature of the surface, which
can be heated to 1000 C, On the other hand preheating the gas
mixture increases the flame temperature by an almost equal amount
and therefore significantly extends the extinction limits, it is also
found that at extinction the maximum flame temperatures and. the
flame locations, which when scaled with the velocity gradient,
assume almost constant values independent of the other system
variables investigated. {Author)

AB2:32877 * Etfects of heat loss, preferential diffusion, and
flame stretch on flame-front instability and extinction of propane/air
mixtures. S. Ishizuka, K. Miyasaka, and C. K, i .w (Northwestern
University, Evanston, IL). Combustion and Flame, vol, 45, Mar,
1982, p. 293-308. 13 refs. Grant No. NAG3-53; Contract No,
N00014-80-C-0586.

Flame configurations, flame-front cellular instability, and ex-
tinction of propane/air mixtures in the stagnation-point flow are
experimentally studied for their dependence on downstream heat
loss, preferential diffusion, and flame stretch. Boundaries for lean-
and rich-limit extinction, stabilization of corrugated flames, and local
extinction caused by sharp curvatures are mapped for varying
propane concentrations and freestream velocities, Flame location and
temperature at extinction aré determined as functions of stagnation
surface temperature, extent of preheating, propane concentration,
and freestream. velocity. Results substantiate the theoretical predic-
tions of the different extinction modes for lean and rich flames in
the absence of downstream heat loss, and yield useful insight on the
extinction characteristics when finite downstream heat loss does
exist. It is further shown that flame-front instability occurs only for
rich ‘mixtures in accordance with preferential diffusion considera-
tions, and that flame stretch has a stabilizing effect such that
flame-front instability is completely inhibited before the onset of
extinction. {Author)
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AB82-37570 * On the opening of premixed Bunsen flame tips. C, K.
Law, S. Ishizuka, and P, Cho (Northwestern University, Evanston, IL). Combus-
tion Sclence and Technology, vol. 28, no. 3-4, 1882, p. 89-86. 13 refs. Research
sponsored by the Ministry of Education of Japan; Contract No. N0O14-80-C-0586;
Grant No. NAG3-53.

The local extinction f Bunsen flame tip and edges of hydrocarbon/air premix-
tures has been expyrimenially Investigated using a variety of burners, Results
show that, while for hoth rieti propane/air and butane/air mixtures tip opening
occurs at a constant juel equivalance ratio of 1.44 and is therefore independant
of the intensity, uniformity, and configuration of the approach flow, for rich me-
thane/air flames burning. is intensified at the tip and therefore opening is not
possible, These restits substaatiate the concept and dominance of the diffusional
stratification mechanism In causing. extinction, and clarify the theoretice! pre-
dictions on the possible opening of two-dimensional flame wedges,  (Author)

AB82-37571 * Formation of oxides of nitrogen in monodisperse spray
combustion of hydrocarbon fueis, A, A, Nizaml, S, Singh, and N. P, Cernansky
(Drexel University, Philadelphia, PA). Combustion Science and Technology, vol,
28, no, 3-4, 1882, p. 97-106. 21 refs, Research supported by the Philadelphia
Electric Co. and General Motors Corp; NSF Grant No. ENG-76-11232; Grant No,
NAG3-1.

Experimental results of exit plane NO/NO(x) emissions. from atmospheric
monodisperse fuel spray combustion are presented. Six diffarent hydrocarbon
fuels were studied; [sopropanol, n-propanci, n-cctane, iso-octane, n-heptane and
methanol. The results indicate an optimum droplet size for minimizing NO/NO(x)
production for all of the test fuels, A% the optimum droplet diameter, reductions
In NO/NO(x) relative to the NO(x) occurred at droplet diameters of 55 and 48
microns respectively, as compared to a 50-micron droplet size for isopropanol,
The occurrence of the minimum NO(x) point at different droplet diameters for the
different fuels appears to be governed by the extent of prevaporization of the fuel
in‘the spray, and is consistent with theoretical calculations based on each fuel's
physical properties, Estimates are also aiven for the behavior of haavv fuals and
of polydisperse fuel sprays in shifting the minimum NO{x) point compared to a
monodisperse situation, (Author)

AB82-37574 * On stability of premixed flames: in. stagnation - Point
fiow. G. |. Sivashinsky (California, University, Berkelay, CA; Tel Aviv University,
Tel Aviv, Israel), C. K. Law (California, University, Berkeley, CA; Northwestern
University, Evanston, IL), and G, Joulin. (Poitiers, Ecole Nationale Supérieure de

Mécanique et d'Aérotechnique, Poitiers, Frarice). Combustion Science and Tech-

nology, vol. 28, no. 3-4, 1882, p. 155-159. 8 refs. Research supported by the
Israel Commission for Basic Research and U.S.-{srael Binational Science Foun~
dation; Grant No, NAG8-53; Contract No. N000*4-80-C-0586,

A quantitative description of flame stabilization ip ‘stagnation-point flow is
proposed, Asymptotic and stability analyses are made for a flame model where
the density of the gas is assumed to be constant and the reaction zone Is as-
sumed to be narrow and concentrated over the flame front. It is shown that, if
blowing is suificiently strang, the cerrugations disappear and a plane flame re-
sults, The phenomena -cannot be fully described by means of classical linear
stability analysis. C.D.
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206 METALLIC MATERIALS

Includes physical, chemical, and mechanical properties

of metals, e.g., corrosion; and metallurgy.

N82-10195*/ Nationa! Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio
CREEP SHEAR BEHAVIOR OR THE OXIDE DISPERSION
STRENGTHENED SUPERALLOY MA B8000E
Thomas K. Glesgow 1981 39 p refs Presented at 110th
Ann, Meeting of the Am. Inst. of Mining, Met. and Petroleum
Engr., Chicago, 22-26 Feb, 1981
(NASA-TM-82704; E-985) Avail: NTIS HC A02/MF 401 CSCL
11F

The. shear rupture life of the oxide dispersing strengthened
{ODS) superalloy MA 6000E was determined at 650 and 760 C
was 260 MPa, Comprisons were made at 760 C with the
conventional cast superalloy B-1900+-Hf, the ODS alloy MA
754, and the directionally solidified eutectic alloy gamma/gamma
prime-deita was 170 MPa, and for B-1800+Hf was 360 MPa,
The ODS alioy MA 6000E and gamma/gamma prime-delta failed
with very little indication of ductile accommodation. Both- MA
7654 and B-1800+4-Hf showed some ductile tearing. Fracture
surfaces of the ODS alloy M/x 754 showed discontinuities similar
size, shape, and roughness to its grain structure, but the fracture
surfaces of MA B000E were. much smoother than its grain
boundaries, Author

N82-11182*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
TRENDS IN HIGH TEMPERATURE GAS TURBINE MATERI-
ALS
S. J, Grisaffe and R, L. Dreshfield 1981 18 p refs Presented
at the 1981 Aerospace Conf,, Anaheim, Calif, 5-8 Oct,
(NASA-TM-82715; E-999) Avail: NTIS HC AOZ/MF AO1 CSCL
11F

High performance - high technology materials sre among
the technologies that are required to allow the fruition of such
improvements. Materials trends in hot section components are
reviewed, and materials for future use arg identified. For
combustors, airfoils, and disks, a common trend of using multiple
material construction to permit advances in technology is
identified. S.L.

NB82-11183*§ Nationa! Aeronautics and Space Adrainistration,
Lewis Research Center, Cleveland, Ohio.
UNIVERSAL BINDING ENERGY RELATIONS IN METALLIC
ADHESION
J, Ferrante, J. R. Smith (Genera, Motors Research Lab.), and J.
H, Rose {Ames Lab) 1981 16 p refs Presented at the
Conf. on Aspects Microscopiques de I'Adhesion et de le
Lubrication, Paris, 14-18 Sep. 1981
{NASA-TM-82706; E-993) Avail: NTIS HC AO2/MF AO1 CSCL
11F

Scaling relations which map metallic adhesive binding energy
onto. a single universal binding energy curve are discussed in
relation to adhesion, friction, and wear in- metals, The scaling
involved. normalizing the energy to the maximum binding energy
and normalizing distances by a suitable comination of Thomas-
Fermi screening lengths. The universal curve was found to be
accurately represented by E*{A*)= -(1+-beta A) exp {-Beta A*)
where E* is the normalized binding energy, A* is the normalized
separation, and beta is the normalized decay constant. The
calculated cohesive energies of potassium, barium, copper,
molybdenum, and samarium were also found to scale by simifar
relations, suggesting that the universal relation may be more
general than for the simple free electron metals. RJ.F.

NB82-11184*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.

FAILURE AMALYSIS OF A TOOL STEEL TORQUE SHAFT
John R. Reagan 1981 12 p Presented at the Conf on
Deformaticn, Fracture, Wear and Nondsstructive Evaluation of
Mater., New Orlaans, 23-24 Nov, 1981; sponsored by Am, Phys,
Soc. and Nat, Bureau of Standards

(NASA-TM-82758; E-1077; DOE/NASA/1011-35} Avail

58

NTIS HC AD2/MF AO1 CSCL 1iF
A low design load drive shaft used to deliver power from
an experimenta} exhaust heat recovery system to the crankshaft
of an experiméntal diesel truck engine feiled during highway
testing. An independent testing laboratory analyzed the fsilure
by rautine metallography and attributed the failure to fatigue
induced by a banded microstructure. Visua! examination by
NASA of the failed shaft plus the knowledge of the torsional
load that it carried pointed to a 100 percent ductile failure with
no evidence of fatigue, Scanning electron microscopy confirmed
this, Torsional test specimens were produced from pieces of the
failed shaft snd torsional overload testing produced identical
failures to that which had occurred in the truck engine. This
pointed to a failure caused by a high overloed and aithough the
microstruciure was defective it was not the cause of the failure,
A.R.H.

NB82-12216%}§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Chio.
PROGRESS IN PROTECTIVE COATINGS FOR AIRCRAFT
GAS TURBINES: A REVIEW OF NASA SPONSORED
RESEARCH
John P, Merutka 1981 29 p refs Presented at the 5th Ann,
Conf, on Composite and Adv, Mauater,, Merritt Island, Fla,,
19-22 Jan, 1981; sponsored by the Am, Ceramic Soc., inc.
(h:t:SA-TM-BZNO: E-711) Avail: NTIS HC AO3/MF AO1 CSCL
1

Problems associated with. protective coatings for advanced
aircraft gas turbines are reviewed. Metallic coatings for preventing
titanium fires in compressors are identified. Coatings for turbine
section are also considered, Ductile aluminide coatings for
protecting internal turbine-blade cooling passage surface are also
identified. Composite modified external overlay MCrAlY coatings
deposited by low-pressure plasma spraying are found 2 be better
in surface protection capability than vapor deposited MCrAlY
coatings, Thermal barrier coating (TBC), studies are presented.
The design of a turbine aiifoil is integrated with & TBC, and
computer-aided manufacturing technology is applied. S.L

NB2-13281*# National Aeronautics and Space Administration,

Lewis Research Center, Cleveland, Ohio.

ELEVATED TEMPERATURE FATIGUE TESTING OF MET-

ALS

Marvin H, Hirschberg /n AGARD Fatigue Test Methodclogy

g:t, 1)981 18 p refs {For primary document see N82-13274
-31

Avail: NTIS HC A12/MF AO1

NB2-17335*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio,
REVIEW OF NASA PROGRESS IN THERMAL BARRIER
COATINGS FOR STATIONARY GAS TURBINES
Philip E. Hodge, Robert A, Miller, Michael A. Gedwill, and Isidor
Zaplatynsky 1981 16 p refs Presented at the Intern, Gas
Turbine Conf,, Houston, Tex., 9-12 Mar, 1981
{Contract EF-77-A-01-2593)
(NASA-TM-81716; DOE/NASA/2593-25; E-749) Avail: NTIS
HC AO02/MF AOt1 CSCL 11F

Ceramic . thermal barrier coatings for industrial/utility gas
turbines were investigated. In burner rig tests of a zirconia
yttria/nickel chromium aluminum yttrium Zr02-12w/0Y203/
NiCrAlY coating system on air cooled superalloy specimens,
ceramic coating life (spallation) was sensitive to Na and V
concentration in the fuel. The locations of coating spallation
correspond to aress where combustion products were predicted
to condense, Three new thermal barrier coating systems were
identified. These are based on calcium silicate, Zr(02-8w/0Y203,
and a MgO-NiCrAlY cermet. The spall resistance can be increased
by reducing the ceramic layer thickness from 0.038 to
0.013 cm and by the use of more oxidation/corrosion resistant
bond coats, S.L.

NB82-20291*#. National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio,

FRICTION AND WEAR OF IRON IN CORROSIVE METAL
George W. P. Rengstorff, Kazuhisa Miyoshi, and Donald H. Buckley
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Mar. 1982 18 p rels
(NASA-TP-1985; NAS 1.60;1985; E-638} Avail: NTIS
HC AO2/MF AO1 CSCL 11F

Friction and wear experiments were conducted with elemental
iron exposed to various cofrosive media including two acids,
base, and a salt, Studies involved various concentrations of nitric
and sulfuric acids, sodium hydroxide, and sodium chloride. Load
and reciprocating sliding spead were kept constant, With the
base NaOH an increase in normality beyond 0.01 N resulted in
a decrease in buyth friction and wear. X-ray photoelectron
spectroscopy (XPS) analysis of the surface showed a decreasing
concentration of ferric oxide {Fe203) on the iron surface with
increasing. NaOH concentration, With nitric acid (HNO3) friction
decreased in solutions to 0.05 N, beyond which no further change
irr friction was obseived. The concentration of Fe203 on the
surface continued to increase with increasing normality, XPS
analysis revealed the presence of sulfates in addition of Fe203.
on surfaces exposed to sulfuric acid and iron chlorides but no
'sodium on surfaces exposed to NaCl. Author

NB82.21298*§ National Aeronautics and Space Admiliistration,
Lewis Research Center, Cleveland, Ohio.
EFFECT OF ALUMINUM PHOSPHATE ADDITIONS ON
COMPOSITION OF THREE-COMPONENT PLASMA-
SPRAYED SOLID LUBRICANT
Thomas P. Jacobson and Stanlev G Young Mar. 1982 19 p
refs
{NASA-TP-1990; E-713; NAS 1.60:1990} Avail: NTIS
HC A02/MF AO1 CSCL 11F

Image analysis (IA) and electron microprobe X-ray analysis
(EMXA) were wused to characterize a plasma-sprayed, self-
{ubricating coating, NASA LUBE PS106, specified by weight
percent as 35NiCr-36Ag-30CaF2. To minimize segregation of
the powder mixture during the plasma-spraying procedure,
monoaluminum phosphate was .added to form agglomerate
particles, Three concentrations of AIPO4 were added to the
mixtures: 1,25, 2.5, and 6.25 percent by weight, Analysis showed
that 1.25 wt% AIPQ4 yielded a CaF2 deficiency, 2.6 wt¥ kept
the coating closest to specification, and 6.25 wt% yielded excess
CaF2 as well as more impurities and. voids and a deficiency in
silver, Photomicrographs and X-ray maps are presented. The
methods of |IA and EMXA complement each other, and the
reasonable agreement in the results increases the confidence in
determining the coating composition. Author

NB82-21300*# National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
FRICTION WEAR AND AUGER ANALYSIS OF IRON
IMPLANTED WITH 1,6-MeV NITROGEN IONS
John Ferrante and William R. Jones, Jr. Mar, 1982 14 p
refs
(NASA-TP-1989; E-678; NAS 1.60:1989) Avail: NTIS
HC A02/MF AO1 CSCL 11F

The effect of implantation of 1.5-MeV nitrogen ions on the
friction and wear characteristics of pure iron sliding against stee!
was studied in a pin-on disk apparatus. An implantation dose of
5§ x 10 to the 17th power ions/sq cm was used. Small reductions
in initial and steady-state wear rates were observed for
nitrogen-implanted iron riders as compared with upimplanted
controls, Auger electron spectroscopy revealed a8 subsurface
Gaussian. nitrogen distribution with a8 maximum concentration of
15 at, % at a depth of 8 x 10 to the -7th m, A similar analysis
within the wear scar of an implanted rider after 20 microns of
wear yielded only background nitrogen concentration, thus giving
no evidence for diffusion of nitrogen beyond the implanted
range. Author

N82-21301*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
FRICTION AND SURFACE CHEMISTRY OF SOME FER-
ROUS-BASE METALLIC GLASSES
Kazuhisa Miyoshi and Donald H. Buckley Mar. 1982 14 p
refs
{NASA-TP-1991: E-919; NAS 1.60:1991) Avail; NTIS
HC AO2/MF AO1 CSCL 11F

The friction properties of some ferrous-base metallic glasses
were. measured both in argon and in vacuum to a temperature
of 350 C. The alloy surfaces were also analyzed with X-ray
photoelectron spectroscopy to identify the compounds and

elements present on the surface. The results of the investiga-
tion indicate that even when the surfaces of the amorphous
alloys, or metallic glasses, are atomically clean, bulk contaminants
such as boric oxide and sificon dioxide diffuse to the surfaces.
Friction measurements in both argon and vacuum indicate that,
the alloys exhibit wigher coefficients of friction in the crystalline
state than they do in the amorphous state. Author

NB2-22344*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio. )
TRISOLOGICAL PROPERTIES AND XP8 STUDIES OF 104
PLATED GOLD ON NICKEL AND IRON
Kazuhisa Miyoshi, Taliveldis Spalvins, and Dorald H. Buckley
1982 18 p refs Presented at Intern. Conf. on Met. Coatings,
San Diego, Calif., 4-9 Apr, 1982; sponsored by American Vacuum
Society
(NASA-TM-82814: E-1181; NAS 1,15:82814) Avail: NTIS
HC AO2/MF AO1 CSCL 11F

Tribological and X-ray photoslectron spectroscopy analysis
were conducted with ion plated gold films on nickel and iron
substrates in sliding contact with. metals and nonmetals in a
vacuum of 3 x 10 nPa and in an argon atmosphere, The results
obtained indicated a deeper graded interface when goid was
ion plated on nickei than on iron, The deep graded interface
between gold and nicke! may be due to the solubility of material
pairs, The gold and nickel in the graded interface can form an
alloy, The gold in tha graded interface with iron is atomically
dispersed in the iron and thus forms a physically bonded
interface, This is believed to be due primarily to implantation
effects, The coefficient of friction, wear and transfer of gold in
contact with metal or nonmetal were greater in a vacuum of
3 x 10 nPa than in argon. Gold films in contact with metals
had a higher coefficient of friction, wear and transfer of gold
than gold films in contact with the nonmetals. These obsarvations
resulted from the greater adhesion of gold to metals that to
nonmetals. Author

NB2-22346*§ National Asronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
PERFORMANCE OF LASER GLAZED 2702 TBCs iN CYCLIC
OXIDATICN AND CORROSION BURNER TEST RIGS
I. Zaplatynsky 1982 21 p refs Presented at the Intern.
Conf, on Mat, Coatings and Process Technol, San Francisco.
4-8 Apr. 1982; sponsored by the American Vacuum Society
(NASA-TM-82830; E-1195; NAS 1,15:82830) Avail: NTIS
HC AOZ/MF AQ01 CSCL 11F

The performance of laser glazed zirconia thermal bartrier
coatings {TBCs) was evaluated in cyclic oxidation and cyclic
corrosion tests. Plasma sprayed zirconia coatings of two
thicknesses ware partially melted with a CO2 laser, The power
density of the focused laser beam was varied from 35 to 75 W/sq
mm, while the scanning speed was about 80 cm per minute, In
cyclic oxidation tests, the specimens were heated in a bumer
rig for 6 minutes and .oled for 3 minutes, It is indicated that
the laser treated samples have the same life as the untreated
ones. However, in corrosion tests, in which the burner rig flame
contained 100 PPM sodium. fuel equivalant, the laser treated

samples exhibit nearly e fourfold life improvement over that of

the reference samples vary. In both tests, the lives of the samplas
inversely with the thickness of the lasar melted layer of
zirconia, EAK,

NB2-22347*} National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio,

METHOD AND APPARATUS FOR COATING SUBSTRATES
USING LASERS Patent Application

lssidor Zaplatynsky, inventor {to NASA) Filed 15 Mar, 1982

. p
(NASA-Case-LEW-13526-1; US-Patent-Appl-SN-358398) Avail;
NTIS HC A02/MF AO1 CSCL 11F

A method for coating substrates using lasers is described,
Metal substrates, preferably of titanium and titanium alloys, were
coated by alloying or forming TiN on a substrate surface, In the
process a laser beam strikes the surface of a moving substrate
in- the presenice of purified nitrogen gas. A small aroa of the
substrate surface is quickly hested, without melting, and reacts
with the nitrogen to form a solid solution, This process of alloying
or forming TiN. which occurs by diffusion of nitrogen into the
titeninum, is reviewed, NASA
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NB2-22349*§ National Aeronautics and Space Administration,
Lewis Research Canter, Cleveland, Ohio. :
SURFACE CHEMISTRY, MICROSTRUCTURE AND FRIC-
TION PROPERTIES OF SOME FERROUS-BASE METALLIC
GLASSBES AT TEMPERATURES TO 780 C
Kazuhisa Miyoshi and Donald H, Buckley Apr, 1982 16 p
refs
{NASA-TP-2008: E-1001: NAS 1,60:2008) Avail: NTIS
HC A02/MF A01 CSCL 11B

X-ray photoelectron spectroscopy analysis, transmission
electron microscopy, diffraction studies, and sliding friction
experiments were conducted with ferrous-base metallic glasses
in sliding contact with aluminum oxide at temperatures from
room to 750 C in a vacuum of 30 nPa, The results indicate
that there is a significant temparature influence on thy friction
properties, surface chemistry, and microstructure of metallic
glasses, The selative concentrations of the various constituents
at the surface of the sputtered specimens were very different
from the normal bulk compositions, Contaminants can come from
the bulk of the material to the surface upon hesting and impart
boric oxide and silicon oxide at 360 C and boron nitride above
500 C, The coefficient of friction increased with increasing
temperature to 350 C, Above 500 C the coefficient of friction
decreased rapidly. The segregation of contaminants may be
responsible for the friction behavior. Author

N82.24322%} National Aeronautics and Space Administiation,
Lewis Research Center, Cleveland, Chio,
TRIBOLOGICAL CHARACTERISYICS OF NiTROGEN (N-+)
IMPLANTED IRON
William R. Jones and John Ferrante 1982 24 p refs Proposed
for prasentation at the Joint Lubrication Conf., Washington, D.C,,
5.7 Oct. 1982; sponsored by the American Society of Lubrication
Engineers and ASME
{NASA-TM-82839; E-1207: NAS 1,15:82839) Avail: NTIS
HC A02/MF AO1 CSCL 11F

The effect of implantation of nitrogen ions (1.5 MaV) on
the friction and wear characteristics of pure ion sliding against
M-50 steel {unimplanted) was studied in a pin-on-disk sliding
friction apparatus. Test conditions inciuded room temperature
(25 C), a dry air atmosphere, a load of 1/2 kg (4.9 N), sliding

velocities of 0043 to 0.078 m/sec {156 to 25 rpm), a pure

hydrocarbon lubricant (n-hexadecane), or a U.S,P, mineral oil
and nitrogen ion implantation doses of 5x10 to the 15th power
and 5x10 to the 17th power ions/sq cm. Mo differences in
wear rates were observed in the low dose experiments. In the
high dose experiments, small reductions in initial (40 percent)
and steady state (20 percent) wear rates were observed for
nitrogen implanted iron riders as compared with unimplanted
controls. No differences in average friction coefficients were noted
for either dose, Auger electron spectroscopy combined with argon
ion bombardment revealed a subsurface Gaussian nitrogen
distribution with a maximum concentiation of 6 atomic percent
at a depth of 0.8 microns. Similar analysis within the wear scar
of an implanted rider after 20 microns of wear yielded only
background nitrogen concentration, No inward migration of
nitrogen ions was cbserved. M.G.

N82.24323*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio,
EFFECT OF OXIDE FILMS ON HYDROGEN PERMEABILITY
OF CANDIDATE STIRLING ENGINE HEATER HEAD TUBE
ALLOYS
Susan R. Schuon and John A, Misencik 1981 32 p refs
Presented at the .110th Ann. Meeting of Am. Inst. of Mining,
Mat. and Petrol. Engrs., Chicago, 22-26 Feb, 1981
{Contract DE-A101-77CS-51040)
(NASA-TM-B2824; E-1176; DOE/NASA/51040-38; NAS
1.15:82824) Avail: NTIS HC AO03/MF AO1 CSCL 11F |
The effect of oxide films developed in situ from CO/CO2
doped hydrogen on high pressure hydrogen permeability at
820 C was studied on. N-155, A-286, IN 800, 19-9DL, Nitronic
40, HS-188, and IN 718 tubing in a Stirling materials simulator.
The hydrogen permeability decreased with increasing dopant
levels of CO or C0O2 and corresponding decreases in oxide porosity,
Minor reactive alloying elements strongly influenced permeability.
At high levels of CO or CO2, a liquid oxide formed on alloys
with greater than 50 percent Fe. This caused increased
permeability, The oxides formed on the inside tube walls were
analyzed and their effective permeabilities were calculated, T.M.

NB2-24326%f National Aeronautics and Space Administration,
Lewls Research Center, Cleveland, Ohilo,
CORRELATION OF TEMSILE AND SHEAR STRENGTHS OF
METALS WITH THEIR FRICTION PROPERTIES
Kazuhisa Miyoshi and Donald H. Buckley 1982 23 p refs
Poposed for presentation at the Joint Lubrication Conf.,
Washington, D.C,, 5-7 Oct, 1982; sponsored by ASME and the
American Society of Lubrication Engineers
{NASA-TM-82828; E-1188; NAS 1,15:82828) Avail: NTIS
HC A02/MF AO1 CSCL 11F

The relation between the theoretical tensile and the shear
strengths and the friction properties of metals in contact with
diamond, boron nitride, silicon carbide, manganese-zinc ferrite,
and the metals themselves in vacuum was investigated. The
relationship between the actual shear strength and the friction
properties of the metal was also investigated. An estimate of
the theoretical uniaxial tensile strength was obteined in terms
of the equilibrium surface energy, interplanar spacing of the planes
perpendicular to the tensile axis, and the Young's modulus of
slasticity. An estimate of the theoretical shear strength for metals
was obtained from the shear modulus, the repeat distance of
atoms in the direction of shear of the metal and the interplanar
spacing of the shear planes. The coefficient of friction for metals
was found to be related to the theoretical tensile, theoretical
shear, and actual shear strengths of metals. The higher the strength
of the metel, the lower the coefficient of friction, Author

NB2-24326*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.

A STATUS REVIEW OF NASA’'S COSAM (CONSERVATION
OF STRATEGIC AEROSPACE MATERIALS) PROGRAM
Exscutive Status Report

Joseph R. Stephens Washington May 1982 46 p refs
{NASA-TM-82852: E-1222; NAS 1.15:82852) Avail: NTIS

HC AG3/MF AO1 CSCL 11F

The use and supply of strategic elements in nickel base
superalloys for gas turbine engines are reviewed. Substitution of
strategic elements, advanced procescing concepis, and the
identification of alternate materfials are considered. Cobalt,
tantalum, columbium, and chromium, the supplies of which are
91-100% imported, are the meterials of major concerm. J.D.

NB82-26431*§ National Aeronautics and Space Administration.
Lewis Rasearch Center, Cleveland, Ohio.
IMPROVED THERMAL BARRIER COATING SYSTEM Patent
Application
Stephan Stecura, inventor {to NASA) Filed 6 May 1982 13 p
{MASA-Case-LEW-13324-1; US-Patent-App!-SN-375784) Avail:
NTIS HC AO2/MF AO1 CSCL 11F

A high temperature oxidation resistant thermal barrier coating
system for a nickel-, cobalt-, or jion-base alloy substrate is
described. An inner metal bond coating contacts the substrate,
and a thermal barrier coating covers the bond coating. NiCrAIR,
and CoCrAIR alloy are satisfactory as bond coating compositions
where R = Y or Yb, These alloys contain, by weight, 0-35%
chromium, 6-18% aluminum, and 0.05 to 1,55% yttrium or
0.05 to 3.0% ytterbium, The coatings containing ytterbium are
preferred over those containing yttrium. An outer thermal barrier
coating of partially stabilized zirconjum oxide (zirconia) which is
between 6% and 8%, by weight, of yttrium oxide (yttria) covers
the bond coating. Partial stabilization provides a material with
superior durability, Partially stabilized zirconia consists of mixtures
of cubic, tatragonal, and monoclinic phases, NASA

NB2-29415* National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
REFRACTORY COATINGS AND METHOD OF PRODUCING
THE SAME Patent
William A. Brainard and Donald R, Wheeler, inventors (to NASA}
Issued 22 Jun. 1982 4 p Filed 7 Dec. 1979 Supersedes
NB80-14232 {18 - 05, p 0583)
{NASA-Case-LEW-13169-1; US-Patent-4,336,117;
US-Patent-Appl-SN-102003; US-Patent-Class-204-192C} Avail;
US Patent and Trademark Office CSCL 11F

The adhesion, friction, and wear properties of sputtered
refractory coatings on substrates of materials that form stable
nitrides is improved by placing each substrate directly below a
titanium carbide target of a commercial radiofrequency diode
apparatus in a vacuum chamber. Nitrogen is bled into the system
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through a nozzle resulting in a small partial pressure of about
0.5% to 2.5% during the first two minutes of deposition. The
flow of nitrogen is then stopped, and the sputtering ambient is
reduced to pure argon through a nozzle without interrupting the
sputtering process. When nitrogen is delibarately introduced during
the crucial interface formation, some of the titanium at the interface
reacts to form titanium nitride while the metal of the substrate
also formy the nitride. These two nitrides atomically mixed together
in the interfecial regicn act to more strongly bond the growing
titanizm carbide coating as 1t forms on the substrate.

Official Gazetta of the U.S. Patent and Trademark Office

N82-30371* National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohilo.
REFRACTORY COATINGS Patent
William A. Brainard and Donald R. Wheeler, inventors (to NASA)
Issued 27 Jul, 1982 4 p Filed 29 Sep. 1980 Division of US
Patent Appl. SN-102003, filed 7 Dec. 1979
{NASA-Csse-LEW-13169-2; US-Patent.4,341,843;
US-Patent-Appl-SN-191746; US-Patent-Appl-SN-102003;
US-Patent-Class-428-457; US-Patent-Class-204.192C:
US-Patent-Class-428-472) Avail:  US Patent and Trademark
Office CSCL 11F

A thin sputtered film is discussed which exhibits improved
adherence to a substrate and has improved friction and wear
characteristics. Each substrate is placed directly below a
titanium carbide target of a commercial radiofrequency diode
apparatus in a vacuum chamber. Nitrogen is bled into the system
through a nozzle resulting in a small partial pressure of about
0.5% to 2.5% during the first two minutes of degosition. The
flow of nitrogen is. then stopped, and the spuitering ambient is
reduced to pure argon through a nozzle without interrupting the
sputtering process.

Official Gazette of the U S. Patent and Trademark Office

N82-30372*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohjo
EVALUATION OF CANDIDATE STIRLING ENGINE HEATER
TUBE ALLOYS AT 820 DEG AND 860 DEG C Final
Report
John A. Misencik Jun. 1982 43 p refs
{Contract DE-Al01-77CS-51040)
(NASA-TM-82837; E-1204; DOE/NASA/51040-39: NAS
1.15:82837) Avail: NTIS HC AO3/MF AO1 CSCL 11F
Saeven commaercial alloys were evaluated in Stirling simulator
matarials rigs. Five iron base alloys {N-155, A-286, Incoloy 800,
19-9DL, and 316 stainlass steel), one nickel base alloy {Incone!
718). and one cobalt base alloy {HS-188) were tested in the
form of thin wall tubing in a diesel fuel fired test rig, Tubes
filled with hydrogen or helium at gas pressuse of 21,6 MPa and
temperatures of 820 and 860 C were endurance tested for
1000 and 536 hours, respectively. Results showed that under
these conditions hydrogen permeated rapidly through the tube
wallis, thus requiring refilling during each five hour cycle. Helium
‘was readily contained, exhibiting no measurable loss by permea-
tion. Helium filled tubes tested at 860 C all exhibited creep-ruptire
failures within the 535 hour endurance test. Subsequent tensile
test evaluation after removal from the rig indicated reduced room
temperature ductility for some hydrogen-filled tubes compared
to helium-filled tubes, suggesting possible hydrogen embrittlement
in these alloys. S.L.

N82-30373*§ National Aaronautics and Space Administration.
Lewis Research Center, Clevelard, Chio.
EFFECT OF FUEL TO AIR RATIO ON MACH 0.3 BURNER
RIG HOT CORROS!ON OF 2r02-Y203 THERMAL BARRIER
COATINGS ;
Philip E. Hodge Jul. 1982 11 p - refs
{Contract DE-AI01-77ET-10350)
{NASA-TM-82879, E-1255; DOE/NASA/10350-32: NAS
1.15:82879) Avail: NTIS HC AOZ/MF AOD1 CSCL 11F

A ‘Mach 0.3 burner rig test program was conducted to
determine how the fuel to air mass ratio affects the durability
of Zr02-Y203/Ni-16Cr-6Al-0.31Y thermal barrier coating systems
in combustion products containing 5 ppm Na and 2 ppm V. As
the fuel to air mass ratio was increased from 0,039 to 0.049,
the durability of 2r02-6Y203, Zr02-8Y203 and Zr02-12Y203
coatins decreased. ZrO02-8Y203 coztings were approxirnately 2X
and 1.3X more durable than Zi02-12Y203 and. Zr02-6Y203
coatings respectively at the fuel to air mass ratio of 0,039. The
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number of one hour cycles endured by Zr02.8Y203 coatings
varied from averages of 53 to 200 for the fuel to air mass
ratios of 0049 and 0.039, respectively. At the fuel to air mass
ratio of 0.049, all Zi02-Y203 coated specimens failed in 40 to
60 one hour cycles S.L

N82-31505* Natinnal Acronautics and Space Administration. Lewis
Ressarch Center, Cleveland, Ohlo,

NICRAL TERNARY ALLOY HAVING IMPROVED CYCLIC OXIDA-
TION RESISTANCE Patent

Charles A. Barrett (NAS-NRC, Washington, D.C.), Carl E. Lowell
(NAS-NRC, Washington, D.C)), and Abdus S. Khan (NAS-NRC,
Washington, D.C.) Issued 20 Jul. 1982 3 p Filed 23 Oct. 1980
Supersedes N81-12211 (19 - 03, p 0322) Sponsored by NASA
(NASA-Case-LEW-13339-1; US-Patent-4,340,425;
US-Patent-Appl-SM-199769; US-Patent-Class-148-428;
US-Patent-Class-4i10-445, US-Patent-Class-420-551;
US-Patent-Class-420-508) Avail: US Patent and Trademark
Otfice CSCL 11F »

NiCrAl alloys are improvad by the addition of zirconium. These
alloys are in the Beta or gamma/gamma’ 4- Beta region of the
ternary system. Zirconium is added in a very low amount between
0.06 and 0,20 welght percent. There Is a narrow optimum zirconium
level at the low value of 0.13 wel;ii percent. Maximum resistance
to cyclic oxidation is achleved wien the zirconium addition is at
the optimum value.

Officlal Gazette of the U.S. Patent and Trademark Office

N82-32461*# National Acropautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
FAILURE MECHANISMS OF THERMAL BARRIER COATINGS
EXPOSED TO ELEVATED TEMDERATURES
Robert A. Miller and Carl E. Lowell 1982 14 p refs Presented
at the Interr, Contf, on Met. Coatings and Process Technol,, San
Dlego, Calif., 4-9 Apr, 1982
(NASA-TM-82805; E-1289; NAS 1,15:82905) Avail: NTIS
HC A02/MF A01 CSCL 11F

The failure of a Zr02-8%Y203/Ni-14% Al-0.1% Zr coating
system on Rene 41 in Mach 0.3 burner rig tests was characterized.
High flame and metal temperatures were employed in order to
accelerate ¢oating failure, Failure by delamination was shown to
precede surface cracking or spalling. This type of fallure could be
duplicated by cooling down the specimen after a single fong
duration isothermal high temperature cycle in a burner rig or a
furnace, but only if the atmosphere was oxidizing, Stresses due
to thermal expansion mismatch on cooling coupled with the effects
of plastic deformation of the bund coat and oxidation of the irregutar
bond coat are the probable life limiting factors, Heat up stresses
alone could not fail the coating in the burner rig tests. Spalling
eventually occurs on heat up but only after the coating has aiready
failed through delaniination. Author

NB82-33493*# National Aeronautics and Space Administration,
Lewis Research Center, Claveland, Ohio,
A STUDY OF THE NATURE OF SOLID PARTICLE IMPACT AND
SHAPE ON THE EROSION MORPHOLOGY OF DUCTILE MET-
ALS
P. Veerabhadra Rao (NAS-NRC), Stanley G. Young, and Donald
H. Buckley Jul. 1982 19 p refs Presented at Microscopy of
the Degradation of Mater, (Wear and Erosion), MICRO 82, Intern.
Symp. and Exhibition, London, 12-1€ Jul, 1982; sponsored by the
Royal Microscoplcal Soclety
(NASA-TM-82933; E-1298; NAS 1.15:82933) Avail: NTIS
HC A02/MF Ant1 CSCL 11F

Impuisive versus steady jet impingement of spherical glass
bead particles on metal surfaces was studied using a gas gun
facility and a commerclal sand blasting apparatus. Crushed glass
particles were also used in the sand blasting apparatus as. well
as glass besds, Comparisons of the different types of erosion
patterns were made. Scanning electron microscopy, surface
profilometry and energy dispersive X-ray spectroscopy analysis
were used to characterize erosion patterns. The nature of the
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wear can be divided into cutting and deformation, each with its
own characteristic features. Surface chemistry analysis indicates
the possibility of complex chemical and/or mechanicai interactiors:
between erodants and target materials. S,L.

AB2-10674 * Effect of gamma irradiation on the friction
and wear of uitrahigh molecular weight polyethylene. W, R, Jones,
W, F. Hady {NASA, Lewis Research Center, Cleveland, OH), and A,
Crugnola (Lowell, University, Lowell, MA), Wear, vol, 70, July 15,
1981, p. 77-82, 25 refs,

The effect of sterilization gamma irradiation on the friction and
wear properties of ultrahigh molecular weight polyethylene
(UHMWPE]) sliding against stainless steel 316L in dry airat 23 C is
investigated, the results to be used In the development of artificial
joints which are to surgically replace diseased human joints, A
pin-on-disk sliding friction apparatus is used, a copstant sliding speed
in the range 0,061-0,27 m/s Is maintained, a normal load of 1 kgf is
applied with dead weight, and the irradiation dose levels #re; 0, 2,5,
and 5.0 Mrad, Wear and friction data and conditions for each of the
ten tests are summarized, and include: (1} wear volume as a function
of the sliding distance for the irradiation levels, {2) incremental wear
rate, and (3) coefficlent of friction as a function of the sliding
distance. It is shown that (1) the friction and wear properties of
UHMWPE are not significantly changed by the irradiation doses of
2,5 and 5.0 Mrad, (2) the irradiation Increases the amount of
insoluble gel as well as the amount of low malecular weight material,
and {3) after run-in the wear rate is either steady or gradually
decreases as a function of the sliding distance, K.S.

AB2-11389 * Comparative thermal fatigue resistance of sev-
oral oxide dispsrsicn strengthened alloys, J. D, Whittenberger and P,
T, Bizon {NASA, Lewis Research Center, Cleveland, OH), Interna-
tional Journal of Fatigue, vol, 3, Oct, 1981, p. 173-180, 25 refs,

The thermal fatigue resistance of several oxide dispersion
strengthened (ODS) alloys has been evaluated through cyclic
exposure in fluidized beds. The ODS nickel-base alloy MA 754 and
ODS iron-base alloy MA 956 as well as four experimental ODS
Ni-16Cr-4,6Al base alloys with and without Ta additions were
examined, Both bare and coated alloys were subjected to up to 6000
cycles where each cyclé consisted of a 3 minute immersion in a
fluidized bed at 1130 C followed by a 3 miniute immersion in a bed
at 357 C, Testing revealed that the thermal fatigue resistance of the
ODS nickel-base alloys was excellent and about equal to that of
directionally solidified superalloys. However, the thermal fatigue
resistance  of MA 956 was found to be poor, Metallographic
examination of tested specimens revealed that, in general, the
post-test microstructures can be rationalized on the basis of previous
diffusion, mechanical property, and oxidation studies. {Author)

AB2-37151 * Long-term high-velocity oxidation and hot corrosion
testing of several NiCrAl and FeCrAl base oxide dispersion strengthened
alloys. C. E. Lowell, D. L. Deadmore, and J. D. Whittenberger (NASA, Lewis
Research Center, Materials Div., Cleveland, OH). Oxidation of Metals, vol. 17,
Apr, 1982, p. 205-221, 20 refs.

Several oxide dispersion strengthened (ODS) alloys have been tested for
cyclic, iong-term, high gas-valocity resistance to oxidation at 1100 C and hot
corrosion at 800 C, Both nominally Ni-16Cr-4Al and Fe-20Cr-4.5A1 ODS alloys
were subjected up. to about 2500 cycles, where each cycle consisted of 1 hr in
a hot, Mach 0.3 combusted gas stream followsd by a 3-min quench in an-ambient
temperature, Mach 0.3 air blast. For comparison to existing technolcgy, a coated
superalloy was simultaneously tested. The ODS iron alloy exhibited clearly su-
perior behavior, surviving 3800 oxidation and 2300 hot corrosion cycles essen-
tially unscathed, While the ODS nickel alloys exhibited ‘adequate oxidation
resistancs, the long-term hot corrosion resistance could be marginal, since the
bast life for such alloys under these conditions was only about 1100 cycles.
However, the hot corrasion resistance of the ODS Ni-base alloys is exsellent in
comparison to that of traditional superalloys. (Author)

A82-40041 * Crysatallographic texture i oxide-dispersion-strength-
ened alloys, J, D, Whittenberger (NASA, Lewis Research Center, Cleveland,
‘OH). Materials Science and Enginesring, vol. 54, June 1882, p. 81-83, 9 refs.

Crystallographic and elastic moduli data are presented which document the
degree. of texture in sevaral oxide dispersion-strengthened (ODS) nickel-base
alloys. The existence of strong crystallographic textures in such multicrystalline
alloys Is considered important, since the small angle grain boundaries may be
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partially responsible for creep threshold stresses. Glejter (1979) has shown that
ideal, low energy boundaries will act as vacancy sources only when the applied
stress Is greater than a threshold stress, whila large angle grain boundaries will
emit vacancies at all stress levels. The continued operation of a net vacancy in
an ODS alloy must be avolded, since it will lead 1o & Jocalized disruption of the
microstructure. 0.cC.

AB2-42774 * Structure and creep rupturs properties of directionaily
sofidified eutectic gamma/gamma-prime-alpha alioy. J, D, Whittenberger
(NASA, Lewis Research Center, Cleveland, OH) and G. Wirth (Deutsche For-
schungs- und Versuchsanstalt fir Luft- und Raumfahri, Cologne, West Ger-
many). Melal $clence, vol. 16, Aug. 1882, p, 383-388, 21 refs, Research
supported by the Alexander von Humboldt-Stiftung.

A simple ternary gamma/gamma-prime-alpha alloy of nominal composition
(wi-%) Ni-32Mo-6Al1 has been directionally solidified at 17 mm/h and tested in
creep rupture at 1073, 1173, and 1273 K. A uniform microstructure consisting of
square-shaped Mo fibers in a gamma + gamma-prime matrix was found despite
some variation in the molybdenum and aluminum concentrations along the
growth direction. Although the steady-state creep rate Is well described by the
normal stress temperature equation, the stress exponent {12} and the activation
energy (580 kJ/mol) are high, The rupture behavior is best characterized by the
Larson-Miller parameter where the constant equals 29, {Author)

AB2-47393 * # The influence of gamma prime on the recrystallization
of an oxide dispersion strengthened superalloy - MA 8000E. R, K, Hotzler
{Queensborough Community College, Bayside, NY) and T, K. Glasgow (NASA,
Lewls Research Center, Cleveland, OH), Metallurgical Transactions A - Physical
Metallurgy and Materials Science, val. 13A, Oct, 1982, p. 1665-1674, 15 refs,

The requirement of large, recrystallized, highly elongated grains Is of primary
importance to the development of suitable high temperature properties in oxide
dispersion strengthened-superalloys. in the present study the recrystallization
behavior of MA 6000E, a recently developed Y203 strengthened superalloy
produced by mechanical alloying, was examined using transmission and replica-
tion microscopy. Gradient and isothermal annealing treatments were applied to
extruded and hot rolled products. it was found that conversion from a very fine
(0.2 micron) grain structure to a coarse {approximately 10 mm) grain structure
is controlled by the dissolution of the gamma prime phase, while grain shape was
controlled primarily by the thermal gradient. The fine uniform oxide dispersion
appeared to have only a secondary influence in determining the grain shape as
columnar grains could be grown transverse to the warking direction by appropri-
ate application of the thermal gradient. {Author)

AB2-47397 * The infiuence of orientation on the stress rupture prop-
erties of nickel-base superalloy singie crystals. R. A. MacKay (NASA, Lewis
Research Center, Cleveland, OH) and R, D, Maler (Chase Brass and Copper Co,,
Solon, OH), Mstallurgical Transactions A - Physical Metallurgy and Materials
Sclence, vol, 13A, Oct. 1982, p, 17471754, 13 refs, Grant No, NsG-3246.
Constant load creep rupture tests were psrformed on MAR-M247 single crys-
tals at 724 MPa and 774 C where the effect cf anisotropy is prominent, The initial
orientations of the specimens as well as the final arientations of selected crystals
after stress rupture testing w 3re determined by the Laue back-reflection X-ray
techniqus. The stress rupture lives of the MAR-M247 single crystals were found
to be largely determined by .4e lattice rotations required to produce intersacting
slip, because second-stage creep does not begin until after the onset of intersect-
ing slip, Crystals which required large rotations to become oriented for intersect-
ing slip exhibited the shortest stress rupture lives, whereas crystals requiring little
o7 no rotations exhibited the lowest minimum creep rates, and consequently, the
longast stress rupture lives. V.L.

AB82-47398 * Fatigue and creep-fatigue deformation of several nick-
el-base superalloys at 650 C, R, V. Miner, J, Gayda (NASA, Lewis Research
Center, Cleveland, OH), and R. D. Maier (Chase. Brass and Copper Co., Sclon,
OH). Msetallurgical Transactions A - Physical Metallurgy and Materials Science,
vol, 13A, Oct. 1982, p. 1755-1765. 36 refs.

Transmission electron microscopy has been used to study the butk deformation
characteristics of seven nickel-base superalloys tested in fatigue and creep-
fatigue at 650 C, The alloys were Waspalloy, HIP Astroloy, H plus F Astroloy, H
plus F René 85, IN.100, MERL 76, and NASA 1iB-7, The amount of bulk deforma-
tion observed in all the alloys was low, In tests with inelastic strain amplitudes less
than about 0.003, only some grains.-exhibited yielding and the majority of those
had the 110 line-near the tensile axis, Defermation occurred on octahedral sys-
tems for all of the alloys except MERL 76 which also showed abundant primary
cube slip, Creep-fatigue cycling occaslonally produced extended faults between
partial dislocations, but otherwise deformation was much the same as for fatigue
cycling, v.L
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AB2-47388 * The Influence of cobait on the tenslle and stress-rup-
ture properties of the nickel-base superalioy MAR-M247, M, V. Nathal
(NASA, Lowis Rosearch Center, Cleveland, OH), B, D. Maler (Chase Brass and
Copper Co,, Solon, OH), and L. J. Ebert (Case Western Reserve University,
Cleveland, OH). Metallurgical Transactions A ~ Physical Melallurgy and Materi-
als Science, vol. 13A, Oct, 1982, p. 1767-1774, 27 refs.

AB82-47400 * The influence of cobalt on the microstructure of the
nickel-base superafloy MAR-M247, M, V. Nathal (NASA, Lewis Research Cen-
ter, Cleveland, OH), R. D, Maler (Chaso Brass and Copper Co,, Solon, OH), and
L. J. Ebert (Case Western Reserve Unlversity, Cleveland, OH). Metallurgical
Transactions A - Physical Metallurgy and Materials Science, vol. 13A, Oct. 1982,
p. 1775-1783, 20 refs, Grant No, NsG-330,

Nickel was substituted for Co to produce 0, 5, and the sishdard 10% versions
of MAR-M247, a cast nickel-base superalloy. The microstructures of the alloys
were examined in as-cast, heat {reated, aged, and stress-rupture tested condi-
tions using a variety of metallographic techniques and differential thermal anal-
ysis. As cobalt concentration was reducsd from 10 to 0 wt %, the gamma-prima
weight fraction decreased from 59 1o 41%; W and Ti concentrations in the gam-
ma-prime phase Increased from 5 to 8 and 2 to 3 at.%, respectively; the mean
gamma-prime particle size increased from 0.6 to 0,8 micron; Cr and Al concentra-
tions in the gamma matrix decreased from 17 to 13 and 15 to 12 at.%, respec-
tively; and the weight fraction of carbides increased by approximately 1%, V...

N82-10193*§
Technology Div.
THERMAL FATIGUE AND OXIDATION DATA OF TAZ-8A
AND M22 ALLOYS AND VARIATIONS Technical Report,
1 Feb, - 30 Apr, 1980
K. E. Hofer and V. €. Humphreys Sep. 1981 44 p tefs
{Contract NAS3-17787)
{NASA-CR-165407, IITRI-M06001-83) Avail: NTIS
HC AO3/MF AO1 CSCL 11F

Therma! fatigue and oxidation data were obtained on
36 specimens, representing 18 distinct variations (including the
base systems) of TAZ-8A and M22 alloys, Double-edge wedge
specimens for these systems were cycled between f{luidized
beds maintained at 1088 C and 316 C with a 180 s immersion
in each bed. The systems included alloys TAZ-8A, M22, and
16 variations of these alloys. Each alloy variation consisted of a
unique composition with an alternation in the percentage of
carbon {C1 and C2), molydenum (M1 and M2), tungsten (W1
and W2), columbium {CB1, CB2, and CB3), tantalium (T1, T2,
and T3), or boran {B1, B2, and B3) present, All of the alloys
showed little wsight change due to oxidation compared with
other alloys previously tested in fluidized beds. Qnly both C1
alloy variation. specimens survived 3500 cycles without cracking
in the small radius, although substantial cracks were present,
emanating from the end notches which were used for holding
the specimenr Author

IIT Research Inst, Chicago, il Materisls

N82-13217*§ Pittsburg Univ, Pa.
Materials Engineering.
INVESTIGATION INTO THE ROLE OF NaCl DEPOSITED
ON OXIDE AND METAL SUBSTRATES IN THE INITIATIGN
OF HOT CORROSION Semiannual Report, 1 Apr. - 1 Oct.
1981
N. Birks 1 Oct. 1981 24 p
(Grant NAG3-44)
{NASA-CR-165029; SAR-3)
CSCL 11F

Morphological aspects of the conversion to Na2504 of NaCl
deposits over the temperature range 500-700 C, in air with
added S02 and H20. Progress of the reaction was observed by
withdrawing samples at various times and examining them under
the scanning electron microscope using EDAX to assess the
extent of chloride to sulfate conversion. These initial results show
that the conversion to Na2504 proceeds directly on the sodium
chloride surface as well as on the surrounding substrate due to
evaporation of NaCl from the solid particle. The mechanism of
this reaction could involve reaction in the vapor to produce
Na2S04 which then deposits, alternatively Na2504 could form
directly on the substrate surface duc to direct reaction there
between. the vapors NaCl, SO2 »ad 02. ARH.

Dept. of Metallurgical and

Avail; NTIS HC AO02/MF AO1
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N$2-14333*§ Avco Lycoming Div., Stratford, Conn, Materials
Lab

DEVELOFMENT OF IMPROVED HIGH TEMPERATURE
COATINGS FOR IN-792 4 Hf Final Report
D, D. Profant and S K. Naik Jun, 1981 05 p refs
(Contract NAS3-22371; DA Proj. 1L1-62209-AH.76)
(NASA-CR-165395) Arail: NTIS HC AO5/MF AO1 CSCL
11F

The development for t-565 1712 engins of high temperature
for integral turbine nozzlies with improved thermal fatigue
resistance without sacrificing oxidation/corrosion protection is
discussed. The program evsluated to coating systems which
comprised one baseline plasma spray coating { 12% Al-NICoCrALY),
three aluminide coa:ings including the baseline aluminide (701),
two CoNiCrAly (6% Al} + 3luminide systems and four NiCoCrY
+ sluminide costing were .eveluated, The two-step coating
processes were investigated since it offered she advantage of
talloring the composition as weli as properly caating surfaces of
an integral or segmented nozzle. Cyclic burner rig thermal fatigue
and oxidation/currosion tests were used to evaluate the
candidate coating systems. The plasma sprayed 12% Al-NiCoCrAlY
was rated the best coating in thermazl fatigue resistance and
outperformed all costings by a factor between 14 to 2.5 in
cycles to crack initiation. However, this coatings is not applicable
to integral or segmented nozzles due to the line of sight limitation
of the plasma spray process, The 6% AI-CoNiCrAlY + Mod.
701 aluminide {32 w/o Al} was rated the best coating in
oxidation/corrosion resistance and was rated the second best in
thermal fatigue resistance. JD.H.

NB82-18368*f Wastinghouse Electric Corp,, Pittsburgh, Pa,
EVALUATION OF [PRESENT THERMAL BARRIER COAT-
INGS FOR POTENTIAL SERVICE IN eLeCTRIC UTILITY GAS
TURBINES Final Report
R J. Bration, 8. K, Ley, and S, Y, Lee Jul, 1082 181 p refe
Sponsored in part by. Electric Power Research Inst.
{Contract NAS3-21377)
{NASA-CR-165645; Rept-81-9D6-NASAC-R3} Avail: NTIS
HC AOB/MF AO1 CSCL 11F
The resistance of present-day thermal barrier coatings to

combustion gases found in electric utility turbines was assessed,
The plasma sprayed coatings, both duplex and graded types,
were primarily zirconia-based, although a calcium silicate was
also evaluated, Both atmoasphaeric burner rig tests and high pressure
tests {135 psig) showed that several present-day thermasl
barrier coatings have a high potential for service in gas turbines

urning the refatively clean GT No. 2 fuel, However, coating
'nprovements are needed for use in turbines burning lower grade
fuel such as residual ofl, The duplex Zr02.8Y203/NiCrA1Y coating
was ranked highest and selected for near-term field testing, with
Ca2Si04/NiCrA 1Y ranked second. Graded coatings show
potential fér corrosive turbine operating conditions and warrant
further development. The coating degradation mechanisms for
each. coating system subjected to the various envirrnmental
conditions are also describad,

VY,

N82.18370*§ TRW, Inc., Cleveland, Ohio. Materials Technology
DEVELOPMENT OF MATERIALS AND PROCESS TECHNOL.
OGY FOR DUAL ALLOY DISXS Final Report
James M, Marder and Charles S, Kortovich Oct. 1981 168 p
refs
(Contract NAS3-21351)
(NASA-CR-165224; TRW-ER-8001-F) Avail; NTiS
HC A09/MF AO1 CSCL 11F

Techniques for the preparation of dual alloy disks were
daveloped and evaluated, Four material combinations were
evaluated in the form of HIP consolidated and heat treated
cylindrica] and plata shapes in terms of elevated temperature
tensile, stress rupture and low cycle fatigue properties. The process
evaluation indicated that the pe-HIP AF-115 rim/loose powder
Rene 55 hub combination offared the best overall range of
machanical properties for dual disk applications. The feasibility
of this duai alloy concept for the production of more complex
components was demonstrated by the scale up fabrication of a
prototype CFM-56 disk made from this  AF-115/Rene
95 combination. The hub alloy ultimate tensile strength was
approximately: 92 percent of the program goal of 1520 MPa
{220 ksi) at 480 C {900 F) and the rim alloy stress rupture
goal of 300 hours at 675 C (1250 F)/925 MPa {134 ksi} was
exceeded by 200 hours, The low cyrle fatigue properties were
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equivalent 10 those exhibited by HIP and heat treated alloys,
There was an abtence of rupture notch sensitivity in both alloys,
Tha joint tensile properties were spproximately 85 parcent of
the weaker of the two materials (Rene 95) and the stress rupture
properties were equivalent to these of the weaker of the two
materials (Rene 95). Author

N82.19360%§ Pratt and Whitney Alrcraft, East Hartford. Conn,
TAILORED PLASMA SPRAYED MCrAlY COATINGS FOR
AIRCRAFT GAS TURBINE APPLICATIONS
F. .J. Pennisi and D. K, Gupta Jan. 1381 132 p refs
(NAS3-21730)
{NASA-CR-185234;  PWA-5642-21) Avail; NTIS
HC A07/MF AOt1 CSCL 11F

Eighteen plasma sprayez coating systems, nine based on
the NiCoCrAly chemistry and nine based on the CoCrAly
compasition, were evaluated to identify coating systems which
provide equivalent or superior life to that shown by the electron
beam physical vapor deposited NiCoCrAly and CoCrAly coatings
respectively. WiCoCrAly type coatings were examined on a
single crysta} afloy and the CoCrAly based coatings were optimized
on the B1800+ Hf alloy. Cyclic burner rig oxidaiion and hot
corrosion and tensile ductility tests used to evaluate the varicus
coating candidates. For the single crystal alloy, a low pressure
chamber plasma sprayed NiCoGrAly + Si coating exhibited a
2x oxidation life improvement at 1394 K {2050 F} over the
vapor deposited NiCoCrAly material while showing equivalent
tensile ductility. A silicon modified low pressure chafber plasma
sprayed CoCrAly coating was found to be more durablo than
the baseline vapor deposited CoCrAly coating on the B1900+
Hf alloy. S.L

NB82-26436*} Cincinnati Univ., Ohio. Dept. of Materials Science
and Metallurgical Engineering.
HIGH TEMPERATURE LOW CYCLE FATIGUE MECHA-
NISMS FOR NICKEL BASE AND A COPPER BASE ALLOY
M.S, Thesis Final Repont
Chin-) Shih Waskington NASA Jun. 1982 110 p refs
{Grant NsG-3263)
(NASA-CR-3543; NAS  1.26:3543) Avail; NTIS
HC AO6/MF A0%1 CSCL 11F

Damage mechanisms were studied in Rene’ 95 and NARIloy
2, using optical, scanning end transmission in microscopy. In
necklace Rene” 95, crack ifiitiation was mainly associated with
cracking of surface MC carbides, except for hoid time tests at
higher strain ranges where initiation was associated more with
a grain boundary mochanism. A mixed mode of propagation
with a faceted fracture morphology was typical for all cycle
characters. The dependence of life on maximum tensile stress
can be demonstrated by the data falling onto three lines
corrgsponding 1o the three tensile hold times, in the life against
maximum tensile stress ploi. In NARloy Z, crack initiation was
always at the grain boundaries. The mode of ciack propagation
depended on the cycle character. The life decreased with
daecreasing strain rate and with tensile holds. In terms of damage
mode, different life prediction laws may be epplicable to different
cycle characters, A.R.H.

N62-26439*§ United Technologies Corp., East Hartford, Conn,
Commercial Products Div.
HOT ISOSTATICALLY PRESSED MANUFACTURE OF HIGH
STRENGTH MERL 76 DISK AND SEAL SHAPES Final
Report
R. D. Eng and D. J. Evans May 1982 139 p refs
{Contract NAS3-20072)
{NASA-CR-165548; NAS 1,26:165548; PWA/5574-123) Avail;
NTiIS HC AO7/MF AO1 CSCL 11F

The feasibility of using MERL 76, an advanced high strength
direct hot isostatic pressed powder metallurgy superalloy, as a
full scale component in a high technolagy, long life, commercial
turbine engine were demonstrated. The component was a JT9D
first stage turbine disk, The JT9D disk Tim temperature capability
wap jncreased by at least 22 C and the waeight of JTID high
pressure turbine rotating components was reduced by at least
35 pounds by replacement of forged Superwaspaloy components
with hot. isostatic pressed (BIP) MERL 76 components. The
process control plan and acceptance criteria for manufacture of
MERL 76 HIP consolidated components were genersted, Disk
components were manufactured for spin,lburst rig test, experimen-

64

tal engine tests, and design data generation, which estadblished
lower design properties including tensile, stress-rupture, 0.2%
craep and notched (Kt = 2.5) low cycle fatigue properties,
Sonntag, fatigus crack piopagation, and low cycla fatigue crack
threshold data, Dirsct HIP MERL 76, when compared to
conventionally forged Superwaspaloy, is demonstrated to be
superior in mechanical properties, Increased rim temperature
capability, reduced companent weight, and reduced material
cost by at least 30% based on 1980 costs, J.0.

N82-27482%§ Michigan Technological Univ., Houghton, Dept
of Metsllurgical Engineering.
SOLUTE TRANSPORT DURING THE CYCLIC OXIDATION
OF Ni-Cr-Al ALLOYS M.S. Thesis
James A, Nesbitt Moy 1982 140 p refs
{Grant NsG-3218}
{NASA-CR-165544; NAS 1.26:155544) Avall:  NTIS
HC AO7/MF AO1 CSCL 11F

Important requirements for protective coatings of Ni.Cr-Al
alloys for gas turbine superalloys are resistance to oxidation
accompanied by thermal cycling, resistance to thermal fatigue
cracking, The resistance to oxidation accompanied by thermal
cycling is discussed. The resistance to thermal fatigue cracking
is also considered. S.L.

N82.28409*§ Purdue Univ., Lafayette, Ind. Dept. of Material
Engineering.
EFFECTS OF COBALT ON THE MICROSTRUCTURE OF
UDIMET 700 M.S. Thesis Final Report
Mayer Abraham Engel Jun. 1882 66 p refs
{Grant NAG3-57)
{NASA-CR-165605; NAS 1.26:165605) Avail;  NTIS
HC A04/MF AO1 CSCL 11F

Cobalt, a critical and ’strategic’ alloying element in many
superalloye, was systamatically substituted by nickel in experimen-
tal alloys Udimet 700. containing 0.1, 4.3, 8.6, 12.8 and the
standard 17.0 wt% cobalt. Electrolytic and chemical extraction
techniques, X-ray difiraction, scanning electron and optical
microscopy were used for the microstructural studies. The total
weight fraction of gamma’ was not significantly affected by the
cobalt content, although a difference in the size and quantities
of the primary and secondary gamma’ phases was apparent.
The lattice parameters of the gamma' were found to increase
with increasing cobalt content while the lattice mismatch between
the gamma matrix and gamma’ phases decreased. Other significant
effects of cobalt on the weight fraction. distribution and formation
of the carbide and boride phases as well as the relative stability
of the experimental alloys during long-time aging are aiso
discussad. Author

N82-30374%§ Purdue Univ., Lafayette, Ind,
MC CARBIDE STRUCTURES IN M(LC2)AR-M247
M.8. Thrsin - Final Report
Stanley \Walter Wawro Jun, 1882 53 p refs
{Contract NAG3-59)
(NASA-CR-167892; NAS 1,26:167892) Avail:  NTIS
HC AO4/MF AD1 CSCL 11F

The morphologies and distribution of the MC carbides in
Mar-M247 ingot stock and castings were Investigated using
metallographic, X-ray diffraction and energy-dispersive X-ray
analysis techniques, The MC carbides were found to form script
structures during solidification. The script structures were
composed of threa distinct parts. The central cores and
glongated arms of the MC carbide script structures had
compositions (Ti, Cr, Hf, Ta, W)C and lattice parameters of
4,39 A, The elongated script arms terminated in enlarged, angular
‘heads’. The heads had compositions {Ti, Hf, Ta, W)C and lattice
parameters: of approximately 4,50 A, The heads had a higher
Hf content than the cores and arms. The size of the script
Structures, as well as the relative amount of head-type to core
and arm-type MC carbide, was found to be determined by
solidification conditions. No carryover of the MC carbides from
the ingot stock to the remelted and cast material was observed,

Author
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gx-&soo'# Colorado Stata Unlv,, Fort Collins.  Dept. of
sics.
ION BEAM MICROTEXTURING AND ENHANCED SURFACE
DIFFUSION Final Report
Raymond 8, Robinson Feb, 1982 54 p refs
(Grant NAG3-43)
(NASA-CR-167048; NAS  1,26:167948) Aveil:  NTIS
HC A04/MF A01 CSCL 11F

lon beam Interactions with solid surfaces are discussed with
particular emphasis on microtexturity nduced by the deliberate
deposition of controllable amountis ¢ an Impurity material onto a
solid surface while simultaneously spuitering the surface with an
ion beam, Experimental study of the optical properties of microtex-
tured surfaces is described. Measurements of both absorptance
as a function of wavelength and emissivity are presented. A
computer code is described that models the sputtering and lon
reflection processes involved In microtexture formation. B.W.

N82-33494°# Solar Turbines International, San Diego, Calif,
ADVANCED CERAMIC COATING DEVELOPMENT FOR iNDUS-
TRIAL/UTILITY GAS TURBINES Final Report, 11 Mar. 1879 -
1 Sep, 1981
James W. Vogan and Alvin R, Stetson Jan, 1882 128 p refs
(Contracts DEN3-108; DE-Al01-77ET-3111)
(NASA-CR-169852; DOE/NASA/0109-1; NAS 1.26:160852;
SRB2-R-4792-28) Avall: NTIS HC A07/MF A01 CSCL 11F

A program was conducted with the objactive of developing
advanced thermal barrier coating (TBC) systems. Coating applica-
tion was by plasma spray. Duplex, triplex and graded coatings
were tested. Coating systems Incorporated both NICrAly and
CoCrAly bond coats, Four ceramic overlays were tested: ZrO2,
8203; Ca0.TiO2; 2Ca0.S102; and MgO.Al203, The best overall
results were obtained with a Ca0,TiO2 coating applied to a NiCrAly
bond coat. This coating was less sensitive than the Zr0z2.6Y203
coating to process variables and part geometry, Testing with fuels
contaminated with compounds containing sulfur, phosphorus and
alkali metals showed the zirconia coatings were destabilized. The
calcium titanate coatings were not affected by these contaminants.
However, when fuels were used containing 50 ppm of vanadium
and 150 ppm of magnesium, heavy deposits were formed on the
test specimens and combustor components that required frequent
cleaning of the test rig. During the program Mars engine first-
stage turbine blades wera coated and Installed for an engine cyclic
endurance run with the zirconia, calcium titanate, &nd calcium
silicate coatings. Heavy spalling developed with the calcium silicate
system. The zirconia and calcium titanate systems survived the
full test duration, it was concluded that thesa two TBC's showed
potential for application in gas turbinss. Author

A82-:20742 % # Improved plasma sprayed MCrAlY coatings for
aircraft gas turbine applications. F, J, Pennisi and D. K. Gupta
{United Technologies Corp,, Pratt and Whitney Aircraft Group, East
Hartford, CT), American Vacuum Society, Internatior.al Conference
for Metallurgical Coatings, San Francisco, CA, Apr. 6-10, 1981,
Paper. 17 p. 11 refs, Contract No, NAS3-21730.

Eighteen plasma sprayed coating systems, nine based on the
NiCoCrAlY chemistry and nine based on the CoCrAlY composition,
were evaluated to identify coating systems which will provide
equivalent or superior life to that shown by the electron beam
physical vapor deposited NiCoCrAlY and CoCrAlY coatings respec-
tively. NiCoCrAlY-type coatings were examined on a single crystal
alloy and the Cof$*%)Y based coatings were optimized on the B1900
+ Hf alloy. Cyclic urner rig oxidation and hot corrosion and tensile
ductility tests were used to evaluate the various coating candidates.
For the single crystal alloy, a low pressure chamber plasma sprayed
NiCoaCrAlY + Si coating exhibited a 2X oxidation life improvement
at 1121 C {2050 F) over the vapor deposited NiCoCrAlY material
whilé showing egwivalent tensile ductility. A silicon modified low
pressure chamber plasrna sprayed CoCrAlY coating was found to be
more durabie than the baseline vapor deposited CoCrAlY coating on
the B1900 + Hf alloy. {Author)

AB2-34972 * Effects of cobait on siructure, microchemistry snd.
properties of a wrought nickel-base superafloy. R, N. Jarrett and .l K. Tien
{Columbla University, New York, NY). Metallurgical Transactions A - Physical
Metallurgy and Materials Science, vol, 13A, June 1982, p, 1021-1032, 30 refs.
Grant No, NAG3-57.

Te effect of cobalt on the basic machanical propertios and microstructura of
wrought nickel-base superalloys has been investigated experimentaily by sys-
tematically replacing cobait by nicke! in Udimet 700 (17 wi% Co) commonly used
in gas turbina {Jet angine) applications. it is shown that the réom temperature
tensile yield strength and tensile strength only slightly decrease lf) fine-grained
{disk) alloys and are baslcally unatfected in coarse-grained (blading) alloys as
cobalt is removed, Creep and stress rupture resistances at 760 C are found lo
be uniffectad hy cobalt tevel in the blading alloys and decrease sharply only
when the cobalt tevel is reduced below 8 vol% in the disk alloys. The effect of
cobalt Is explained in terms of gamma prime strengthening kinatics. VL.

AB82-40335 * Creep and rupture of an ODS &¥07 with high strass rup-
ture ductility. M, E. McAlarney, R, M, Arsons f'elanese Research Center,
Summit, NJ), T. €, Howsor, J, K. Tien (Columbia Unlversity, New York, NY), and
S. Baranow (Special Metals Corp., New Hartford, NY). Metallurgical Transac-
tions A - Physical Melallurgy and Materials Science, vol. 13A, Aug. 1882, p.
1453-1462, 33 refs. Grant No, NsG-3050.

The creep and siress ruplure properties of an oxide (Y203) dispersion
strongthened nickel-base alloy, which also is strengthened by gamma-prime
precipitates, was studied at 760 and 1093 C. At both temperatures, the alloy
YDNICrAl exhibits. unusually high stress rupture ductility as measured by both
elongation and raduction In area. Failure was transgranular, and different modes
of failure were observed inc'uding crystallographic fracture at intermediate tem-
peratures and tearing or neckirg almost to a chise! point at higher temperatures.
While the rupture ductility was high, the creep strength of the alldy was low
relative to conventional gamma prime strengthened superalloys in the Intermedi-
ate temperature range and to ODS alioys in the higher temperature range. Thase
findings are discussed with respect to the alloy composition; the strengthening
oxide phages, which are inhomogeneously dispersed; the grain morphology,
which is coarse and elongated and exhibits many included grains; and the second
phase inclusion particles occurring at grain boundaries and in the matrix. The
creep properties, in particular the high stress dependencies and high creep actl-
vation energies measured, are discussed with respect to ihe resisting stréss
mode! of creep in particle strengthened alloys, {Author)

ABQ-44529 * Recrystallization and grairy growth in NIAl. G. R, Haff
(ODECO, New Orleans, LA) and E. M, Schulson {Dartmouth College, Hanover,
NH). Metallurgical Transactions A - Physical Metallurgy and Materials Sciénre,
vol, 13A, Sept. 1982, p. 1£63-1566, 8 refs, Grant No. NAG3-13,

Aluminide intermetallics, because of their strength, microstructural stability,
and oxidation resisiance at elevated temperatures, represent potential structural
materials for use in advanced energy conversion systems, This inherent potential
of the intermetallics can currently not be realized in connection with the generai
brittleness of the materials under ambient sonditions. It is pointed out, however,
that brittleness is not an inhsrer.t characteristic, Single crystals are ductile and
polycrystals may be, too, if their grains are fine enough. The present investigation
is eoncerned with an approach for reducing material brittleness, taking into ac-
cowid thermal-mechanically induced grain refinement in NiAl, a B2 aluminide
which melts at 1638 C and which retains complete order to its maelting point.
Attention is given to the kinetics of recrystaliization and grain growth of warm-
worked, nickel-rich material, G.R.

A82-48244 * #  Applications ¢ - =~temperature powder metal afumi-
vum alloys to smali gas turbince * - willlan, Jr. (Garrett Turbine Engine Co.,
Phoenix, AZ), American Institute .. Mlurgical Engineers, Annual Mesting,
Dallas, TX, Feb. 15-18, 1982, Paper, i p. Contract No, DEN3-167.

A program aimed at the development of advanced powder-metallurgy (PM)
aluminum alloys for high-temperature applications up to 650 F using the concepts
of rapid solidification and mechanical alloying is discussed. In particular, applica-
tion of rapldly solidified PM aluminum alloys to centrifugal compressor impellers,
currently-used in auxiliary power units for both military and commercial aircraft
and potentially for advanced automotive gas turhine engines, is examined, It is
shown that substitution of high-temperature aluminum for titanium alloy impellers
operating In the 360-650 F rangé provides significant savings in material and
machining costs and results in reduced component weight, and consequently,
reduced rotating group Inertia requiremients,
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27 NONMETALLIC MATERIALS

Includes physical, chemical, and mechanical properties
of plastics, elastomers, lubricants, polymers, textiles,

adhesives, and ceramic materials,

N82-11210%} “lauonal Aeronautics and Space Administration.
Lawis Rerearch Center, Cleveland, Ohio.
CASTABLE HIGH TEMPERATURE FRACTORY MATERIALS

Patent Application
Isidor Zaplatynsky, inventor (to NASA) Filed 13 Oct. 1981

p
(NASA-Casy-LEW-13080-2; US-Patent-App!-SN-310713) Avail;

NTIS HC AO2/MF AO1 CSCL 118
The fabrication of chemically inert ceramic bodies that are
both high refractory and porous is disclosed. A paste is formed
by mixing alumina grain having a uniform particle size with colicidal
silice that is stabilized with ammonia. This paste is then cast
without forming a compact and dried without pressing. After
drying, the cast body was sufficient green strength to be handled,
and it is transierred to a furnance for curing, A green body
preparad in accordance with the invention does not undergo
shrinkage during either curing or prolonged subseguent he;’ti:g.
MASA

N82-11211*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio.
FABRICATION AND WEAR TEST OF A CORNTINUOUS
FIBER/PARTICULATE COSPOSITE TOTAL SURFACE HIP
REPLACEMENT
Jack C. Roberts [Rensselaer Poliytechnic Inst, Troy, N.Y.}, Frederick
F. Ling (Rensselaer Polytechnic Inst,, Troy. N.Y.), and William R,
Jones, Jr. 1981 29 p refs Presented at the Joint Lubrication
Conf.. New Orleans, §-7 Oct. 1981; cosponsored by ASME and
the Am. Soc, of Lubrication Engr.
(Grant DAAG29-78-C-0204)
{NASA-TM-81746; E-709) Avail: NTIS HC A03/MF A01 CSCL
06B

Continuous fiber woven E-glass cemposite femoral shells
having the ame elastic properties as liyne ‘were fabricated. The
shells were then encrusted with filleid époxy wear resistant
coatings and run dry against ultrahigh molecular weight polyeth-
ylene acetabuiar cups in 42,000 and 250,000 cycle were tests
on & total hip simulator, The tribological cha -acteristics of these
shells atriculating with the acetabular cups are comparable to a
vitallium bal articulating with an ultrahigh molecular weight
polyethylene cup. S.L

N82-14359*§ National Aeronautics and Space Admiristration.
Lewis Research Center, Cleveland, Ohio.
ULTRASONIZ VELOCITY FOR ESTIMATING DENSITY OF
STRUCTURAL CERAMICS
S. J. Kiima. G. K, Watson, T. P. Herbell, ¢nd T, J. Moore 1981
12 p refs Presented at the Automotive Technol. Develop,
Contractor Coord. Meeting, Dearborn, Mich., 26-29 Dct. 1981
{Contract DE-AI01-77CS-51040)
(NASA-TM-82765. DOE/NASA/51040-35; E-1026-5) Avail:
NTIS HC AO2/MF AO1 CSCL 11B

The feasibility of using ultrasonic velocity 8s a measure of
bulk dersity of sintered alpha silicon carbide was investigated.
The material tudied was either in the as-sit.)ered condition or
hot isostatic(.ly pressed in the temperature range from 1850 to
2050 C. Dsnsities varied from approximately 2.8 to 3.2 g cu
cm. Resuits chow that the bulk. nominal density of structural
grade silicon carbide articles can be estimated from: ultrasonic
velocity measurements to within 1 percent using 20 MHz
longitudinal waves and a commercielly available ultrasonic time
intervalometer. The ultrasonic velocity measurement technique
shows promise for screening out material with unacceptably low
density levels. Author

N82-16197*} National Aercnautics and Space Administration.
Lewis Research Center, Cieveiand, Ofifc,
NITRIDATION OF 3ILICON M.8. Thesis Case Westem
Reserve Univ.

Naricv J, Shaw Oct. 1981 113 p refs

66

(NASA-TM-82722; £-921) Avsil; NTIS HC A0B/MF A01 CSCL
11G

Silicon powders with three levels of impuritias, principally
Fe, were sinteied in He or H2. Non-densifying mechanisms of
msterial transport were dominant in all cases. ‘High purity Si
showed coarsening in He while particle growth was suppressed
in H2, Lower purity powder cosrsened in both He and H2, The
same thieo Si powders and Si /111/ single crystal wafers were
nitrided in both N2 and N2/H2 atmospheres. Hydrogen increased
the dogree: of nitridation of all three powders and the alphs/bets
ratio of the lower purity powder. Some Si3N4 whiskers and
opin channels through the surface nitride layer waere observed
in ti\e presence of Fe, correlating with the nitridation-enhancing
offecis of Fe, Thermodynamic calculations showed that when
§i02 is present on the Si, addition of H2 to the nitriding
atmosphere decrosses the amatnt of Si02 and increases the
partial pressure of Si-containing vapor species, that is, Si and
Si0, Large amounts of NH3 and SiH4 wero siso predicted to
form, RJF,

N82-15198*§ Natlonsl Aeronautiss 204 Space Administration,
Lewis Research Center, Cleveland, Ohio.
GEOMETRICAL ASPECTS OF THE TAIBOLOGICAL PRO-
PERTIES OF GRAPHITE FIBER NEINFORCED POLYMIDE
COMPOSITES
Robert L. Fusaro 1982 36 p refs Presented at the Ann.
Mseeting of the Am, Soc. of fubrication Engrs., Cincinnati,
10-13 May 1982
(NASA-TM-82757; E-10G76) Ayail: NTIS HC A03/MF AO1
CSCL 11D

A latin square statistical experimental test design was used
to evaluate the effect of ter:persture, load and sliding speed on
the tribological properties of graphtio fiber reinforced polymide
{GFRP!) composite specimens, Hemispherically tipped comyosite
riders were slid against 440 C HT stainless stee! disks, compt-isons
were made to previous studigs in which hemispherically tipped
440 C HT stainless steel riders were slid ageitst GFRPI composite
disks and to studies in which GFRP! was used as a liner in
plain spherical bearings. The resuits indicate that sildinig suitace
geometry is especially important, in that ditferent geomotries
cer; give completely different friction and wear results, Load,
temperature, and sliding distance were found to influence the
friction and wear resuits but sliding speed was found to have
little effect. Experiments on GFRP| riders with 10 waeight percent
additions of graphite fluoride showed that this addition has no
effact on friction and wesr. Author

N82-16189*§ National Aeronautics and Space Admuiajrition,
Lewis Research Center, Cleveland, Ohio.
ELUCIDATION OF WEAR MECHANISMS BY FERRO-
GRAPHIC ANALYSIS
William R. Jones, Jr. 1981 18 p refs Presented at the
Tech. Symp. on Water Glycol Hydraulic Fluids at BASF Wyandotte
Corp., Wyandotte, Mich., 8 Oct. 1981
(NASA-TM-B82737: #-1C50) Avsil: NTIS HC AO2/MF AO1
CSCL 20K

The use of ferrographic analysis in coniunction with light
and scanning electron mizroscopy is described Yor the elucidation
of waar mechanisms taking place in operating equipment. Example
of adhesive wear, -abrasive wear, corrosive wear, rolling element
fatigue, lubricant breakdown, and other wear modes are illustrated,
In addition, the use of magnetic solutions to precipitate
nonmagnetic debris from aqueous and nonaquecus fiuids is
described. Author

N82-16239*§ National Aeronautics and Space Administration,
Lewis Research Center. Cleveland, Chio.
TRIBOLOGICAL CHARACTERISTICS OF A COMPOSITE
TOTAL-SURFACE HIP REPLACEMENT ' Final Report
William R, Jones, Jr., Jack C. Roberts (Rensselaer Polytechnic
Inst.}, and Frederick F, Ling (Rensselaer Polytechnic Inst.)
Washii.gton NASA " Jan. 1982 17 p refs . Presented at the
ASME-ASLE Joint Lubrication Conf, New Orleans, 5-7 Oct.
1981
(NASA-TP-1853; E-709) Avail; NTIS HC A02/MF AD1 CSCL
11H

Continuous fiber, woven E .glass composite femcral shelis
.having_ the same efastic properties as bone ware fabricated. The
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shells were than encrusted with filled epoxy wear resistant coatings
and run dry against ultrahigh molecular weight polyethylene
acetabulsi cups in 42,000 and 26C,000 cycle wear tests on &
total hip simulator. The tribological characteristics of these
continuous fiber particulate composite femoral shells articulating
with uitrahigh molecular weight polyethylene acetabular cups were
comparable to those of a vitallium ball articulating with an ultrahigh
molecular weight polyethylene acetabular cup. Author

N82-19373*§ National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio.
TRIBOLOGICAL PROPERTIES AT 256 C OF SEVEN POLYI-
MIDE FILMS BONDZED TO 440 C H!SH-TEMPERATURE
STAIMLESS STEEL
Robert L. Fusaro Feb. 1982 23 p refs
(MASA-TP-1944; E-758) Avail: NTIS HC A02/MF AO1 CSCL
07C

The tribological properties of seven polyimide films applied
to 440 C high temperature stainless steel substrates were studied
at 25 C with a pin-on-disk type of friction and were apparatus,
The polyimides fell into two groups according to friction and
wear properties, Group | polyimides had slightly lower friction
but much higher wear than group )i polyimides, The wear
mechanism was predominately adhesion, but the wear particles
were larger for group | polyimides, For most of the polyimides
the transfer films consisted of clumps of compacted wear particles,
One polyimide composition produced a very thin transfer film
that sheared plastically 'n the contact area, Author

NB82.19374*} National Aeronautics and Space Administration.
Lewis Research Cente:, Cleveland, Ohio,

SURFACE CHEMISTRY AND WEAR BEHAVIOR OF
SINGLE-CRYSTAL SILICON CARBIDE SLIDING AGAINST
IRON AT TEMPERATURES TO 1500 C IN VACUUM
Kazuhisa Miyoshi and Donald H. Buckley Feb. 1982 14 p

refs
(NASA-TP-1947; E-664) Avail: NTIS HC A02/MF AO1 CSCL
07¢C

X-ray photoelectron and Auger electron spectroscopy analyses
and morphological studies of wear and metal transfer were
conducted with a single-crystal silicon carbide 0001 surface in
contact with iron at various temperatures to 1500 C in a vacuum
of 10 to the minus 8th power pasval. The results indicate that
below 800 C, carbide-carbon and silicon are primarily seen on
the silicon carbide surface, Above BOO C the graphite increases
rapidly with increase in temperature. The outermost surficial layer,
which consists mostly of graphite and little silicon at temperatures
above 1200 C is about 2 nm thick, £ thicker layer, which consists
of a mixture of graphite, carbide, and silicon is apgsoximately
100 nm thick, The closer the surface sliding temperature is to
800 C, the more the metal transfer produced., Above 80O C,
there was a transfer of roug’, discontinuous, and thin iron debris
instead of smooth, continuous and thin iron film which was
observed to transfer below 800 C. Two kinds of fracture pits
were observed on the silicon carbide surface: (1) a pit with a
spherical asperity; and {2) multiangular shaped pits. Author

N82-20313*§ National Aeronautics ai« Space Administratior,
Lewis Research Center, Cleveland, Ohio.
IMPROVED BOUNDARY LUBRICATION WITH FORMU-
LATED C-ETHERS
William R. Loomis 1982 25 p refs Proposed for presentation
at the 37th Ann. Meeting of the Am, Soc, of Lubrication Engr.,
Cincinnati, 10-13 May 1982
{NASA-TM-82808; E-1149; NAS 1.15:82808) Avail: NTIS
HC A02/MF AO1 (CSCL 07C

A comparison of five recently developed C-ether-formulated
fiuids with an advanced fcrmulated MIL-L-27502 candidate ester is
described, Steady state wear and friction measurements were
made with a sliding pin on disk friction apparatus. Conditions
included disk xempe ‘atures up to 260 C, dry air test atmosphere,
1 kilogram load, 50 rpm disk speed. and test times to
130 minutes, Based on wear rates and coefficients of friction,
three of the C-ether formulations as wali &s the C-ether base
fluid gave better boundary lubrication than the ester fluid under
s test conditions. The susceptibility of C-ethers to selective
additive treatment {phosphinic esters or acids and other
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antiwear additives} was demonstrzted when two of the formula-
tions gave somewhat improved lubrication over the base fluid.
The increased operating potential for this fluid wes shown in
relationship to bulk oil temperature limits for MIL-L-23699 and
MIL-L-27602 type esters. Author

NB2-20314*§ National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, Ohio. )
SPUTTERED SILICON NITRIDE COATINGS FOR WEAR
PROTECTION
Alfred Grill {Ben Gurion Univ.) and Paul R. Aron 1982 10 p
refs Presented at the Intern, Conf. on Met, Coatings and Process
Technol., San Diego, Calif., 4-9 Apr, 1982
{NASA-TM-82819; E-1143; NAS 1.15:82B19) Avail: NTIS
HC A02/MF AO1 CSCL 070

Silicon nitride films were deposited by RF sputtering on
304 stainless steel substrates in a planar RF sputtering apparatus.
The sputtering was performed from a Si3N4 target in a sputtering
atmosphere of argon and nitrogen. The rate of deposition, the
composition of the coatings, the surface microhardness and the
adhesion of the coatings to the substrates