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The NASA STI Program Office . . . in Profile

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key
part in helping NASA maintain this important
role.

The NASA STI Program Office is operated by
Langley Research Centéhne lead center for
NASA’s scientific and technical information.
The NASA STI Program Gite provides access
to the NASA STI Database, thedast collection
of aeronautical and space science STl in the
world. The Program Office is also NASAs
institutional mechanism for disseminating the

results of its research and development activities.

These results are published by NASA in the
NASA STI Report Series, which includes the
following report types:

e TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results of
NASA programs and include extensive data or
theoretical analysis. Includes compilations of
significant scientific and technical data and
information deemed to be of continuing
reference value. NASA's counterpart of peer-
reviewed formal professional papers but has
less stringent limitations on manuscript length
and extent of graphic presentations.

e TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or
of specialized interest, e.g., quick release
reports, working papers, and bibliographies
that contain minimal annotation. Does not
contain extensive analysis.

» CONTRACTOR REPOR. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

* CONFERENCE PUBLICATION. Collected
papers from scientific and technical
conferences, symposia, seminars, or other
meetings sponsored or cosponsored by NASA.

e SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

e TECHNICAL TRANSLATION.
English-language translations of foreign
scientific and technical material pertinent to
NASA's mission.

Specialized services that complement the STI
Program Office’s diverse offerings include
creating custom thesauri, building customized
databases, ganizing and publishing research
results . . . even providing videos.

For more information about the NASA STI
Program Office, see the following:

* Access the NASA STI Program Home Page at
http://www.sti.nasa.gov

» E-mail your question via the Internet to
help@sti.nasa.gov

e Fax your question to the NASA STI Help Desk
at (301) 621-0134

e Telephone the NASA STI Help Desk at
(301) 621-0390

e Write to:
NASA STI Help Desk
NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076-1320



Introduction

This supplemental issue @éferonautical Engineering, A Continuing Bibliography with Indexes
(NASA/SP—1998-7037) lists reports, articles, and other documents recently announced in the
NASA STI Database.

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

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

The NASA CASI price code tableddresses of ganizations, and document availability informa
tion are included before the abstract section.

Two indexes—subject and author are included after the abstract section.



SCAN Goes Electronic!

If you have electronic mail or if you can access the Internet, you can view biweekly isS@GSNf
from your desktop absolutely free!

Electronic SCANakes advantage of computer technology to inform you of the latest worldwide,
aerospace-related, scientific and technical information that has been published.

No more waiting while the paper copy is printed and mailed to you.cdn viewElectronic SCAN
thesame day it is released—up to 18pics to browse at your leisure. When you locate a publication
of interest, you can print the announcemenu ¥an also go back tbeElectronic SCANhome page
and follow the ordering instructions to quickly receive the full document.

Startyour access t&lectronic SCANoday Over 1,000 announcements of neports, books, cen
ference proceedings, journal articles...and more—available to your computer every two weeks.

. l)’ For Internet access B-SCAN useany of the
Time ‘ple following addresses:
Fl@xl lete . -
COmp http://www.sti.nasa.gov

FREE ! ftp.sti.nasa.gov

gopher.sti.nasa.gov

To receive a free subscription, send e-mail for complete information about the service first. Enter
scan@sti.nasa.gown the address line. Leave the subject and message areas blank and send. You
will receive a reply in minutes.

Then simply determine the SCAN topics you wish to receive and send a second e-mail to
listserve@sti.nasa.gawLeave the subject line blank aadter a subscribe command in the message
area formatted as follows:

Subscribe <desired list> <Your name>

For additional information, e-mail a messagaeétp@sti.nasa.goyv
Phone: (301) 621-0390

Fax: (301) 621-0134

Write:  NASA STI Help Desk
NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076-1320

Looking just for Aerospace Medicine and Biologgports?

Although hard copy distribution has been discontinued,

you can still receive these vital announcements through /Vehl

your E-SCANsubscription. Justubscribe SCAN-AEROMED ]F’e ar

in the message area of your e-mallistserve@sti.nasa.gav lll‘e./
SCap g 2o



Table of Contents

Recordsare arranged in categories 1 through 19, the first nine comingf®meronautics division
of STAR,followed by the remaining division titles. Selecting a category will link you to the collection
of records cited in this issue pertaining to that category.

01 Aeronautics 1

02 Aerodynamics 2

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

03 Air Transportation and Safety 14
Includes passenger and cargo air transport operations; and aircraft accidents.

04  Aircraft Communications and Navigation 17

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

05 Aircraft Design, T esting and Performance 19
Includes aircraft simulation technology.

06 Aircraft Instrumentation 26
Includes cockpit and cabin display devices; and flight instruments.

07  Aircraft Propulsion and Power 27

Includes prime propulsion systems and systems components, e.g., gas turbine engines and
compressors; and onboard auxiliary power plants for aircraft.

08 Aircraft Stability and Control 31
Includes aircraft handling qualities; piloting; flight controls; and autopilots.

09 Research and Support Facilities (Air) 39

Includesairports, hangarand runways; aircraft repair and overhaul facilities; wind tunnels;
shock tubes; and aircraft engine test stands.

10 Astronautics 41

Includes astronautics (general); astrodynamics; ground support systems and facilities
(space); launch vehicles and space vehicles; space transportation; space communications,
spacecraft communications, command and tracking; spacecraft design, testing and perfor-
mance; spacecraft instrumentation; and spacecraft propulsion and power.

11  Chemistry and Materials 42
Includes chemistry and materials (general); composite materials; inorganic and physical
chemistry; metallic materials; nonmetallic materials; propellants and fuels; and materials
processing.



12

Engineering 44
Includesengineering (general); communications and radar; electronics and electrieal engi
neering; fluid mechanics and heat transfer; instrumentation and photography; lasers and
masersmechanical engineering; quality assurance and reliability; and structural mechanics.

13 Geosciences 51
Includesgeosciences (general); earth resources and remote sensigy;oduction and
conversion; environment pollution; geophysics; meteorology and climatology; and ocean-
ography.

14  Life Sciences 51
Includes life sciences (general); aerospace medicine; behavioral sciences; man/system
technology and life support; and space biology.

15 Mathematical and Computer Sciences 53
Includesmathematical and computer sciences (general); computer operations and hardware;
computer programming and software; computer systems; cybernetics; numerical analysis;
statistics and probability; systems analysis; and theoretical mathematics.

16  Physics 54
Includes physics (general); acoustics; atomic and molecular physics; nuclear and high-
energy; optics; plasma physics; solid-state physics; and thermodynamics and statistical
physics.

17  Social Sciences N.A.
Includes social sciences (general); administration and management; documentation and
informationscience; economics and cost analysis; [alitical science, and space policy;
and urban technology and transportation.

18 Space Sciences N.A.
Includesspace sciencdgeneral); astronomy; astrophysics; lunar and planetary exploration;
solar physics; and space radiation.

19 General 56

Indexes

Two indexes are availableoM may use the find command under the towsiu while viewing the
PDF file for direct matcisearching on any text stringolY may also view the indexes provided, for
searching oiNASA Thesaurusubject terms and author names.

Subject Term Index ST-1
Author Index PA-1
Selecting an index above will link you to that comprehensive listing.



Document Availability

SelectAvailability Info for important information about NASA Scientific andchnical Infor
mation (STI) Program Office products and services, including registration with the NASA Center
for AeroSpace Informatio(CASI) for access to the NASA CASI TRSe¢hnical Report Server),

and availability and pricing information for cited documents.
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Document Availability Information

The mission of the NASA Scientifiand echnical (STI) Program @¢e is to quickly efficiently,
andcost-efectively provide the NASA community with desktop access to STI produced by NASA
and the world’s aerospace industry and academia. In addition, we will provide the aerospace
industry, academia, and the taxpayer access to the intellectual scientific and technical output and
achievements of NASA.

Eligibility and Registration for NASA STI Products and Services

The NASA STI Program dérs a wide variety of products and services to achieve its missomn. Y
affiliation with NASA determines the level and type of services provided by the NASA STI
Program.To assure that appropriate level of services are provided, NASA STI users are requested to
registeratthe NASA Center for AeroSpace Information (CASI). Please contact NASA CASI in one
of the following ways:

E-mail:  help@sti.nasa.gov

Fax: 301-621-0134
Phone:  301-621-0390
Mail: ATTN: Registration Services

NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076-1320

Limited Reproducibility

In the database citations, a note of limited reproducibility appears if there are factors affecting the
reproducibilityof more than 20 percent of the document. These factors include faint or broken type,

color photographs, black and white photographs, foldouts, dot matrix print, or some other factor that
limits the reproducibility of the document. This notation also appears on the microfiche header.

NASA Patents and Patent Applications

Patentsaand patent applications owned by NASA are announced in the STI Database. Printed copies
of patents (which are not microfiched) are available for purchase from the U.S. Patent and
Trademark Office.

When ordering patents, the U.S. Patent Number should be used, and payment must be remitted in
advanceby money order or check payable to the Commissioner of Patentsadehiarks. Prepaid
purchase coupons for ordering are also available from the U.S. Patent and Trademark Office.



NASA patent application specifications are sold in both paper copy and microfiche by the NASA
Center for AeroSpace Information (CASI). The document ID number should be used in ordering
either paper copy or microfiche from CASI.

The patents and patent applications announced in the STI Database are owned by NASA and are
availablefor royalty-free licensing. Requests for licensing teemd further information should be
addressed to:

National Aeronautics and Space Administration

Associate General Counsel for Intellectual Property

Code GP

Washington, DC 20546-0001

Sources for Documents

One or more sources from which a document announced in the STI Database is available to the
publicis ordinarily given on the last lingf the citation. The most commonly indicated sources and
their acronyms or abbreviations are listed below, with an Addresses of Organizations list near the
backof thissection. If the publication is available from a source other than those listed, the publisher
andhis address will be displayed on the availability line or in combination with the corporate source.

Avail: NASA CASI. Sold by the NASA Center for AeroSpace Information. Prices for hard copy
(HC) andmicrofiche (MF) are indicated by a price code following the letters HC or MF in
the citation. Current values are given in lh&SA CASI Price Code dblenearthe end of
this section.

Note on Odering Documents: Whendgring publications fsim NASA CASI, use the documenhlbnber
or other eport numberlt is also advisable to cite the title and other bibliographic identification.

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

Avail: BLL (formerly NLL): British Library Lending Division, Boston Spaeitierby Yorkshire,
England. Photocopies available from thiganization at the price shown. (If none is given,
inquiry should be addressed to the BLL.)

Avail: DOE Depository Libraries. Organizations in U.S. cities and abroad that maintain
collections of Department of Energy reports, usually in microfiche form, are listed in
Energy Research Abstracts. Services available from the DOE and its depositories are
described in a bookleDOE Technical Information Center—Its Functions and Services
(TID-4660), which may be obtained without clgarfrom the DOE &chnical Information
Center.

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

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



Avail:

Avail:

Avail:

Avail:

Avail:

Avail:

Avail:

Avail:

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

Issuing Activity, or Corporate Author, or no indication of availability. Inquiries as to the
availability of these documents should be addressed to the organization shown in the
citation as the corporate author of the document.

NASA Public Document Rooms. Documentsisgicated may be examined at or purchased
from the National Aeronautics and Space Administration (JBD-4), Public Documents
Room(Room 1H23), Vashington, DC 20546-0001, or public docummams located at
NASA installations, and the NASA Pasadena Office at the Jet Propulsion Laboratory.

NTIS. Sold by the Nationaldchnical Information Service. Initially distributed microfiche
under the NTIS SRIM (Selected Research in Microfiche) are available. For information
concerning this service, consult the NTIS Subscription Section, Springfield, VA 22161.

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

US Patent and fademark Ciice. Sold by Commissioner of Patents amddemarks, U.S.
Patent and Trademark Office, at the standard price of $1.50 each, postage free.

(US Sales Only). These foreign documents are available to users within the Shaites!

from the National Technical Information Service (NTIS). They are available to users
outside the United States through the International Nuclear Information Service (INIS)
representative in their country, or by applying directly to the issuing organization.

USGS. Originals of many reports from the U.S. Geological Survey, which may contain
color illustrations, or otherwise may not have the quality of illustrations preserved in the
microficheor facsimile reproduction, may be examined by the public at the libraries of the
USGSfield offices whose addresses are listed on the Addressegahi@ations page. The
librariesmay be queried concerning the availability of specific documents ambsiséle
utilization of local copying services, such as color reproduction.



Addresses of Organizations

British Library Lending Division
Boston Spa, Wetherby, Yorkshire
England

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

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

Oak Ridge, TN 37830

European Space Agency—

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

ESDU International
27 Corsham Street
London
N1 6UA
England

Fachinformationszentrum Karlsruhe
Gesellschaft fur wissenschaftlich—technische
Information mbH

76344 Eggenstein—Leopoldshafen, Germany

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

NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076-1320

(NASA STI Lead Center)
National Aeronautics and Space Administration

Scientific and Technical Information Program Office

Langley Research Center — MS157
Hampton, VA 23681

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

Pendragon House, Inc.
899 Broadway Avenue
Redwood CityCA 94063

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

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

University Microfilms, Ltd.
Tylers Green
London, England

U.S. Geological Survey Library National Center
MS 950

12201 Sunrise Valley Drive

Reston, YA 22092

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

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

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



NASA CASI Price Code Table

(Effective July 1, 1998)

U.S., Canada, U.S., Canada,

Code & Mexico Foreign Code & Mexico Foreign
AOl....... $8.00 ...... $ 16.00 EO1 ..... $101.00 ...... $202.00
AO2........ 12.00 ........ 24.00 EO2 ...... 10950 ....... 219.00
AO3........ 23.00 ........ 46.00 EO3 ...... 11950 ....... 238.00
AO4........ 2550 ........ 51.00 EO4 ...... 12850 ....... 257.00
AO5........ 27.00 ........ 54.00 EO5 ...... 138.00 ....... 276.00
AO6........ 2950 ........ 59.00 EO6 ...... 146.50 ....... 293.00
AO7 ........ 33.00 ........ 66.00 EO7 ...... 156.00 ....... 312.00
AO8........ 36.00 ........ 72.00 EO8 ...... 16550 ....... 331.00
A09........ 41.00 ........ 82.00 EO9 ...... 17400 ....... 348.00
Al0........ 4400 ........ 88.00 E10 ...... 18350 ....... 367.00
All........ 47.00 ........ 94.00 E11 ...... 193.00 ....... 386.00
Al2........ 51.00 ....... 102.00 E12 ...... 201.00........ 402.00
Al3........ 5400 ....... 108.00 E13 ...... 21050 ........ 421.00
Ald........ 56.00 ....... 112.00 E14 ...... 220.00........ 440.00
Al5........ 58.00 ....... 116.00 E15 ...... 22950 ........ 459.00
Al6........ 60.00 ....... 120.00 E16 ...... 238.00........ 476.00
Al7 ........ 62.00 ....... 124.00 E17 ...... 24750 ........ 495.00
Al8........ 6550 ....... 131.00 E18 ...... 257.00........ 514.00
Al9........ 6750 ....... 135.00 E19 ...... 26550 ........ 531.00
A20........ 69.50 ....... 139.00 E20 ...... 275.00 ........ 550.00
A21........ 7150 ....... 143.00 E21 ...... 28450 ........ 569.00
A22........ 77.00 ....... 154.00 E22 ...... 293.00........ 586.00
A23........ 79.00 ....... 158.00 E23 ...... 30250........ 605.00
A24 ........ 81.00 ....... 162.00 E24 ...... 312.00........ 624.00
A25........ 83.00 ....... 166.00 @ntad NASA CASI
A99 ®ntad NASA CASI

Payment Options

All orders must be prepaid unless you are registered for invoicing or have a deposit account with the NASA CASI.
Paymentan be made by VISA, MasterCard, American Express, or Bi@dub credit card. Checks or money orders
must be in U.S. currency and made payable to “NASA Center for AeroSpace Informatioagister please request
aregistration form through the NASA STI Help Desk at the numbers or addresses below

Handling fee per item is $1.50 domestic delivery to any location in the United States and $9.00 foreign delivery to
CanadaMexico, and other foreign locationsidéo orders incur an additional $2.00 handling fee per title.

Thefee for shipping the safest and fastest way via Federal Express is in addition to the regular handling fee explained
above—$5.00 domestic per item, $27.00 foreign for the first 1-3 items, $9.00 for each additional item.

Return Policy

The NASA Center for AeroSpace Information will replace or make full refund on items you have requestédvewe
madean error in your ordeif theitem is defective, or if it was received in damaged condition, and you contact CASI
within 30 days of your original request.

NASA Center for AeroSpace Information E-mail: help@sti.nasa.gov
7121 Standard Drive Fax: (301) 621-0134
Hanover MD 21076-1320 Phone: (301) 621-0390

Rev. 7/98



Federal Depository Library Program

In order to provide the general public with greater access to U.S. Government publi€tiogess
establishedhe Federal Depository LibraBrogram under the Government Printindicaf (GPO),

with 53 regional depositories responsible germanent retention of material, inrtdarary loan, and
reference services. At least one copy of nearly every NASA and NASA-sponsored publication,
eitherin printed or microfiche format, is received and retained by the 53 reglepaskitories. A list

of theFederal Regional Depository Libraries, arranged alphabetically by state, appears at the very
end of this section. These libraries are not sales outlets. A local library can contact a regional
depository to help locate specific reports, or direct contact may be made by an individual.

Public Collection of NASA Documents

An extensive collection of NASA and NASA-sponsored publications is maintained by the British
Library Lending Division, Boston Spa, &herby Yorkshire, England for public access. The British
Library Lending Division also has available many of the non-NASA publications cited in the STI
Database. European requesters may purchase facsimile copy or microfiche of NASA and
NASA-sponsored documents FlZ—Fachinformation Karlsruhe—Bibliographic Service, D-76344
Eggenstein-Leopoldshafen, Germany and TIB-Technische Informationsbibliothek, P.O. Box
60 80, D-30080 Hannover, Germany.

Submitting Documents

All users of this abstract service argadt to forward reports to be considered for announcement in
the STI Database. This will aid NASA in its efforts to provide the fullest possible coverage of all
scientific and technical publications that might support aeronautics and space research and
development. If you have prepared relevant reports (other than those you will transmit to NASA,
DOD, or DOE through the usual contract- or grant-reporting channels), please send them for
consideration to:

ATTN: Acquisitions Specialist

NASA Center for AeroSpace Information

7121 Standard Drive

Hanover, MD 21076-1320.

Reprints of journal articles, book chapters, and conference papers are also welcome.

You may specify a particular source to be included in a report announcement if you wish; otherwise
the report will be placed on a public sale at the NASA Center for AeroSpace Information.
Copyrighted publications will be announced but not distributed or sold.



ALABAMA

AUBURN UNIV. AT MONTGOMERY
LIBRARY

Documents Dept.

7300 University Dr.

Montgomery, AL 36117-3596

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

UNIV. OF ALABAMA

Amelia Gayle Gorgas Library

Govt. Documents

P.O. Box 870266

Tuscaloosa, AL 35487-0266

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

ARIZONA

DEPT. OF LIBRARY, ARCHIVES,
AND PUBLIC RECORDS

Research Division

Third Floor, State Capitol

1700 West Washington

Phoenix, AZ 85007

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

ARKANSAS

ARKANSAS STATE LIBRARY

State Library Service Section
Documents Service Section

One Capitol Mall

Little Rock, AR 72201-1014

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

CALIFORNIA

CALIFORNIA STATE LIBRARY

Govt. Publications Section

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

(916) 654—-0069 Fax: (916) 654-0241

COLORADO

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

Boulder, CO 80309-0184

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

DENVER PUBLIC LIBRARY

Govt. Publications Dept. BSG

1357 Broadway

Denver, CO 80203-2165

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

CONNECTICUT
CONNECTICUT STATE LIBRARY
231 Capitol Avenue

Hartford, CT 06106

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

FLORIDA

UNIV. OF FLORIDA LIBRARIES
Documents Dept.

240 Library West

Gainesville, FL 32611-2048

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

GEORGIA

UNIV. OF GEORGIA LIBRARIES
Govt. Documents Dept.

Jackson Street

Athens, GA 30602-1645

(706) 542—-8949 Fax: (706) 542-4144

HAWAII

UNIV. OF HAWAII

Hamilton Library

Govt. Documents Collection

2550 The Mall

Honolulu, HI 96822

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

IDAHO

UNIV. OF IDAHO LIBRARY
Documents Section

Rayburn Street

Moscow, ID 83844-2353

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

ILLINOIS

ILLINOIS STATE LIBRARY

Federal Documents Dept.

300 South Second Street

Springfield, IL 62701-1796

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

Federal Regional Depository Libraries

INDIANA

INDIANA STATE LIBRARY
Serials/Documents Section

140 North Senate Avenue
Indianapolis, IN 46204-2296

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

IOWA

UNIV. OF IOWA LIBRARIES

Govt. Publications

Washington & Madison Streets

lowa City, IA 52242-1166

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

KANSAS

UNIV. OF KANSAS

Govt. Documents & Maps Library
6001 Malott Hall

Lawrence, KS 66045-2800

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

KENTUCKY

UNIV. OF KENTUCKY

King Library South

Govt. Publications/Maps Dept.
Patterson Drive

Lexington, KY 40506-0039

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

LOUISIANA

LOUISIANA STATE UNIV.

Middleton Library

Govt. Documents Dept.

Baton Rouge, LA 70803-3312

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

LOUISIANA TECHNICAL UNIV.
Prescott Memorial Library

Govt. Documents Dept.

Ruston, LA 71272-0046

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

MAINE

UNIV. OF MAINE

Raymond H. Fogler Library

Govt. Documents Dept.

Orono, ME 04469-5729

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

MARYLAND

UNIV. OF MARYLAND — COLLEGE PARK
McKeldin Library

Govt. Documents/Maps Unit

College Park, MD 20742

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

MASSACHUSETTS
BOSTON PUBLIC LIBRARY
Govt. Documents

666 Boylston Street

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

MICHIGAN

DETROIT PUBLIC LIBRARY

5201 Woodward Avenue

Detroit, MI 48202-4093

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

LIBRARY OF MICHIGAN

Govt. Documents Unit

P.O. Box 30007

717 West Allegan Street

Lansing, M| 48909

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

MINNESOTA

UNIV. OF MINNESOTA

Govt. Publications

409 Wilson Library

309 19th Avenue South

Minneapolis, MN 55455

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

MISSISSIPPI

UNIV. OF MISSISSIPPI

J.D. Williams Library

106 Old Gym Bldg.

University, MS 38677

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

MISSOURI

UNIV. OF MISSOURI — COLUMBIA
1068 Ellis Library

Govt. Documents Sect.

Columbia, MO 65201-5149

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

MONTANA

UNIV. OF MONTANA

Mansfield Library

Documents Division

Missoula, MT 59812-1195

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

NEBRASKA

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

Lincoln, NE 68588-0410
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19970001126 NASA Langley Research Centétampton, YA USA
Water Tunnel Flow Visualization Study Through Poststall of 12 Novel Planform Shapes
Gatlin, Gregory M., NASA Langley Research CentdSA Neuhart, Dan H., Lockheé&thgineering and Sciences Co., USA;
Mar. 1996; 130p; In English
Contract(s)/Grant(s): FOP 505-68-70-04
ReportNo(s): NASA-TM-4663; NAS 1.15:4663; L-17418; No Copyright;all: CASI; A07, Hardcopy; A02, Microfiche

To determine the flow field characteristicsif planform geometries, a flow visualization investigation was conducted
in the Langley 16- by 24-Inch Water Tunnel. Concepts studied included flat plate representations of diamond wings, twin
bodies,double wings, cutout wing configurations, and serrated forebodies. fibarfafce flow patterns were identified by
injectingcolored dyes from the model surface into the free-stream Tlbese dyes generally were injected so that the-local
izedvortical flow patterns were visualized. Photographs were obtained for angles of attack ranging from 10’ to 50’, and all
investigationsvere conducted at a test section speed of 0.25 ft per sec. Results from the investigation indicate that the forma
tion of strong vortices on highly swept forebodies can improve poststall lift characteristics; haheesymmetric bursting
of these vortices could produce substantial control problems. Aauitogit was found to significantly alter the position of
theforebody vortex on the wing by shifting the vortex inboard. Serrated forebodies were fouiedtioedy generate muki
ple vortices over the configuratiolortices from 65’ swept forebody serrations tended to roll togetieie vortices from
40’ swept serrations were mordegtive in generating additional lift caused by their more independent nature.
Author
Water Tunnel Tests; Flow Visualization; Flow Distribution; Free Flow; Planforms; Wing Profiles; Aerodynamic
Configurations
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19980236619Purdue Uniy School of Aeronautics and Astronautidgest Lafayette, IN USA
1997 NASA Academy in Aeonautics Final Report
Andrisani, Dominick, Il, Purdue UnivUSA; Jun. 1998; 29p; In English
Contract(s)/Grant(s): NAG41i1
Report No.(s): NASA/CR-1998-208054; NAS 1.26:208054; No CopyrighajlACASI; A03, Hardcopy; A01, Microfiche

The NASA Academy in Aeronautics at the Dryden Flight Research CEDERC) was a ten-week summer leadership train
ing program conducted for the first time in the summer of 1997. Fundasgorovided by a contract between DFRC and Purdue
University.Mr. Lee Duke of DFRC was the contract monitond Professor Dominick Andrisani was the principal investigator
Five student research associates participated in the program. Biographies of the research associates are given in Appendix 1
Dominick Andrisani served as Dean of the NASA Academy in Aeronautics. NASA Academy in Aeronautics is a unique summer
instituteof higher learning that endeavors to provide insight into all of the elements that makeddA®@utical research pos
sible. At the same time the Academy assigns the research associate to be mentored by one of NASA!s best researchers so that the
cancontribute towards an active flight research program. Aeronautical research and development are an investment in the future,
and NASA Academy is an investment in aeronautical leaders of the future. The Academy was run by the Indiana Space Grant
Consortiumat Purdue in strategic partnership with the National Space Grant College and Fellowship Program. Research associ
atesat the Academy were selected with help from the Space Grant Consortium that sponsored the research associate. Researc
associatetipend and travel to DFRC were paid by the students’ Space Grant Consortium. All other student expenses were paid
by the Academy. Since the Academy at DFRC had only five students the opportunity for individual growth and attention was
uniguein the countryAbout30% of the working time and most of the social time of the students were be spent as a "group” or
"team.” This time was devoted to exchange of ideas, on forays into the highest levels of decision making, and in executing aeronau
tical research. This was done by interviewing leatlensughout the aerospace indusggminars, working dinners, and informal
discussionsThe other 70% of the working time was spent working on the technical research project with the engineering mentors.
Abstractsof those projects are given in Appendix 4.
Author
Education; Decision Making; Students; Universities; Leadership

19980236949NASA Langley Research Centéfampton,YA USA
Aeronautical Engineering: A Continuing Bibliography with Indexes, Supplement 387
Nov. 13, 1998; 95p; In English
Report No.(s): NASA/SP-1998-7037/SUPPL387; NAS 1.21:7037/SUPPL387; No Copyright; Avail: CASI; A05, Hardcopy;
A01, Microfiche

This supplemental issue of Aeronautical Engineeriu@ontinuing Bibliography with Indexes (NASA/SP-1998-7037) lists
reports,articles, and other documents recently announced in the NASA STI Database. The coveragedelnaests on the
engineeringand theoretical aspects of design, construction, evaluation, testing, operation, and performance of aircraft (including
aircraftengines) and associated components, equipment, and systems. It also resk@es and development in aerodynamics,
aeronauticsand ground support equipment for aeronautical vehicles. Each ettieypablication consists of a standard biblio
graphiccitation accompanied, in most cases, by an abstract.
CASI
Aerodynamics; Aenautical Engineering; Bibliographies; Indexes (Documentation)
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Includes aerodynamics of bodies, combinations, wings, rotors, and control surfaces, and internal flow in ducts and turbomachinery.

19980231974NASA Langley Research Centétampton, YA USA
An Experimental Study at a Mach Number of 3 of the Effect of lirbulence Level and Sandpaper ¥pe Roughness on f&n-
sition on a Flat Plate
Jones, Robert A., NASA Langley Research Cetd&A; Mar 1959; 48p; In English
Report No.(s): NASA-MEMO-2-9-59L; No CopyrightyAil: CASI; A03, Hardcopy; A01, Microfiche

An investigation has been conducted at a Mach number of 3 offthe @fturbulence level and sandpapgre roughness
ontransition for a flat plate. The Reynolds number varied from 0.8 x 10(exp 6) to 1.8 x 10(exp 6) per inch; the settling-chamber
turbulencdevel varied from 0.7 percent to 35 percent; and the heat transfer between the plate and tiastresgiigible. fan-
sition locations were determined by an optical method. This method was indicative of a permanent chargeiidtdrg-layer
densitydistribution rather than the onset of turbulent bursts. Results showed that, when transitidlugrased by roughness,
it moved in a way similar to its movement on a smooth plate. That is, it gradually approached the roughness loagzitioer with
anincrease in unit Reynolds number or an increase in turbulence level. For roughnesgesionties linear portion of the bound
ary-layervelocity profile, the square root of the roughness Reynolds number and ttaf ratighness height to boundary-layer
displacementhickness gave similar results as parameters for prediténgfects of roughness. A range of each of these parame
terswhich moved transition less than 10 percent was found and this range was a function of turbulence level.
Author
Boundary Layers; drbulence; Flat Plates; Surface Roughness; Heah3fer; Density Distribution

19980231982Nanjing Univ of Aeronautics and Astronautics, Nanjidgangsu, China
On the Reseach of Interactions of Drag Plate the il
Mengbu,Qi, Nanjing Univ of Aeronautics and Astronautidsanjing, China; Mingyan, Chen, Nanjing Unof Aeronautics and
AstronauticsNanjing, China; Journal of Nanjing University of Aeronautics and Astronautics; Jun. 1997; ISSN 1005e2615; V
ume29, No. 3, pp. 317-320; In Chinese; No Copyrightaifs Issuing Activity Hardcopy, Microfiche

The principle of the increase of the nose-up pitching moment by opening the drag plate for an airplane has been studied in
NH-2 wind tunnel. The measurements of the separated vortex field and forces for drag plate show that the nose-up pitching
momentis produced due to the ¢gr induced downwash angle from the separated vortices of drag plate at the tail. The induced
downwashangle is reduced asymptotically along the axis of fuseldye nose-up pitching can be eliminated by moving drag
plate foreword to suitable location. If thexation of drag plate is kept still, making use of the porous drag plate can reduce the
vorticity and the nose-up pitching moment. The nose-up pitching moment can be reduced to acceptable level and enough drag
canbe kept by the selection of suitable porosity and location of drag plate.
Author
Wind Tunnels; Poous Plates; Drag Reduction; Amtynamics; Aerdynamic Drag

19980231988NASA Langley Research Centétampton, YA USA
Aerodynamic Characteristics in Sideslip of a Large-Scale 49 deg Sweptbacking-Body-Tail Configuration with Blowing
Applied Over the Flaps and Whg Leading Edge
McLemore, H. Clyde, NASA Langley Research Centi3A; Oct. 1958; 50p; In English
Report No.(s): NASA-MEMO-10-1-58L; No Copyright; Aail: CASI; A03, Hardcopy; A01, Microfiche

An investigationhas been conducted in the Langley full-scale tunnel to determine the aerodynamic characteristics in sideslip
of a lage-scale 490 sweptback wing-body-tail configuration having wing leading- edge and flap-blowing boundary-layer control.
Thewing and tails had an aspect ratio of 3.fer ratio of 0.3, and NACA 65A006 airfoil sections parallel to the plane of symme
try. The tests were conducted over a range of angles of attack of about -5 deg to 28 deg for sideslip angles of 0 deg, -5.06 deg
-10.15deg, and -15.18 deg. Lateral and longitudinal stability and control characteristics were obtained for6a minimized blowing
rate.The Reynolds number of the tests was 5.2 x 10(exp 6), corresponding to a Mach number of 0.08. The resnitestighe
tion showed that sideslip to angles of about -15 deg did not require, from a consideration of the longitachetristiclow-
ing rates over the wing leading edge or flap greater than that established as minimum at zero sideslip. The optimum configuration
waslaterally and directionally stable through the complete liftfacient range including the stall; howeyermaximum lift for
sideslip angles greater than about 50 was seriously limited by a deficiency of lateral control. Blowing over the leading edge of
theretreating wing in sideslip at a rate greater than that established as minizenm sitleslip was infefctive in improving the



lateral control characteristics. Thptimum configuration at zero sideslip had no hysteresis of the aerodynamic parameters upon
recoveryfrom stall.

Author

AerodynamidCharacteristics; Sideslip; BodyiWg Configurations; Wid Tunnel Ests; Airfoil Pofiles; Leading Edges; Swept
backWings

19980231992NASA Langley Research Centétampton, YA USA
Low-SpeedAerodynamic and Hydrodynamic Characteristics of a Poposed Supersonic Multijet Water-Based Hydmo-Ski
Aircraft with Upward-Rotating Engines
Petynia William W., NASA Langley Research CentelSA; Croom, Delwin R., NASA Langley Research Centk8A; Daven
port, Edwin E., NASA Langley Research CentdBA; Oct. 1958; 62p; In English
Report No.(s): NASA-MEMO-10-13-58L; No Copyrightyail: CASI; A04, Hardcopy; A01, Microfiche

Thelow-speed aerodynamand hydrodynamic characteristics of a proposed multijet visatged aircraft configuration for
supersonic operation have been investigated. The design features include upward-rotating engines, body indentation, a single
hydro-ski,and a wing with an aspect ratio of 3.0, a taper ratih b3, 36.90 sweepback of the quadieord line, and NACA
65A004airfoil sections. For the aerodynamic investigation, with the flaps retracted, the model was longitudinally and-direction
ally stable up to the stall. The all-movable horizontal tail was capable of trimming the model up to dikfeaoef approxi
mately0.87. All flap configurations investigated had a tendency to become longitudinally unstable at stafectiversdss of
theall-movable horizontal tail increased with increasing lift Goisnt for all flap configurations investigated; howeweith the
large static margin of the configuration with the center of gravity at 0.25 mean aerodynamic chord, the all-movable horizontal
tail was not powerful enough to trim all tkiarious flapped configurations investigated throughout the angle-of-attack range. For
the hydrodynamic investigation, longitudinal stability during takis-ahd landings was satisfactoBecreasing the area of the
hydro-ski 60 percent increased the maximum resistance and emergence speed 40 and 70 percent, respectively. Without the je
exhaustthe resistance was reduced by simulating the vertical-lift component of the forward engines rotated upward. However
thejet exhaust of the forward engines increased the maximum resistance approximately 60Ter@rgine inlets and horizon
tal tail were free from spray for all loads investigated and for both hydro-ski sizes.
Author
Aerodynamic Coefficients; Adraft Configurations; Longitudinal Stability; Rotating Bodies; Loads (fes)

19980231994NASA Langley Research Centétampton, YA USA
The Total-Pressue Recovery and Drag Characteristics of Several Auxiliary Inlets atfRnsonic Speeds
Dennard, John S., NASA Langley Research Celt8A; Mar 1959; 62p; In English
Report No.(s): NASA-MEMO-12-21-58L; No Copyrightyail: CASI; A04, Hardcopy; A01, Microfiche

Several flush and scoop-type auxiliary inlets have been tested for a range of Mach numbers from 0.55 to 1.3 to determine
their transonidotal-pressure recovery and drag characteristics. The inlet dimensions were comparable with the thickness of the
boundarylayer in which they were tested. Results indicate that flush inlets should be inclined at very shallow anggepecth
to the surface for optimum total-pressure recovery and drag characteristics. Deep, narrow inlets have lower drag than wide shallow
onesat Mach numbers greater than 0.9 but at lower Mach numbers the widepioketd superiofinlets with a shallow approach
ramp,7 deg, and divging ramp walls which incorporated boundary-layer bypass had lower drag than any other inlet tested for
Machnumbers up to 1.2 and had the highest pressure recovery of all of the flush inlets. The scoop inlets, which operated in a higher
velocity flow than the flush inlets, had higher drag dioéfnts. Several of these auxiliary inlets projected multiple, periodic shock
wavesinto the stream when they were operated at low mass-flow ratios.
Author
Aerodynamic Coefficients;ransonic Speed; Bssue Recovery; Aedynamic Drag; Boundary Layers; Intake Systems

19980231995NASA Lewis Research Centé&leveland, OH USA
Analysis and Evaluation of Supersonic Underwing Heat Addition
Luidens,Roger W, NASA Lewis Research CentétSA; FlahertyRichard J., NASA Lewis Research Cent¢8A; Apr. 1959;
58p; In English
Report No.(s): NASA-MEMO-3-17-59E; No Copyrightyéil: CASI; A04, Hardcopy; AO1, Microfiche
Thelinearized theory for heat addition undewing has been developed to optimize wing geomle¢at addition, and angle
of attack. The optimum wing has all of the thickness on the undersite afrfoil, with maximum-thickness point well down
streamhas a moderate thickness ratio, and operates at an optimum angle of attack. The heat addition is confined between the fore
Mach waves from under the trailing surface of the wing. by linearized theearngat optimum angle of attack may have a range



efficiencyabout twice that of a wing at zero angle of attadkire rigorous calculations using the method of characteristics for
particularflow models were made for heating under a flat-plate wing and for several wings with thickness, both with heat additions
concentrated near the wing. The more rigorous calculations yield in practical ¢esescés about half thosestimated by linear
theory.An analysisndicates that distributing the heat addition between the fore waves from the undertrailing portion of the wing
is a way of improving the performance, and furtbaiculations appear desirable. A comparison of the conventional ramjet-plus
wing with underwing heat addition when the heat addition is concentrated near threhaivgythe ramjet to be superior on a range
basisup to Mach number of about B. Theat distribution under the wing and the assumed ramjet and airframe performance may
havea marked déct on this conclusion. Underwing heat addition can be useful in providing high-altitude maneuver capability
at high flight Mach numbers for an airplane powered by conventional ramjets during cruise.

Author

Heating; Thickness Ratio; Wgs; Fluid Flow; Airframes; Airfoils; Angle of Attack; Mathematical Models

19980231999NASA Ames Research Centdfoffett Field, CA USA
The Effect of Moment of Area Rule Modifications on the Drag, Lift and Pitching Moment Characteristicof an Unswept
AspectRatio 6 Wing and Body Combination
Dickey, Robert R., NASA Ames Research Centd8A; Mar 1959; 32p; In English
Report No.(s): NASA-MEMO-2-24-59A; A-145; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

An experimental investigation was conducted to determine thet @ moment-of-area-rule modifications on the drag, lift,
andpitching-moment characteristics @fving-body combination with a relatively high aspect-ratio unswept wing. The basic con
figurationconsisted of an aspect-ratiosng with a sharp leading edge and a thickness ratio of 0.06 mounted on st
Haack body. The model with full moment-of-area-rule modifications had four contoured pods mounted on the wing and
indentationsn the body to improve the longitudinal distributions of area and moments of area. Also investigated were-modifica
tionsemploying pods and indentations that were only half the size of the full modifications and modifications with partial body
indentationsThe models were tested at angles of attack from -2 deg to +12 deg at Mach numbers from 0.6 to 1.4. In general, the
moment-of-area-rulenodifications had a lge efect on the drag characteristics of the models but only a srfedt eh their lift
andpitching-moment characteristics. The modifications provided substantial reductions in the zero-lift drag at tranfmmic and
supersonispeeds, but at subsonic speeds the drag was increased. Near Mach number 1.0, the model with full modHication pro
videdthe greatest reduction in drag, but at the highest test Mach numbers the half modification gayesthdraay reduction.
In general, the percent reductions of zdifbdrag obtained with the aspect-ratio-6 wing were as great or greater than those pre
viously obtained with aspect-ratio-3 wings. Théeef of the modifications on the drag due to lift was small except at Mach num-
bersbelow 0.9 where the modified models had higirag-rise factors. Above Mach number 0.9, the modified models had higher
lift-drag ratios than the basic model. The modified models also had higher lift curve slopes and generalightigrenore stable
thanthe basic configuration.
Author
Body-Whg Configurations; Unswept igs; Lift Drag Ratio; Drag Reduction; Pitching Moments; @éiift

19980232004NASA Langley Research Centétampton, YA USA
Free-Flight Test of a Technique for Inflating an NASA 12-Foot-Diameter Sphee at High Altitudes
Kehlet,Alan B., NASA Langley Research CenteiSA; Patterson, Herbert G., NASA Langley Research Cdufk; Jan. 1959;
20p; In English
Report No.(s): NASA-MEMO-2-5-59L; L-214; No Copyrightyail: CASI; A03, Hardcopy; AO1, Microfiche

A free-flight test has been conducted to chet&chnique for inflating an NASA 12-foot-diameter inflatable sphere at high
altitudes Flight records indicated that the nose section was successfully separated from the booster rocket, that the sphere was
ejectedand that the nose section was jettisoned from the fully inflated sphere. On the basis of preflight and flight records, it is
believedthat the sphere was fully inflated by the time of peak altitude (239,000 feet). Calculations showed that during descent,
jettisonof the nose section occurred above an altitude of 150,000 feet. The inflatable sphere was estimated to start to deform during
descenat an altitude of about 120,000 feet.
Author
Inflatable Space Structes; Sphegs; High Altitude; Space Ectable Structes



19980232008NASA Langley Research Centétampton, YA USA
Wind-Tunnel Investigation of Some Effects of Whg Sweep and Horizontal-hil Height on the Static Stability of an Air-
plane Model at Transonic Speeds
Fisher,Lewis R.,NASA Langley Research Cent&fSA; Wlliams, James L., NASA Langley Research CertSA; Oct. 1958;
46p;In English
Report No.(s): NASA-MEMO-10-3-58L; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

A research model of an airplane with a configuration suitable for supersonic flight was téstesiaaiic speeds in order to
establistthe efects on longitudinal and lateral stability of certain changes in both wing sweep and height of the horizontal tail.
Two wings of aspect ratio 3 and taper ratio 0.15, one having the qohoet line swepback 30 deg and the other 45 deg, were
eachtested with the horizontal tail of the model in a low and in a high position. One configuration was also tested with fuselage
strakesThe tests were made at Mach numbers from 0.60 to 1.17 and Reynolds numbers from 1.9 x 10(exp 6) to 2.6 x 10(exp 6).
Theresults indicated that a low horizontal-tail position (below the wing-chord plane) gave positive longitudinal stability for the
modelfor all angles of attack used (angles of attack up to 24 deg); whereas, a higher tail position (above the wing-chord plane)
resultedn a lage reduction irstability at moderate angles of attackitWhe higher horizontal tail, the 30 deg-swept-wing model
hadsomewhat more stability thahe 45 deg-swept-wing model at subsonic Mach numbaétk.tki¢ lower tail, the 45 deg-swept-
wing model had slightly more stability at all Mach numbers. The model with the 30 deg swept wing had greater directional stability
with the tail in the higher rather than the lower position, but the opposite was true for the 45 deg-swept-wing model. The directional
stability decreased sharply at high angles of attack; this characteristic was alleviated by the use of fuselage strakes whjch, however
provedto be detrimental to the longitudinal stability of the model tested.
Author
Longitudinal Stability; Aicraft Models; Tansonic Speed; Angle of Attack; Aspect RatiopBional Stability

19980232010NASA Langley Research Centétampton, YA USA
Effects of Body Shape on the Drag of a 45 dege Sweptback-Vihg-Body Configuration at Mach Numbers from 0.90 to
1.43
Olstad, Walter B., NASA Langley Research Center, USA; Fischetti, Thomas L., NASA Langley Research Center, USA; Nov.
1958;66p; In English
Report No.(s): NASA-MEMO-10-23-58L; No Copyrightyail: CASI; A04, Hardcopy; A01, Microfiche

An investigation was madw the efects of body shape on the drag of a 45 deg sweptback-wing-body combination at Mach
numbergrom 0.90 to 1.43. Both the expansion and compression fields induced by body indentation were swept back as the stream
Machnumber increased from 0.94. The linezefo pressure change was generally tangent to the Mach lines associated with the
local velocities over the wing and badhe strength of the induced pressure fields over the wing were attenuated with spanwise
distanceand the major &fcts were limited to the inboard 60 percent of the wing semispan. Asymmetrical body indentation tended
to increase the lift on the forward portion of the wing and reduce the lift on the rearward portion. This redistribution of lift had
afavorableeffect on the wave drag due to lift. Symmetrical body indentation reduced the drag loading near the wing-body juncture
atall Machnumbers. The reduction in drag loading increased in spanwise extent as the Mach number increased and the line of
zeroinduced pressure became more nearly aligned with the limexamum wing thickness. Calculations of the wave drag due
to thickness, the wave drag due to lift, and the vortex drag of the basic and symmetrical M = 1.2 body and wing combinations at
anangle ofattack of 0 deg predicted thdesfts of indentation withinIlpercent of the wing-basic-body drag throughout the Mach
numberrange from 1.0 to 1.43. Calculations of the wave dragaltiEickness, the wave drag due to lift, and the vortex drag for
thebasic, symmetricayl = 1.2, and asymmetrical M = 1.4 body and wing combinations predicted the total pressure drag to within
8 percent of the experimental value at M = 1.43.
Author
Sweptback Wgs; Drag Reduction; Body-vg Configurations; Pessue Drag; Wave Drag

19980232017NASA Langley Research Centétampton, YA USA
Overview of Laminar Flow Control
Joslin, Ronald D., NASA Langley Research CentiSA; Oct. 1998; 142p; In English
Contract(s)/Grant(s): FOP 538-05-15-01
ReportNo.(s): NASA/TP-1998-208705; L-17631; NAS 1.60:208705;@dpyright; Avail: CASI; A07, Hardcopy; A02, Micro
fiche
The history of Laminar Flow Control (LFC) from the 1930s through the 1990s is reviewed and the current status of the
technology is assessed. Early studies related to the natural laminar boundary-layer flow physics, manufacturing tolerances for
laminar flow, and insect-contamination avoidance are discussed. Although most of this publication is about slot-, porous-, and



perforated-suctiohFC concept studies in wind tunnel and flight experiments, some mention is made of thermal LFC. Theoretical
andcomputational tools to describe the LFC aerodynamics are included for completeness.
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19980232050NASA Langley Research Centétampton, YA USA
Basic Pressure Measurements at Transonic Speeds on a Thin 45 deg Sweptback Highly Tapered Wing with Systematic
SpanwiseTwist Variations
Mugler, John B Jr, NASA Langley Research Cent&tSA; Dec. 1958; 98p; In English
Report No.(s): NASA-MEMO-10-20-58L; No Copyrightyail: CASI; A05, Hardcopy; A02, Microfiche

Pressurelistributions are presentéar a thin highly tapered untwisted 45 deg sweptback wing in combination with a body
Thesetests were made in the Langley 8-foot transonic pressure tunnel at both 1.0 and 0.5 atmosphere stagnation pressures at Mac
numbersrom 0.800 to 1.200 through an angle-of-attack range of -4 deg to 12 deg.
Author
Pressue Measuement; WWhd Tunnel EBsts; Pessue Distribution; Sweptback Mgs

19980232076NASA Ames Research Centdoffett Field, CA USA
Supersonic and Moment-of-Aea Rules Combined for Rapid Zeo-Lift W ave-Drag Calculations
Levy, Lionel L., Jr, NASA Ames Research Centé&tSA; Jun. 1959; 72p; In English
Report No.(s): NASA-MEMO-4-19-59A; A-158; No Copyrightydil: CASI; A04, Hardcopy; A01, Microfiche

The concepts of the supersonic area e the moment-of-area rule are combined to develop a new method for calculating
zero-lift wave drag which is amenable to the use of ordinary desk calculators. The total zero-lift wave drag of a configuration is
calculated by the new method as the sum of the wave drag of each component alone plus the interference between component:
In calculating the separate contributions each component or pair of components is analyzed over the smallest allowable length
in order to improve the conyggnce of the series expression for the wave drag. The accuracy of the metbet is evaluated
by comparing the total zero-lift wave-drag solutions for several simplified configurations obtainedobgsiet method with
solutionsgiven by slendebody and linearized thearyhe accuracy and computational time required by the present method are
also evaluated relative to the supersonic area rule and the moment-of-area rule. The results of the evaluation indicate that tota
zero-lift wave-drag solutions for simplified configurations can be obtained by the present method which differ from solutions
givenby slendeibody and linearized theokly less than 6 percent. This accuracy for simplified configurations was obtained from
only nine terms of the series expression for the wave drag as a result of calculating the total zero-lift wave drag by parts. For the
same number of terms these results represent an accuracy greater than that for solutions obtained by either of the two methoc
uponwhich the present method is based, except in a few isolated cases. For the excepted cases, solutions by the present methc
andthe supersonic area rule are identical. Solutipnthe present method are obtained in one fifth the computing time required
by the supersoniarea rule. This diérence in computing time of course would be substantially reduced if the complete procedures
for both methods were programmed on electronic computing machines.
Author
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19980232082NASA Langley Research Centétampton, YA USA
Semiempirical Procedure for Estimating Lift and Drag Characteristics of Propeller-Wing-Flap Configurations for
Vertical-and Short-Take-Off-and-Landing Airplanes
Kuhn, Richard E., NASA Langley Research CentisA; Feb. 1959; 38p; In English
Report No.(s): NASA-MEMO-1-16-59L; L-144; No Copyrighty#@l: CASI; A03, Hardcopy; A01, Microfiche

Theanalysis presented uses the momentum theaaysterting point in developing semiempirical expressions for calculating
theeffect of propeller thrust and slipstream on the lift and drag characteristics of wing-flap configurations that would be suitable
for vertical-take-dfand-landing (VL) and short-take-6fand-landing (SOL) airplanes. The methagses poweoff forward-
speednformation and measured slipstream deflection data at zero forward speed to provide a basis for estimating the lift and drag
at combined forward speed and poveer conditions. A correlation of slipstream deflection data is also included. The procedure
is applicable only in the unstalled flight regime; nevertheless, it should be useful in preliminary design estimates of-the perfor
mance that may be expected of®T and SDL airplanes.
Author
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19980232085NASA Langley Research Centétampton, YA USA
Transonic Aerodynamic Characteristics of a 45 deg Swept iWg Fuselage Model with aFinned and Unfinned Body Pylon
Mounted Beneath the Fuselage or \ig, Including Measurements of Body Loads
Wornom, Dewey E., NASA Langley Research CentlSA; May 1959; 60p; In English
Report No.(s): NASA-MEMO-4-20-59L; L-206; No Copyrighty#il: CASI; A04, Hardcopy; A01, Microfiche

An investigation of a model of a standard size body in combination with a representative 45 deg swept-wing-fuselage model
hasbeen conducted in the Langley 8-foot transonic pressure tunned dach number range from 0.80 to 1.43. The budth
afineness ratio of 8.5, was tested with and without fins, and was pylon-mounted benéadkltge or wing. Force measurements
wereobtained orthe wing-fuselage model with and without the ddy an angle-of-attack range from -2 deg to approximately
12 deg and an angle-of-sideslip range from -8tdeydeg. In addition, body loads were measured over the same angle-of-attack
andangle-of-sideslip rang&he Reynolds number for the investigation, based on the wing mean aerodynamic chord, varied from
1.85x 10(exp 6) to 2.85 x 10(exp 6). The addition of the body beneath the fuselage or the wing increased théideaq obef
the complete model over the Mach number range tested. On the basis of the drag increase ther lnudisffuselage position
was the more favorable. Furthermore, the bodies tended to increase thetalbdigl of the complete model. The variation of
bodyloads with angle of attack for the unfinned bodies was generally small and linear over the Mach number range tested with
the addition of fins causing large increases in the rates of change of normal-force coefficient and nose-down pitching-moment
coefficient. The variation of body side-force céiefent with sideslip for the unfinned body beneath the fuselage was at least twice
aslarge as the variation of this load for the unfinned body beneath the wing. The addition of fins to therwati either the
fuselageor the wingapproximately doubled the rate of change of body side-forcéiaest with sideslip. Furthermore, the varia
tion of body side-force cofi€ient with sideslip for the body beneath the wing was at least twicegasdarthe variation of this
loadwith angle of attack.
Author
Aerodynamic Characteristics; Swept Wings; Fuselages; Finned Bodies; Pylons; Loads (Forces); Aerodynamic Drag; Aerody-
namicCoefficients

19980232100Nanjing Univ of Aeronautics and Astronautics, Nanjidgangsu, China
Effect of Blowing on Strake-Wing Vortices During Dynamic Pitching
Da, Huang, Nanjing Univ. of Aeronautics and Astronautics, Nanjing, China; Genxing, Wu, Nanjing Univ. of Aeronautics and
AstronauticsNanjing, China; Journal of Nanjing University of Aeronautics and Astronautics; Jun. 1997; ISSN 1005e?615; V
ume29, No. 3, pp. 321-325; In Chinese; No Copyrightaifs Issuing Activity Hardcopy, Microfiche

A flow-visualization investigation on leading-edge breakdown is conducted in a wind tunnel to identifg¢hefdflowing
onastrake-wing model undgoing lage amplitude pitching motions. During these experiments, the visualization of the leading-
edgevortices is obtained binjecting smoke. The location of vortex breakdown is recorded by use of the phase-locked photogra
phy technique. Results indicate that blowing delays the burst of leading-edge vortices during pitching up and is favorable for
producingand developing the leading-edge vortices during pitching down.
Author
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19980232225NASA Ames Research Centéoffett Field, CA USA
Effects of Sting-Support Diameter on the Base Rssues of an Elliptic Cone at Mach Numbers fom 0.60 to 1.40
Stivers,Louis S.,Jr, NASA Ames Research Cent&fSA; Levy Lionel L., Jr, NASA Ames Research CentelSA; Feb. 1961,
34p;In English
Report No.(s): NASA-TN-D-354; A-432; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

Measurements were made to determine the effects of sting-support diameter on the base pressures of an elliptic cone with
ratio of cross-section thickness to width of 1/3 and a plan-form, semi-apex angle of 15 deg. The investigation was made for model
anglesof attack from -2 deg to +20 deg at Mach numbers from 0.60 to 1.40, and for a cBestaoids number of 1.4 million,
basedon thelength of the model. The results indicated that the sting interference decreased the base axialffcier@sbgf
substantiahmounts up to a maximum of about one-third the value of th&aert for no sting interference. Thenas no practi
cal diameter of the sting for which thefedts ofthe sting on the base pressures would be negligible throughout the Mach number
andangle-of-attack ranges of the investigation.
Author
Cones; Base Rissue; Angle of Attack; Thickness



19980232228NASA Langley Research Centétampton, YA USA
Distribution of Heat Transfer ona 10 deg Cone at Angles of Attack &ém 0 deg to 15 deg for Mach Numbers of 2.49 to 4.65
and a Solution to the Heat-Tansfer Equation that Permits Complete Machine Calculations
Burbank,Paige B., NASA LangleiResearch CentedSA; Hodge, B. Leon, NASA Langley Research Cer&A; Jun. 1959;
50p; In English
Report No.(s): NASA-MEMO-6-4-59L; No CopyrightyAil: CASI; A03, Hardcopy; A01, Microfiche

The pressure and heat-transfer distribution were measured on the surface of a thin-walled 10 deg cone for a Mach number
rangefrom 2.49 to 4.65 at angles of attack from 0 deg to 15 deg in the Langley Unitary Plan wind tunnel. The results indicate that
Kopal's theory adequately predicts the surft@ch number for heat-transfer calculations. The measured laminar heat-transfer
coefficientsat at amangle of attack of O deg are in good agreement vathiest theory having a Mangler transformation. At
anangle of attack the heat-transfer dmgdnt along the stagnation line is 1.9 to 4 times greater than at an angle of attack of 0 deg
dependingipon the the distance from the tip of the nose, Reynolds number and Mach.Rooinelary-layer transition and body
vorticescaused minimum heat-transfer do@énts to occur at the 90 deg to 120 deg meridian angles and increased aerodynamic
heatingalong the 180 deg meridian that in some cases is of the same magnitude as that along the zero meridian (stagnation line)
A method was developed for complete macluimeulation of the heat-transfer cfieient from transient temperature measure
ments.
Author
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19980232231INASA Langley Research Centétampton, YA USA
Tables for the Rapid Estimation of Downwash and Sidewash Behind Wgs Performing Various Motions at Supersonic
Speeds
Bobbitt, Percy J., NASA Langley Research CertsSA; May 1959; 180p; In English
Report No.(s): NASA-MEMO-2-20-59L; No Copyrightyail: CASI; A09, Hardcopy; A02, Microfiche

Equations for the downwash and sidewash due to supersonic yawed and unswept horseshoe vortices have been utilized ir
formulatingtables and charts to pernaitrapid estimation of the flow velocities behind wings performing various steady motions.
Tabulations are presented of the downwash and sidewash in the wing vertical plane of symmetry due to a unit-strength yawed
horseshosortex located at 20 equally spaced spanwise positions along lifting lines of various sweeps. (The bound portion of the
yawed vortex is coincident with the lifting line.) Charts are presented for the purpose of estimating the spanwise variations of the
flow-field velocities and give longitudinal variations of the downwash and sidewash at a nuMber of vertical and sparwise loca
tions due to a unit-strength unswept horseshoe vortex. Use of the tables and charts to calculate wing downwash or sidewast
requiresa knowledge of the wing spanwise distribution of circulation. Sample computations for the rolling sidewash and angle-of-
attackdownwash behind a typical swept wing are presented to demonstrate the use of the tables and charts.
Author
Downwash; Swept Mgs; Supersonic Speed; Flowlocity; Estimating; Backwash

19980232232NASA Langley Research Centétampton, YA USA
Free-Flight Investigation of a Rocket-Propelled Model to Determine the Aerodynamic Heating on a Thin, Unswept,
Untapered, Multispar, Aluminum-Alloy W ing at Mach Numbers up to 2.22
Stephens, Emily WNASA Langley Research Cent&lSA; Jan. 1959; 42p; In English
Report No.(s): NASA-MEMO-12-15-58L; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

A free-flight investigation has been made to determine sofeet®bf aerodynamic heating on the structural behavior of a
wing at supersonic speeds. The t@8ig was a thin, unswept, untapered, multispiminum-alloy wing having a 20-inch chord,
a 20-inch exposed semispan, and a cireatarairfoil section with a thickness ratio of 5 percent. The wing was tested on a model
propelledby a two-stage rocket-propulsion system to a Maaiber of 2.22 and a corresponding Reynolds number per foot of
13.2x 10(6) Reasonably good agreement was obtained between Stanton numbers obtained from measured temperature-time dat
andvalues obtained bihe theory of ¥n Driest for flat plates having turbulent boundary layesmderature measurements made
in the skin of the wing and in the internal structures agreed well with calculated values. The wing was instrumented to detect any
apparenftluttering motion in the wing, but no evidence of flutter was observed throughout the flight.
Author
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19980232234NASA Langley Research Centétampton, YA USA
Some Effects of Horizontal-Tail Position on the Vertical-Tail Pressure Distributions of a Complete Model in Sideslip at
High Subsonic Speeds
Alford, William J., Jr, NASA Langley Research Cent&ISA; Oct. 1958; 156p; In English
Report No.(s): NASA-MEMO-10-5-58L; No Copyrightyail: CASI; A08, Hardcopy; A02, Microfiche

An investigation has been made in the Langley high-speed 7- by 10-foot tunnel of some effects of horizontal-tail position
onthe vertical-tail pressure distributions of a complete model in sideslip at high subsonic speeds. The wing of the model was swept
back28.82 deg at the quartehord line and had an aspect ratio of 3.50, a taper ratio of 0.067, and NACA 65A004 airfoil sections
parallelto the model plane of symmetiests were made with the horizontal tafi oh the wing-chord plane extended, and in
T-tail arrangements iforwardand rearward locations. The test Mach numbers ranged from 0.60 to 0.92, which corresponds to
a Reynolds number range from approximately Z9®(exp 6) to 3.69 x 10(exp 6), based on the wing mean aerodynamic chord.
The sideslip angles varied from -3.9 deg to 12.7 deg at several selected angles of attack. The results indicated that, for a giver
angle of sideslip, increases in angle of attack caused reductions in the vertical-tail loads in the vicinity of the root chord and
increasest the midspan and tip locations, with rearward movements in the local chordwise centers of pressure for the midspan
locations and forward movements near the tip of the vertical tail. At the higher angles of attack all configurations investigated
experiencedutboard and rearward shifts in the cewtfgoressure of the total vertical-tail load. Location of the horizontal tail on
thewing- chord plane extended produced only smédlot$ on the vertical-tail loads and centers of pressure. Locating the korizon
tal tail at the tip of the vertical tail in the forward position caused increases in the vertical-tail loads; this configuration, however
experiencedonsiderable reductidn loads with increasing Mach numbkocation of the horizontal tail at the tip of the vertical
tail in the rearward position produced thegksst increases in vertical-tail loads per degree sideslip angle; this configuration experi
encedthe smallest variations of loads with Mach number of any of the configurations investigated.
Author
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19980232606NASA Lewis Research Cenjétleveland, OH USA
Excitation of Continuous and Discete Modes in Incompessible Boundary Layers
Ashpis, David E., NASA Lewis Research Center, USA; Reshotko, Eli, Case Western Reserve Univ., USA; Jul. 1998; 56p; In
English
Contract(s)/Grant(sSRTOP 522-31-23
ReportNo.(s): NASA/TM-1998-208490; EAP71; NAS 1.15:208490; No Copyrightyail: CASI; A04, Hardcopy; A01, Micro
fiche

This report documents the full details of the condensed journal article by Ashpis & Reshotko (JFM, 1990) entitled "The
Vibrating Ribbon Problem Revisited.” A revised formal solution of the vibrating ribbon problem of hydrodynamic stability is
presentedThe initial formulation of Gaster (JFM, 1965) is modified by application of the Briggs method and a careful treatment
of the complex double Fourier transform inversions. Expressiorabga@ed in a natural way for the discrete spectrum as well
asfor thefour branches of the continuous spectra. These correspond to discrete and branch-cut singularities in the complex wave-
numberplane. The solutions from the continuous spectra decay both upstream and downstream of the ribbon, with the decay in
the upstream direction being much more rapid than thdtérdownstream direction. Comments and clarification of related prior
work are made.
Author
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19980232906NASA Ames Research Centdfoffett Field, CA USA
Investigation at Mach Numbers of 0.20 to 3.50 of a Blended Diamond g and Body Combination of Sonic Design but
with Low Wave-Drag Increase with Increasing Mach Number
Holdaway,Geoge H., NASA Ames Research CentdSA; Mellenthin, Jacld., NASA Ames Research Cent&fSA; Hatfield,
ElaineW., NASA Ames Research Cent&lSA; Oct. 1959; 56p; In English
Report No.(s): NASA-TM-X-105; No Copyright;\v&il: CASI; A04, Hardcopy; A01, Microfiche

A diamond wing and body combination was designed to have an area distribution which would result in near optimum zero-
lift wave-drag coditients at a Mach number of 1.00, and decreasing wave-drafice@fwith increasing Mach number up to
nearsonic leading-edge conditions for the wing. The airfoil section were computed by varying their shape along with the body
radii (blending process) to match the selected area distribution and the given plan form. The exposed wing section had an average
maximumthickness of about 3 percent of the local chords, and the maximum thickness of théreeobard was 5.49 percent.
Thewing had an aspect ratio of 2 and a leading-edge sweep of 45edegalavere obtained throughout the Mach number range



from 0.20 to 3.50 at Reynolds numbers based on the mean aerodynamic chord of roughly 6,000,000 to 9,000,000. The zero-lift
wave-dragoeficients of the diamond model satisfied the design objectives and were equal to the low values for the Mach number
1.00 equivalent body up to the limit of the transonic tests. From the peak drag coefficient near M = 1.00 there was a gradual
decreasén wave-drag coéitient up to M = 1.20. Above sonic leading-edge conditions of the wing there wasrathsevave-
dragcoeficient which wasattributed in part to the body contouring as well as to the wing georbydiamond model had good

lift characteristics, in spite of the prediction from low-aspect-ratio theory that the rear half of the diamond wing would carry little
lift. The experimental lift-curve slope obtained at supersonic speeds were equal to or greater than the values predicted by lineat
theory.Similarly the other basic aerodynamic parameters, aerodynamic center position, and maximum lift-drag ratios-were satis
factorily predicted at supersonic speeds.
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19980233218NASA Lewis Research Centé&leveland, OH USA
Wave Turbine Analysis Tool Development
Welch,Gerard E., Army Research Lab., USA; Paxson, Daniel E., NASA Lewis Resaamtdy USA; Jul. 1998; 16p; In English;
34th; Joint Propulsion Conference, 12-15 Jul. 1998, Cleveland, OH, USA; Sponsored by American Inst. of Aeronautics and
AstronauticsUSA
Contract(s)/Grant(s): FOP 523-26-33; DA Proj. 1L1-8D2-AH-45
Report No.(s): NASA/TM-1998-208485; NAs 1.15:208485; E-11261; ARL-TR-1740; AIAA Paper 98-3402; No Copyright;
Avail: CASI; A03, Hardcopy; AO1, Microfiche

A quasi-one-dimensional (Q-1-D) computational fluid dynamic spjuewviously developed and validated for pressure-ex
changemwave rotors, is extended in the present work to include the blade forces of power prodwerrgtors (i.e., wave tur
bines).The accuracy of the single-passage Q-1-D solver is assessed relative to two two-dimensional solvers: a single-passage cods
and amulti-block stator/rotor/stator code. Comparisons of computed results for inviscid, steady and unsteady flows in passage
geometriegypical of wave rotors reveal that the blade force model is accurate and that the correfatiivgstress and heat
flux) terms of the Q-1-D passage-averaged formulation can be neglected. The ends of the rotor passages pose particular challenge
to Q-1-D formulations because the flow there must at times deviate significantly from the meanlicenaregie to match the
portflow fields. This problem is most acute during the opening and closing of the rotor passages. An example sub-model is devel
opedto account for the deviatidmetween the flow departure angle and the mean camber line exit angle that occurs as an inviscid
flow decelerates to meet a uniform pressqoendary Comparisons of results from feport wave turbine simulations reveal that
the Q-1-D solver currently overpredicts wave turbine performance levels and highlight the need to devote future effort to the
boundaryconditions and sub-models of the Q-1-D salver
Author
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19980233249United echnologies Research Cent&eromechanical, Chemical and Fluid SysteBwmst Hartford, CT USA
A Numerical Simulator for Thr ee-Dimensional Flows Though Vibrating Blade Rows Final Report
ChuangH. Andrew United echnologiefResearch Cented SA; \erdon, Joseph M., Unitece@hnologies Research Centdy
SA; Aug. 1998; 78p; In English
Contract(s)/Grant(s): NAS3-26618TRP 538-03-1
ReportNo.(s): NASA/CR-1998-20831 E-11283; NAS 1.26:20851 R98-4.101.0238; N€opyright; Avail: CASI; A05, Hard
copy; A01, Microfiche

Thethree-dimensional, multi-stage, unsteadybomachinery analysis, TURBO, has been extended to predict the aeroelastic
andaeroacoustic response behaviors of a single blade row operating within a cylindrical annular duct. In,patiladavibra
tion capability has been incorporated so that the TURBO analysis can be applied over a solution domain that deforms with a vibra
tory blade motion. Also, unsteady féeld conditions have been implemented to render the computational boundaries at inlet and
exit transparent to outgoing unsteady disturbances. The modified TURBO analysis is applied herein to predict unsteady subsonic
andtransonic flows. The intent is to partially validate this nonlinear analysis for blade flutter applications, via humerical results
for benchmark unsteady flows, and to demonstrate the analysis for a realistic faRaiotbese purposes, we have considered
unsteadysubsonic flows through a 3D version of tt@th Standard Cascade, and unsteady transonic flows through the first stage
rotor of the NASA Lewis, Rotor 67, two-stage fan.
Author
Aeroacoustics; Aeroelasticity; Annular Ducts; Rotors; Subsonic Flow; Three Dimensional Flow; Transonic Flow;
Turbomachinery
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19980235513NASA Langley Research Centétampton, YA USA
Measurementsof Aerodynamic Heat Transfer and Boundary-Layer Transition on a 15 deg. Cone in Fge Flight at Super
sonicMach Numbers up to 5.2
RumseyCharles B., NASA Langley Research Centé8A; Lee, Dorothy B.NASA Langley Research Cent&tSA; Aug. 1961;
48p;In English
Report No.(s): NASA-TN-D-888; L-1640; No Copyrighty#il: CASI; A03, Hardcopy; A01, Microfiche

Measurements of aerodynamic heat transfer have been made at several stations on the 15 deg total-angle conical nose of
rocket-propellednodel in free flight at Mach numbers up to 5.2. Data are presented for a range of local Mach number just outside
theboundary layer from 1.40 to 4.65 and a range of local Reynolds number from 3.8 x 10(exp 6) to 46.5 x 10(exp 6), based on
lengthfrom the nose tip ta measurement station. Lamin@ansitional, and turbulent heat-transfer fiogfnts were measured.
Thelaminar data were in agreement with laminar theory for cones, and the turbulent data agreed well with turbulémt theory
conesusing Reynolds number based on length from the nose tip. At a nearly constant ratio of wall to local static temperature of
1.2the Reynolds number of transition increased from 14 x 10(exp 6) to 30 x 10(exp 6) as Mach number increased from 1.4 to 2.9
andthen decreased to 17 x 10(exp 6) as Mach number increased to 3.7. At Mach numbers near 3.5, transition Reynolds numbers
appeared to be independent of skin temperature at skin temperatures very cold with respect to adiabatic wall temperature. The
transitionReynolds number was 17.7 x 10(exp 6) at a condition of Mach number and ratio of wall to local static temperature near
thatfor which three-dimensional disturbance theory has been evaluated and has predicted laminar boundary-layer stability to very
high Reynolds numbers (approximately 10(exp 12)).
Author
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19980235518NASA Ames Research Centdfoffett Field, CA USA
Investigation at Mach Numbers of 0.20 to 3.50 of Blended ihg-Body Combinations of Sonic Design with Diamond, Delta,
and Arr ow Plan Forms
Holdaway,Geoge H., NASA Ames Research CentdSA; Mellenthin, Jack A., NASA Ames Research Cent§A; Aug. 1960;
80p; In English
Report No.(s): NASA-TM-X-372; No Copyright;\v&il: CASI; A05, Hardcopy; A01, Microfiche

Themodels had aspect-ratio-2 diamond, delta, and arrow wings with the leading edges swept 45.00 deg, 59.04 deg, and 70.82
deg,respectivelyThe wing sections were computed by varying the section shape along with the body radii (blending process)
to match the prescribed area distribution and wing plan form. The wing sections had an average value of maximum thickness ratio
of about 4 percent of the local chords in a streamwise direction. The models were tested with transition fixed at Reynolds numbers
of about 4,000,000 to 9,000,0000, based on the mean aerodynamic chord of the windecTokvefrying Reynolds number
waschecked at both subsonic aswpersonic speeds. The diamond model was superior to the other plan forms at transonic speeds
((L/D)max = 11.00 to 9.52) because of its higher lift-curve slope and near optimum wave drag due to the blending process. For
thewing thickness tested with the diamond model, the marked body and wing contouring required for transonic conditions resulted
in a lage wave-drag penal@t the higher supersonic Mach numbers where the leading and trailing edges of the wing were super
sonic.Because of the low sweep of the trailing edge of the delta model, this configuration was less adaptable to the blending pro
cess. Removing a body bump prescribed by the Mach number 1.00 design resulted in a good supersonic desigmadtiés delta
with 10 percent less volume was supetthe other plan forms at Mach numbers of 1.55 to 2.35 ((L/D)max = 8.65 to 7.24), but
it and the arrow model were equally good at Mach numbers of 2.50 to 3.50 ((L/D)max - 6.85 to 0.39). At transonic speeds the
arrowmodel was inferior because of the reduced lift-curve slope associated with its insieaspdind also because of the wing
basedrag. The wing base-drag chents of the arrow model based on the wing planfarea decreased from a peak value of
0.0029at Mach number 1.55 to 0.0003 at Mach number 3.50. Linear supersonic theory was satisfactory for predietiodythe
namictrendsat Mach numbers from 1.55 to 3.50 of lift-curve slope, wave drag, drag due to lift, aerodynamic-center location, and
maximumlift-drag ratios for each of the models.
Author
Body-WingConfigurations; Leading Edges; Amtynamic Drag; Airfoil Pofiles; Mach Number; Delta Wys; Low Aspect Ratio
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19980235519NASA Langley Research Centétampton, YA USA

Boundary-Induced Downwash Due to Lift in a Wwo-Dimensional Slotted Whd Tunnel

Katzoff, S., NASA Langley Research CentdiSA; Bager, Raymond L., NASA Langley Research Cent#$BA; 1959; 24p; In
English
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ReportNo.(s): NASA-TR-R-25; No Copyright; v&il: CASI; A03, Hardcopy; A01, Microfiche

A solution has been obtained for the complete tunnel-interference flow for a lifting vortex in a two-dimensional slotted tunnel.
Curvesare presented for the longitudinal distribution of tunnel-induced downwash angle for various values of the boundary open
nessparameter and for various heights of the vortex above the tunnel center line. Some quantitative discussion is given of the use
of these results in calculating the tunnel interference for three-dimensional wings in rectangular tunctdsedtside walls
andslotted top and bottom.
Author
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Determination of Sun Angles for Observations of Shock Aves on a Tansport Air craft
Fisher,David F, NASA Dryden Flight Research Cent&fSA; Haering, Edward A., JINASA Dryden Flight Research Center
USA; Noffz, Gregory K., NASA Dryden Flight Research Centéd8A; Aguilar Juan I., NASA Dryden Flight Research Center
USA; Sep. 1998; 18p; In English; 8th; FlovisMalization, 1-4 Sep. 1998, Sorrento, Italy
Contract(s)/Grant(s): FOP 529-59-04
ReportNo.(s): NASA/TM-1998-206551H-2251; NAS 1.15:206551; No Copyrightyail: CASI; A03, Hardcopy; A01, Micro
fiche
Wing compression shock shadowgraphs were observed on two flights during banked turbsl 6fhaircraft at a Mach
number of 0.85 and an altitude 28,000 ft (10,700 m). Photos and video recording of the shadowgraphs were taken during the
flights to document the shadowgraphs. Bright sunlight on the aircraft was required. The timeagfcday position, speeghd
attitudeswere recorded to determine the sun azimuth and elevation relative to the wing quarter chord-line when the shadowgraphs
werevisible. Sun elevation and azimuth angles were documented for which the wing compressiahatioalgraphs were vis
ible. The shadowgraph was observed for high to low elevation angles relative to the wing, but for best results high sun angles
relativeto the wing are desired. The procedures and equdtiatetermine the sun azimuth and elevation angle with respect to
thequarter chord-line is included in the Appendix.
Author
Wings; Shadowgraph Photography; L-10Aircraft; Elevation Angle; Mach Number

19980236156Defence Science an@dhnology OganisationInformation Echnology Div, Canberra Australia
Maneuver Controller Design for an F-11C Flight Dynamics Model
Gibbens, Peter WDefence Science an@édhnology Oganisation, Australia; May 1998; 129p; In English
ReportNo.(s): AD-A352580; DSD-RR-0129,DODA-AR-010-504; No Copyright; ¥ail: CASI; A07, Hardcopy; A02, Micro
fiche

A maneuver controller program has been developed to fly 44 €-dynamic flight model through any number of prescribed
maneuversA selection of discrete maneuvers is available which can be used as building blocks to represent mo$ikefythose
to be encountered in flight. Generalized maneuvers can also be flown by providing reference flight trajecteraged by an
externalsource. The dynamic model and maneuver controller have been developed to allow the realistic modeling of maneuvers
requiredby mission analyses, weapons delivery studies and systems assessments.
DTIC
Dynamic Models; Contillers; Maneuvers; Automatic Pilots; CoontrTheory; F-11 Aircraft; Weapons Delivery

19980236568Advisory Group for Aerospace Research and Developrientilly-SurSeine, France
Wind Tunnel Wall Corr ections La Correction des Hets de Paroi en Sotierie
Ewald, B. FR., Editor Technische Uniy Germany; Oct. 1998; 560p; In English
Report No.(s): AGARD-AG-336; ISBN 92-836-1076-8; CopyrighdiVéd; Avail: CASI; A24, Hardcopy; A04, Microfiche

This AGARDograph has been compiled by an international team of wind tunnel wall correction experts. The state of the art
in wall corrections is presented with special emphasis given to the description of modern methods based on Computational Fluid
Dynamics(CFD). Topics covered includ®pen Est Sections, Closedst Sections, &htilated Est Sections, Boundary Mea
surement Methods,r@insonic Vel Interference, BlUfBody Corrections, Adaptive ¥lls, Panel Methods, and CFD Methods.
Author
Wall Flow; Boundary Layer Flow; Computational Fluid Dynamics; Boundapnditions; Aeodynamic Interfegnce; Vihd Tun-
nel Walls; Correction
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19980236752NASA Langley Research Centétampton, YA USA
An Operational Wake Vortex Sensor Using Pulsed Cohent Lidar
Barker,Ben C., Jr NASA Langley Research Cent&ISA; Koch, Grady J., NASA Langley Research Cer&A; Nguyen, D.
Chi, Research flangle Inst., USANineteenth International Laser Radar Conference; Jul. 1998, Part 2, pp. 681-684; In English;
Also announced as 19980236718; No CopyrighaiA CASI; A01, Hardcopy; A04, Microfiche

NASA and RA initiated a program in 1994 to develop methods of setting spacings for landing diyciredbrporating infor
mationon the real-time behavior of aircraft wake vortices. The current wake separation standards were developed is the 1970’
whenthere was relatively light airport tfef and a logical break point by which to categorize aircraftidly’s continuum of air
craftsizes and increased airport packing densities have created a need for re-evaluati@nsafparation standards. The goals
of this efort are to ensure that separation standards are adequate for safety and to reduce aircraft spacing for higher airport capacity
of particular interest are the different requirements for landing under visual flight conditions and instrument flight conditions.
Overthe years, greater spacings have been established for instrument flight than are allowed for visual flight conditions. Prelimi
narystudies indicate that the airline industry would save considerable money and incur fewer passenger delays if a dynamic spac
ing system could reduce separationmajor hubs during inclement weather to the levels routinely achieved under visual flight
conditions.The sensor described herein may become part of this dynamic spacing system known as the "Aircraft VOrtex Spacing
System” (A/OSS) that will interface with a future air tfiafcontrol system. XOSS will use vortex behavioral models and short-
termweather prediction models in order to predict vortex behaviiciuitly into the future to allow dynamic separation stan
dards to be generated. The wake vortex sensor will periodically provide data to validate AVOSS predictions. Feasibility of
measuringvake vortices using a lidar was first demonstrated using a continuous wave (CW) system from NASA Marshall Space
Flight Sensor and tested at theljye National Tansportation Systems Ceritewake vortex test site at JFK International Airport.
Otherapplications of CW lidar for wake vortex measurement have been made more recently, including a system developed by
the MIT Lincoln Laboratory. This lidar has been used for detailed measurements of wake vortex velocities in support of wake
vortexmodel validation. The first measurements of wake vortices using a pulsed, lidar were made by Cetleneiddies, Inc.
(CTI) using a 2 micron solid-state, flashlamp-pumped system operating at 5 Hz. This system was first deployed s Sbsgrieer
ton Airport. Pulsed lidar has been selectedhasbaseline technology for an operational sensor due to its longer range capability
Derivedfrom text
Aircraft Wakes; Vrtices; Air Taffic Contiol; Optical Radar; Aicraft Appoach Spacing; Radar Meagment; Remote Sensors

19980236837NASA Langley Research Centétampton, YA USA
Aerodynamic Load Measurementsand Opening Characteristics of Automatic Leading Edge Slats on a 45 deg Sweptback
Wing at Transonic Speeds
Arabian, Donald D., NASA Langley Research Center, USA; Runckel, Jack F., NASA Langley Research Center, USA; Reid,
CharlesF, Jr, NASA Langley Research Cent&fSA; Sep. 1961; 50p; In English
Report No.(s): NASA-TN-D-900; L-1609; No Copyrighty#il: CASI; A03, Hardcopy; A01, Microfiche

Measurementsf the normal force and chord force were made on the slats of a sting-mounted wing-fuselage model through
aMach number range of 0.60 to 1.03 and at angles of attack from 0 to 20 deg at subsonic speeds and from 0 to 8 deg at Mach numbe
1.03.The 20-percent-chord tapered leading-edge slats extended from 25 to 95 percent of the semispan andfdiveststgd
ments.The model wing had 45 deg sweep, an aspect ratio of 3.56, a taper raticaotlNACA 64(06)A007 airfoil sections.
Slat forces and moments were determined for the sléitie aimost-closed and open positions for spanwise extents of 35 to 95
percentand 46 to 95 percent of the semispan. The results of the investigation showed little change in the slat maximum force and
momentcoeficients with Mach numbeiThe codficients for the open and almost-closed plasitions had similar variations with
angleof attack. The loads on the individual slat segments were found to increase toward the tip for moderate angles of attack and
decrease toward the tip for high anghésittack. An analysis of the opening and closing characteristics of aerodynamically oper
atedslats opening on a circularc path is included.
Author
Aerodynamid_oads; Airfoil Piofiles; Force Distribution; Sweptback gs; Transonic Speed; W TunnelTests; Vihd Tunnel
Models

19980236887NASA Ames Research Centdfoffett Field, CA USA

Experimental Determination of the Pressue Distribution on a Rectangular Wing Oscillating in the First Bending Mode
for Mach Numbers from 0.24 to 1.30

Lessing,Henry C., NASA Ames Research CentéBA; Troutman, John L., NASA Ames Research Cen@&A; Menees, Gene
P.,NASA Ames Research Cent&tSA; Dec. 1960; 94p; In English

Report No.(s): NASA-TN-D-344; A-354; No Copyrightyail: CASI; A05, Hardcopy; A01, Microfiche
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Theresults of an experimental investigation iwiad tunnel to obtain the aerodynamic pressure distribution on an unswept
rectangulaming oscillating in its first symmetrical bending mode are presented. The wing was of aspect ratio 3 with 5-percent-
thick biconvex airfoil sections. Data were obtained at O deg and 5 deg angle of attack in the Mach number range from 0.24 to 1.30
at Reynolds numbers, depending on the mach number ranging from&&nullion per foot. The reduced frequencies also a
functionof Mach numbemranged from 0.46 at M = 0.24 to 0.10 at M = 1.30. The most important results presented are the chordwise
distributionsof the surface pressures generated by the beodritjations. Similar data obtained under static conditions are also
presentedThe results show that the phenomena causing irregularities in the static psasbuae three-dimensional tiesdts,
local shock waves, and separation will also produce significant changes in the oscillatory pressengseriinental data are
alsocompared with the oscillatory pressure distributions computed by means of the most climeplered theories available.

The comparison shows that subsonic linearized theory is adequate for predicting the pressures and associated phase angles at lo
subsonicspeeds and low angles of attack for this wing. Howekierappearance of local shock waves and flow separation as the
Mach number and angle of attack are increased causes significant changes in the experimental data from that predicted by th
theory.At the low supersonic speeds covered in the experimentdtigation, linearized theory is completely inadequate, princi

pally because of the detached bow wave caused by the wing thickness. Some indication of wind-tunnel resomatecchoas

ever,the efects on the experimental data appear to be confined to the M = 0.70 results.

Author

PressureDistribution; Rectangular Wkgs; Wnd Tunnel Ests; Vihg Oscillations; Tansonic Speed; UnsweptMys; Static Pes-

sure; Separated Flow; Bow &Ves; Bending

03
AIR TRANSPORTATION AND SAFETY

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

19980231963Naval Air Warfare CentetWeapons Diy China Lake, CA USA
Mishap Data Evaluation of Current Naval Aircraft Final Report 1987-1996
Hennings, Elsa J., Naval Air &fare CenterUSA; Aug. 1998; 28p; In English
Report No.(s): AD-A351582; NWCWPSN-TP-8332; No Copyrightil: CASI; A03, Hardcopy; A01, Microfiche

Thisreport documents a study of U.S. Naval mishap data from January 1987 to September 1996 involving F/A-18A,B,C,D;
AV-8B/TAV-8B; F-14A,B,C,D; EA-6B; 145; T-2; S-3; and A-4 aircraft. The study was conducted to determine which techno
logical improvements in aircraft and aircrew safety systems might reduce the mishap/injury/lethality rates of the subject aircraft
and crewmembers. Data were first sorted into aircraft categories, including aircraft lost per year by platform and mishaps per
100,000flight hours by year and by platform. The crewmembers involved were then sorted into injury categories. For those crew
membersn the categories of fatalitpermanent total disabilitpermanent partial disabilitgnd major injurythe data were sorted
into eject/no eject categories and then into technology categories that may have prevented the fatalityfiostifipurthe entire
group and then for only those crewmembers who ejected. The resultsstfitiyisndicate that 268 of the aircraft listed above
havebeen lost in the 10 years studied. These mishaps involved 416 crewmembers, 192qf@!aeh) were killed, disabled,
or received a major injurpf these 192 crewmembers, thgjest number of fatalities and injuries (83 crewmembers (43.2%))
may have been eliminatédan automatic ejection system were available. One hundred twenty-three (64%) of these 192 crew
members were known to have ejected, and of these, 41 (33.3%) may have been helped if an improved propulsion system were
available.Thirty-three (26.8%) of the 123 would have been helped with an improved restraint system, while 30 (24.4%) would
have been helped with an optimized parachute system. It should be noted that each crewmember may have been helped b
improvementsn more than one technology category; therefore the numbers do not add up to 100%.
DTIC
Accidents; Data Rycessing; &chnology Assessment; Attackchaft

19980232108Naval Air Warfare CenterAircraft Div., Patuxent RiverMD USA
A Cross-Platform Multi-Simulation Software Executive
Nichols,James; MagyaiThomas J.; Schug, Eric C.; Jan. 1998; 9p; In English; Prepared in collaboration with Science Applica
tionsInternational Corp., Simulation and Research Services MD.
Report No.(s): AD-A350847; No Copyrightyail: CASI; A02, Hardcopy; A01, Microfiche

The Manned Flight Simulator (MFS) was created to provide high fidelity simulation capability and support for the Navy’
fleet of aircraft. The facility containive simulation stations, which share a common interface to the computer networks, visual
imagegenerators and actual aircraft flight hardware. Any cockpit at MFS can be used in these simulation stations using a "roll-in,
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roll-out” concept to easily transfer a cockpit from one simulation station to the néxthW interface, a simulation executive
wasrequired to run the multiple simulations at any simulation stationCbimérols Analysis and Simulatiore3t Loop Environ

ment (CASTLE) was developed to meet this requirement. Since this initial requirement, CASTLE has greatly expanded and
includesmany tools for use during a real-time piloted sessidoradesktop development and analysis usihWew develop
ment,popularity and increased performance of computers, CASTLE now operatesnaty of platforms and operating systems
usingthe same source code and graphical user interface (GUI). These operating systems include SGI-UNIX, HPAUWS DEC
andWindows95/NT.

DTIC

Computer Networks; Computerized Simulation; Flight Simulators; Graphical User Interface; Simulation

19980232157NASA Ames Research Centdfoffett Field, CA USA
Rating the Relevance of QUORUM-Selected ASRS Incident Narratives to a "Corglled Flight into Terrain” Accident
McGreevy,Michael W, NASA Ames Research Cent&lSA; Statlerirving C., NASA Ames Research CentdiSA; Sep. 1998;
96p; In English
Contract(s)/Grant(s): FOP 548-71-12
Report No.(s): NASA/TM-1998-208749; A-9812680; NAS 1.15:208749; No Copyright; Avail: CASI; A05, Hardcopy; AO1,
Microfiche

An exploratory study was conducted to identify commercial aviation incidents that are relevant to a "controlled flight into
terrain” (CFIT) accident using a NASA-developed text processing method. The QUORUM method was used to ranei67820
dentnarratives, virtually all of the narratives in thei&ion Safety Reporting System (ASRS) database, according to their rele
vanceto two oficial reports on the crash of American Airlines Flight 965 near Cali, Colombia in December 1995. For comparison
with QUORUM s ratings, three experienced ASRS analysts read the reports of tharatastiependently rated the relevance
of the 100 narratives that were most highly rated by QUORUM, as well as 100 narratives randomly selected from the database.
Eighty-fourof 100 QUORUM-selected narratives were rated as relevant to the Cali accident by one or more of the analysts. The
relevantincidents involved a variety of factors, including, euegliance on automation, confusion and changes during descent/ap
proach terrain avoidance, and operations in foreign airspace. In addition, the QUORUM collection of inciddotsadas be
significantly more relevant than the random collection.
Author
Aircraft Accidents; Aicraft Accident Investigation; Comnuéal Aircraft; Ratings; Civil Aiation; Assessments

19980232164General Accounting @€e, Resources, Community and Economic Development Diashington, DC USA
Aviation Safety: FAA's Use of Emergency Orders to Revoke or Suspend Operating Certificates
Dillingham, Gerald L.; Aug. 06, 1998; 17fn English; Bstimony Before the Subcommittee ovigkion, Committee on rans-
portationand Infrastructure, House of Representatives.
Report No.(s): AD-A35181; GAO/FRCED; No Copyright; #ail: CASI; A03, Hardcopy; A01, Microfiche

Sincethe fatal crashes ofaluJet Flight 592n May 1996 and TW Flight 800 in July 1996, &A’S oversight of the aviation
communityand the agency’enforcement actions in response to violations have come under increased $thikingome have
criticized FAA for not responding swiftly or forcefully enough to safety violations, others have questioned its haste in using emer
gencyorders to suspend or revoke the certificates that pilots, airlines, and others need to operate. At the request of Senator Jame
M. Inhofe, we recently completed a review &AS use of emeayency orders during fiscal years 1990 through 1997. Our report
providedinformation on (1) the extent to whicAK used emagency orders, (2) the ways in which changesdA’E policies
might have afiected the agency’'use of emgency orders, and (3) the time needed foA o investigate alleged violations and
issueemepgency orders.
DTIC
Policies; Aircraft Safety; Flight Safety; Crashes; Commal Aircraft

19980232165General Accounting @ite, Resources, Community and Economic Development Riashington, DC USA
Aviation Safety: FAA's Use of Emergency Orders to Revoke or Suspend Operating Certificates
Jul. 1998; 42p; In English; Report to the Honorable James M. Inhove, U.S. Senate.
Report No.(s): AD-A35187; GAO/RCED-98-199; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

At your request, we reviewedR’'S use of emeaency orders during fiscal years 198@ugh 1997. This report provides
information on: (1) the extent to whicl\R& used emagency orders, including data on regional variation in their use, the types
of certificate holders &cted, and the final outcomes of cases initiated usinggemey orders; (2) the ways in which changes
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in FAA'S policies might have #cted the agency'use of emgency orders; and (3) the time needed faAFo investigate alleged
violationsand issue emgency orders.

DTIC

Emegencies; Revenue; CivivAation; Flight Safety

19980233234Lockheed Martin Engineering and Sciences Cangley Program Gite, Hampton, YA USA
Integrated Display System for Low \isibility Landing and Surface Operations
BeskenisSharon Otero, Lockheed Martin Engineering and Sciences Co., USA; Green, Daxid.éckheed Martin Engineer
ing and Sciences Co., USA; Hyer, Paul V., Lockheed Martin Engineering and Sciences Co., USA; Johnson, Edward J., Jr.,
LockheedMartin Engineering and Sciences Co., USA; Jul. 1998; 64p; In English
Contract(s)/Grant(s): NAS1-96014TRQP 538-04-13-02
Report No.(s): NASA/CR-1998-208446; NAS 1.26:208446; No CopyrighdjlACASI; A04, Hardcopy; A01, Microfiche

This report summarizes the software products and system architetéwedeped by Lockheed Martin in support of the Low
Visibility Landing and Surface OperationsMLASO) program at NASA Langley Research Cenlepresents an overview of
thetechnicalaspects, capabilities, and system integration issues associated with an integrated display system (IDS) that collects,
processeandpresents information to an aircraft flight crew during all phases of landing, roll-out, fumbaiund taxi, outbound
taxi and takedf Communications hardware, drivers, and software provide continuous real-tina datging rates and from
manydifferent sources to the display programs for presentation on a head-down display (HDD) and/or a head-up display (HUD).
An electronic moving map of the airport surface is implemented on the HDD which inthedeasi route assigned by air fiaf
control, a text messaging system, and surfacictiaaid runway status informationyfical HUD symbology for navigation and
controlof the aircraft is augmented to provide aircraft deceleration guidance after touchdown to a pilot selected exit and taxi guid
ancealong the route assigned by @. HUD displays include scene-linked symbolic runways, runway exits and taxiways that are
conformalwith the actual locations on the airport surface. Display formats, system architectures, and the various IDS programs
arediscussed.
Author
Aircraft Guidance;Real Tme Operation; Display Devices; Head-Up Displays; Systems Integration; Communication Equipment;
Low Vsibility; Aircraft Landing; Airfield Surface Movements; Aledther Landing Systems; Landing Instruments

19980234599Kurtz Labs, Yellow Springs, OH USA
Helicopter Neutralization Performance Testing Protective Forces
Jun. 1998; 17p; In English
ReportNo.(s): AD-A351531; No Copyright;\ail: Issuing Activity (Defensedchnical Information Center (DTIC)), Hardcopy
Microfiche

This paper describes the development of performance testing which examined the ability of security forces to detect and
neutralizehelicopter threats. Hescribes the application of laser engagement simulation technology to provide data regarding pro
tectiveforce efectiveness. Guidelines and lessons-learned are presented vbich means of replicating such testing at other
facilities which may face helicopter threats.
DTIC
Aircraft Detection; Helicopters; Helicopter Performance; Laser Applications; Systems Simulation

19980236502National Tansportation Safety Bogrivashington, DC USA

Aircraft Accident Report; Uncontrolled Impact with Terrain, Fine Airlines Flight 101, Douglas DC-8-61, N27UA, Miami,

Florida, August 7, 1997

Jun. 16, 1998; 155p; In English

ReportNo.(s): AD-A352539; NTSB/AAR-98/02; PB98-910402; No Copyrightak CASI; A08, Hardcopy; A02, Microfiche
This report explainghe accident involving Fine Airlines flight 101, a Douglas DC-8-61, which crashed afterf tkaof

runway27R at Miami International Airport, Miami, Florida, on August 7, 1997. Safety issubs report include thefetts of

improper cago loading on airplane performance drahdling, operator oversight of garloading and training of agm loading

personnelthe loss of critical flight data recorder information, ad\Surveillance of cago carrier operations.

DTIC

Aircraft Accident Investigation; Comnugal Aircraft; Aircraft Accidents; Aicraft Safety; Douglas Adraft
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19980236937General Accounting @€e, Resources, Community and Economic Development Dishington, DC USA

Aviation Safety: FAA's Use of Emergency Orders to Revoke or Suspend Operating Certificates

Jul. 1998; 48p; In English

Report No.(s): PB98-169667; GAO/RCED-98-199; B-279496; No Copyrightil:ACASI; A03, Hardcopy; A01, Microfiche
Sincethe fatal crashes ofalueJet Flight 592 in May 1996 and AWlight 800 in July 1996, &A s oversighbf the aviation

community and the agensyénforcement actions in response to violations have come under increases ¥¢hiigngome have

criticized FAA for not responding swiftly or forcefully enough to safety violations, others have questioned its haste in using emer

gencyorders to suspend or revoke the certificates that pilots, airlines, and others need to operate. At your request, we reviewed

FAAs use of emarency orders during fiscal years 1990 through 1997. This report provides information on (1) the extent to which

FAA used emeaency orders, including data on regional variation in their useyples of certificates holdersfefted, and the

final outcomes of case initiated using egercy orders; (2) the ways in which changesAA'B policies might have fefcted the

agency’suse foremegency orders; and (3) the time needed faf Ko investigate alleged violations and issue eyaacy orders.

NTIS

Civil Aviation; Emegencies; Aicraft Safety; Flight Safety

04
AIRCRAFT COMMUNICATIONS AND NAVIGATION

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

19980231957Naval Postgraduate SchpMonterey CA USA
An Integrated INS/GPS Navigation System for Small AUVS Using an Asyncbnous Kalman Filter
Hernadez, Glenn C., Naval Postgraduate School, USA; Jun. 1998; 56p; In English
Report No.(s): AD-A351512; No CopyrightyAil: CASI; A04, Hardcopy; AO1, Microfiche

A Small AUV Navigation System (SANS) is being developed at the Naval Postgraduate School. The SANS is an integrated
INS/GPSnavigation system composed of low-cost, small-size componentsieligned to demonstrate the feasibility of using
alow-cost Inertial Measurement Unit (IMU) to navigate between intermittent GPS fixes. This thesis presents recent improvements
to the SANS hardware and software. The 486-based ESP computer used in the previous version of SANS is now replaced by an
AMD 586DX133 based PC/104 computer to provide more computing pehkiability and compatibility with PC/104 industrial
standardsThe previous SAN®avigation filter consisting of a complementary constant gain filter is now aided by an asynchro
nous Kalman filter. This navigation filter has six states for orientation estimation (constant gain) and eight states for position
estimation(Kalman filtered). Low-frequency DGPS noise is explicitly modeled based on an experimentally obtained a autocor
relationfunction. Ocean currents are also modeled as a low-frequency random process. The asynchronol&R&tuneasure
ments resulting from AUV submergence or wave splash on the DGPS antennas is also taken into account by adopting an
asynchronou&alman filter as the basis for the SANS software. Matlab simulation studies of the asynchronous filbeehave
conductecdhnd results documented in this thesis.
DTIC
Kalman Filters; Global Positioning System; Computeodtams; Inertial Navigation

19980231986Nanjing Univ of Aeronautics and Astronautics, Nanjidgangsu, China
Reseach on Terrain-Aided Navigation System
Xin, Ma, Nanjing Univ of Aeronautics and Astronautics, Nanjing, China; Xiaaly, Nanjing Univof Aeronautics and Astronau
tics, Nanjing, China; Journal of Nanjing University of Aeronautics and Astronautics; Jun. 1997; ISSN 10050R615;29,
No. 3, pp. 289-294; In Chinese; No Copyright;afl: Issuing Activity Hardcopy, Microfiche

Higherdemands have been required for the navigation accuracy of various strategic and tactical weapons. In addition to the
high accuracythe navigation systems should have other features such as all-wieakbyeendence, high activeness, hatge
tronic- environment and concealment in modern wars. Only the integrated navigation systems, in which the inertial navigation
system and other navigation devices are optimized can satisfy these demands. The terrain-aided navigation system is of brigh
prospectsThe paper describes one of trerrhin-Aided Navigation-SIAN and produces the simulated digital maps by computer
onthe basis of the statistical model of the terrain. The simulation results prove that the navigation accuracy can be improved by
usingthe digital maps to aid the inertial navigation, and influenced by the roughness of the terrain.
Author
Terrain; Terrain Analysis; Navigation Aids; Inertial Navigation; Air Navigation
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19980233518Beijing Univ. of Aeronautics and Astronautjddeijing, China
Pilot-Navigation Expert System
Wenru,Ning, Beijing Univ of Aeronautics and Astronautics, China; Haijun, Shen, Beijing.hikeronautics and Astronautics,
China; Journal of Beijing University of Aeronautics and Astronautics; Dec. 1997; ISSN 1001-5965; Volume 23, No. 6, pp.
763-768;In Chinese; No Copyright;vail: Issuing Activity Hardcopy, Microfiche
The paper addresses a pilot navigation expert system scheme which consists of two channels: Pilot ASsidtanh@?
and Pilot Assistant Learning (PAL) channel. The PA channel performs the navigation calculation, the situation estimation, the
decisionmaking and the display of current situation #mel suggestions to the pilot, while th&LPperforms the update of Knowl
edge Base(KB) which includes such tasks as the evaluation of the maneuvers performed by the pilot, the induction and generaliza
tion of the rules and knowledge and the correction of the knowledge base. Some principles, methods and alyuréhmrsy
the system were discussed, and the learning channel was intensively considered in this paper
Author
Navigation; Expert Systems; &iaft Pilots

19980236139Army Research LapSensors Directoratédelphi, MD USA
Performance of the Miniature Airborne GPS ReceiverOct. 1997 - Jun. 1998
Van Flandern, @m; BahderThomas B.; Jul. 1998; 21p; In English
Report No.(s): AD-A351939; ARL-TR-1739; No Copyrightyall: CASI; A03, Hardcopy; A01, Microfiche

At a fixed, well-surveyed location, position determinations from a MAGR (Miniaturized Airborne Global Positioning System
Receiverjaveraged over a six-week period were correct to withim).Howeveythe standard deviation of an individual position
determination was 56 m. Almost 20 percent of the individual position determinations had errors exceeding 20 percent. One in
every300 position determinations had an error exceeding 0.5 km. This anomalogeslgrar distribution tail raises questions
aboutthe MAGRS suitability for some Army-critical functions, such as precision guidance.
DTIC
Global Positioning System; Receivers; Miniatilectonic Equipment; Position (Location)

19980236153Joint Chiefs of St&f Washington, DC USA
1998 CJCS Master Positioning, Navigation, and iiming Plan
Feb. 13, 1998; 94p; In English
Report No.(s): AD-A352402; CJCSI-6130.01A; No Copyrightais CASI; A05, Hardcopy; A01, Microfiche

This instruction implements DOD positioning, navigation, and timing (PNT) paliey/provides consolidated CJCS instruc
tionsto PNT developers and users. It identifies the roles and responsibilities of PNT users, developers, and supporting DOD ele
ments. In recognition of the four ergérg operational concepts presented in Joigiov 2010, this CJICS Master Positioning,
Navigation,and Tming Plan (MPNTP) provides tHeackbone of PNT information management for the US warfighibés plan
alsoinforms the Services about major DOD PNT R&D activities. As such, it provides a broad, cons@lidatedormation base
to ensure consistent, informed management decisions and better allocation of Service resources.
DTIC
Navigation; Information Systemsinie Measuement; Positioning; Information Management

19980236829NASA Goddard Space Flight Cent&reenbelt, MD USA
Reseach Lasers and Air Traffic Safety: Issues, Concerns and Responsibilities of the ReseArCommunity
NesslerPhillip J., J, NASA Goddard Space Flight CenteSA; Nineteenth International Laser Radar Conference; Jul. 1998,
Part2, pp. 975-977; In English; Also announced as 19980236718; No Copyngtilt; ASI; A01, Hardcopy; A04, Microfiche

The subject of outdoor use of lasers relative to aifitcrahs become a diversad dynamic topic. During the past several
decades, the use of lasers in outdoor research activities have increased significantly. Increases in the outdoor use of lasers ar
increasesn air trafic densities have changed the levels of risk involved. to date there have been no documented incidents of air
traffic interference from research lasers; howewwidents involving display lasers have shown a marked increaseeAsla
of the national response to these incidents, new concerns over lasers have arisen. Through the efforts of the SAE G-10T Lase
SafetyHazards Subcommittee and the ANSI Z136.6 development committiestial detrimental &fcts to air trdfc beyond
the traditional eye damage concerns have been identified. An increased emphasis from the Federal Aviation Administration
(FAA), the Center for Devices and Radiological Hazards (CDRH), and the Naframabportation Safety Board (NTSB) along
with increased concern by tipeiblic have resulted in focused scrutiny of potential hazards presented by lasers. The research com
munity needs to rethink the traditional methods of risk evaluation and application of protective measures. The best current
approacho assure adequate protection of airficzas the application of viable hazard and risk analysis and the use of validated
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protective measures. Standards making efforts and regulatory development must be supported by the research community tc
assurghat reasonable measures are develop&toW! input, standards and regulations can be developed that are not compatible
with the needs of the research commurtipally, support is needed for the continued development and validatfpotettive

measures.

Derivedfrom text

Laser Applications; Air fiaffic; Radiation Hazads; Laser Damage; Safety Management
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AIRCRAFT DESIGN, TESTING AND PERFORMANCE

Includes aircraft simulation technology.

19980231962Army Research LapSensors Directoratédelphi, MD USA
Doppler Signature Measuements of an Mi-24 Hind-D Helicopter at 92 GHz
Wellman, Ronald J., Army Research Lab., USA, Silvious, Jerry L., Army Research Lab., USA; Jul. 1998; 20p; In English
Report No.(s): AD-A351581; ARL-TR-1637; No Copyrightyall: CASI; A03, Hardcopy; A01, Microfiche

This report describes millimeter wave Doppler signature measurements made on a hovering Mi-24 Hind-D h&lheopter
measuremergystem, a CW sensor operating at 92 GHz, is described in detail. The recording system consisted of a high speed
A/D board installed in a dual Pentium computer runningd®vsNT. The report presents the results of the Doppler analysis of
thedata. The signatures created by the rotating blades of the jet turbinesds@iengine modulation (JEM) lines and the Dop
pler signature components created by the many moving parts ofdaimeand tail rotor assemblies are discussed in detail and a
comparison to the theoretical values is presented.
DTIC
Doppler Effect; Computer Bgrams; Helicopters; Signates; Millimeter Véves

19980231973NASA Langley Research Centétampton, YA USA
An Analysis of Flight-Test Measuements of the Whg Structural Deformations in Rough Air of a Large Flexible Swept-
Wing Airplane
Murrow, Harold N., NASA Langley Research CentdBA; Jan. 1959; 50p; In English
Report No.(s): NASA-MEMO-12-3-58L; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

An analysiss made of wing deflection and streamwise twist measurements in rough-air flightgd #daible swept-wing
bomber.Random-process techniques are employed in analyzing the data in order to describe the magnitude and characteristics
of the wing deflection and twist responses to roughPaiwer spectra and frequency-response functions for the wing deflection
and twist responses at several spanwise stations are presented. The frequency-response functions describe direct and absolt
response characteristics to turbulence and provide a convenient basis for assessing analytic calculation techniques. The win
deformationsn rough air are compared with the expected deformations for quasi-static loadings of the same magnitude, and the
amplificationsare determined. The resutibtained indicate that generally the deflections are amplified by a small amount, while
the streamwise twists are amplified by factors of the order of 2.0. The magnitudes of both the deflection velocities and the twist
angles are shown to have significant effects on the local angles of attack at the various stations and provide the main source o
aerodynamidoading, particularly at frequencies in the vicinity of the first wing-vibration mode.
Author
Aerodynamic Loads; Sweptiigs; Flight Tests; Deformation; Analysis (Mathematics)

19980232006NASA Langley Research Centétampton, YA USA
Results of a Cyclic Load ‘&st of an RB-47E Airplane
Huston, Wlber B., NASA Langley Research Cent&lSA; 1959; 66p; In English
Report No.(s): NASA-MEMO-3-15-59L; AF-AM-171; No Copyrightyéil: CASI; A04, Hardcopy; AO1, Microfiche

Resultsof a cyclic load test made by NASA on an EB-47E airplane are given. The test reportéat @mésof three B-47
airplanedn a test program set up by the U. S. Air Force to evaluatefdet ef wing structural reinforcements on fatigue life.
As a result of crack development in thpper fuselage longerons of the other two airplanes in the program, a longeron and fuselage
skin modification was incorporated early in the test. Fuselage strain-gage measurements made before and after the longeron modi
fication and wing strain-gage measurements made only\aftgy reinforcement are summarized. The history of crack develop
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mentand repair is given in detaile$ting was terminated one sequence short of the planned end of the program with the occurrence
of a major crack in the lower right wing skin.

Author

B-47 Aircraft; Cyclic Loads; Load dsts; Strain Gages; Fatigue Life

19980232014NASA Ames Research Centdoffett Field, CA USA
Subsonic Wing Loadings on a 45 deg Sweptback g and Body Combination at High Angles of Attack
Axelson,John A, NASA Ames Research Centd6A; HaackerJack E NASA Ames Research Cent&ISA; Feb. 1959; 58p;
In English
Report No.(s): NASA-MEMO-1-18-59A; No CopyrightyAil: CASI; A04, Hardcopy; A01, Microfiche
A study haseen made of the subsonic pressure distributions and loadings for a 45 deg sweptback-wing and body combination
at angles of attack up to 36 deg. The wing &adspect ratio of 5.5, a taper ratio of 0.53, and NACA 64A010 sections normal
to the quartechord line and was mounted on a slender body of fineness ratio @2t3e3ults are presented for Mach numbers
of 0.30 and 0.50 with corresponding Reynolds numbers of 1.5 and 2.0 million, respettieetyall patterns and spanwise load
ingsat high angles of attack for the present model are correlated with those for other 45 deg sweptback wing and body combina
tionshaving aspect ratios between 4.0 and 8.0. A tentative approach is presented for extrapolatiggihgeWwspan-loading
methodto higher angles of attack, and for deriving the spanwise-load distributions for 45 deg sweptback arigigs aff attack
above20 deg. The investigation also included tests of the body in combination with only one panel of the swept wing. The problem
of estimating the normal-force cdiefent for the single panel at high angles of attack is considered.
Author
Angle of Attack; Rrssue Distribution; Reynolds Number; Estimatinging/Loading

19980232056National Academy of Sciences - National Research CquNaghington, DC USA
Review and Evaluation of the Air Foice Hypersonic Bchnology Pogram Final Report 15 Apr 1997 - 14 Jul. 1998
Jul. 14, 1998; 70p; In English
Contract(s)/Grant(s): F49620-97-1-0281
Report No.(s): AD-A35152; AFSB-J-97-01-A; No Copyright,vail: CASI; A04, Hardcopy; A01, Microfiche

The Air Force requested the National Research Council to examiréythersonic €chnology (Hy€ch) Program managed
by the Air ForceResearch Laboratory atright Patterson Air Force Base in Dayton, Ohio. A committee with the necessary exper
tisewas formed to respond to a statement of task that @sgedes of questions to determine if a Mach 8, hydrocarbon-fueled,
scramjet-poweredir-launched cruise missile could be developed by the Air Force to reach an initial operational capability by
theyear 2015. It was the conclusion by the committee that this type of weapons system could be developéatdylthanot
as a result of the effort being applied within the HyTech Program. That program was reduced (due to funding limitations) to a
technologybase program to support the propulsion component of the missiléMany other enabling technologies such as mate
rials, guidance and control, and warhead development would require similar emphasis under a coordinated development program
thatincludes necessary flight testirig.the report, the committeefefs its plan for accomplishing the necessary steps to achieve
aninitial operational capability for the missile by 2015.
DTIC
Hypersonics; Air Launching

19980232063Naval Postgraduate SchpMonterey CA USA
A History of the Survivability Design of Military Air craft
Ball, Robert E.; Atkinson, Dale B.; Jan. 1998; 16p; In English
Report No.(s): AD-A351434; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

In simple words, survivability in combat is achieved by not getting hit by the esevegpons or withstanding thdesfts
of any hits suered. The likelihood an aircraft gets hit while on a mission is referred to as the airsuafteptibilityand the likeh
hoodthe aircraft is killed by the hit is referred to as the air@aftiinerability Reduction of aircraft susceptibility is achieved by:
(1) the selection of the appropriate weapons, tactics, threat suppression, and support jamming for thénissiiacing the
aircraft'ssignatures, and (3) incorporating on-board threat warning equipment and countermeasures in the form of electromag
neticjammers and expendables. Reduction of aircraft vulnerability is achieved iye (i9e of redundant flight critical compo
nents, adequately separated so that a single hit does not kill them all, (2) properly locating the critical components to reduce
vulnerability, (3) designing the critical components, or adding equipment, to suppress the effects of any hits, and (4) shielding
thosecomponents that cannot be protected otherwise. All of these concepts for enhancing sunimaphbitityhe design of the
aircraft. The importance of survivability in the design of aircraft has varied throughout the 20th frentuaytotal neglect to
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the highest priority This paper presents the evolution of the survivability design of aircraft from the beginiifgldvar 1I
to the present time.

DTIC

Aircraft Design; Combat

19980232089NASA Ames Research Centdoffett Field, CA USA
A Flight Evaluation of the Factors which Influence the Selection of Landing Appsach Speeds
Drinkwater,Fred J., lll, NASA Ames Research CentdSA; CooperGeoge E., NASA Ames Research CentdBA; Dec. 1958;
26p;In English
Report No.(s): NASA-MEMO-10-6-58A; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

Thefactors which influence the selection of landapproach speeds are discussed from the pipoint of view Concepts
weredeveloped and data were obtained during a landing approach flight investigatiemyefnumber of jet airplane configura
tionswhich included straight-wing, swept-wing, and delta-wing airplanes as well as several applications of boundary-layer con
trol. Since the fundamental limitation to further reductions in approach speed on most configurations appeared to be associated
with the reductionn the pilots ability to control flight path angle and airspeed, this problem forms the basis of the report. A simpli
fied equation igpresented showing the basic parameters which govern the flight path angle and airspeed changes, and pilot control
techniquesre discussed in relation to this equation. Attention is given to several independent aerodynamic characteristics which
do not affect the flight path angle or airspeed directly but which determine to a large extent the effort and attention required of
thepilot in controlling these factoduring the approach. These include stall characteristics, stability about all axes, and changes
in trim due to thrust adjustments. The report considers the relationship between piloting technique and all of the factors previously
mentionedA piloting technique which was found to be highly desirable for control of high-performance airplanes is described
andthe pilots attitudes toward low-speed flight which bear heavily on the selectiandihg approach speeds under operational
conditionsare discussed.
Author
Flight Tests; Landing Speed; Data Acquisition; CohtBystems Design; Agtynamic Characteristics

19980232153General Accounting @€e, National Security and Internationalfairs Div., Washington, DC USA
Report to the Secetary of Defense. Army Aviation: Apache Longbow Weight and Communication Issues
Sep. 1998; 18p; In English
Report No.(s): GAO/NSIAD-98-203; B-278882; No Copyrightafk CASI; A03, Hardcopy; A01, Microfiche

The Apache Longbow helicopter is designed to conduct precision attacks in adverse weather in battlefields obscured by
smoke automatically engage multiple ¢gats,and provide fire-and-fget missile capabilityThe Apache Longbow configuration
consistof a modified airframe, a fire control radand a new Longbow (radfeequency) Hellfire missile. The Army plans to
reconfiguremany of the current Apache fleet to the Apache Longbow requireméhtfull combat capabilities, and others will
be upgraded with less powerful engines, and not hlageapability to communicate ¢gt data. The Apache Longbow is being
designed to meet certain requirements to enhance survivability in combat missions. It must be able to climb at least 450 feet per
minute at 4,000 feet, while carrying a full fuel load and ammunition. The report states that this requirement cannot be achieved,
andthe systems survivability will be adversely impacted. The Army also requires the Apache Longbow to have a capability to
transferdata about tgets to other Apache Longbows, via radio. The report states that initially the radio is not available, and that
unresolvedechnical issues have delayed the radio’s development.
CASI
ClimbingFlight; Combat; Military Helicopters; Helicopter Performancaircraft Survivability; Military Bchnology; Conges-
sional Reports

19980234657NASA Langley Research Centétampton, YA USA
Bi-Level Integrated System Synthesis (BLISS)
Sobieszczanski-SobieskiaroslawNASA Langley Research Center, USA; Agte, Jeremy S., George Washington Univ., USA;
SanduskyRobert R., Jr Geoge Washington Uniy USA; Aug. 1998; 40p; In English
Contract(s)/Grant(s): FOP 509-10-31-03
ReportNo.(s): NASA/TM-1998-208715; NAS 1.15:208715; L-17778; No Copyrigh&ilACASI; A03, Hardcopy; A01, Micro
fiche
BLISS is a method for optimization of engineering systems by decomposition. It separates the system level optimization,
havinga relatively small number of design variables, from the potentially numerous subsystem optimizations that heseeach
a lage numberof local design variables. The subsystem optimizations are autonomous and may be conducted corgusrently
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systemand system optimizations alternate, linked by sensitivity data, producing a design improvement in each iteration. Starting
from a besguess initial design, the method improves that design in iterative cycles, each cycle comprised of two steps. In step
one,the system level variables are frozen and the improvement is achieved by separate, concurrent, and autonomous optimizations
in the local variable subdomains. In step two, further improvement is sought in the space of the system level variables. Optimum
sensitivitydata link the second stépthe first. The method prototype was implemented usingIMM8 and iSIGHT program

ming software and tested on a simplified, conceptual Iswpersonic business jet design, and a detailed design of an electronic
device.Satisfactory convegenceand favorable agreement with the benchmark results were observed. Modularity of the method

is intended to fit the humangenization and map well on the computing technology of concurrent processing.

Author

Parallel Processing (Computers); Supersonic Jet Flow; Design Analysis; CemtiRiocessing; Computer Bgramming

19980235520Geopgia Inst. of Bch, Atlanta, GA USA
Normal Component of Induced \élocity for Entir e Field of a Uniformly Loaded Lifting Rotor with Highly Swept Wake
asDetermined by Electomagnetic Analog
CastlesWalter, Ji, Geogia Inst. of Bch., USA; Durham, Howard L.,.JGeogia Inst. of Bch., USA; Kevorkian, JirgiGeopia
Inst. of Tech., USA; 1959; 30p; In English; No Copyrightiall: CASI; A03, Hardcopy; A01, Microfiche

Values of the normal component of induced velocity throughout the entire field of a uniformly loaded r(rotor at high high
speedare presented in the form of charts and tables. Many points were found by an electromagnetic analog, details of which are
given.Comparisons of computed and analog values for the induced velocity indicate that the lattéciamlgudccurate for
engineering purposes.
Author
Lifting Rotors; Charts; Rotor Speedelcity Distribution

19980235529NASA Marshall Space Flight Centétuntsville, AL USA
Air craft Structural Mass Property Prediction Using Conceptual-Level Structural Analysis
SexstoneMatthew G., NASA Marshall Space Flight CentdBA; 1998; 18p; Irenglish; 57th, 18-20 May 1998, itfita, KS,
USA; Sponsored by Society of Allied&ht Engineers, Inc., USA
Report No.(s): NASA/TM-1998-208129; NAS 1.15:208129; SAWE Paper 2410; No Copyngtit; BASI; A03, Hardcopy;
A01, Microfiche

This paper describes a methodology that extends the use of the Equivalent LAminated Plate Solution (ELAPS) structural
analysiscode from conceptual-level aircraft structural analysis to conceptual-level aircraft mass property analysis. Mass property
analysisin aircraft structures has historically depended upon parametric weight equations at the conceptual design level and Finite
Element Analysis (FEA) at the detailed design level ELAPS allows for the modeling of detailed geomattiic and composite
materials, and non-structural mass coupled with analytical structural sizing to produce high-fidelity mass property analyses repre
sentingfully configured vehicles early in the design process. This capability is espeeiilfble for unusual configuration and
advancedoncept development where existing parametric weight equations are inapplicable and FEA is too time consuming for
conceptuatiesign. This paper contrasts the use of ELAPS relative to empirical weight equations and FEA. ELAPS tacldeling
niguesare described and the ELAPS-based mass property analysis process is detailed Bxamagkeproperty stochastic cal
culations produced during a recent systems study are provided This study involved the analysis of three remotely piloted aircraft
requiredto carry scientific payloads to very high altitudes at subsonic speeds. Due to the extreme ttatuhégbfaltitude flight
regime,few existing vehicle designs are available for use in performance and weight prediction. ELAPS was employed within
aconcurrent engineering analysis process that simultaneously produces aerodynamic, structural, and static aeroelastic results fo
inputto aircraft performance analyses. The ELAPS models produced for each concept were also used to provide stochastic analy
sesof wing structural mass properties. The results of thiégstéhdicate that ELAPS is anfafient means to conduct multidiscipli
narytrade studies at the conceptual design level.
Author
StructuralAnalysis; Aicraft Design;Performance Rxdiction; Finite Element Method; Concent Engineering; Atraft Perfor
mance;Aeielasticity

19980235564NASA Dryden Flight Research Centedwards, CA USA

Deterministic Reconfigurable Control Design for the X-33 \¢hicle

Wagner Elaine A., Lockheed Martin Corp., USA; Burken, John J., NASA Dryden Flight Research, C&®erHanson, Curtis
E., NASA Dryden Flight Research CentelSA; Wohletz, Jerry M., Massachusetts Inst. €., USA; 1998; 10p; In English,
10-12Aug. 1998, Boston, MA, USA; Sponsored by American Inst. of Aeronautics and Astronautics, USA
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Contract(s)/Grant(s): NCC8tb
Report No.(s): AIAA Paper 98-4413; Copyrightyal: Issuing Activity Hardcopy, Microfiche

In the event of a control surface failure, the purpose of a reconfigurable control system is to redistribute the control effort
amongthe remaining working surfaces such that satisfactory stability and performance are rEtaineglconfigurable control
designmethods were investigated for the X-33 vehicle: Redistributed Pseudo-Inverse, General Constrained Optimization, Auto
matedFailure Dependent GafBchedule, and an Bifne Nonlinear General Constrained Optimization. The&li@& Nonlinear
GeneralConstrained Optimization approach was chosen for implementatithre 6333. Tvo example failures are shown, a right
outboardelevon jam at 25 deg. atMach 3 entry condition, and a left rudder jam at 30 degrees. Note hptheveeconfigurable
controllaws have been designed for the entire flight envelope. Comparisons between responses with the nominal controller and
reconfigurable controllers show the benefits of reconfiguration. Single jam aerosurface failures were considered, and failure
detectionand identification is considered accomplished in the actuator contfidiieX-33 flight control system will incorporate
reconfigurabldlight control in the baseline system.
Author
X-33 Reusable LauncleNcle; Supersonic Speed; Flight Envelopes; Flight Gan@€ontrol Theory; Contol Surfaces

19980235565Lockheed Martin Corp Skunk VWrks Palmdale, CA USA
Flight Dynamics and Stability and Control Characteristics of the X-33 \éhicle
Lee,H. R, Lockheed Martin Corp., USA; Chang, M., Lockheed Martin Corp., USA; KdikeK., Lockheed Martin Corp., USA,;
1998; 12p; In English; Guidance, Navigation and Control, 10-12 Aug. 1998, Boston, MA, USA; Sponsored by American Inst.
of Aeronautics and Astronautics, USA
Contract(s)/Grant(s): NCC8tb
Report No.(s): AIAA Paper 98-4410; No Copyrightiail: Issuing Activity Hardcopy, Microfiche

This paper presents the flight dynamics and stability and control characteristics of the X-33 vehicle. The vehicle model is
based on aerodynamic data obtained from wind tunnel testing which includes power effects during ascent phase of the flight.
Mathematicamodeling of the Aerospike propulsion system and the reaction control systems are also included. Stability character
istics of the vehicle are presented for various flight regimes. Filghamics characteristics of the vehicle is based on linearized
modelof the vehicle. They are shown in this paper for the second flight trajectory which is to be flown from Edwards Air Force
Basein California to Michael Army Air Field in Utah. This trajectpdesignedis Michael-C, is designed to provide s flight profile
with sufiicient hypersonic Mach numbers to generate an aerothermal environment that produces the maximum catalytic aeroheat
ing for the validation of the X-33 technology development. Analytical results are provided for three phases of the flight: Ascent,
Entry and €rminal Area Engy Management AEM). Methods for estimating control power requirement to achieve desirable
level of static stability are presented.
Author
X-33 Reusable Launclekicle; Aeodynamics; Aarspike EnginesDynamicContmwol; Flight Paths; Hypersonics; Propulsion;
Trajectories

19980235624NASA Langley Research Centétampton, YA USA
Analysis of Acceleration, Airspeed, and Gust-®locity Data From a FourEngine Transport Airplane Operating Over a
Northwestern USA Alaska Route
Engel,Jerome N., NASA Langley Research Centt8A; Copp,Martin R., NASA Langley Research CentedSA; Feb. 1959;
18p;In English
Report No.(s): NASA-MEMO-1-17-59L; No Copyrightyvail: CASI; A03, Hardcopy; AO1, Microfiche

Acceleration, airspeed, and altitude data obtained with an NACA VGH recorder from a four-engine commercial transport
airplaneoperating over a northwestern USA-Alaska route were evaluated to determine the magnitude and frequency of occurrence
of gust and maneuver accelerations., operating airspaedigust velocities. The results obtained were then compared with the
resultspreviously reported in NACA&chnical Note 3475 fdwo similar airplanes operating over transcontinental routes in the
United States. No laye variations in the gust experience for the three operations were noted. The results indicate that the gust-load
experience of the present operation closely approximated that of the central transcontinental route in the USA with which it is
comparedcandshowed diferences of about 4 to 1 when compared with that of the southern transcontinental route in the United
Statesln general, accelerations due to gusts occurred maeh frequently than those due to operational maneuvers. At-a mea
surednormal-acceleration increment of 0.5g, accelerations due toapestered roughly 35 times more frequently than those due
to operational maneuvers.
Author
Airspeed; Acceleration;r@insport Aicraft; Gust Loads; Gusts
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19980235626NASA Dryden Flight Research Centedwards, CA USA
Approach and Landing Investigation at Lift-Drag Ratios of 2 to 4 Utilizing a Straight-Wing Fighter Airplane
Matranga, Gene J., NASA Dryden Flight Research Center, USA; Armstrong, Neil A., NASA Dryden Flight Research Center,
USA; Aug. 1959; 24p; In English
Report No.(s): NASA-TM-X-31; No Copyright;\ail: CASI; A03, Hardcopy; A01, Microfiche

A series of landings was performed with a straight-wing airplane to evaluate the effect of low lift-drag ratios on approach
andlanding characteristics. Landings with a peak lift-drag ratio as low as 3 were performed by altering thecainfiiguetion
(extendingspeed brakes, flaps, agdar and reducing throttle setting). As lift-drag ratio was reduced, it was necessary either to
make the landing pattern tighterto increase initial altitude, or both. At the lowest lift-drag ratio the pilots believed a 270 deg
overheadattern was advisable becawéehe greater easefafded in visually positioning the airplane. The values of the pertinent
flare parameters increased with the reduction of lift-drag ratio. These parameters included time required for final flare; speed
changeduring final flare; and altitude, glide slope, indicated airspeed, and vertical velocity at initiation of final flare. The pilots
believedthat the tolerable limit was reached with this airplane in the present configuration, andoieufe of a further reduc
tion in lift-drag ratio, more severe approaches than those experienced in this program were attempted, additional aids would be
requiredto determine the flare-initiation point.
Author
Aerodynamic Characteristics; Appach; Fighter Aicraft; Rectangular \igs; Lift Drag Ratio; Airspeed

19980235628NASA Langley Research Centétampton, YA USA
Effects of Horizontal-Contr ol Planform and Wing-Leading-Edge Modification on Low-Speed Longitudinal Aeodynamic
Characteristics of a Canard Airplane Configuration
SpencerBernard, Jr NASA Langley Research CentelSA; 1981; 541p; In English
Report No.(s): NASA-TM-X-549; L-1372; No Copyrightyail: CASI; A23, Hardcopy; A04, Microfiche

An investigation at low subsonic speeds basn conducted in the Langley 300-MPH 7- by 10-foot tunnel. The basic wing
had a trapezoidal planform, an aspect ratio of 3.0., a taper ratio of 0.143, and an unswept 80-percent-chord line. Modifications
to the basic wing included deflectalfldl-span and partial-span leading-edge chord-extensions. A trapezoidal horizontal control
similarin planform to the basic wing and a 60 deg sweptback delta horizontal control were tested in conjunction with the wing.
Thetotal planform area of each horizontal control was 16 percent of the total basic-wing area. Modifications to these horizontal
controlsincluded addition of a full-span chord-extension to the trapezoidal planform and a fence to the delta planform.
Author
Aerodynamic Characteristics; CanduConfigurations; Leading Edges; Planforms

19980236450NASA Langley Research Centétampton, YA USA
Analysis of the Flight Motions of a Small Deployable Glider Configuration
Coe, Paul L., JrNASA Langley Research Cent&ISA; Mar 1975; 32p; In English
Report No.(s): NASA-TM-SX-3205; L-10031; No Copyrightyal: CASI; A03, Hardcopy; A01, Microfiche
An investigation was conducted at tieguest of the U.S. Air Forcevidnics Laboratory to analyze the flight characteristics
of a small uncontrolledlider with folding wings. The study consisted of wind-tunnel tests of an actual glider and a theoretical
analysis of the performance, stabiliand trimmability of the configuration.
Author
Gliders; Flight Characteristics; yionics

19980236454NASA Langley Research Centétampton, YA USA
Aerodynamic Characteristics of a \riable Sweep Fighter Model at Mach Numbers fom 1.60 to 2.36
Blair, A. B., Jt, NASA Langley Research CentelSA; Richardson, Celia S., NASA Langley Research Cett®A; Mar 1972;
110p;In English
Contract(s)/Grant(s): FOP 136-63-02-28
Report No.(s): NASA-TM-SX-2489; N-AM-154; L-8048; No Copyrightzal: CASI; A06, Hardcopy; A02, Microfiche
An investigationhas been made in the Langley Unitary Plan wind tunnel to determine the aerodynamic characteristics of a
1/22-scalemodel of the Grumman F-14A airplane with various combinations of external stores mounted both in the fuselage chan
neland on wing-glove pylons. In addition, several inlet-exit geometries, assvaltonfiguration incorporating modifications
to simulate a reconnaissance vehicle, were investigated. The model was tested at Mach numbers from 1.60 to 2.36 through ai
angle-of-attackange from about -4 deg to #@g and an angle-of-sideslip range from about -4 deg to 8 deg. A Reynolds number
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of 8.20 x 10(exp 6) per meter (2.5 x 10(exp 6) per foot) was used at the lower angles of attack and 4.92 x 10(exp 6) per meter (1.5
x 10(exp 6) per foot) at the higher angles of attack. In order to expedite publication, no analysis of the data obtained has been made
Author

AerodynamidCharacteristics; F-14 Agraft; Scale Models; Angle of Attack;My Planforms

19980236510Defence Science an@dhnology Oganisation Information Bchnology Div, Canberra Australia
Accelerated Environmental Testing of Composite Materials
Vodicka, RogerDefence Science an@dhnology Oganisation, Australia; Apd998; 60p; In English
ReportNo.(s): AD-A352718; DSD-TR-0657; DODA-AR-010-516; No Copyrightyail: CASI; A04, Hardcopy; A01, Micro
fiche

Composite materials are found to lose mechanical on exposure to aircraft operating environments. This is mainly due to
absorptiorof moisture from humid air by the matrix material. Composite materials are extensively used by the RAAF for both
major structural components on the F/A-18 and for bonded repadsloublers. The performance of these materials under long-
termenvironmental exposure is an important aspect of both aircraft certification and in the understanding of how the components
will age. This report provides a broad overview of environmenfattsfon composite materials and methods which may be used
to predict their long-term behaviaurhe use of accelerated testing environments in the laboratory is an attractive proposition as
it enables tests to be carried out in reduced time frames. A number of accelerated testing methodologies and their implications
areoutlined here. Accelerated testing can be carried out with confidence if the exposure conditions are representative-and the fail
uremodes of the material during mechanical tests reflect those seen in service.
DTIC
Composite Materials; Mechanical Properties; Aircraft Maintenance; Bonded Joints; Environmental Tests; Accelerated Life
Tests;Matrix Materials

19980236806NASA Langley Research Centétampton, YA USA
Differ ential Absorption Lidar (DIAL) Measur ements of Atmospheric Vter Vapor Utilizing Robotic Air craft
Hoang,Ngoc,Aurora Flight Sciences Corp., USA; Daxhg, Russell J., NASA Langley Research Ceti8A; Prasad, Cogr
R., Science and Engineering Services, Inc., USA,; Laufer, Gabriel, Virginia Univ., USA; Nineteenth International Laser Radar
Conferencejul. 1998, Part 2, pp. 891-894; In English; Also announced as 19980236718; No Copyadh€ASI; A01,Hard
copy; A04, Microfiche

A new unpiloted aivehicle (UAY) based water vapor DIAL system will be described. This system is expectddrttpafer
operatingcosts, longetest duration and severe weather capabilities. A new hfigtiesfcy, compact, light weight, diode-pumped,
tunable Cr:LiSAF laser will be developed to meet thd/Usayload weight and size limitations and its constraints in cooling €apac
ity, physical size and payload. Similarly, a new receiver system using a single mirror telescope and an avalanche photo diode
(APD) will be developed. Projected MAvarameters are expected to allow operation at altitudes up to 20 km, endurance of 24
hrsand speed of 400 km/hit these conditions measurements of water vapor at an uncertayty08b with a vertical resolution
of 200 m and horizontal resolution of 10 km will be possible.
Derived from text
Differential Absorption Lidar; Radar Measement; Remote SensorsiriBble Lasers; Atmospheric MoisttiPilotless Aicraft

19980236840NASA Dryden Flight Research Centedwards, CA USA
Launch, Low-Speed, and Landing CharacteristicDetermined from the First Flight of the North American X-15 Reseath
Airplane
Finch, Thomas WNASA Dryden Flight Research CentelSA; Matranga, Gene J., NASA Dryden Flight Research Gaugsk;
Sep.1959; 28p; In English
Report No.(s): NASA-TM-X-195; No Copyright;\ail: CASI; A03, Hardcopy; A01, Microfiche

Thefirst flight of the North American X-15 research airplane was made on June 8, 1959. This was accomplished after comple
tion of a series of captive flights with the X-15 attached to the B-52 carrier airplane to demonstrate the aerodynamic and systems
compatibility of the X-15//B-52 combination and tbe15 subsystem operation. This flight was planned as a glide flight so that
the pilot need not be concerned with the propulsion system. Discussions of the launch, low-speed maneuvering, and kanding char
acteristics are presented, and the results are compared with predictions from preflight studies. The launch characteristics were
generallysatisfactoryand the X-15 vertical tail adequately cleared the B-52 wing cutout. The actual landing pattern and landing
characteristiceompared favorably with predictions, and the recommended landing technique of lowefiagstiamd landing
gearat a low altitude appears to be a satisfactory metlitehding the X-15 airplane. There was a quantitative correlation between
flight-measuredand predicted lift-drag-ratio characteristics in the clean configuration qualigative correlation in the landing
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configuration.A longitudinal-controllability problem, which became severe in the landing configuration, was evident throughout
theflight and, apparentlywas aggravated by the sensitivity of the side-located control stick. In the low-to-moderate angle-of-at
tackrange covered, the longitudinal and directional stability were indicated to be adequate.

Author

Aerodynamic Characteristics; Low Speed; Launching; Landinge&ional Stability; Maneuvers; X-15 A&naft

19980236891INASA Marshall Space Flight Centétuntsville, AL USA
Analysis of Linear Aerospike Plume Induced X-33 Base Heating Envainment
Wang,Ten-See, NASAMarshall Space Flight CenfaySA; 1998; 32p; In English; 7th; Joint Thermophysics and Hesatisfer
Conferencel5-18 Jun. 1998, Albuguerque, NM, USA; Sponsored by American Safibtgchanical Engineers, USA; Original
containscolor illustrations
Contract(s)/Grant(s): NAS8-40582; No Copyrightafl: CASI; A03, Hardcopy; A01, Microfiche

Computationahnalysis is conducted to study théeef of an linear aerospike engine plume on the X-33 base-heampn
mentduring ascent flight. to properly account for the freestream-body interactibto allow for potential plume-induced flow-
separation, the thermo-flowfield of the entire vehicle at several trajectory points is computed. A sequential grid-refinement
techniquds used irconjunction with solution-adaptive, patched, and embedded grid methods to limit the model to a manageable
size.The computational methodology is baseda three-dimensional, finite-tBfence, viscous flonchemically reacting, pres
sure-basedomputational fluid dynamics formulation, and a three-dimensional, finite-vokpeetral-line based weighted-sum-
of-gray-gases absorption, computational radiation heat transfer formulation. The computed forebody and afterbody surface
pressureoeficients and base pressure characteristic curves are compared with those of a cold-flow test. The predicted convective
andradiative base-heat fluxes, théeet of base-bleed, and the potential of plume-induced flow separation are presented.
Author
X-33Reusable Launchetiicle; Aeospike Engines; Base Heating;der Flow; Radiative Heatr@insfer; Thee DimensionafFlow;
BoundarylLayer Separation; Convective Heatfsfer

06
AIRCRAFT INSTRUMENTATION

Includes cockpit and cabin display devices; and flight instruments.

19980233514Beijing Univ. of Aeronautics and Astronautjddeijing, China
Computer Aided Design on Location of Fuel Sensor in Agraft
Li, Guan, Beijing Univof Aeronautics and Astronautics, China; Xinglu, Chen, Beljiniy. of Aeronautics and Astronautics,
China; Journal of Beijing University of Aeronautics and Astronautics; Dec. 1997; ISSN 1001-5965; Volume 23, No. 6, pp.
783-787;In Chinese; No Copyright;\vail: Issuing Activity Hardcopy, Microfiche

Thelocation principle of fuel sensors in digital fuel gaging systems according to the principle in fuel quantity measurement
is introduced. From which, it presents the conception of measurable area and sets forth the key techniques in calculating it. In the
end,the paper provides some relative conclusions about the location degighsdnsors in aircraft by calculating measurable
areaand check the measurability
Author
Computer Aided Design; Airaft Fuel Systems; Position (Location)

19980235212Beijing Univ. of Aeronautics and Astronautjd3eijing, China
Picture, Image and Symbolized Meas@wments in Aircraft and Spacecraft Instruments
Jungin,Huang, Beijing Univof Aeronautics and Astronautics, China; Journal of Beijing University of Aeronautics and Astronau
tics; Dec. 1997; ISSN 1001-5965pkme 23, No. 6, pp. 788-793; In Chinese; No CopyrighgilAlssuing Activity Hardcopy
Microfiche

Picture,image and symbolized measurements in aircraft and spacecraft instruments are discussed. A design idea of intelligent
aircraftand spacecraft instruments is presented in order to solve the troublingfimudk gifoblems of the general design of instru
mentpanels in the last thirty years: the more the number of required display parameters are increased, tthe Ipdlatteduties
would be.
Author
Images; Aicraft Instruments; Spacecraft Instruments; Symbols
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07
AIRCRAFT PROPULSION AND POWER

Includes prime propulsion systems and systems components, e.g., gas turbine engines and compressors, and onboard auxiliary
power plants for aircraft.

19980231996NASA Lewis Research Cenjétleveland, OH USA
Application of Gas Analysis to Combustor Reseah
Hibbard, R. R., NASA Lewis Research Center, USA; Evans, Albert, NASA Lewis Research Center, USA; Feb, 1959; 24p; In
English
ReportNo.(s): NASA-MEMO-1-26-59E; E-245; No Copyrighty&il: CASI; A03, Hardcopy; A01, Microfiche

The performance of turbine-engine combustors usually is given in terms of operating limits and comticigonyefThe
latter property is determined most often by measuring the increase in enthalpy across the combustor through the use of thermocou
ples. This investigation was conducted to determine the ability of gas-analytical techniques to provide additional information
aboutcombustor performance. Gas samples were taken at the outlet and two upstream stations and their compositions determined
In addition to ovesall combustion diciency, estimates of local fuel-air ratios, local combustiditieicies, and heat-release rates
can be made. Conclusions can be drawn concerning the causes of combustion inefficiency and may permit corrective design
changedo be made more intelligentlyhe purpose of this investigation was not to present data for aggpwaoustor but rather
to show the types and value of additional information that can be gained from gas-analytical data.
Author
Fuel Combustion; Gas Analysis; Combustion Efficiency; Heatsfer; Combustion Chambers

19980232083NASA Lewis Research Cenjétleveland, OH USA
Structural Design and Preliminary Evaluation of a Lightweight, Brazed, Air-Cooled Turbine Rotor Assembly
Meyer,Andre J., Jt NASA Lewis Research Cent&fSA; Moman, Wiliam C., NASA Lewis Research Centé&fSA; Dec. 1958;
28p;In English
Report No.(s): NASA-MEMO-10-5-58E; No Copyrightyéil: CASI; A03, Hardcopy; AO1, Microfiche

A lightweight turbine rotor assembly was devised, and components were evaluated in a full-scale jet engine. Thin sheet-metal
airfoils were brazed to radial fingers that were an integral part of a number of thin disks composing the turbifessaipes
wereprovided between the disks and in the blades for air cooling. The computed weight of the assembly was 50 percent less than
that of a similar turbine of normal construction used in a conventional turbojet engine. Two configurations of sheet-metal test
bladessimulating the manner of attachment were fabricatedestdd in a turbojet engine at rated speed and temperature. After
8-1/2hours of operation pieces broke loose from the tip sections of the better blades. Severe cracking produced by vibration was
determinedhs the cause of failure. Several methods of overcoming the vibration problem are suggested.
Author
Structural Design; Wirbines; Air Cooling; Tirbojet Engines; Brazing

19980232149Allison Engine Ca.Indianapolis, IN USA
Energy Efficient Engine Low Pressue Subsystem Flow AnalysisFinal Report Mar. 1996 - Sep. 1997
Hall, Edward J.Allison Engine Co., USA; ¥nn, Sean R., Allison Engine Co., USA; Heidegdéathan J., Allison Engine Co.,
USA; Delaney Robert A., Allison Engine Co., USA; Mak998; 174p; In English; Original contains color illustrations
Contract(s)/Grant(s): NAS3-27394TRP 509-10-1
ReportNo.(s): NASA/CR-1998-206597; NAS 1.26:206597; B3a7; No Copyright; Rail: CASI; A08, Hardcopy; A02, Micro
fiche

Theobjective of this project is to provide the capability to analyze the aerodynamic performance of the completsSiore
subsystem (LPS) of the Energy Efficient Engine (EEE). The analyses were performed using three-dimensional Navier-Stokes
numerical models employing advanced clustered processor computing platforms. The analysis evaluates the impact of steady
aerodynamicdnteraction dfects between the components of the LPS at design &dédsifn operating conditions. Mechanical
couplingis providedby adjusting the rotational speed of common shaft-mounted components until a power balance is achieved.
The NavierStokes modeling of the complete low pressure subsystem provides critical knowledge of component aero/mechanical
interactionghat previously were unknown to the designer until after hardware testing.
Author
Turbofans;Mathematical Models; Naviestokes Equation; The DimensionalWodels; Computational Fluid Dynamics; Aer
dynamicCharacteristics; Computerized Simulationyribofan Engines; Rotor Aedynamics; Flow Characteristics

27



19980232156General Accounting d@ite, National Security and Internationalfairs Div., Washington, DC USA
Report to the Honorable Walter B. Jones, House of Rem@sentatives. Defense Depot Maintenance:a&knesses in the T406
Engine Logistics Support Decision Methodology
Sep. 1998; 26p; In English
Report No.(s): GAO/NSIAD-98-221; B-280621; No Copyrightafk: CASI; A03, Hardcopy; A01, Microfiche
The Navy’s designation of the-22 (alsocalled Osprey) aircraft’'T406 engine as a commercial item, which allows the-logis
tics support and maintenance to be performed by a contradide not unjustifiable was, according to the report, not very well
documentednd somewhat inconsistent. The report faults the Nawyefging on the contractts assurance that 90 percent of
the parts inthe engine were common parts, while this Ageséipdings were that 79% of the parts were common to at least one
of the other engines that the company makes. The report also finds that the Navy made some errors in the cost savings that woulc
be realized by the use of the commercial maintenance contractor rather than establishing maintenance capability in a military
depot.
CASI
CostReduction; Navy; \22 Aircraft; Aircraft Maintenance; Maintainability; SparParts; Congessional Reports

19980232222NASA Lewis Research Cente&leveland, OH USA
Factors that Affect Operational Reliability of Turbojet Engines, Chapter 1, Objectives
Pinkel, Benjamin, NASA Lewis Research Cent¢BA; 1960; 216p; In English
Report No.(s): NASA-TR-R-54; No Copyrightyvail: CASI; A10, Hardcopy; A03, Microfiche
The problem of improving operational reliability of turbojet engines is studied. Failure statistics for this engine are presented,
thetheoryand experimental evidence on how engine failures occur are described, and the methods available for avoiding failure
in operation are discussed.
Author
Engine Failue; Reliability; Turbojet Engines

19980232227NASA, Washington, DC USA
Control of Gas-Turbine and Ramjet Engines
ZalmanzonlL. A.; CherkasoyB. A.; Jul. 1961; 257p; In Englishrdnslated into English by the Government Defense Industry
PressMoscow 1956
Report No.(s): NASA-TAF-41; No Copyright; &ail: CASI; A12, Hardcopy; A03, Microfiche

This book deals with the principles of control of aviation gas turbine and ramjet engines. Attention is concentrated on describ
ing the physical bases of the processes of engine control and an exposition of the methods of experimental study and design o
controlapparatus. A series of examples bring out the close connection between the operation of the elements in the control loop
andthe fuel supply system of the engines. The characteristics of the several elements of the fuel apparatus are given. The book
is written as a@extbook for students invdation Institutes, but may also be useful for workers specializing in the field of aviation
engines.
Author
EngineContwol; Gas Trbine Engines; Fuel Systems; Ramjet Engines

19980235627NASA Lewis Research Cenjetleveland, OH USA
Internal-Performance Evaluation of Two Fixed-Divergent-Shioud Ejectors
Mihaloew James R., NASA Lewis Research Centk8A; 1960; 34p; In English
Report No.(s): NASA-TM-X-257; E-691; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

Ejectors designed for use in a Mach 2.2 aircraft were evaluated over a range of representative primary pressure ratios anc
ejectorcorrected weight-flow ratios. Basic thrust and pumping characteristics are discussed in terms of an assumed engine operat
ing scheduleo illustrate the variation of performance with Mach numibke two designs diéred about 16 percent in the shroud
longitudinalspacing ratio. For corrected ejector weight-flow ratios up to 0.10, the performance of the fixed-shroud ejector designs
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is comparable with that of a similar continuously variable ejector exateminditions corresponding to acceleration with after
burningfrom Mach 0.4 to 1.2. In this region, the ejector thrust ratio decreased to a minimum of 0.96.

Author

Performance @sts; Pessue Ratio; Afterburning

19980236452NASA Lewis Research Centetleveland, OH USA
Internal Performance Evaluation of a Two Position Divergent Shoud Ejector
Mihaloew,James R., NASA Lewis Research Centé8A; Stofan, Andrew J., NASA Lewis Research Cetd&A; 1960; 24p;
In English
Report No.(s): NASA-TM-X-258; E-753; No Copyrightyadil: CASI; A03, Hardcopy; A01, Microfiche

A two-position divergent shroud ejector was investigated in an unheated quiescent-air facility over a range of operational
variablesapplicable to a Mach 2.5 aircraft. The performance data are shown in terms of hypothetical engine operating conditions
to illustrate variations of performance with Mach numiiére overall thrusperformance was reasonably good, with ejector thrust
ratiosranging from 0.97 to 0.98 for all conditions except that corresponding to acceleration with afterburning through the transonic
flight Mach number region from 0.9 to 1.1, where the ejector thrust ratio decreased to as low as 0.945 for an ejector corrected
weight-flow ratio of 0.105.
Author
Shiouds; Ejectors; Afterburning; Performancests; Tansonic Flight; Thrust

19980236663NASA Langley Research Centétampton, YA USA
Static Performance of a Whg-Mounted Thrust Reverser Concept
Asbury, Scott C., NASA Langley Research CentdBA; Yetter Jefrey A., NASA Langley Research CentelSA; 1998;19p;
In English; 34th; Propulsion, 13-15 Jul. 1998, Cleveland, OH, USA; Sponsored by American Inst. of Aeronautics and
AstronauticsUSA
Report No.(s): AIAA Paper 98-3256; No Copyrightjail: Issuing Activity Hardcopy, Microfiche

An experimental investigation was conducted in the Jet-Exit Test Facility at NASA Langley Research Center to study the
staticaerodynamic performance of a wing-mounted threxsérser concept applicable to subsonic transport aircraft. This mnova
tive engine powered thrust reverser system is designed to utilize wing-mounted flow deflectors to produceeaieteadtion
forces. Bsting was conducted using a 7.9%-scale exhaust system modefavittbacore bypass ratio of approximately 9.0, a
supercriticaleft-hand wing section attached via a pylon, and wing-mounted flow deflectors attached to the wing section. Geomet
ric variations of key design parameters investigated for the wing-mounted thrust reverser concept included flow deflector angle
andchord length, deflector edge fences, and the yaw mount angle of the deflector system (normal to the engine centerine or paral
lel to the wing trailing edge). All tests were conducted with no external flow and high pressure air was used to simatate core
fan engine exhaust flows €&t results indicate that the wing-mounted thrust reverser concept can achieve overall thrust reverser
effectivenessevels competitive with (parallel mount), or better than (normal mount) a conventional cascade thrustsyeverser
tem.by removing theahrust reverser system from the nacelle, the wing-mounted conéesttte nacelle designer more options
for improving nacelle aerodynamics and propulsion-airframe integration, simplifgicejle structural designs, reducing nacelle
weight,and improving engine maintenance access.
Author
EngineAirframe Integration; Deceleration; Deflectors; Design Analysis; Exhaust Systems; Nacelles; Structural Design; Super
critical Wings; Thrust; Thrust Reversal;alght Reduction; Wgs

19980236 700ADA Technologies, In¢Englewood, CO USA
Evaluation of Pilot-Scale Pulse-Coona-Induced Plasma Device to Remove NOxdm Combustion Exhausts fom a Sub
scaleCombustor and from a Hush House at Nellis AFB, Nevada-inal Report Aug. 1994 - Jan. 1997
Haythornthwaite, Sheila M., ADA Technologies, Inc., USA; Durham, Michael D., ADA Technologies, Inc., USA; Anderson,
GaryL., ADA Technologies, Inc., USA; Rugg, Donald E., ADAchnologies, Inc., USA; May 01, 1997; 83p; In English
Contract(s)/Grant(s): F08637-94-C-6047; AF Proj. 2103
Report No.(s): AD-A352365; ADA-R439198F01; AL/EQ-TR-1997-0022; No Copyright; Avail: CASI; A05, Hardcopy; AO1,
Microfiche

Jetengine testells (JETCs) are used to test-fire n@wgtalled, and reworked jet engines. Because JETCs have been classified
asstationary sources of pollutant emissions, they are subject to possible regulationitimtief The Clean Air Act (CAA) as
amendedn 1990. In Phase | of the Small Business Innovation Research (SBIR) program, a novel NOx-control approach utilizing
pulsed-corona-inducgalasma successfully showed 90% removal of NGtke laboratoryThe objective of Phase Il was to repro
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ducethe laboratory-scale results in a pilot-scale system. The technology was succdssfolfgtrated at pilot scale in the field,

ona slipstream of JETC flue gas at Nellis Air Force Base. Based on the field data, cost projections were made for a system to treat
thefull JETC exhaust. The technologyieiently converted NO into ONO, and a wet scrubber was required to achieve the treat
mentgoal of 50-percent removal and destruction of NOx. The plasmaltaneously removes hydrocarbons from the flue gas
stream. This project demonstrated that pulse-corona-induced plasma technology is scalable to practical industrial dimensions.
DTIC

Air Pollution; Contaminants; Air Quality; Exhaust Emission; Mden Oxides; Plasmas (Physics)

1998023686 7NASA Lewis Research Centetleveland, OH USA
Challenges to LaseiBased Imaging Echniques in Gas Trrbine Combustor Systems for Aeospace Applications
Locke, Randy J., DYNACS Engineering Co., Inc., USA; Anderson, Robert C., NASA Lewis Research Center, USA; Zaller,
Michelle M., NASA Lewis Research CentédSA; Hicks, Ylanda R., NASA Lewis Research CentdfA; Sep. 1998; 14p; In
English;20th; Advanced Measurement and Grouedtihg Bchnology Conference, 15-18 Jun. 1998, Albuquerque, NM, USA,
Sponsoredby American Inst. of Aeronautics and Astronautics, USA; Original contains color illustrations
Contract(s)/Grant(s): FOP 537-05-20
ReportNo.(s): NASA/TM-1998-208649; NAS 1.15:208649AA Paper 98-2778; E-1368; No Copyright; #ail: CASI; A03,
Hardcopy;A01, Microfiche

Increasingly severe constraints on emissions, noise and fuel efficiency must be met by the next generation of commercial
aircraftpowerplants. At NASA Lewis Research Center (LeRC) a cooperative resdarthvigh industry is underway to design
andtest combustors thatill meet these requirementso ccomplish these tasks, it is necessary to gain both a detailed understand
ing of the combustion processes and a precise knowledge of combustor and combustor sub-component performance at close t
actualconditions. to that end, researchers at LeRC are engaged in a comprehensive diagnostic investigation of high pressure react
ing flowfields that duplicate conditions expected within the actual engine combustors. Unique, optically accessible flame-tubes
and sector rig combustors, designed especially for these tests. afford the opportunity to probe these flowfields with the most
advancedlaserbased optical diagnostic techniques. Howgtlmrse same techniques, tested and promesomparatively simple
bench-topgaseous flamburners, encounter numerous restrictions and challenges when applied in these facilities. These include
high pressureand temperatures, & flow rates, liquid fuels, remote testing, and carbon or other material deposits on combustor
windows.Results are shown that document the success and versatility of these nonintrusive optical diagnostics despite the chal
lengesto their implementation in realistic systems.
Author
GasTurbines; Liquid Fuels; Flowglocity; Flow Distribution; Flames; Commaal Aircraft; Component Reliability; Combus
tion Chambers

19980236890NASA Lewis Research Centetleveland, OH USA

Optical Fuel Injector Patternation Measurements in Advanced Liquid-Fueled, High Pessue, Gas Tirbine Combustors

Locke, R. J., NYMA, Inc., USA; Hicks, Y. R., NASA Lewis Research Center, USA; Anderson, R. C., NASAResaarch

Center,USA; Zaller M. M., NASA Lewis Research Cen&tSA; Feb. 13, 1998; 18p; In English

Contract(s)/Grant(s): FOP 537-05-20; ROP 538-17-10; No Copyright,vail: CASI; A03, Hardcopy; A01, Microfiche
Planaraserinduced fluorescence (PLIF) imaging and planar Mie scatteringsaaeto examine the fuel distribution pattern

(patternationfor advanced fuel injector concepts in kerosene burning, high pressure gas turbine combustors. Three fuel injector

conceptdor aerospace applications were investigated under a broad range of operating conditiétid FHeskernation results

arecontrasted with those obtained by planar Mie scattering. Fanjauor, further comparison is also made with data obtained

through phase Doppler measurements. Differences in spray patterns for diverse conditions and fuel injector configurations are

readilydiscernible. An examination of the data has shown that a direct determination of the fuel spray angle at realistic conditions

is also possible. The results obtained in this study demonstrate the applicability and usefulness of these nonintrusdetroptical

niguesfor investigating fuel spray patternation under actual combustor conditions.

Author

Fuel Injection; Injectors; Gasurbines; Fuel Sprays; Combustion Chambers
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08
AIRCRAFT STABILITY AND CONTROL

Includes aircraft handling qualities; piloting; flight controls, and autopilots.

19980231990NASA Ames Research Centdfoffett Field, CA USA
A Wind-Tunnel Investigation of the Stall-Flutter Characteristics of a Supersonic-ipe Propeller at Positive andNegative
Thrust
Rogallo,Vernon L., NASAAmes Research Cent&fSA; Yaggy Paul F, NASA Ames Research Cent&lfSA; May 1959; 68p;
In English
Report No.(s): NASA-MEMO-3-9-59A; No CopyrightyAil: CASI; A04, Hardcopy; A01, Microfiche

An investigatiorhas been made utilizing a three-blade, 10-foot- diapgipersonic-ty-pe propeller to determine propeller
flutter characteristicsThe particular flutter characteristics of interest were (1) treewdf stall flutter on a propeller operating
in positive and negative thrust, (2) théeef of stall flutter on a propeller operating with the thrust axis inclined, and (3) the varia
tion of vibratory blade shear stresses as the stall flutter boundary is penetrated and exceeded. Thrust and power measuremen
weremade for all test conditions.ake and inflow surveys were made when appropriate, to define the thrust and torque distribu
tionsand the magnitude of the inflow veloci§tress measurements were made simultaneously to obtain the propeller flutter and
bending response. It was found when operating both in the positive and negative thrust regions that, for most cases after the onse
of flutter, the magnitude of the flutter stresses at firsteased rapidly with section blade anglafier which further increases
in 0 resulted in only a moderate increase or a reduction in stress. Thrust-axis inclination up to the limit of the tests (angle of attack
of 15 deg and dynamic pressure of 40 psf) appeared to have no effect on stall flutter. The stall flutter stresses were found to be
directly associated with the section thrust characteristics of the blades. The onset of flutter was found to occur simultaneously with
thedivemrgence of the section thrust variation with blade angle from linearity for stations outboard of the blade 0.8-radius station.
Themaximum flutter stresses appeared to be a function of the maximum section thrust obtained at or in thef theiritade
0.8-radius station. In an attempt to correlate two-dimensional airfoil data with three-dimensional data to predict the stall angle
of attack (divegence of the section thrust) of the blade sections, it was founddltansistent correlation could be obtained. Also,
aknowledge of the inflow conditions appeared to be fitsaht to accounfor differences in airfoil characteristics between the
two-dimensionaband the three-dimensional cases.
Author
Angle of Attack; Dynamic Pressure; Flutter Analysis; Stress Measurement; Shear Stress; Boundaries; Aerodynamic Stalling;
Airfoils

19980231993NASA Langley Research Centétampton, YA USA
An Investigation of the Performance of \érious Reaction Contol Devices
Hunter Paul A., NASA Langley Research CentdBA; Mar 1959; 42p; In English
Report No.(s): NASA-MEMO-2-1-59L; L-160; No Copyright; #ail: CASI; A03, Hardcopy; A01, Microfiche

An investigation of a small-scale reaction control devices in still air with both subsonic and supersonic internal flows has
shownthat lateral forces approaching 70 percent of the resultant fotbe ahdeflected jet can be obtained. These results were
obtained with a tilted extension at a deflection of 40 deg. The tesli®dfextensions indicated an optimum length-to-diameter
ratio of approximately 0.75 to 1.00, dependent upon the deflection angle. For the two geometric types of spoiler tabs tested, block
age-areaatio appears to be the only variablieefing the lateral force developed. Usable values of lateral force were developed
by the full-eyelid type of device with reasonably snadises in the thrust and weight floBomewhat layer values of lateral force
weredeveloped by injecting secondary flow normal to the primary jet, but for conditions of these tests the losses in thrust and
weightflow were lage. Relatively good agreement with other investigations was obtained for several of the devices. The agree
ment of the present results with those of an investigation made vgdr$aale equipment indicates that Reynolds number may
not be critical for these tests. In as much as tfectf of external flow could influence the performance and other facfectiag
thechoice of a reaction control for a specific use, it would appear desirable to make further tests of the devices described in this
reportin the presence of external flow
Author
Control Systems Designabs(Contwol Surfaces); Spoilers; Secondary Flow; Reynolds Number; Internal Flow; @@urfaces

19980231998NASA Langley Research Centétampton, YA USA

Effect of Tail Dihedral on Lateral Control Effectiveness at High Subsonic Speeds of Diffamtially Deflected Horizontal-
Tail Surfaces on a Configuration having a Thin Highly &pered Wing

Fournier Paul G., NASA Langley Research Cent¢BA; Jan. 1959; 52p; In English
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Report No.(s): NASA-MEMO-12-1-58L; No Copyrightyvail: CASI; A04, Hardcopy; AO1, Microfiche

Testshave been conducted in the Langley high-speed 7- by 10-foot tunnel to determirfiecthef ¢dil dihedral on lateral
control effectiveness of a complete-model configuration having differentially deflected horizontal-tail surfaces. Limited tests
weremade to determine the lateral characteristics as well as the longitudinal characteristics in sideslip. The wing had an aspect
ratio of 3, a taper ratio of 0.14, 28.80 deg sweep of the guanted linewith zero sweep at the 80-percent-chord line, and NACA
65A004 airfoil sections. The test Mach number range extended from 0.60 to 0.92. There are only small Vratfegiooibefec-
tivenesgparameter C(sub iot#elta) with negative tail dihedral angle. The tail size used on the test model, hagvpeenaps
inadequatdor providing the roll rates specified by current military requirements at subsonic speeds. The lateral aerodynamic char
acteristicavere essentially constant throughout the range of sideslip angle from 12 deg to -12 deg. A general increase in yawing
momentwas noted with increased negative dihedral throughout the Mach number range.
Author
Tapering; Thin Vihgs; Horizontal &il Surfaces; Aeddynamic Characteristics; Comttability; Swept Vihgs

19980232000NASA Langley Research Centétampton, YA USA
Longitudinal and Lateral Stability and Control Characteristics of Various Combinations of the Component Parts of Wo
Canard Airplane Configurations at Mach Numbers of 1.41 and 2.01
Driver, Cornelius, NASA Langley Research Cent¢BA; Oct. 1958; 108p; In English
Report No.(s): NASA-MEMO-10-1-58L; No Copyrightyail: CASI; A06, Hardcopy; A02, Microfiche

An investigation has been conducted in the Langley 4- by 4-foot supersonic pressure tunnel to deteaariogythamic
characteristics in pitch and sideslip of a generalized camgridnemodel. Tvo wings of equal area but fiifing in plan form
wereinvestigated. The model was equipped with a trapezoidal canard surface with an area 12 percent of the wing area, a low-as
pect-ratiovertical tail, and twin ventral fins. The interferenckets of the canard wake on the wing result in little or no gain in
thetotal lift at aMach number of 1.41 but at a Mach number of 2.01 a substantial portion of the canard lift is retained with a resultant
increasen total lift. Because these interferencteefs ofthe canard wake appear to be concentrated near the leading edge of the
wing, the proper location of the wing leading edge with respect to the aémtements may result in a substantial increase in
themoment increment provided by a canard surface even though the total lift provitheddayard is small. For these configura
tionsthe trapezoidal wing retained the most lift and had tlge$difavorable moment increment produced by the canards. The
canardconfigurations have the same characteristic decrease in directional-stability with angle of attack as most conventional high-
fineness-ratisupersonic configurations. Although the presence of the canard surface caused a small increase in the directional
stability at a Mach number of 1.41 for the delta-wing configuration, the presence of the canards resulted in small decreases in the
directional-stability level at a Mach number of 2.01 for both wing configurations. A canard deflection of 15 deg provides an
increasan the positive déctive dihedral approximately asdgras that provided by the presence of the vertical tail. Teistef
of canard deflection might complicate the lateral-control problem in the case of a rolling pull-up maneuver
Author
AerodynamicCharacteristics; Aesdynamic Configurations; Longitudinal Stabilitiateral Stability; Aicraft Models; Canad
Configurations

19980232001INASA Langley Research Centétampton, YA USA
A Transonic Wind-Tunnel Investigation of the Performance and of the Static Stability and Contl Characteristics of a
Model of a Fighter-Type Airplane which Embodies Partial Body Indentation
Bielat, Ralph R NASA Langley Research CentelSA; Mar 1959; 136p; In English
Report No.(s): NASA-MEMO-12-13-58L; L-476; No Copyrightydil: CASI; A07, Hardcopy; A02, Microfiche

An investigation was conducted to obt#ie aerodynamic characteristics of a model of a figfiyfe airplane embodying
partialbody indentation. The wing had an aspect ratio of 4, taper ratio of 0.5, 35 deg sweepback of the 0.25-chord line,-and a modi
fied NACA 65A006 airfoil section at the root and a modified NACA 65A004 airfoil section at the tip. The fuselage has been
indentedn the region of the wing in order to obtain a favorable area distribution. The results reported hereinfabegistrfor
manceand of the static longitudinal and lateral stability and control characteristics of the compdiete The Mach number range
extended from 0.60 to 1.13, and the corresponding Reynolds number based on the wing mean aerodynamic chord varied from
1.77x 10(exp 6) to 2.15 x 10(exp 6). The drag rise for both the cambered leading edge and symmetrical wing sections occurred
ata Mach number of 0.95. Certain local modifications to the body which further improved the distribution of cross-sectional area
gaveadditional reductions in drag at a Mach number of 1.00. The basic configuraliceted a mild pitch-up tendency at lift
coefficientsnear 0.70 for the Mach number range from 0.80 to 0.90; howtéegpitch-up instability may not be too objectionable
onthe basis of dynamic-stability considerations. The basic configuration indicated positive directional stability and gesitive ef
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tive dihedral through the angle-of-attack range and Mach number range with the exception of a region of rfegtitieeddfe
dral at low lifts at Mach numbers of 1.00 and slightly above.

Author

Aerdynamic Characteristics; Longitudinal Stability; Bational Stability; Static Stability; Lateral Stability; Fighter Aiaft

19980232016NASA Ames Research Centdfoffett Field, CA USA
A Flight Investigation to Determine the Lateral Oscillatory Damping Acceptable for an Airplane inthe Landing Approach
McNeill, Walter E., NASA Ames Research Centd6A; \bmaske, Richard. ANASA Ames Research Cent&iSA; Feb. 1959;
34p;In English
Report No.(s): NASA-MEMO-12-10-58A; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

An F-86E airplane, in which servo actuation of the ailerons and rudder provides artificial variation of the important lateral
and directional aerodynamic stability parameters, has been flown by test pilots of the NASA, U.S. Air Force, and one aircraft
manufactureto determine satisfactory and acceptdblels of lateral oscillatory damping in the landing approach. In addition
to normal operational use, particular consideration was given to the emergency condition of failure of stability-augmentation
equipmentln this studythe pilots’ opinions of the airplane dynamic stability and control characteristics in smodatimareted
roughair have been recorded according to a numerical rating scale. The results are presented in the form of boundaries in terms
of cycles to damp to half amplitude, 1/C(sub 1/2), or time to damp to half amplitude, 1/T(1/2) and bank-to-sideslip ratio, and are
discussedh relationto existing flying-qualities criteria. Though the present results, which were obtained at 170 knots indicated
airspeedand 10,000-feet altitude, indicated that increased danipirgjuired with increased bank-to-sideslip ratio (as found in
previouswork), consideration of the dampers-failed condition indicated a great reduction in the minimum acceptable damping.
At moderate values of bank-to-sideslip ratideets of lateral-oscillation period on pilot-opinion variation with damping appeared
to be taken into account by use of the parameter 1/T(sub 1/2).
Author
Flight Characteristics; Lateral Oscillation; Aerodynamic Stability; Approach and Landing Tests (STS); Directional Stability;
DynamicStability

19980232025NASA Langley Research Centétampton, YA USA
Static Longitudinal Characteristics at High Subsonic Speeds of a Complete Airplane Model with a Highlyapered Wing
having the 0.80 Chord Line Unswept and with Several dil Configurations
Goodson, Kenneth WNASA Langley Research CentelSA; Aug. 1961; 62p; In English
Report No.(s): NASA-TN-D-949; L-1699; No Copyrightya&il: CASI; A04, Hardcopy; A01, Microfiche

An investigation was made at high subsonic speeds of a complete model having a highly tapered wing and severaltail configu
rations.Thebasic aspect-ratio-4.00 wing had zero taper and an unswept 0.80 chord line. Several aspect-ratio modifications to the
basicwing were made by clipping foportions of the wing tips. The complete model was tested with a chord-plane t&dlil,a T
and a biplane tail (combined T-tail and chord-plane tail). The modefestedd in the Langley high-speed 7- by 10-foot tunnel
atMach numbers from 0.60 to 0.92. The data show that, when reduced to the same gfistj@ttre tail configurations tested
onthe model provided fairly good stability characteristics, the biplangitéilg the.best overall characteristics as regards-pitch
ing-momentinearity. Changes in static ngin at zero lift codfcient with Mach number were small for the model with these tails
overthe Mach number range investigated.
Author
Static Characteristics; Aaraft Models; Zew Lift; Aspect Ratio; A@dynamic Coefficients

19980232027Air Force Flight Bst CenterEdwards AFB, CA USA
Limited Handling Qualities Evaluation of Longitudinal Flight Control Systems Designed Using Multiobjectives Corf
DesignTechniques (HA/E INFINITY 2) Final Report Jul - Dec. 1997
Anderson, John R.; Spillman, Mark S.; Boe, Eric A.; Stephens, Michael J.; Cantiello, Maurizio; Jan. 1998; 82p; In English
Report No.(s): AD-A35101; AFFTC-TR-97-48; No Copyright;vail: CASI; A05, Hardcopy; A01, Microfiche

This report presents the flight test results of the Projed{EHINFINITY II limited flight test. The objective of thiBmited
flight test was to evaluatie six HA/E INFINITY Il longitudinal flight control designs in support of an Air Force Institute of
Technology(AFIT) Master's degree thesis. The thesis investigates the practicality of using modern multiobjective techniques for
flight control system design. During the test program. 12 evaluation sorties, totaling 14.2 flight hours, were flown in a Calspan
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Variable Stability System (VSS) Learjetes$ts were conducted tiye USAF Est Pilot School, Edwards AFB, California, from
29 September through 10 October 1997, at the request of the WHHht-Patterson AFB, Ohio.

DTIC

Contmwl Systems Design; Flight Cootr Lear Jet Aicraft; Longitudinal Contol

19980232080NASA Ames Research Centdoffett Field, CA USA
A Flight Investigation of the Low-Speed Handling Qualities of a @illess Delta-Wng Fighter Airplane
White, Maurice D., NASA Ames Research CentdBA; Innis, Robert C., NASA Ames Research Ce&A; May 1959; 36p;
In English
Report No.(s): NASA-MEMO-4-15-59A; No CopyrightyAil: CASI; A03, Hardcopy; A01, Microfiche

Carrierlanding-approach studies of a tailless delta-wing fighter airplane disclosed that ampesathwere limited by abil
ity to control altitude and lateral-directional characteristics. More detailed flight studies of the handling-qualities characteristics
of the airplane in the carri@pproach configuration documented a number of factors that contributed to the adverse comments
onthelateral-directional characteristics. These were: (1) the tendency of the airplane to roll around the highly inclined longitudinal
axis, so that significant sideslip angles developed in the roll as a result only of kinematic effects; (2) reduction of the rolling
responséo the ailerons because of thegiadihedral déct in conjunction with the kinematically developed sideslip angles; and
(3) the onset of rudder lock at moderate angles of sideslip at the lowest speeds with wing tanks installed. The first two of the factors
listedare inseparably identified with this type of configuration which is being considered for many of the newer designs and may
therefore represent a problem which will be encountered frequently in the future. The results are of added significance-in the dem
onstrationof a typical situation in which extraneous factors occupy so much of the pilot’s attention tegidiigity of coping
with the problem®f precise flight-path control is reduced, and he accordingly demands a greater sg@edlmoae the stall
to allow for airspeed fluctuations.
Author
Fighter Aircraft; Delta Wngs; Low Speed; CordHability; Flight Paths

19980232086NASA Ames Research Centdfoffett Field, CA USA
Longitudinal Stability and Control Characteristics at Mach Numbers flom 0.70 to 2.22 of a flangular W ing Configura-
tion Equipped with a Canard Control, a Trailing-Edge-Flap Control or a Cambered Forebody
Boyd, John W, NASA Ames Research Cent&ISA; Menees, Gene,MASA Ames Research Cent&lfSA; Apr. 1959; 42p; In
English
ReportNo.(s): NASA-MEMO-4-21-59A; No Copyright;vail: CASI; A03, Hardcopy; A01, Microfiche

Resultsof an investigation to determine the static longitudinal stability and control characteristics of an aspect-ratio-2 triangu
lar wing and body configuration equipped with either a canard control, a trailing-edge-flap control, or a cambered forebody are
presented without analysis for Mach numbers from 0.70 to 2.22. The canard surface had a triangular plan form and a ratio of
exposedarea to total wing area of 7.8 percent. The hinge line of the canard was in the extended wing chord plane, 0.83 wing mean
aerodynamichord ahead ahe reference center of moments. The trailing-edge controls were constant-chord full-span flaps with
exposed area equal to 10.7 percent of the total wing area. The cambered body was a modified Sears-Haack body with camber onl
ahead of the wing apex. Data are presented for various canard and flap deflections at angles of attack ranging from -6 deg tc
+18 deg.
Author
Aerodynamic Configurations; Aircraft Control; Forebodies; Longitudinal Stability; Canard Configurations; Mach Number;
Trailing Edges

19980232220NASA Langley Research Centétampton, YA USA
Static Lateral Characteristics at High Subsonic Speeds of a Complete Airplane Model with a Highlyapered Wing having
the 0.80 Chord Line Unswept and with Several dil Configurations
Goodson, Kenneth WNASA Langley Research Cent&fSA; Aug. 1961; 102p; In English
Report No.(s): NASA-TN-D-950; L-1703; No Copyrighty#il: CASI; A06, Hardcopy; A02, Microfiche

An investigation was made at high subsonic speeds of a complete model having a highly tapered wing and severaktail configu
rations.The aspect-ratio-3.50 wing had a taper ratio of 0.067 and an unswept 0.80 chord line. The complete model was tested with
a wing-chord-plane tail, a T-tail, and a biplane tail (combined T-tail and wing-chord-plane tail). The model was tested in the
Langleyhigh-speed 7- by 10-foot tunnel at Mach numbers from 0.60 to 0.92 over a range of angle of attack of about +/- 20 deg.
anda range of sideslip of -15 deg. to 13 deg. Some data were obtained with the horizontal stabilizer deflewteabtéwere
alsomade with the wing tips clipped to an aspect ratio of 3.00. The datateabshock-interferencefetts between the tail sur
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faces(T-tail) can have considerable influence on the directional stability éectieé dihedral. For example, thedil configura

tion with horizontal-tail leading-edge overhang showed a considerable loss in directional stability as the angle of attack was
reducedo zero or negative values; whereas, thaillwith zero leading-edge overhang showed the lokg twonsiderably less.
Thedirectional stability of the model with the low tail was essentially constant over a range of angle of attak oeg/-All
configurationgestedshowed a laye reduction in stability at positive and negative angles of attagde [dran about 15 deg., prob

ably because addverse sidewash associated with wing stall. The data show that a wing-chord-plane horizontal tail (low tail) tends
to give a positive pitching-moment increment with increase in sideslip angle; whereas, a higtatfitémds to give negative
incrementsn pitching moment.

Author

StaticCharacteristics; Swept Mgs; Tail Surfaces; Whg Tips; Pitching Moments; Leading Edges; Bational Stability; Dihedral

Angle; Aspect Ratio; Angle of Attack

19980232887NASA Langley Research Centétampton, YA USA
A Method for Integrating Thrust-V ectoring and Actuated Forebody Strakes with Conventional Aesdynamic Controls
on a High-Performance Fighter Airplane
Lallman, Frederick J., NASA Langley Research Center, USA; Davidson, John B., NASA Langley Research Center, USA;
Murphy, Patrick C., NASA Langley Research Centd¢BA; Sep. 1998; 44p; In English
Contract(s)/Grant(s): FOP 522-22-21-03
ReportNo.(s): NASA/TP-1998-208464; NAS 1.60:208464; L-17627;Q¢pyright; Avail: CASI; A03, Hardcopy; A01, Micro
fiche

A method, called pseudo controls, of integrating several airplane controls to achieve cooperative operation is presented. The
methodeliminates conflicting control motions, minimizes the numbdeeflback control gains, and reduces the complication
of feedback gain schedules. The method is applied to the lateral/directional controls of a modified high-performance airplane. The
airplane has a conventional set of aerodynamic controls, an experimental set of thrust-vectoring controls, and an experimental
setof actuated forebody strakes. The experimental controls give the airplane additional control pewntearioed stability and
maneuvering capabilities while flying over an expanded envelope, especially at high angles of attack. The flight controls are
scheduledo generate independent body-axis control moments. These control maneect®rdinated to produce stability-axis
angular accelerations. Inertial coupling moments are compensated. Thrust-vectoring controls are engaged according to their
effectivenesselative to that of the aerodynamic controlan®-relief logic removes steady and slowly varying commands from
thethrust-vectoring controls talleviate heating of the thrust turning devices. The actuated forebody strakes are engaged at high
anglesof attack. This report presents the forward-loop elements of a flight control system that positions the flight contrels accord
ing to the desired stability-axis accelerations. This report does not inclugdertbation of the required angular acceleration-com
mandsby means of pilot controls or the feedback of sensed airplane motions.
Author
Thrust Vector Control; Fighter Aircraft; Flight Control; Feedback Control; Directional Control; Control Stability; Angular
Acceleration;Angle of Attack; F-18 Adraft

19980232889NASA Langley Research Centétampton, YA USA
Effect of Wing Thickness and Sweep on th®scillating Hinge-Moment and Flutter Characteristics of a Flap-Type Control
at Transonic Speeds
Moseley,William C., Jr, NASA Langley Research CentelSA; Gainer Thomas G., NASA Langley ReseaiCbntey USA; Oct.
1959;42p; In English
Report No.(s): NASA-TM-X-123; No Copyright;\vail: CASI; A03, Hardcopy; A01, Microfiche

Free-oscillation tests were made in the Langley high-speed 7- by 10-foot tinaleéérmine the &fcts of wing thickness
and wing sweep on the hinge-moment and flutter characteristics of a trailing-edge flap-type control. The untapered semispan
wingshad full-span aspect ratios of 5 and NACA 65A-series airfoil sections. Unswept wings having natiag thickness to
chordof 0.04, 0.06, 0.08, and 0.10 were investigated. The swept wings were 6 peoteand had sweep angles of 30 deg and
45deg. The full-span flap-type controls had a total chord of 50 percent of the wing chord and were hinged at the 0.765-wing-chord
line. Testavere made at zero angle of attack over a Mach number range from 0.60 to 1.02, control oscillation amplitudes up to
about12 deg, and a range of control-reduced frequencies. Static hinge-moment data were also obtained. Results indicate that the
controlaerodynamic damping for the 4-percent-thick wing-control model was unstable in the Mach number range from 0.92 to
1.02(maximum for these tests). Increasing the ratio of wing thickness to chord to 0.06, 0.08, and then to 0.10 had a stabilizing
effecton the aerodynamic damping in this speed range so that the aerodynamic damping was stable for the 10-percent-thick model
at all Mach numbers. The 6-percent-thick unswept-wing-control model generally had unstable aerodynamic damping in the Mach
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numberrange from 0.96 to 1.02. Increasing the wing sweep resulted in a general decrease in the stable aerodynamic damping at
thelower Mach numbers and in the unstable aerodynamic damping at the higher Mach numbers. The one-degree-of-freedom con
trol-surfaceflutter which occurred ithe transonic Mach number range (0.92 to 1.02) for the 4-, 6-, and 8-percent-thick unswept-
wing-control models could be eliminated by further increasing the ratio of thickness to chord to 0.10. Flutter could also be
eliminatedby increasing the wing sweep angle to either 30 deg or 45 deg. The magnitude of variation in spring moment derivative
with Mach number afransonic speeds was decreased by either increasing the ratio of wing thickness to chord or increasing the
wing sweep angle.

Author

Flaps (Contol Surfaces); lansonicSpeed; SweptWgs; Thickness; Oscillations; Flutter Analysigailing Edge Flaps; Air

craft Contol; Control Surfaces

19980232925NASA Langley Research Centétampton, YA USA
Effect of the Proximity of the Wing First-Bending Frequency and the Short-Period Fequency on the Airplane Dynamic-
Responsd-actor
Huss,Carl R., NASA Langley Research CentdSA; Donegan, James J., NASA Langley Research Gas§k; 1959; 22p; In
English
ReportNo.(s): NASA-TR-R-12; No Copyright;\il: CASI; A03, Hardcopy; A01, Microfiche

Theresults are presented in the foofrpreliminary design charts which give a comparison between the dynamic-response
factors of the semi-rigid case and the airplane longitudinal short-period case and between the dynamic-response factors of the
semi-rigidcase and the steady-state value of the airplane longitudinal short-period response. These charts can be used to estimat
thefirst-order efects of the addition of a wing-bending degree of freedarthe short-period dynamic-response factor and on
the maximum dynamic-response factor when compared with the steady-state response of the system.
Author
Dynamic Response;ikgs; Bending; Steady State

19980233519Beijing Univ. of Aeronautics and Astronautjd3eijing, China
Influence of Sub-System Performance Parameter Uncertainty on Stability of Whole Flight Condt System
Xinghua, Wang, Beijing Univ. of Aeronautics and Astronautics, China; Kebin, You, Beijing Univ. of Aeronautics and
AstronauticsChina; Li, Pang, Beijing Univof Aeronautics and Astronautics, China; Zongji, Chen, Beijing \&fi¥eronautics
andAstronautics, China; Journal of Beijing University of Aeronautics and Astronautics; Dec. 1997; ISSN 1001e5968; V
23, No. 6, pp. 757-762; In Chinese; No Copyrightaiis Issuing Activity Hardcopy, Microfiche

Analyzingthe influence of sub-system performance index beyoadbounds on the whole flight control system is an impor
tanttask posed by practical engineerifiis paper presents a hierarchical analysis method, using a singular value sensitivity tech
nigueof sub-system performance parameter uncertainty on the flight control system stility valuable results are derived.
Author
Flight Control; Systems Engineering; CoatrStability; Independentaviables

19980234596Naval Postgraduate SchpMonterey CA USA
Flight Testing and Real-Tme System Identification Analysis of a UH-60A BlackHawk Helicopter with an Instrumented
External Sling Load
McCoy, Allen H., Naval Postgraduate School, USA; Jun. 1998; 94p; In English
Contract(s)/Grant(s): FOP 581-30-22
Report No.(s): NASA/CR-1998-196710; A-9809853; NAS 1.26:196710; No Copyright; Avail: CASI; A05, Hardcopy; A01,
Microfiche

Helicopter external air transportation plays an important role in today’s world. For both military and civilian helicopters,
externalsling load operations f&r an eficient and expedient method of handling heawersized cago. With the ability to reach
areasotherwise inaccessible by ground transportation, helicopter external load operations are conghattsiies such as leg
ging, construction, and fire fighting, as well as in support of military tactical transport missions. Histohiebdlgpter andoad
combinationshave been qualified through flight testing, requiring considerable time and ésad¥ancements in simulation
andflight test techniques there is potential to substantially reduce costs and increase the safety of helicopter sling load certification.
Validatedsimulation tools make possible accurate prediction of operational flight characteristics before initial flight tests. Real
time analysis of test data improves the safety aficiexfcy of the testing programs. to advance treeseeptsthe U.S. Army
and NASA, in cooperation with the Israeli Air Force and Technion, under a Memorandum of Agreement, seek to develop and
validatea numerical model of the UH-60 with sling load and demonstrate a method of near real time flight test analysis. This thesis
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presentsesults from flight tests of a U.S. Army Black Hawk helicopter with various external loasts.Were conducted as the
U.S.first phase of this MOA task. The primary load was a container express box (CONEX) which contained a compact-instrumen
tation package. The flights covered the airspeed range from hover to 70Rnotary maneuvers were pitch and roll frequency
sweepssteps, and doublets. Results of the test determinedfétot effthe suspended load on both the aircsdfindling qualities

andits control systens’ stability magins. Included were calculations of the stability characteristics of theslpaddular motion.
Utilizing CIFER(R) software, a method for near-real time system identification was also demonstrated during the flight test
program.

Author

Helicopters;Loads (Foces); Systems Stability; Military Operations; Militadelicopters; Flight €sts; Flight Characteristics

19980234622NASA Marshall Space Flight Centétuntsville, AL USA
Ascent, Transition, Entry, and Abort Guidance Algorithm Design for the X-33 \éhicle
HansonJohn M., NASA Marshall Space Flight CentdSA; Coughlin, Dan J., NASA Marshall Space Flight Cer&§A; Duke
man,Gregory A., NASA Marshall Space Flight CentdSA; Mulqueen, John A., NASMarshall Space Flight CenfeySA,;
McCarter James W NASA Marshall Space Flight Cent&iSA; 1998; 1p; In English; GNandC Conference,1LAug. 1998,
Boston, MA, USA; Sponsored by American Inst. of Aeronautics and Astronautics, USA
Report No.(s): AIAA Paper 97-4409; Copyrightited; Avail: CASI; A03, Hardcopy; A01, Microfiche

Oneof the primary requirements for X-33 is that it be capable of flying autonomdtmelyis, onboard computers must be
capableof commanding the entire flight from launch to landing, including cases where a single engine failure abort oceurs. Guid
ancealgorithms meeting these requirememse been tested in simulation and have been coded into prototype flight software.
Thesealgorithms must be diidiently robust to account farehicle and environmental dispersions, and must issue commands that
result in the vehicle operating, within all constraints. Continual tests of these algorithms (and modifications as necessary) will
occurover the next year as the X-33 nears its first flight. This paper describes the algorithms in use for X-33 ascent, transition,
andentry flight, as well as for the powered phase of PowerPack-out (PPQO) aborts (equivalent in thrust impact to losing an engine).
All following discussion refers to these phases of flight when discugsiitgnceThe paper includes some trajectory results and
resultsof dispersion analysis.
Author
X-33Reusable Launcheticle; Airborne/Spaceborne Computers; ApplicatiBreagrams (Computers); Flight Comt Control
Simulation

19980235211Beijing Univ. of Aeronautics and Astronautjddeijing, China
Analysis of Fuzzy Contmol for Pitch-Attitude of Pilotless Helicopter
FenXian,Yu, Beijing Univ of Aeronautics and Astronautics, China; Hongzhuan, Qiu, Beijing. 0hi&eronautics and Astronau
tics, China; Lan, Veing, Beijing Univof Aeronautics and Astronautics, China; Hongbin, Zhang, Beijing. @hi&eronautics and
Astronautics, China; Journal of Beijing University of Aeronautics and Astronautics; Dec. 1997; ISSN 1001-5965; Volume 23,
No. 6, pp. 794-799; In Chinese; No Copyrightjal{: Issuing Activity Hardcopy, Microfiche

A design method of Fuzzy control system is introduced. It is based on the Fuzzy logic badisad, for the control of the
pitch-attitudeof pilotless helicopters. Because the transient response of the servo actuator is quick, there is a fiiezag the
controlsystem. Its function is to smooth the control signal and to reduce the oscillation of the serva atteaionulation shows
themethod is suitable.
Author
Fuzzy Systems; Pilotless ésaft; Longitudinal Contol; Helicopter Contol

19980235622NASA Langley Research Centétampton, YA USA
Low-Speed Measuements of Static and Oscillatory Lateral Stability Derivatives of a 1/5 Scale Model of a Jet-Powered
Vertical-Attitude VTOL Research Airplane
ShanksRobert E., NASA Langley Research Cen#8A; Smith, Charles C.,.JNASA Langley Research Cent&ISA; 1959;
24p;In English
Report No.(s): NASA-TM-X-143; L-640; No CopyrightyAil: CASI; A03, Hardcopy; A01, Microfiche
Force tests of the static and dynamic lateral stability characteristics dDh &ffplane having a triangular wing mounted
high on the fuselage with a triangular vertical tail on top of the wing and no horizontal tail have been made in the Langley free-flight
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tunnel.The static lateral stability parameters and the rolling, yawing, and sideslipping dynamic stability derivapivesested
without analysis.

Author

\ertical Takeoff Aicraft; Lateral Stability; Attitude (Inclination); Fee Flight; Dynamic Stability; Static Stability

19980235623NASA Langley Research Centétampton, YA USA
An Experimental Investigation to Determine the Effect of Speed-Brake Position dhe Longitudinal Stability and Trim
of a Swept-Wng Fighter Airplane
Taylor, Robert T, NASA Langley Research Cent&lSA; 1959; 50p; In English
Report No.(s): NASA-TM-X-188; L-381; No CopyrightyAil: CASI; A03, Hardcopy; A01, Microfiche
A 0.10-scale model of a swept-wing fighter airplares tested in the Langley high-speed 7- by 10-foot tunnel at Mach num
bersfrom 0.60 to 0.92 to determine thdesfts of adding underfuselage speed brakes. The results of brief-gileilen lateral
control tests also are included. The tests show acceptable trim and drag increments when the speed brakes are installed at tt
32-71-inchfuselage station.
Author
Lateral Contol; Scale Models; Ailams; Brakes (For Agsting Motion); Fighter Aeraft; Swept Whgs

19980235625NASA Langley Research Centétampton, YA USA
Supersonic Jet Ests of Missile Stabilizers
VosteenLouis F, NASA Langley Research CenteISA; Rosecrans, Richard, NASA Langley Research CdugX; Dec. 1959;
28p;In English
Report No.(s): NASA-TM-X-121; No Copyright;\ail: CASI; A03, Hardcopy; A01, Microfiche

Seven stabilizers were tested at a Mach number of 2 in order to determine the effects of aerodynamic heating and loading
onthe structural stability of the stabilizathe models dféred in internal structure and postcure temperatures of the laminated
Fiberglasskin. Tests were made at various stagnation temperatures between 440 F an@irg2pdstcure temperatures of the
Fibemlas skins were found tofatt significantly the ability of the model to withstand the imposed test conditions.
Author
Structural Stability; Missiles; Aedynamic Heating; Supersonic Jet Flow; Supersonic Speed

19980236423NASA Langley Research Centétampton, YA USA
Spin Tunnel Investigation of a 1/30 Scale Model of the North American A-5A Airplane
Lee, Henry A., NASA Langley Research Cent¢8A; Jun. 1964; 28p; In English
Report No.(s): NASA-TM-SX-946; NACA-AD-3140; L-3663; No Copyrighya: CASI; A03, Hardcopy; A01, Microfiche
An investigation has been made in the Langley &pinel to determine the erect and inverted spin and recovery characteris
tics of a 1/30-scale dynamic model of the North American A-5A airplagststwere made for the basic flight design loading with
the center of gravity at 30-percent mean aerodynamic chord and also for a forward position and a rearward position with the center
of gravity at 26-percent and 40-percemtan aerodynamic chord, respectiv@Bsts were also made to determine tlieceif
full external wing tanks on both wings, and of an asymmetrical condition when only one full tank is carried.
Author
A-5 Aircraft; Scale Models; Dynamic Models; Center of Gravity; Asymmetry

19980236453NASA Langley Research Centétampton, YA USA
Lateral Directional Characteristics of a 1/10 Scale e Flight Modelof a Variable Sweep Fighter Airplane at High Angles
of Attack
BoisseauPeter C., NASA Langley Research Centéd8A; Chambers, Joseph R., NASA Langley Research Céifséy; Dec.
1972;53p; In English
Report No.(s): NASA-TM-SX-2649; N-AM-154; No Copyrightyail: CASI; A04, Hardcopy; AO1, Microfiche

An investigation was conducted to determine the lateral-directional characteristics of a 1/10-scale free-flying model of a vari
able-sweeflighter airplane at highngles of attack. The flight tests were conducted in the Langley full-scale tunnel and included
steadyflight at high angles of attack, 1g stalls, and studies of various piloting techniques for lateral control at high angles of attack.
In addition, flights were made to evaluate the@s of artificial angular rate stabilization in yaw and rodist6 were conducted
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for wing-sweep angles of 22 deg, 35 deg, 50 deg, and 68 deg. Static and dynamic (forced-oscillation) wind-tunnel force tests and
theoreticalcalculations of dynamic stability characteristics were also made as part of the investigation.
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19980236455NASA Langley Research Centétampton, YA USA
Theoretical Investigation of the Subsonic and Supersonic Flutter Characteristics of a Swept Wing Employing a Tuned
Sting Mass Flutter Suppressor
Yates, E. Carson, JNASA Langley Research CentetSA; 1960; 50p; In English
Report No.(s): NASA-TM-X-358; L-1015; No Copyrightyvail: CASI; A03, Hardcopy; A01, Microfiche
Flutter calculations were based on the modified strip-analysis method of NACA Research Memorandum L57L16 and cov
eredMach numbers from 0 to 1.75. The flutter suppressor consists of a small mass connected to the wing by means of a flexible
sting. This system may be considered analogous to the spring-mass type of vibration absorber frequently used on heavy rotating
machineryThree suppressor masses were investigated but no attempt was made to make the configuration optimum.
Author
Flutter Analysis; Subsonic Flutter; Supersonic Flutter; Sweijnigd/ \ibration

1998023684 1INASA Langley Research Centétampton, YA USA
Transonic Flutter Characteristics of an Aspect-Ratio-4, 45 deg. Sweptbackaper-Ratio-0.2 Plan Form
Unangst, John R., NASA Langley Research Cett8A; Dec. 1959; 32p; In English
Report No.(s): NASA-TM-X-136; No Copyright,\vail: CASI; A03, Hardcopy; A01, Microfiche

The results of several flutter investigations to determine feetefof plan-form variations on the flutter characteristics of
thin cantilevered wings at transonic Mach numbers have been reported previously. In the present investigation the data are
extendedo include a wing having an aspect ratio of 4, 45 of sweepback, and a taper ratio of 0.2. The dditaineckin the
Langleytransonic blowdown tunnel over a Maehimber range from 0.6 to 1.4. The experimental results indicate an abrupt and
ratherlarge increase in both a fluttepeed parameter and a flutferquency parameter as the Mach number is increased from
1.05to0 1.10. The foregoing is interpreted as indicating a marked change in the flutter mode. Calculated flutter speeds, based on
incompressible-flovaerodynamic coétients, were too high by 20 percent or more throughtmeisubsonic Mach number range
of the investigation. Calculated flutter frequencies were about 7 percent too high at a Mach number of 0.65 and were about 20
percentioo high at a Mach number of 0.9. No significant independéattsbf thickness were indicated for the plan form investi
gatedas the thickness was changed from 3 to 4 percent chord.
Author
Flutter Analysis; Whd Tunnel Ests; Aeodynamic Coefficients; Incomgssible Flow; Tansonic Flutter; Sweptbackiigs

09
RESEARCH AND SUPPORT FACILITIES (AIR)

Includes airports, hangars and runways, aircraft repair and overhaul facilities; wind tunnels; shock tubes, and aircraft engine test
stands.

19980232002NASA Lewis Research Cenjetleveland, OH USA
A Three-Dimensional Flow Expander as a Device to Inease the Mach Number in a Supersonic Winduhnel
Salmi, Reino J., NASA Lewis Research Centé8A; Dec. 1958; 10p; In English
Report No.(s): NASA-MEMO-10-6-58E; L-5108; No Copyrighyall: CASI; A02, Hardcopy; A01, Microfiche

A preliminary investigation of a simpledeg conical-flow expander was made to determine the feasibility of using this type
of device to increasthe Mach number in the test section of a supersonic wind tunnel. The inlet-to-exit area ratio of the nozzle
was that required to increase one-dimensional flow from a Mach number of 3.88 to 5.5. The Mach numbers obtained at the
expandeexit varied from about 5.1 at the centerline to alfoditnear the walls. No di€ulty in operation of the main wind tunnel
wasexperienced.
Author
Three Dimensional Flow; Supersonidntf Tunnels; Mach Number; Conical Flow
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19980235671Kelsey SeyboldHuntsville, AL USA
Medical Support for Marshall Space Flight Centefs Neutral Buoyancy Simulator
Dye, William B., Kelsey Seybold, USA; Bauer, Anne E., Kelsey Seybold, USA; Bradford, Brenda, Kelsey Seybold, USA;
Proceedindgrom the 1997 NASA Occupational Health Conference: Achieving Quality in Occupational Health1 DE@91,
pp.192; In English; Also announced as 19980235636; No Copyrighil:ALASI; A01, Hardcopy; A03, Microfiche; Abstract
Only; Abstract Only

MarshallSpace Flight Centes neutral buoyancy simulat@ national historic landmark, was built in 1967 and began opera
tion in 1968. The tank is forty feet deep and seventy-five feet in diameter and holds 1.3 million gallons of 90-degreé& F water
hasbeen placed on inactive staasof July 1997, while Johnson space Ceésteew Véightless Environmentalrdining Facility
havingbeen built, is now operational. MarshalNeutral Buoyancy Simulattias trained astronauts for missions ranging from
Apollo and Skylab to Hubble Spacel@&scope and Space Station. In recent years, the Neutral Buoyancy Simulai@rhged
onethousand two hundred hours in operation annuidiysey-Seybold Clinic,.R. at Marshall Space Flight Center has provided
medical support for divers at the neutral buoyatank. Kelsey-Seybold physicians performed an average of one hundred twenty
dive physicals annually. HEMSI paramedics performed three thousand eight hundred predive checks annually. In recent years
suitedastronauts have successfully used a nitrox mixture of@daen and 57% nitrogen for Hubble Spaete3cope related
dives.The use of nitrox has allowed astronauts to prolong their dive times without increasing their risk for decompression sickness.
MarshallSpace Flight Center has a 1990 Houston Hyperbarics portable double lock hyperbaric chamber at the Neutral Buoyancy
Simulator facility. A hyperbaric chamber team comprised of NASA personnel, onsite contractors, HEMSI paramedics and
Kelsey-Seybolghysicians wapresent onsite for enggncies requiring recompression during neutral buoyancy tank operation.
Kelsey-Seybolghysicians have received training in hyperbaric medicine. Chamber drills were periodically performed to main
tain operating skills. A well-established system and the practice of preventive occupational medicine have resulted in an accident
free environment at Marshall Space Flight Cetgéteutral Buoyancy Simulator
Author
Neutral Buoyancy Simulation; Deconagsion Sickness; Medical Services; Personnel

19980236157Defence Science anagdhnology Oganisation Aeronautical and Maritime Research Laelbourne, Australia
Performance Tests of the Original Tfansonic Wind Tunnel Compressor and Circuit
Link, Yoel Y., Defence Science anédhnology Oganisation, Australia; Quick, Howard Mgfence Science and Technology
OrganisationAustralia; May 1998; 98p; In English
ReportNo.(s):AD-A352590; DSTO-TN-0150; DODA-AR-010-527; No Copyrightvail: CASI; A05, Hardcopy; A02, Micro
fiche

A detailed test programme of the AMREahsonic Vihd Tunnelwas conducted. The objective of the test programme was
to determine the pressure distributions around the tunnel circuit wgtkr lnozzle exit areas. The existing high spematraction,
test section, model support mechanism, and downstre&meatifvere removed for the tests. A variable nozzle and collector were
designedand installed in place of the removed componentietermine the &cts of increasing the nozzle exit area. Three nozzle
configurationsvere investigated, with a 38.3%, 44.4% and 58.1% increase in area relative to the existing test sedfiea area.
surementsvere made of static pressure around the tunnel circuit, total pressure ugsttedawnstream from the compressor
and temperatures at various locations. Noise measurements were also made outside the tunnel complex and at four location
aroundthe boundary of the site to determine the noise level of the wind tunnel.
DTIC
Transonic Vihd Tunnels; Compssors; Cicuits; Static Pessue; Noise Meas@ment

19980236506Defence Science an@dhnology Oganisation Information Bchnology Div, Canberra Australia
A Computer Control Interface to Operate Turntables in the Test Section of a WWhd Tunnel
Kent, S. A., Defence Science anechnology Oganisation, Australia; May 1998; 44p; In English
ReportNo.(s): AD-A352634; DSD-TR-0622; DODA-AR-010-528; No CopyrightyAil: CASI; A03, Hardcopy; A01, Micro
fiche

The Low Speed \Wd Tunnel at the Aeronautical and Maritime Research Laboratory (AMRL) hasyiasf its system, two
interchangeablehambers, known as "test sections” where models to be tested are mounted. One of the requirements of a recent
upgrade to the Low Speed Wind Tunnel control and data acquisition system was the ability to precisely position the turntables
usingcomputer control. This repatiescribes the electronic hardware and software developed to enable computer control of the
turntablesby wind tunnel personnel.
DTIC
Computer Pograms; st Chambers; Data Acquisition; Low SpedddMunnels
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10
ASTRONAUTICS

Includes astronautics (general); astrodynamics; ground support systems and facilities (space),; launch vehicles and space vehicles;
space transportation, space communications, spacecraft communications, command and tracking; spacecraft design, testing and
performance; spacecraft instrumentation; and spacecraft propulsion and power.

19980232890NASA Ames Research Centdoffett Field, CA USA
The Effect of Lift on Entry Corridor Depth and Guidance Requirements for the Return Lunar Flight
Wong, Thomas J., NASA Ames Research Center, USA; Slye, Robert E., NASA Ames Research Center, USA; 1961; 22p; In
English
ReportNo.(s): NASA-TR-R-80; No Copyright; vail: CASI; A03, Hardcopy; A01, Microfiche

Corridorsfor manned vehicles are defined consistent with requirements for avoiding radiation exposure and for limiting val
uesof peak deceleration. Use of lift increases the depth of the entry coMidiscourse guidance requirements appear to be criti
cal only for the flight-path angle. Increasing the energy of the transport orbit increases the required guidance accuracy for the
flight-pathangle. Corrective thrust applied essentially parallel to the local horizontal produces the maximum change in perigee
altitudefor a given increment of velocit{£negy required to déct a given change in perigee altitude varies inversely with range
measuredrom the center of the earth.
Author
Lift; Lunar Flight; Perigees; Corridors

19980232888NASA Ames Research Centdfoffett Field, CA USA
Synthesis of Contributed Simulations for OREX Est Cases
Mehta,Unmeel B., NASA Ames Research Cent¢BA; Jul. 1998; 14p; In English; 1st; High Speed Flow Field Database, 12-14
Nov. 1997, Naples, ltaly
Contract(s)/Grant(s): FOP 509-10-1
Report No.(s): NASA/TM-1998-112238; A-9812224; NAS 1.15:112238; No Copyright; Avail: CASI; A03, Hardcopy; AO1,
Microfiche

A synthesis is presented of the computer simulations of the flow over the Orbital Rerittg YOR/) at the 92.8 km and
63.6 km Earth altitude trajectory points that weiscussed at the First Europe-U.S. High Speed Flow Field Datalmakehap
Part2, Napoli, Italy November 1997. For the materials used on the surfad®afthe non-catalytic wall condition is appropriate
at 92.8 km and the finite-rate catalytic wall condition at 63.6 km. Additional simulations are required for establishing the indepen
dencyof the discussed results from numerics. The proper modeling of natural phenomena needs further sensitivity studies. The
uncertaintie®f inferred flight data are lacking for a proper evaluation of the presented results.
Author
Reentry\wehicles; Computerized Simulation; Flight Simulation; Coh8imulation; Computational Fluid Dynamics; Hypersonic
Reentry;Hypersonic ¥hicles

19980236026NASA Goddard Space Flight Cent&reenbelt, MD USA
GSFC Cutting Edge Avionics Technologies for Spacecraft
Luers,Philip J., NASA Goddard Spaédight CenterUSA; Culver Harry L., NASA Goddard Space Flight CentdBSA; Plante,
JeannetteSwales Aerospace, USA; 1998; 9p; In English; Defense and Civil Space Prog@aBisOct. 1998, Huntsville, AL,
USA; No Copyright; Avail: CASI; A02, Hardcopy; A01, Microfiche

With the launch of NAS first fiber optic bus on SAMPEX in 1992, GSFC has ushered in an era of new technology-develop
mentand insertion into flight programs. Predating such programisetvés and Clark missions and the New Millenium Program,
GSFChas spearheaded the drive to use cutting edge technologies on spacecraft for three reasons: to enable next generation Spa
and Earth Science, to shorten spacecraft development schedules, and to reduce the cost of NASA missions. The technologie
developechave addressed three focus areas: standard interface components, high performance processing, and high-density pack
agingtechniques enabling lower cost systems. to realize the benefits of standard interface components GSFC has developed an
utilized radiation hardened/tolerant devices such as P@at#&SICs, Parallel Fiber Optic Data Bus terminals, MIL-STD-1773
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andAS1773 transceivers, and Essential Services Node. High performance processing has been the focus of the Mongoose | an
Mongoose V rad-hard 32-bit processor programs as well as the SMEX-Lite Computation Hub. High-density packaging tech-
nigueshave resulted in 3-D stack DRAM packages and Chip-On-Board processes. Lower cost systems have been demonstratec
by judiciously using all of our technology developments to enable "plug and play” scalable architectures. The paper will present
asurvey of development and insertion experiences for the above technologies, asutigiegdans to enable more "bettister

cheaper” spacecraft. Details of ongoing GSFC programs such as Ultra-Low Power electronics, Rad-Hard FPGAs, PCl master
ASICs,and Next Generation Mongoose processors.

Author

Avionics; NASA Space 8&grams; Fiber Optics; Channels (Dataahsmission); Earth Sciences; Spacecraft Design

19980236001INASA Marshall Space Flight Centétuntsville, AL USA
Mixing of Supersonic Streams
Hawk, Clark W., NASA Marshall Space Flight Center, USA; Landrum, D. Brian, NASA Marshall Space Flight Center, USA;
Turner, Matthew, NASA Marshall Space Flight Center, USA; Wagner, David K., NASA Marshall Space Flight Center, USA,
Lambert,James, NASA Marshall Space Flight Centé8A; 1998; 1p; In English; Propulsion Meeting, 16-17 Jul. 198&ve
land, OH, USA,; Sponsored by Department of the Artd$A; Original contains color illustrations
Contract(s)/Grant(s): NCC8-123; No Copyrightjali: CASI; A03, Hardcopy; A01, Microfiche

The Strutjet approach to Rocket Based Combined Cycle (RBCC) propulsion depends upon fuel-rich flows from the rocket
nozzles and turbine exhaust products mixing with the ingested air for successful operation in the ramjet and scramjet modes. A
modelof the Strutjet device has bebuilt and is undeyoing test to investigate the mixing of the streams as a function of distance
from the Strutjet exit plane. Initial cold flow testing of the model is underway to determine both, the behavior of the ingested air
in the duct and to validate the mixing diagnostics. During the tests, each of the two rocket nozzles ejected up to two pounds mass
per second into the 13.6 square inch duct. The tests showed that the mass flow of the rockets was great enough to cause tr
entrainedair to go sonic at the strut, which is the location of the rocket nozzles. More tests are necessary to determine whether
theentrained air chokes due to the reduction in the area of the duct at the strut (a physical choke), or because of the addition of
mass inside the duct at the nozzle exit (a Fabri choke). The initial tests of the mixing diagnostics are showing promise.
Author
Supersonic Flow; Rocket Nozzles; Struts; Ramjet Engines; Gan®&ty Diagnosis; Cycles

11
CHEMISTRY AND MATERIALS

Includes chemistry and materials (general); composite materials; inorganic and physical chemistry; metallic materials; nonmetallic
materials; propellants and fuels; and materials processing.

19980236473Boeing Ca. Phantom Wrks Saint Louis, MO USA
Mechanical/Thermal Jet Surface Interactions in Paint Stripping PocessesFinal Report 1 Jul. 1995 - 14 May 1998
ParekhD.; GlezerA.; Crittenden, T, Rogers, C; Meade, L.; Aug. 14, 1998; 52p; In English; Authors: S. Palhlelley and
Y lkeda. Prepared in cooperation withff University Medford, MA; Geogia Institute of €chnologyAtlanta, GA. Character
izationand Control of Wo Phase Impinging Jets in Paint Stripping Processes.
Contract(s)/Grant(s): F49620-95-C-0048; AF Proj. 2307
Report No.(s): AD-A352238; AFRL-SR-BL-TR-98-0597; No Copyrightaik CASI; A04, Hardcopy; A01, Microfiche

Several key accomplishments of this program are highlighted below: Experimental results for the two-phase flow were
obtainedon a full-scale production paint stripping system since thisteabest way to assure that the relevant flow and system
parametersvere being considered. (1) Several key characteristics of two-phase nozzle flow have been characterized, including
CO2pellet sizing, distribution, velocitgublimation and breakup. Initial results from a statistical analysis of this data is presented
in the paper by Meade et al. (1997). The pellet breakup within the delivery system restéguctian in the pellet size and an
increasan number density(2) Detailed flow visualization and surfastic pressure distributions within a very high aspect ratio
rectangular jet have been acquired. Pressure distributions were mapped both with and without CO2 pellets. Sublimation of the
pelletswithin the delivery system results in the nozzle operating at a higher pressure ratio than the baseline air only case. Gaseous
CO2concentration levels were characteriagthe nozzle exit. (3) NaviStokes simulations of internal nozzle flow were eom
pletedand estimates qfarticle trajectories were obtained by post-processing the steady-state flow solutions, using an analytical
modelfor the particle drag. (4) Supporting diagnostfors$ led to the development of a new two-camera PIV technique and initial
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applicationto two-phase jet flow (Pothier et al., 1997). (5) to provide a suitable actuator for control of this class of particle laden
flows, development of a novel piston-cylinder synthetic jet actuator capable of producing supersonic peak velocities was initiated.
An isentropic modelo predict the time-dependent pressure in the cylinder for use in optimizing the actuator design was formalized
andvalidated.

DTIC

Actuators; Cameras; Carbon Dioxide; Carbon Dioxide Concentration; Flow Characteristics; Flow Visualization; High
Aspect Ratio

19980235568Maverick Corp. Cincinnati, OH USA
Low-Cost Production of Composite Bushings for Jet Engine Applicationg=inal Report
Gray, Robert A., Maverick Corp., USA; Aug. 1998; 20p; In English
Contract(s)/Grant(s): NAS3-27714TRQP 523-21-13
ReportNo.(s): NASA/CR-1998-208515; NAs 1.26:208515; E293; No Copyright; #ail: CASI; A03, Hardcopy; A01, Micro
fiche

Theobjectives of this research program were to reduce the manufacturing costs of variable stator vane bushings by 1) elimi
natingthe expensive carbon fiber braiding operation, 2) replacing the batch mode impregnation, B-stage, angenations
with a continuous process, and 3) reducing the molding cycle and machining operations with injection molding toessiniete
shapes. Braided bushings were successfully fabricated with both AMB-17XLD and AMB-TPD resin systems. The composite
bushingsachieved high glass transition temperature after post-cure (+300 C) and comparable weight loss to the PNM-15 bushings.
ANM-17XLD bushings made with "batch-mode” molding compound (at 0.5 in. fiber length) achieved a +300 Ib-force flange
breakstrength which was superior to the continuous braided-fiber reinforced bushing. The non-MDA resin technology developed
in this contract appears attractive for bushing applications that do not exceed a 300 C use temperdaheendplastic poly
imide resins were synthesized in order to generate injection molding compound powders. Excellent processing results were
obtainedat injection temperatures in excess of 300 C. Micro-tensile specimens were produced from each resin type and the Tg
measurementéy TMA) for these samples were equivalent to AURUM(R). Thermal Gravimetric Analysis (TGA) conducted at
10 C/min showed that the non-MDA AMB-type polyimide thermoplastics had comparable weight loss to PMR-15 up to 500 C.
Author
JetEngines; Cost Reduction; Fiber Composites; Injection Molding; Machining; Manufacturing; Polyimides; Thermoplastic Res
ins; Thermogravimetry

19980236866NASA Lewis Research Cenjetleveland, OH USA
Probabilistic Modeling of High-Temperature Material Properties of a 5-Harness 0/90 Sylramic Fiber/ CVI-SiC/ MI-SiC
Woven Composite
Nagpal, Vinod K., Modern Technologies Corp., USA; Tong, Michael, NASA Lewis Research Center, USA; Murthy, P. L. N.,
NASA Lewis Research CenfdySA; Mital, Subodh, @ledo Univ, USA; Oct. 1998; 20p; In English
Contract(s)/Grant(s): FOP 537-04-22
ReportNo.(s): NASA/TM-1998-208497; NAS 1.15:208497; E292; No Copyright; #ail: CASI; A03, Hardcopy; A01, Micro
fiche

An integrated probabilistic approach has been developed to assess composites for high temperature applications. This
approachwas used to determine thermal and mechanical properties and their probabilistic distributions of a 5-harness 0/90 Syl
ramic fiber/CVI-SiC/Mi-SiC woven Ceramic Matrix Composite (CMC) at high temperatures. The purpose of developing this
approach was to generate quantitative probabilistic information on this CMC to help complete the evaluation for its potential
applicationfor HSCTcombustor linerThis approach quantified the influences of uncertainties inherent in constituent properties
calledprimitive variables on selected key response variables of the CMC at ZPB8 §uantitative information is presented in
theform of Cumulative Density Functions (CDFs). Probability Density Functions (PDFS) and primitive variable sensitivities on
response. Results indicate that the scatters in response variables were reduced by 30-50%ndesteihtiesn the primitive
variableswhich showed the most influence, were reduced by 50%.
Author
Ceramic Matrix Composites; Combustion Chambers; Mechanical Properties; Refractory Materials; Supersonic Transports;
WovenComposites; Thermodynamicdperties
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ENGINEERING

Includes engineering (general);, communications and radar; electronics and electrical engineering; fluid mechanics and heat transfer;
instrumentation and photography, lasers and masers; mechanical engineering, quality assurance and reliability; and structural
mechanics.

19980231949NASA Langley Research Centétampton, YA USA
External Interfer ence Effects of Flow Though Static-Pressue Orifices of an Airspeed Head at Several Supersonic Mach
Numbers and Angles of Attack
Silsby, Norman S., NASA Langley Research Cent#ésA; Mar 1959; 16p; In English
Report No.(s): NASA-MEMO-2-13-59L; L-167; No Copyrighty&il: CASI; A03, Hardcopy; A01, Microfiche

Wind-tunneltests have been made to determine the static-pressure error resulting from external interfecenoé fedw
throughthe static-pressure orifices of an NACA airspeed head at Mach numbers of 2.4, 3.0, and 4.0 for angles of attack of O deg,
5 deg, 10 deg, and 15 degithéh the accuracy of the measurements and for the range of mass flow covered, the static-pressure
errorincreased linearly with increasing mass-flow rate for both the forward and rear sets of orifices at all Mach numbers and angles
of attack of the investigation. For a given value of flow fioeeit, the static-pressure error varied appreciably with Mach number
but only slightly with angle of attack. For example, for a flow fioafnt out of the orifices of 0.01 (the approximate value for
avertically climbing airplane for which the airspeed system incorporates an airspegdarideh meterandan altimeter), the
error increased from aboutpercent to about 12 percent of the static pressure as the Mach number increased from 2.4 to 4.0 with
theairspeed head at an angle of attack of 0 deg.
Author
Mass Flow Rate; Airspeed; Orifices; Flow CoefficientsndViunnel Ests; Mass Flow

19980231971Woods Hole Oceanographic Indbept. of Applied Ocean Physics and Engineerivig USA
A Practical Hydrodynamic-Based Model of AUV Thruster Dynamics for Use in Closed-Loop Cort of Vehicle Motions
Grosenbaughylark A.; Whitcomb, Louis L.; Aug. 13, 1998; 14p; In English
Contract(s)/Grant(s): N0O0014-96-1-5014
Report No.(s): AD-A351204; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

This report documents two novel improvements in the finite-dimensional nonlinear dynamical modeling of marine thrusters.
Previously reported models, which fail to capture many of the characteristic nonlinear reponses that occur during unsteady opera
tions,assume that the lift and drag forces on the propeller blades are proportional to the sine and cosine of the angle of attack where
theangle of attacks a function of the axial flow velocity and the propéleangular velocityWe have found that the lift and drag
forcesare not sinusoidal. have also incorporated théeets of rotational fluid velocity and inertia on thruster response. The
force curves-and model parameters are identified using experimental data from the load cell and acoustic doppler current meters.
Theaccuracyof the model is determined by comparing experimental performance with numerical simulations. The results indi
cate that thruster models with nonsinusoidal lift and drag curves provide superior accuracy in both transient and steady-state
responselncorporating rotational fluid velocities into our model gave an insignificant improvement for our case. Howtaver
tional fluid flow may be important for other types of thrusters. The research performed under this grant was reported in 9, 4, 14,
3,5 and is referenced at the end of the text.
DTIC
Angle of Attack; Rpeller Blades; Loads (Foes); Fluid Flow; Flow ¥locity; Feedback Condi

19980231977NASA Langley Research Centétampton, YA USA
Water-Film Cooling of an 80 deg @tal-Angle Cone at a Mach Number of 2 for Airsteam Total Temperatures up to 3,000
degR
Carter Howard S., NASA Langley Research Centd8A; Jan. 1959; 36p; In English
Report No.(s): NASA-MEMO-12-27-58L; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

Film-coolingtests, with water as the coolant, were made d80atfeg total-angle cone in a Mach number 2 free jet at sea-level
pressure. The tests were made at free-stream total temperatures from 1,500 deg R to 3,000 deg R and at free-stream Reynolc
numbersper foot from 8 x 10(exp 6) to 3 x 10(exp 6). The tests showed that the downsth@ariithe model became very hot
if the coolant rate was too small to cover the complete model with a water film. This water film was fairly symmetrical when the
modelwas at zer@ngle of attack but was very asymmetrical when the model was at an angle of attack of 5 deg. A comparison
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with results of a previous transpiration-cooling test showed that, with water as the coolant, transpiration cooling was at least 2.5
timesas eficient as the film cooling of the present tests.

Author

Liquid Cooling; Film Cooling; Air Flow; Angle of Attack; Ee Flow; Fee Jets

19980231978Nanjing Univ of Aeronautics and Astronautics, Nanjidgangsu, China
Curr ent State and Development of Reseetn on Face Gear Drive
RupengZhu, Nanjing Univof Aeronautics and Astronautics, Nanjing, China; Shengcai, Pan, Nanjingof)/Aieronautics and
Astronautics, Nanjing, China; Deping, Gao, Nanjing UnivAeronautics and Astronautics, NanjifiZhina;Journal of Nanjing
University of Aeronautics and Astronautics; Jun. 1997; ISSN 1005-2@l&me 29, No. 3, pp. 357-362; In Chinese; No Gopy
right; Avail: Issuing Activity Hardcopy, Microfiche

Theresearch state and problems to be further researched on the face gear drive are discussed. ri¢hartduclby other
authorsthat with proper design face gear drive can find a successful application in high sushes helicopter transmissions.
First, this paper presents a new recognition of limiting thgelamumber of shapers and the small tooth width in the application
of the face gear drive. For some kind of mechanical products, the model is limited, so are the parameters of gear. by the use o
moderndesign methods, thefettive toothwidth of the face gear can be fully utilized. Secontiig strength of bend, Hertzian
stress and scuffing of face gear needs to be researched further. The analysis of stresses in face gears can be made by the fin
elementmethod and boundary element methblirdly, the new idea of the analysis of random elastic engagement is presented.
The contact position of bearing is not only related to the geometry size, but also related to elastic deformation, while errors of
assemblyand manufacturing are random. The development of the random elastic engagement is necessary
Author
Gears; Helicopter Ropeller Drive

19980232009NASA Ames Research Centdoffett Field, CA USA
Inclined Bodies of \arious Cross Sections at Supersonic Speeds
Jomgensen, Leland H., NASA Ames Research Ceht8A; Nov 1958; 64p; In English
Report No.(s): NASA-MEMO-10-3-58A; No Copyrightyail: CASI; A04, Hardcopy; AO1, Microfiche

To aid in assessingfeftts of cross-sectional shape on body aerodynamics, the forces and moments have been measured for
bodieswith circular elliptic, square, and triangular cross sectianslach numbers 1.98 and 3.88. Results for bodies with Roncir
cular cross sections have been compared with results for bodies of revolution having the safistréotitibn of cross-sectional
area(and, thus, the same equivalent fineness ratio). Comparisons have been made for bodies of fineness ratios 6 and 10 at angle
of attack from 0 deg to about 20 deg and for Reynolds numbers, based on body length, of 4.0 x 10(exp 6) and 6.7 x 10(exp 6).
Theresults of this investigation show that distinct aerodynamic advantages can be obtained by using bodies with noncircular cross
sectionsAt certain angles of bank, bodies with elliptic, square, and triangular cross sections develop considerably greater lift and
lift-drag ratios than equivalent bodies of revolution. Bodies with elliptic cross sections, lift and pitching-momentfadehts
can be correlated with corresponding €icefnts for equivalent circular bodies. It has been found that the ratios of lift and pitch
ing-momentcoeficients for an elliptic body to those for an equivalent circular body are practically constant with chbatle in
angleof attack and Mach numbérhesdift and moment ratios are given very accurately by slebddy theoryAs a result of
this agreement, the method of NACA Rep. 1048 for computing forces and moments for bodies of revolution has been simply
extendedo bodies with elliptic cross sections. For the cases considered (elliptic bodies of fineness ratios 6 and 10 having cross-
sectionakxis ratios of 1.5 and 2), agreement of theory with experiment is very good. As a supplement to the foccearid
results,visual studies of thBbow over bodies have been made by use of the veqgreen, sublimation, and white-lead techniques.
Photographérom these studies are included in the report.
Author
Aemdynamic Coefficients; Bodies of Revolution; Slender Bodies; Pitching Moments; Moment Distribution; Lift Drag Ratio

19980232074NASA Lewis Research Cente&leveland, OH USA
Turbulent Boundary Layer on a Yawed Cone in a Supersonic Sé.am
Braun, Wilis H., NASA Lewis Research CentddSA; 1959; 18p; In English
Report No.(s): NASA-TR-R-7; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

Themomentum integral equations are derived for the boundary layer on an arbitrarysurfaed, using a streamline coor
dinatesystem. Computations tte turbulent boundary layer on a slightly yawed cone are made for a Prandtl number of 0.729,
wall to free-stream temperature ratios of 1/2, 1, and 2, and Mach numbers from 1 to 4. Deflection of the fluid in the boundary layer

45



from outer stream direction, local friction céiefent, displacement surface, lift cdiefent, and pitching-moment cdifient are
presented.

Author

AerodynamidCoefficients; Tirbulent Boundary Layer;r@nsonic Speed; Supersonic Flow; Prandtl Number; Pitching Moments;
Fluid Boundaries; Coefficient of Friction; Boundary Layers; Lift

1998023207 7Michigan Univ, Ann Arbor, Ml USA
Interaction Effects Produced by Jet Exhausting LaterallyNear Base of Ogive-Cylinder Model in Supersonic Main Sgam
Vinson,P. W,, Michigan Univ, USA; Amick, J. L., Michigan Uniy USA; Liepman, H. PMichigan Univ, USA; Feb. 1959; 40p;
In English
Report No.(s): NASA-MEMO-12-5-58\Y\No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

The experimentally determined interactiorfieets of a side jet exhausting near the base of an ogive-cylinder model-are pre
sentedand discussed. The interaction force appears to be independent of main-stream Machboumibeny-layer condition
(laminaror turbulent), angle of attack, and forebody length. The ratio of interaction force to jet force is found to be inversely pro
portionalto the square root of the product of jet stagnation-to-free-stream pressure ratio and jet-to-body diameter ratio.
Author
Forebodies; Angle of Attack; Gas &ms; Stagnation Bssue; Supersonic Flow; Ogives

19980232079NASA Langley Research Centétampton, YA USA
Investigation of the Maximum Spin-Up Coefficients of Friction Obtained During Tests of a Landing Gear Having a Static-
Load Rating of 20,000 Pounds
Batterson, Sidney A., NASA Langley Research Cetd&A; Jan. 1959; 24p; In English
Report No.(s): NASA-MEMO-12-20--58L; L-105; No Copyrightydil: CASI; A03, Hardcopy; A01, Microfiche
An experimental investigation was madete Langley landing loads track to obtain data on the maximum spin-up coef
cients of friction developed by a landing gear having a static-load rating of 20,000 pounds. The forward speeds ranged from 0
to approximately 180 feet per second and the sinking speeds, from 2.7 feet per second to 9.4 feet per second. The results indicate
thevariation of the maximum spin-up cdiefent of friction with forward speed and vertical load. Data obtained during this-inves
tigationare also compared with some results previously obtained for nonrolling tires to shofedhefdbrward speed.
Author
Landing Loads; Static Loads; Landing Gear; Coefficient of Friction

19980232090NASA Langley Research Centétampton, YA USA
Effect of Convex Longitudinal Curvature on the Planing Characteristics of a Surface WWhout Dead Rise
Mottard, ElImo J., NASA Langley Research Cent#&8A; Feb. 1959; 36p; In English
Report No.(s): NASA-MEMO-1-25-59L; L-159; No Copyrighty#il: CASI; A03, Hardcopy; A01, Microfiche

A hydrodynamic investigation was maidelLangley tank no. 1 of a planing surface which was curved longitudinally in the
shapeof a circular arc with the center of curvature above the model and had a beam of inches and a radius ob€@varams.
Theplaning surface had length-beam ratio of 9 andragie of dead rise of 0 degetted length, resistance, and trimming moment
were determined for values of load coefficient C(sub Delta) from -4.2 to 63.9 and values of speed coefficient C(sub V) from 6
to 25. The dicts of convexity were to increase the wetted length-lraéim(for a given lift), to decrease the lift-drag ratio, to
movethe center of pressure forward, and ta increase the trim for maximum lift-drag ratio as compared with valuestofaxéat
Theeffects were greatest at low trims andyadrafts. The maximum negative lift cfieient C(sub L,b) obtainable with a ratio
of the radius of curvature to the beam of 20 was -0.02. The effects of camber were greater in magodndexity than for
the same amount of concavity
Author
Convexity; Curvatug; Planing; Flat Surfaces; Aedynamic Coefficients

19980232106Nanjing Univ of Aeronautics and Astronautics, Nanjidgangsu, China

An Experimental Investigation on the Head of Annular Combustor for the Tirbo-Shaft Engine

Jianxing,Zhao, Nanjing Univof Aeronautics and Astronautics, Nanjing, China; Jin, Hu, Nanjing. @hiékeronautics and Astro
nautics, Nanjing, China; svgsan, Ding, Nanjing Uniwf Aeronautics and Astronautics, Nanjing, China; Xuewei, Zhan, Nanjing
Univ. of Aeronautics and Astronautics, Nanjing, China; Journal of Nanjing University of Aeronautics and Astronautics; Jun.
1997;ISSN 1005-2615Yolume 29, No. 3, pp. 272-276; In Chinese; No CopyrighgilAlssuing Activity Hardcopy Microfiche
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An experimental investigation has been carried out to study the aerodynamic characteristics of two types of annwar combus
tor sector for the turbo-shaft engine. Mean velocity profiles and turbulent intensity inside the asymmetric sudden expansion
regionshetween the pre-difser exit and the head of the flame talve measured, by laser Doppler anemom@iryiow-patterns
for seven diferent configuration sectors are experimentally mapped. The anemometry results reveal that two eddies occur in the
sudden expansion regions and the flow patterns change with geometric parameters and inlet velocities. Measurements may b
appliedto develop and improve combustor design.

Author
Combustion Chamberspiboshafts; Engines; Aedynamic Characteristics

19980232230NASA Langley Research Centétampton, YA USA
The Effect of Beam Loading on Véiter Impact Loads and Motions
Mixson, John S., NASA Langley Research CertsSA; Feb. 1959; 42p; In English
Report No.(s): NASA-MEMO-1-5-59L; L-130; No Copyrightyail: CASI; A03, Hardcopy; AO1, Microfiche

An investigation of the &fct of beam loading on impact loads and motions has been conducted in the Langley impact basin.
Waterimpact tests oflat-bottom 5-inch- and 8-inch-beam models having beam-loadinf§iaierts C(sub Delta) from 62.5 to
544 and a 30 0 dead-rise 5-inch-beam model A having beam-loadirfigiea&sf from 208 to 530 are described and the results
analyzed to show trends of these heavy-beam-loading data with initial flight-path angle, trim angle, dead-rise angle, and time
throughouthe impact. Data from flat-bottom model tests, C(sub Delta) = 4.4 to 36.5, an80dfbdead-rise model tests, C(sub
Delta)A=0.58 and 18.8, are included, along with the heavy-beam-loading data; and variations of these loleéanalithding
coefficients are shown. Each of the load and motion coefficients is found to be directly proportional to a power factor ofC(sub
Delta).For instance, the maximum impact lift cheient C(sub L,max)is found to be directly proportional to C(sub Delta)(sup
0.33)for the flat-bottom model and C(sub Delta)(sup 0.45) for the 30 deg dead-rise model. These variations of C(sub L,max) C(sub
Delta)are found to be in agreement with theoretical variations. Fjraadlgmpirical equation for the prediction of C(sub L,max)
is presented and is shown to give good agreement with experimental C(sub L,max) for about 500 fixed-trim smooth-water impacts.
Therange of variables included dead-rise angles from Qal8g deg, beam-loading cfiefents from 0.48 to 544, trim angles
from 3 deg to 45 deg and initial flight-path angles from about 2 deg to about 27 deg.
Author
Aerodynamic Coefficients; Impact Loads; ImpaesiE; Loads (Fares); Flight Paths

19980232233NASA Ames Research Centéoffett Field, CA USA
Exploratory Investigation of the Effects of Boundary-Layer Contol on the Pressue-Recovery Characteristicof a Circu-
lar Internal-Contraction Inlet with T ranslating Centerbody at Mach Numbers of 2.00 and 2.35
Martin, Norman J., NASA Ames Research Centi8A; Feb. 1959; 48p; In English
Report No.(s): NASA-MEMO-12-31-58A; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche

Exploratorytests of a circular internal-contraction inlet were matdg@ach numbers of 2.00 and 2.35 to determine fleetef
of a cowl-type boundary-layer control located downstream of the inlet throat. The inlet was designed for a Mach number of 2.5.
Testswere also made of the inletodified to correspond to design Mach numbers of 2.35 and 2.25. Surveys near the minimum
areasection of the inlet without boundary-layer control indicated maximum averaged pressure recoveries between 0.90 and 0.92
ata free-stream Mach numb@d(sub infinity), of 2.35 for the inlets. Farther downstream, after partial subsofuisidif, a maxi
mum pressure recovery of 0.842 was obtained with the inlet at M(sub infinity) = 2.35. The pressure recovery of the inlet was
increased by 0.03 at a Mach number of 2.35 and decreased by 0.02 at a Mach number of 2.00 by the application of cowl-type
boundary-layecontrol. Further investigation with the inlet without bleed demonstrated that an increase of angle of attack from
0 deg to 3 deg reduced the pressure recovery 0.04. et ef Reynolds numbewvas to increase pressure recovery 0.07 (from
0.785to 0.855) with an increase in Reynolds number (based on inlet diameter) from 0.79 x 10(exp 6) to 3.19 x 10(exp 6).
Author
Angle of Attack; Boundary Layer Cooly Centerbodies; Diffusion; Rissue Recovery

19980232923NASA Langley Research Centétampton, YA USA
A Method for Calculation of Hydr odynamic Lift for Submerged and Planing Rectangular Lifting Surfaces
Wadlin, Kenneth L., NASA Langley Research Centd®A; ChristopherKenneth W, NASA Langley Research Cent&ISA,;
1959; 16p; In English
Report No.(s): NASA-TR-R-14; No Copyrightyvail: CASI; A03, Hardcopy; A01, Microfiche
A method is presented for the calculation of lift fieednts for rectangular lifting surfaces of aspect ratios from 0.125 to 10
operatingat finite depths beneath the water surface, including the zero depth or planing condition. Theoretical values are compared
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with experimental values obtained at various depflsibmegence with lifting surfaces of aspect ratios from 0.125 to 10. The
method can also be applied to hydrofoils with dihedral. Lift coefficients computed by this method are in good agreement with
existingexperimental data for aspect ratios from 0.125 to 10 and dihedral angles up to 30 deg.

Author

Hydrofoils; Lift; Aerodynamic Coefficients; Aspect Ratio; Dihedral Angle; Hgynamics

19980233248Bell Helicopter Cq.Fort Worth, TX USA
Evaluation of Navy 9 cst QOil in Bell Helicopter M412 HP Gearboxed=inal Report
Henry Zachary S., Bell Helicopter Co., USA; Stappafiliam R., Bell Helicopter Co., USA; Aug. 1998; 18p; In English
Contract(s)/Grant(s): NAS3-25455TRP 581-30-13; DA Proj. 1L1-6221A-47-A
ReportNo.(s): NASA/CR-1998-208517; Et296; NAS 1.26:208517; ARL-CR-430; No Copyrightjal: CASI; A03, Hardce
py; AO1, Microfiche

Tests were conducted with 5 and 9 centistoke lubricants in three different helicopter gearboxes, a main transmission, a 42
deg. gearbox and a tail-rotor gearbox. The objective of the tests was to observe and measure the difference in the performanc
of the lubrication systems due to the viscodifference between the two test lubricants. The 9 centilstoke oil has been developed
to provide higher component film thickness, increased load carrying capacity and improved corrosion resistance which will pro
vide increased life for drive system gears and bearings. The results of the tests showed that at stabalized operating speeds ar
powers the lubrication system performance of the 3 gearboxes with the 9 centistoke lubricant was similar to the performance with
the 5 centistoke lubricant. These results allow liméedraftflight testing using the 9 centistoke lubricant in place of the 5 eentis
toke lubricant for aircraft with gearboxes similar to the test dpees.
Author
TransmissiongMachine Elements); Bell Airaft; Tail Rotors; Lubrication Systems; Lubricants; Helicopters; Helicopterdet-
ler Drive

1998023424 2Epilogics, Inc. Los Gatos, CA USA
Design, Fabrication, and Esting of a High-Speed, OveRunning Clutch for Rotorcraft Final Report
Fitz, Frank, Epilogics, Inc., USA; Gadd, Craig, Epilogics, Inc., USA; Aug. 1998; 84p; In English
Contract(s)/Grant(s): NAS3-27387TRP 581-30-13; DA Proj. 1L1-6221A-47A
ReportNo.(s): NASA/CR-1998-208513; NAS 1.26:208513; E286; ARL-CR-429; No Copyright;\Ail: CASI; A05, Hardce
py; A01, Microfiche

Theobjective of this program was to evaluate the feasibility wéry high overrunning speed one-way clutch for rotaft
applicationsThe high speed capability would allow placing the one-way clutch function at the turbine output shaft, that is, the
input of the rotorcrafs transmission. The low drive torque present at this location would allow design of a relatively light one-way
clutch.During the course of this program, two Mechanical Diode (MD) type overrunning clutches for high speeds were designed.
One of the designs was implemented as a set of prototype clutches for high speed overrun testing. A high speed test stand wa
designedassembled and qualified for performing overrunning and engagement tests at speeds up to 20,000 rpm. MD overrunning
clutcheswere tested at moderate speed, up to 10,000 rpm and substantial thermal problems aggbadtslear were encoun
tered.The MD design was modified, the modified parts were tested, and by program end, clutchesteia excess of 20,000
rpm without excessive lubricant temperatures. Some correctable wear was observed and remains as a clutch characteristic whict
needdurther improvement. A load cycle tester with a special, lsagple section was designed, built and then prototype clutches
werefatigue tested to verify that the clutch design was suitable for carrying the specified power levels.
Author
Rotary Wing Aircraft; Clutches; Shafts (Machine Elements); Lubricants; Loads (Forces); Turbomachine Blades;
Turbomachinery

19980235204Nissan Motor Co. Ltd.Yokosuka, Japan
Numerical Analysis on Flows in Supersonic Air Intakes
Shimada, ®ru, Nissan Motor Co. Ltd., Japarariura, Naoki, Nissan Motor Co. Ltdapan; Sekino, Nobuhiro, Nissan Motor
Co.Ltd., Japan; Gjimura, Naohisa, Nissan Motor Co. Ltd., Japan; Nissaohilical Review fansaction; 1992; ISSN912-9634,
pp.50-57; In Japanese; Original contains color illustrations; Copyrigiati:Assuing Activity Hardcopy, Microfiche

Flowsin supersonic air intakes are investigatgdsolving the two-dimensional Reynolds-averaged N&®iekes equations.
A comparison made with experimental data indicates the present computation is capable of predicting the flow quantities in ques
tion with suficient accuracyAn efficient design approads presented which combines the method of characteristics and the Nav
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ier-Stokesnumerical simulation to optimize the pressure recovery in axisymmetric intakes. Hints obtained from the simulation
were used to redesign a curved duct which is shown to provide a significant enhancement of the pressure recovery

Author

Air Intakes; Flow Distribution; Supersonic Flow; Agtynamics; Computational Fluid Dynamics; Navitiokes Equation

19980235582Virginia Polytechnic Inst. and State UniBlacksbug, VA USA
Aeroelastic Analysis of Modern Complex Wings Using ENSAERO and NASTRAN Progress Repoytl5 Sep. 1994 - 14 Sep.
1995
Bhardwaj,Manoj, Mrginia Polytechnic Inst. and State URiWSA; 1995; 27p; In English; Original contains color illustrations
Contract(s)/Grant(s): NCC2-5097; No Copyrightaf: CASI; A03, Hardcopy; A01, Microfiche

A process is presented by which static aeroelastic analysis is performe&uiginfjiow equations in conjunction with an
advancedstructural analysis tool, NASTRAN. The process deals with the interfacing of two separate codes in the fields of com
putationalfluid dynamics (CFD) and computational structural dynamics (CSD). The process is demonstrated successfully on an
F/A-18 Stabilator (horizontal tail).
Author
ComputationaFluid Dynamics; Aavelasticity; NastranDynamic Structural Analysis; F-18 Anaft; Aelodynamic Character
istics; Wings

19980236451NASA Langley Research Centétampton, YA USA

Transonic Wind Tunnel Tests of an Eror Compensated Static Pessue Probe

Capone, Francis J., NASA Langley Research CebiteA; 1961; 20p; In English

Report No.(s): NASA-TM-X-548; L-1562; No Copyrightyail: CASI; A03, Hardcopy; A01, Microfiche
Pressure-errazharacteristics of a self-rotating static-pressure probe mounted on the aaséssile body were determined

atMach numbers from 0.30 to 1.08 and at angles of attack from -2.7 deg to 15.3 deg. Results showed that at a Ma¢h number

1.00, the static-pressure error decreased from 3.5 percent to 0.8 percent of the free-stream static pressure as a result of a chan

in the orifice location from 0.15 maximum missile diameter to 0.20 maximum missile diameter forward of the missile nose.

Althoughcompensation for errors due to angles of attack up to 15.3 deg was maintained at Mach numbers from M = 0.30 to M

=0.50, there was an increase in error with an increase in angle of attack for Mach numbers between M = 0.50 and M = 1.08.

Author

Static Pessue; Angle of Attack; Enrs; Transonic Vihd Tunnels; Pessue Sensors; Missile Bodies

19980236813NASA Langley Research Centétampton, YA USA
Characterization of an Ozone DIAL Receiver for Operation on an Unpiloted Atmospheric ghicle
GoldschmidtSoenke, Fachhochscule Ostfriesland, GermanypbDedy, Russell J., NASA Langley Research Cett&A; Nine
teenth International Laser Radar Conference; Jul. 1998, Part 2, pp. 919-922; In English; Also announced as 19980236718; No
Copyright;Avail: CASI; A01, Hardcopy; A04, Microfiche

Laserremote sensing from aircraft has become a very important technique for observing ozone in the environment. NASA
Langley has an active aircraft based research program which presently uses Nd:YAG-pumped dye lasers that are then doublec
into the UV to probe both the stratosphere and troposphere for ozone using the differential absorption lidar (DIAL) technique.
This large system can only fly on g& (NASA DC-8, Electra) aircraft and has been deployed on many missions throtghout
world. In the future it will be desirable to fly autonomous, lightweight, compact ozone DIAL instruments on unpiloted atmo-
sphericvehicles (UAY) aircraft. Such aircraft could fly at high altitudes for extended times collecting science data without risk
to the operatorCost for such missions még substantially reduced over presergdaaircraft based missions. Presently there
areno ozone DIAL systems capable of flying on anMUircraft. In order to facilitate WA missions, small more fgient laser
transmittersieed to be developed that emit approximately 25mJ near 300nm for each of the DIAL 'onf divte’'plilses. Also
lightweight,compact DIAL receiver systems need to be built and demonstrated. Such receiver systems may incorporate fiber optic
coupled telescopes for maximum light gathering capability per unit area, high quantum efficiency gated photomultiplier tubes
with reasonable gain and very narrow-band filters for background light rejection with high light throughput. A compact high-per
formancel6-bit digitizer and a data storage system are also required. A conceptional design of sUdblAlUilsstrument is
presentedHere a pulsed UV laser emits pulses into the atmosphere where elastic scattering occurs which results in light being
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scatterednto the receiver telescope. The subject of this paper is the design, construction and testing of a robust, compact ozone
DIAL receiver system that would be a prototype for eventual use iVaalséaft.

Derived from text

RadarReceivers; Diffantial Absorption Lidar; Ozone; Radar Measument; Airborne Radar; Pilotless &naft; Remote Sen

sors; Design Analysis; Photomultiplieubes

19980235507New Energy and Industriae€hnology Development @anization, ©kyo, Japan
Investigational reseach on eco-smart enginesEco-smart engine no chosa kenkyu
Mar. 1998; 179p; In Japanese
Report No.(s): NEDO-PR-9712; DE98-770055; No Copyright; Avail: Issuing Activity (Natl Technical Information Service
(NTIS)), Microfiche

The paper investigated the trend of research on eco-smart engines into which optimization function gfeefagymance,
high environmental-adaptabilitgtc. are integrated. The investigation was made in Japan and abroad on technologies of combus
tion, structure/material, control, design/analysis, systematization, etc. In case of Japan, specifications were established for three
typesof engines, subsonic, supersonic and hypersonic aircraft, and the ressdgechs to fulfil the specifications were extracted.
In case of the U.S. and Europe, the survey was made of combustion, materials, noisepdesjgincontrol, etc. Important sub
jects are selected in priority order. Namely, for the enhancement of efficiency, the following were taken up: three-dimensional
fiber-reinforcedarge-size light-weight structure applicatitethnology heat-resistant advanced-material structure damage-tol
erantdesign technologyseudo-vesicular structure transpiration cooling technpkigyFor the reduction of NOx emission, the
papertook up technologies of environmentally optimization combustion, Al combustion control, and non-cooling combustor liner
application.For thenoise reduction, technologies of nhew inclination hole orientation noise absorbing structure material applica
tion, super noise control, and innovative CFD utilization low noise aerodynamics. Motbevasults of fiscal 1997 were eut
linedto indicate the research in the next fiscal year
DOE
Aemdynamics; Internal Combustion Engines; Mechanical Engineering

19980235552Lund Univ, Dept. of Heat and Power Engineerisyveden
Radial gas turbine design
Krausche, S., Lund UnivSweden; Ohlsson, Johan, Lund Un8weden; Aprl998; ISSN 0282-1990; 70p; In English
ReportNo.(s): LUTMDN-TMVK-5301; DE98-764032; No CopyrightyvAil: Issuing Activity (Natl Bchnical Information Ser
vice (NTIS)), Microfiche

The objective of this work was to develop a program dealing with design point calculations of radial turbine machinery,
includingboth compressor and turbine, with as few input data as possible.sBopie stress calculations and turbine metal blade
temperaturesvere also included. This program was then implanted in a German thermodynamics program, Gasturb, a program
calculatingdesign and dfdesign performance of gas turbines. The calculations proceed with a lot of assumptions, necessary to
finish the task, concerning pressure losses, velocity distribution, blockage, etc., and have been correlated with empirical data from
VAT. Most of these values could have been input data, but to prevent the user of the program from drowning in input values, they
areset as default values in the program cdde= output data consist of geometlach numbers, predicted componefiicegncy
etc.,and a number of graphical plots of geometry and velocity triangles. For the cases examined, the error in piediotsd ef
level was within (+-) 1-2% points, and quite satisfactory errors in geometrical and thermodynamic conditions were obtained
Examinationpaper
DOE
\elocity Distribution; Tirbine Blades; Uirbines; Stess Analysis; Gasufbine Engines; Engine Design

19980236162Army Research LapHuman Research and Engineering Directoraberdeen Proving Ground, MD USA
Vibration Analysis Applied to the Motions of a Gas Trbine Engine Final Report Oct. 1997 - Feb. 1998
Korjack, T A.; Aug. 1998; 26p; In English
Report No.(s): AD-A352911; ARL-TR-1750; No Copyright; Avail: Issuing Activity (Defense Technical Information Center
(DTIC)), Microfiche

A method has been suggested to compare and evaluate vibration environments or sinusoidal and random specifications
throughthe use of a single analysis technique. The comparison methodology utilized in this analysis could be significantly imple
mentedand exploited in interpretingpectrum analysis results of vibration data such as in the analysis of a gas turbine engine of
a modern tank. A generalized, multi-degree-of-freedom (DOF) lumped parameter structural system model was used to allow an
initial evaluation of the environments such as shock, sine, and random so as to possibly eliminate a detailed separate dynamic
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analysis for each environment Results indicate a possible reduction of analysis time and costs. In addition, since both sine and
randomanalyses depend heavily on modal damping assumptions for the accuracy of their predictions, theetiogtdogy
proposecherein should prove to be useful and productive.

DTIC

Gas Trbine Engines; Dynamic Structural Analysis; Randariables

13
GEOSCIENCES

Includes geosciences (general); earth resources and remote sensing; energy production and conversion; environment pollution; geo-
physics, meteorology and climatology, and oceanography.

199802364 74California Univ, Dept. of ChemistrySanta Barbara, CA USA

Gas-Phase and Surface Reactivity of Highly Vibrationally and Translationally Excited Moleculeg-inal Report, 1 Mar.

1995- 28 Feb. 1998

Wodtke, Alec M.; Aug. 20, 1998; 10p; In English

Contract(s)/Grant(s): F49620-95-1-0234; AF Proj. 2303

Report No.(s): AD-A352243; AFRL-SR-BL-TR-98-0601; No Copyrightak CASI; A02, Hardcopy; A01, Microfiche
Understanding the gas-phase and gas-surface collision dynamics of highly vibrationally excited NO is necessary to model

therovibrationalpopulation distribution and infrared signatures of this important molecules in the upper atmosphgyearither

momentumexchange between gas phasalecules and surfaces (especially oxidized surfaces) is also an important factor in the

calculation of satellite drag coefficients. In this research the stimulated emission pumping method is used in combination with

conventional molecular beams techniques to control the vibrational excitation, quantum state identity and collision energy of

reactantsn gas phase arghs-surface reactions. Results allow a better understanding of the collision dynamics controlling the

state-specific population of vibrationally excited NO in the upper atmosphere and around satellites in low earth orbit.

DTIC

Vibrational States; ®por Phases; SatellitBrag; Molecular Beams; Low Earth Orbits; Excitation; Adynamic Coefficients;

Aerodynamidrag
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LIFE SCIENCES

Includes life sciences (general); aerospace medicine; behavioral sciences; man/system technology and life support; and space biology.

19980232012NASA Ames Research Centdfoffett Field, CA USA
The Effects of Longitudinal Control-System Dynamics on Pilot Opinion and Response Characteristics as Determined
from Flight Tests and fom Ground Simulator Studies
Sadof, Melvin, NASA Ames Research Cent&fSA; Oct. 1958; 66p; In English
Report No.(s): NASA-MEMO-10-1-58A; No Copyrightyail: CASI; A04, Hardcopy; A01, Microfiche

Theresults of a fixed-base simulator study of tHea§ of variable longitudinal control-system dynamics on pilot opinion
arepresented and compared with flight-test data. The control-system variables consitlgseihwestigation included stick force
perg, time constant, and dead-band, or stabilizer breakout force. In general, the fairtpgetation between flight and simula
tor results for two pilots demonstratie validity of fixed-base simulator studies which are designed to complement and supple
mentflight studies and serve as a guide in control-system preliminary design. Hpimgherinvestigation of certain problem
areas (e.g., sensitive control-system configurations associated with pilot- induced oscillations in flight), fixed-base simulator
resultsdid not predict th@ccurrence of an instabilitplthough the pilots noted the system was extremely sensitive and unsatisfac
tory. If it is desired to predict pilot-induced-oscillation tendencies, tests in moving-base simulators may be required. It was found
possibleto represent the human pilot by a linear pilot analog for the tracking task assumed in the presdrtestuidgrion used
to adjust the pilot analog was the root-mean-square tracking error of one of the human pilofsxed-thaese simulatoMatching
thetracking error of the pilot analog to that of the human pilot gave an approximatfmvariation of human-pilot behavior
over a range of control-system dynamics. Results of the pilot-analog study indicated that both for optimized control-system
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dynamicg(for poor airplane dynamics) and for a region of good airplane dynamics, the pilot response characteristics are approxi
matelythe same.

Author

Pilot Induced Oscillation; Flight @sts; Human Behavior; Flight Simulators; Dynamic Response

19980235661Edgerton, Germeshausen and Gliec., Industrial Hygiene BrangiCocoa Beach, FL USA
Remediation of Indoor Air Quality Concerns: Base Operations Building-Kennedy Space Center
Taffer, Jim, Edgerton, Germeshausen and Gher., USA; GeyerBart, Edgerton, Germeshausen and Ghier., USA; Proceed
ing from the 1997 NASA Occupational Health Conference: Achieving Quality in Occupational Health; Dec. 11, 1997, pp.
156-160;In English; Also announced as 19980235636; No CopyrightilACASI; A01, Hardcopy; A03, Microfiche

The Base Operations Contractor (BOC) Industrial Hygiene (IHic®has received employee complaints concerning Indoor
Air Quality (IAQ) at the Base Operations Building (BOB) since the late 1980s. Complaints continued to increase and in 1994/1995
severalpersonnel reported to medical clinics with symptoms related to IAQ. TkHfite performed extensive evaluations to
determinehumidity, temperature, carbon dioxide, ozone, formaldehyde, carbon monoxide, various hydrocarbons, and respirable
dustlevels. No source of reported symptowes identified. In 1995 a questionnaire was submitted to personnel to identify-person
nel complaints and to identify specific problem areas: 62 of the 64 (97%) employees responded with 25 (40%) reporting symptoms
and37 (60%) reporting complaints, mostly related to temperature, hupadidyst build-up. Due tthese findings, a BOC work
ing group (members represented the Medicé#ilc®f IndustrialHygiene, H\AC, Enegy Management, Structures, and Janitorial
Departmentsjvas formed to investigate this and other problem facilities. The group identified problems within this facility and
offeredcorrective actions as follows: 1) Since MY systems on KSC are deactivated when facilities)at@ccupied, allowing
humid air to enter air intakes, louvers were installed on air intakes which close when the system is deactivated. Humidity sensors
wereinstalled in the HXC ducting which automatically activate when humidity levedseed 60%; 2) to reduce dust deposition
on horizontal surfaces in the faciljtdERA filter vacuums were purchased for the facilithrough time these vacuums should
reducerespirable sizéust, reducing personnel symptoms. One year later, the questionnaire was resubmitted. Only 17 (25%) of
67 personnel responded. Of those, 8 reported symptoms and 14 reported complaints attributed to IAQ. Complaints were mostly
concerningemperature. Dust and humidity complaints were greatly reduced from the previousigdmlieved that most of
thosewho did not respond no longer had complaints or symptoms. The number of personnel reporting to Medical with symptoms
continuedo decrease. Most personnel reporting symptoms or complaints work amemnef the facilityln this area old carpeting
will be replaced to reduce contamination and the inner walls inspected for moisture build-up and mold growth.
Author
Indoor Air Pollution; Air Quality; Air Conditioning; Air Intakes; Humidity; Contamination; Dust; Industrial Safety

19980236495Army Aeromedical Research Lalort RuckerAL USA
Designing Optimal Hierarchies for Information Retrieval with Multifunction Displays Final Report
Francis, GregoryArmy Aeromedical Research Lab., USA; Jul. 1998; 64p; In English
Contract(s)/Grant(s): Proj-30162787A879
Report No.(s): AD-A352470; USAARL-98-33; No Copyrightyall: CASI; A04, Hardcopy; A01, Microfiche

Modernaircraft use computer screens with a push button interface to replace a variety of single purpose instruments. Such
multifunction displays (MFDs) are gradually being introduced into military helicopters, with future aircraft likely to be highly
dependenbn computers. Studies have shaiat poor design of MFD hierarchies has a significant impact on user satisfaction
andperformance. The purpose of this study was to extend a theoretical analysis of hierarchy search into a methodology for gather
ing data and building a hierarchy layout that minimized the time needed to find items in a hierarchy. Pilot studies demonstrate
the effectiveness of the methodology and show that optimizing hierarchy layout may lead to a 25% reduction in search times.
DTIC
Human Factors Engineering; Flight Instruments; Airborne/Spaceborne Computers; Military Helicopters

19980236906Geogia Inst. of Bch, Center for Human-Machine Systems Reseaktlanta, GA USA
Human-Centered Design of Human-ComputerHuman Dialogs in Aerospace Systemd-inal Report
Mitchell, Christine M., Gegia Inst. of Bch., USA; Aug. 1998; 7p; In English
Contract(s)/Grant(s): NCC2-824; No Copyrightjali: CASI; A02, Hardcopy; A01, Microfiche

A series of ongoing research programs at @adlech established a need for a simulation support tool for aircraft computer
basedaids. This led to the design and development of thegie@ch Electronic Flight Instrument Researcol{GT-EFIRT).
GT-EFIRTis a part-tasklight simulator specifically designed to study aircraft display design and single pilot interaction. ne simu
lator, using commercially available graphics and UNIX workstations, replicates to a high level of fidelity the Electronic Flight
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Instrument Systems (EFIS), Flight Management Computer (FMC) and Auto Flight Director System (AFDS) of the Boeing
757/767aircraft. The simulator can be configured to present informasarg conventional looking B757n67 displays or next
generatiorPrimary Flight Displays (PFD) such as found on the Beech Starship and MD-1

Derived from text

Simulators; Flight Management Systemsgchaft Design; Systems Management; Flight Instruments

15
MATHEMATICAL AND COMPUTER SCIENCES

Includes mathematical and computer sciences (general);, computer operations and hardware; computer programming and software;
computer systems; cybernetics; numerical analysis; statistics and probability; systems analysis, and theoretical mathematics.

19980234597Computer Sciences Corfplampton, YA USA
Stereo-Mdeo Data Reduction of Wake Vortices and Trailing Air crafts
Alter-Gartenbey, Rachel, Computer Sciences Corp., USA; Sep. 1998; 42p; In English
Contract(s)/Grant(s): NAS1-20431TRP 548-10-1-01
Report No.(s): NASA/CR-1998-208719; NAS 1.26:208719; No CopyrighajlACASI; A03, Hardcopy; A01, Microfiche
This report presents stereo image theory and the corresponding image processing software developed to analyze stereo imag
ing data acquired for the wake-vortex hazard flight experiment conducted at NASA Langley ResearctnGkistexperiment,
aleading Lockheed C-130 was equipped with wing-tip smokers to visualize its wing vorticesa whilang Boeing 737 flew
into the wake vortices of the leading airplane. A RockwelXD¥ airplane, fitted with video cameras under its wings, flew at
400to 1000 feet above and parallel to the wakes, and photographed thmtgateption process for the purpose of determining
thethree-dimensional location of the trailing aircraft relative to the wake. The report establishes the image-processing-tools devel
opedto analyze the video flight-test data, identifies sources of potential inaccuracies, and assesses the quality of the resultant se
of stereo data reduction.
Author
Flight Tests; Image Ricessing; Imagingélchniques; Meo Data; Vdrtices; Wakes; ihgs

19980236958Computer Sciences Corfplampton, YA USA
Evaluation of Frameworks for HSCT Design Optimization
Krishnan, Ramki, Computer Sciences Corp., USA; Oct. 1998; 42p; In English
Contract(s)/Grant(s): NAS1-20431
Report No.(s): NASA/CR-1998-208731; NAS 1.26:208731; No CopyrighajlACASI; A03, Hardcopy; A01, Microfiche
This report is an evaluation of engineering frameworks that could be used to augment, supplement, or replace the existing
FIDO 3.5 (Framework for Interdisciplinary Design and Optimizatiensibn 3.5) framework. The report begins with the metiva
tion for this efort, followed by a description of an "ideal” multidisciplinary design aptimization (MDO) framework. The dis
cussion then turns to how each candidate framework stacks up against this ideal. This report ends with recommendations as tc
the"best” frameworks that should be down-selected for detailed review
Author
Multidisciplinary Design Optimization; Adraft Design; Supersonic Airaft; Computer Aided Design

19980234594Virginia Polytechnic Inst. and State UniMultidisciplinary Analysis and Design Center for Advancethi¢les,
Blacksburg VA USA
Variable-Complexity Multidisciplinary Optimization on Parallel Computers Final Report 7 Dec. 1993 - 31 Dec. 1997
Grossman, Bernard, Virginia Polytechnic Inst. and State Univ., USA; Mason, William H., Virginia Polytechnic Inst. and State
Univ., USA; Watson, Layne T., Virginia Polytechnic Inst. and State Univ., USA; Haftka, Raphael T., Florida Univ., USA; Jun.
1998;8p; In English
Contract(s)/Grant(s): NAG1-1562
Report No.(s): NASA/CR-1998-208337; NAS 1.26:208337; No CopyrighdjlACASI; A02, Hardcopy; A01, Microfiche

This report coversvork conducted under grant NAG1-1562 for the NASA High Performance Computing and Communica
tions Program(HPCCP) from December 7, 1993, to December 31, 1997. The objective of the research was to develop-new multi
disciplinary design optimization (MDO) techniques which exploit parallel computing to reduce the computational burden of
aircraftMDO. The design of the High-Speed Civilahsport (HSCT) aicraft was selected as a test casdeimonstrate the utility
of our MDO methods. The three major tasks of this research grant included: development of parallel multipoint approximation
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methoddor the aerodynamic design of the HS@%e of parallel multipoint approximation methods for structural optimization

of the HSCT mathematical and algorithmic development including support in the integration of paoaifaltation for items

(1) and (2). These tasks have been accomplished with the development of a response surface methodology that incorporates multi
fidelity models. For the aerodynamic design we were able to optimize with up to 20 design variables using hundreds of expensive
Euleranalyses together with thousands of inexpensive linear theory simulatemawy/thereby demonstrated the application

of CFD to a lage aerodynamic design problem. For the predicting structural weiglvereeable to combine hundreds of struc

tural optimizations of refinedinite element models with thousands of optimizations based on coarse models. Computations have
beencarried out on the Intel Paragon with up to 128 nodes. The parallel computation allowed us to perform combined aerodynam
ic-structuraloptimization using state of the art models of a complex aircraft configurations.

Author

Aircraft Configurations; Parallel Processing (Computers); Parallel Computers; Finite Element Method; Multidisciplinary
DesignOptimization; Design Analysis; Sugemputers

19980232051California Univ, Dept. of Mechanical and Aerospace Engineeritog Angeles, CA USA

Innovative Scaling Laws for Study of Nonlinear Aepelastic and Aepservoelastic Poblems Final Report 1 Aug. 1994 -

31 Dec. 1997

Friedmann, Peretz RCalifornia Univ, USA; Apr. 02, 1998; 6p; In English

Contract(s)/Grant(s): F49620-94-1-0400

Report No.(s): AD-A351094; AFRL-SR-BL-TR-98-0564; No Copyrightak CASI; A02, Hardcopy; A01, Microfiche
Developmentén adaptive materials (or smart structures) have led to their use for actnaersservoelastic applications.

Testsdemonstrating feasibility of adaptive materials based actuation have been conducted on small geometrically scaled models,

andaeroelastic scaling has been disregarded. The primary objectives of our research activity were: (1) development of innovative

aeroelastiscaling lawdor aeroservoelastic and nonlinear aeroelastic problems, which allow one to extrapolate results, obtained

from model tests to the full-scale configuration, and (2) application of the scaling laws to configurations illustfetiegogif

betweergeometric and aeroelastic scaling. The primary accomplishments were: (1) development of a novel two pronged approach

for generating innovative aeroelastic scaliags for nonlinear aeroelastic and aeroservoelastic problems, and (2) developed scal

ing laws for flutter suppression in subsonic and transonic flovaddition to conventional scaling parameters these requirements

alsoaddress the sealing of control hinge moments and power required for flutter suppression. The research described has mads

animportant contribution to the state-of-the-art.

DTIC

Actuators; Aeoelasticity; Aeoservoelasticity

16
PHYSICS

Includes physics (general); acoustics, atomic and molecular physics, nuclear and high-energy; optics, plasma physics; solid-state phys-
ics,; and thermodynamics and statistical physics.

19980232066National Aerospace LabAmsterdam Netherlands
Computation of Air craft Noise Propagation Through the Atmospheric Boundary Layer
SchultenJ. B. H. M., National Aerospace Lab., Netherlands; Jul. 30, 1997; 15p; In English; Presented at lifiefrifttional
Congres®n Sound and Mration, University of Adelaide, Australia, Dec. 15-18, 1997.
Contract(s)/Grant(s): NAL-01607N
Report No.(s): AD-A351505; NLR-TP-97374-U; No Copyrightiafl: CASI; A03, Hardcopy; A01, Microfiche

Of all outdoor noise sources, aircraft probably have tlyesiimpact on communities. As a result, the accymatgiction
of aircraft noise exposure is of great interest. Nevertheless, conventional procedures for quantifying aircraft noise draw heavily
on empirical data in which source and propagatidect$ are more or less statistically lumpedetherA physically more rele
vantmodeling of aircraft noise propagation is the ray acoustics approximation. Whereas ray acoustics techniques are well devel
oped for stationary sources, they are not often applied to aircraft noise because the aircraft motion in principle requires many
time-consuming computations to obtain the time history of a single takeoff or landing event. The present paper describes the
applicationof the method of ray-tracing to a source moving along a three-dimensional path in a realistic atmospherthothe
is illustrated by typical examples of thdesfts of a non-uniform wind and temperature profile such as the formation of acoustic
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shadowzones without any noise and, alternatiyetynes with multiple reflections. It is shown thagkreductions in computation
time can be obtained if the flight path is close to level, which is factual for the majority of civil aircraft movements.
DTIC

Computation; Civil Aiation; Noise Popagation; Atmospheric Boundary Layer; é&ft Noise; Noise Rdiction (Aicraft)

19980232084NASA Langley Research Centétampton, YA USA
Flight Performance of a Transonic Turbine-Driven Propeller Designed for Minimum Noise
OBryan,Thomas C., NASA Langley Research Centi8A; Hammack, Jerome B., NASA Langley Research Ced&@A; May
1959;24p; In English
Report No.(s): NASA-MEMO-4-19-59L; L-204; No Copyrighty#il: CASI; A03, Hardcopy; A01, Microfiche

Resultsare presented of a flight investigation to determine the aerodynamic characteristieebaic-type propellefhis
propellerwas designed for an advance ratio of 4.0 at a forward Mach number of 0.82fortio difnit the noise production.
Themeasured &tiency of the propeller was 68 percent at the design Mach number of 0.82. This value comparesfi4th an
ciencyas much as 15 percent higher with the same Mach number for a propeller designed for an optimum advance ratio of about
3.0. This penalty in efficiency must be considered in light of the resulting noise reduction. The noise under static and take-off
conditions was measured to be 117.5 decibels, which represents a noise reduction of about 5 decibels (at 1,400 horsepower
comparedvith the advance-ratio-3 -design.
Author
Flight Characteristics; Noise Reduction;dprellers; Supersonicufbines; Aeodynamic Characteristics

19980236567Boeing Commercial Airplane CSeattle, W USA
Boeing 18-Inch Fan Rig Boadband Noise €st
Ganz,Ulrich W., Boeing Commercial Airplane Co., USA; Joppaul D., Boeing Commercial Airplane Co., USA; PattémoF
thy J., Boeing Commercial Airplane Co., USA; Scharpf, DanieBBeing Commercial Airplane Co., USA; Sep. 1998; 204p; In
English;Original contains color illustrations
Contract(s)/Grant(s): NAS1-20090TRP 538-03-1-01
Report No.(s): NASA/CR-1998-208704; NAS 1.26:208704; No CopyrighajlACASI; A10, Hardcopy; A03, Microfiche

The purposes of the subject test were to identify and quantify the mechanisms by which fan broadband noise is produced,
andto assess the validity of such theoretical models of those mechanisms as may be available. The test was conducted with the
Boeing18-inch fan rig in the Boeing Low-Speed Aeroacoustic Facility (LSAF). The rig was designed to be particularly clean and
geometricallysimple to facilitate theoretical modeling and to minimize sources of interfering noise. The inlet is cylindrical and
is equipped with a boundary layer suction system. The fan is typical of modern high-by-pass ratio designs but is capable of
operatingwith or without fan exit guide vanes (stators), and there is only a single flow stream. Fan loading and tip elearance
adjustablelnstrumentation included measurements of fan performance, the unsteady flow field incideriapratitestators,
and far-field and in-duct acoustic fields. The acoustic results were manipulated to estimate the noise generated by different
sourcesSignificant fan broadband noise was found to come from the rotor self-noise as measured with clean infldvoand no
ary layer The rotor tip clearancefatted rotor self-noise somewhat. The interaction of the rotor with inlet boundary layer turbu
lenceis also a significant source, and is strongfeeted by rotor tip clearance. High level noise can be generatedibi-arder
nonuniformrotating at a fraction of the fan speed, at least when tip clearance and loading argo8tdamgenerated noise
is the loudest of the significant sources, by a smalgmaat least on this rigstator noise is significantly faicted by propagation
throughthe fan.
Author
Noise Measurement; Turbofans; Ducted Fans; Propeller Noise; Aerodynamic Noise; Unsteady Flow; Performance Tests;
Aeroacoustics

19980236838NASA Lewis Research Cenjetleveland, OH USA
Sound Pressues and Corelations of Noise on the Fuselage of a Jet Anaft in Flight
Shattuck, Russell D., NASA Lewis Research Cetd&A; Aug. 1961; 34p; In English
Report No.(s): NASA-TN-D-1086; E140; No Copyright; &ail: CASI; A03, Hardcopy; A01, Microfiche
Testswere conducted at altitudes of 10,000, 20,000, and 30,000 feet at speeds of Mach 0.4, 0.6, and O.8. It was found that
thesound pressure levels on the aft fuselage of a jet aircraft in flight can be estimated using an equation involving the true airspeed
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andthe free air densityT'he cross-correlation cdifient over a spacing of 2.5 feet was generalized with Strouhal nuiitieer
spectrum of the noise in flight is comparatively flat up to 10,000 cycles per second.

Author

Flight Conditions; Sound Rssue; Subsonic Speed; Altitude; Fuselages; JetrAft Noise
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GENERAL

19980232022NASA, Washington, DC USA
Aeronautics and Space Report of the Risident: Fiscal ar 1997 Activities
Sep. 1998; 80p; In English; No Copyrighyall: CASI; A05, Hardcopy; A01, Microfiche
This report covers aerospace activities of US federal government agencies during FY 1997. Appendicdssturicde
budget data and human spaceflight records.
Derived from text
Aerospace Sciences; General Overviews; NASA Spaggdns; Defense Industry; Manned Space FlightpAautics

19980234247NASA Langley Research Centétampton, YA USA
NASA Langley Highlights, 1997
Jul. 1998; 84p; In English
ReportNo.(s): NASA/TM-1998-208451; L-17765; NAS 1.15:208451; No Copyrigh&ilACASI; A05, Hardcopy; A01, Micro
fiche

Langley’smission is accomplished by performing innovative research relevant to national needs and Agencgrgsiads,
ring technology to users in a timely manremd providing developmestipport to other USA Government Agencies, industry

otherNASA Centers, theducational communityand the local communitifhis report contains highlights of some of the major
accomplishmentand applications that have been made by Langisgarchers and by our university and industry colleagues dur
ing the past year. The highlights illustrate the broad range of research and technology activities carried out by NASA Langley

ResearctCenter and the contributions of this work toward maintaining’U&a#lership in aeronautics and space research.
Author

Research and Development; Technology Utilization; NASA Programs; Technology Transfer; Space Commercialization; Aero-

spaceEngineering; Aasnautical Engineering
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