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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 Center, the
lead center for NASA’s scientific and technical information.

The NASA STI Program Office provides access to the NASA STI Database, the
largest collection of aeronautical and space science STI in the world. The Pro-
gram Office is also NASA’s institutional mechanism for disseminating the
results of its research and development activities.

Specialized services that help round out the STI Program Office’s diverse offer-
ings include creating custom thesauri, building customized databases, organiz-
ing and publishing research results ... even providing videos.

For more information about the NASA STI Program Office, you can:

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

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

Phone the NASA Access Help Desk at (301) 621-0390

Write  to: NASA Access Help Desk
NASA Center for AeroSpace Information
800 Elkridge Landing Road
Linthicum Heights, MD 21090-2934

   

This publication was prepared by the NASA Center for AeroSpace Information,
800 Elkridge Landing Road, Linthicum Heights, MD 21090-2934



Introduction

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

The coverage includes documents on the engineering and theoretical aspects of design, construction,
evaluation, testing, operation, and performance of aircraft (including aircraft engines) and associ-
ated components, 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 table, addresses of organizations, and document availability informa-
tion are included before the abstract section.

Two indexes—subject and author are included after the abstract section.
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SCAN Goes Electronic!
If  you have electronic mail or if you can access the Internet, you can view biweekly issues of SCAN
from your desktop absolutely free!

Electronic SCAN takes 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. You can view Electronic SCAN
the same day it is released—up to 191 topics to browse at your leisure. When you locate a publication
of interest, you can print the announcement. You can also go back to the Electronic SCAN home page
and follow the ordering instructions to quickly receive the full document.

Start your access to Electronic SCAN today. Over 1,000 announcements of new reports, books, con-
ference proceedings, journal articles...and more—available to your computer every two weeks.

For Internet access to E-SCAN, use any of the
following addresses:

http://www.sti.nasa.gov
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.gov on 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.gov. Leave the subject line blank and enter a subscribe command in the message
area formatted as follows:

Subscribe <desired list> <Your name>

For additional information, e-mail a message to help@sti.nasa.gov.

Phone: (301) 621-0390

Fax: (301) 621-0134

Write: NASA Access Help Desk
NASA Center for AeroSpace Information
800 Elkridge Landing Road
Linthicum Heights, MD 21090-2934

Looking just for Aerospace Medicine and Biology reports?

Although hard copy distribution has been discontinued, 
you can still receive these vital announcements through 
your E-SCAN subscription. Just subscribe SCAN-AEROMED 
in the message area of your e-mail to listserve@sti.nasa.gov.



Table of Contents
Records are arranged in categories 1 through 19, the first nine coming from the Aeronautics 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  1
Includes aerodynamics of bodies, combinations, wings, rotors, and control surfaces; and
internal flow in ducts and turbomachinery.

03 Air Transportation and Safety  4
Includes passenger and cargo air transport operations; and aircraft accidents.

04 Aircraft Communications and Navigation  N.A.
Includes digital and voice communication with aircraft; air navigation systems (satellite and
ground based); and air traffic control.

05 Aircraft Design, Testing and Performance  4
Includes aircraft simulation technology.

06 Aircraft Instrumentation  6
Includes cockpit and cabin display devices; and flight instruments.

07 Aircraft Propulsion and Power  7
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  8
Includes aircraft handling qualities; piloting; flight controls; and autopilots.

09 Research and Support Facilities (Air)  10
Includes airports, hangars and runways; aircraft repair and overhaul facilities; wind tunnels;
shock tubes; and aircraft engine test stands.

10 Astronautics                                                                                                       N.A.
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      11
Includes chemistry and materials (general); composite materials; inorganic and physical
chemistry; metallic materials; nonmetallic materials; propellants and fuels; and materials
processing.



12 Engineering 11
Includes engineering (general); communications and radar; electronics and electrical engi-
neering; fluid mechanics and heat transfer; instrumentation and photography; lasers and
masers; mechanical engineering; quality assurance and reliability; and structural mechanics.

13 Geosciences 14
Includes geosciences (general); earth resources and remote sensing; energy production and
conversion; environment pollution; geophysics; meteorology and climatology; and ocean-
ography.

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

15 Mathematical and Computer Sciences N.A.
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.

16 Physics 15
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 16
Includes social sciences (general); administration and management; documentation and
information science; economics and cost analysis; law, political science, and space policy;
and urban technology and transportation.

18 Space Sciences N.A.
Includes space sciences (general); astronomy; astrophysics; lunar and planetary exploration;
solar physics; and space radiation.

19 General N.A.

Indexes
Two indexes are available. You may use the find command under the tools menu while viewing the
PDF file for direct match searching on any text string. You may also view the indexes provided, for
searching on NASA Thesaurus subject 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
Select Availability  Info  for important information about NASA Scientific and Technical Infor-
mation (STI) Program Office products and services, including registration with the NASA Center
for AeroSpace Information (CASI) for access to the NASA CASI TRS (Technical Report Server),
and availability and pricing information for cited documents.



The New NASA V ideo
Catalog is Here

To order your       copy,

call the NASA Access Help Desk at

(301) 621-0390,

fax to

(301) 621-0134,

e-mail to

help@sti.nasa.gov,

or visit the NASA STI Program

homepage at

http://www.sti.nasa.gov/STI-homepage.html
(Select STI Program Bibliographic Announcements)

Explore the Universe!



Document  Availability Information
The mission of the NASA Scientific and Technical (STI) Program Office is to quickly, efficiently,
and cost-effectively 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 offers a wide variety of products and services to achieve its mission. Your
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
register at the 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
800 Elkridge Landing Road
Linthicum Heights, MD 21090-2934

Limited Reproducibility

In the database citations, a note of limited reproducibility appears if there are factors affecting the
reproducibility of 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

Patents and 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
advance, by money order or check payable to the Commissioner of Patents and Trademarks. 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
available for royalty-free licensing. Requests for licensing terms and 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
public is ordinarily given on the last line of the citation. The most commonly indicated sources and
their acronyms or abbreviations are listed below, with an Addresses of Organizations list near the
back of this section. If the publication is available from a source other than those listed, the publisher
and his 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) and microfiche (MF) are indicated by a price code following the letters HC or MF in
the citation. Current values are given in the NASA CASI Price Code Table near the end of
this section.
Note on Ordering Documents: When ordering publications from NASA CASI, use the document ID number
or other report number. It is also advisable to cite the title and other bibliographic identification.

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

Avail: BLL  (formerly NLL): British Library Lending Division, Boston Spa, Wetherby, Yorkshire,
England. Photocopies available from this organization 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 booklet, DOE Technical Information Center—Its Functions and Services
(TID-4660), which may be obtained without charge from the DOE Technical Information
Center.

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

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



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

Avail: 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.

Avail: NASA Public Document Rooms. Documents so indicated may be examined at or purchased
from the National Aeronautics and Space Administration (JBD-4), Public Documents
Room (Room 1H23), Washington, DC 20546-0001, or public document rooms located at
NASA installations, and the NASA Pasadena Office at the Jet Propulsion Laboratory.

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

Avail: Univ. Microfilms. Documents so indicated are dissertations selected from Dissertation
Abstracts and 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.

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

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

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



Addresses  of Organizations

British Library Lending Division National Technical Information Service
Boston Spa, Wetherby, Yorkshire 5285 Port Royal Road
England Springfield, VA 22161

Commissioner of Patents and Trademarks Pendragon House, Inc.
U.S. Patent and Trademark Office 899 Broadway Avenue
Washington, DC 20231 Redwood City, CA 94063

Department of Energy Superintendent of Documents
Technical Information Center U.S. Government Printing Office
P.O. Box 62 Washington, DC 20402
Oak Ridge, TN 37830

University Microfilms
European Space Agency– A Xerox Company

Information Retrieval Service ESRIN 300 North Zeeb Road
Via Galileo Galilei Ann Arbor, MI 48106
00044 Frascati (Rome) Italy

University Microfilms, Ltd.
ESDU International Tylers Green
27 Corsham Street London, England
London
N1 6UA U.S. Geological Survey Library National Center
England MS 950

12201 Sunrise Valley Drive
Fachinformationszentrum Karlsruhe Reston, VA 22092

Gesellschaft für wissenschaftlich–technische
Information mbH U.S. Geological Survey Library

76344 Eggenstein–Leopoldshafen, Germany 2255 North Gemini Drive
Flagstaff, AZ 86001

Her Majesty’s Stationery Office
P.O. Box 569, S.E. 1 U.S. Geological Survey
London, England 345 Middlefield Road

Menlo Park, CA 94025
NASA Center for AeroSpace Information
800 Elkridge Landing Road U.S. Geological Survey Library
Linthicum Heights, MD 21090–2934 Box 25046

Denver Federal Center, MS914
(NASA STI Lead Center) Denver, CO 80225
National Aeronautics and Space Administration
Scientific and Technical Information Program Office
Langley Research Center – MS157
Hampton, VA 23681



 NASA CASI Price Code T able
(Effective July 1, 1996)

CASI NORTH
PRICE AMERICAN FOREIGN
CODE PRICE PRICE

A01 $ 6.50 $ 13.00
A02  10.00 20.00
A03 19.50 39.00

A04-A05 21.50 43.00
A06 25.00 50.00
A07 28.00 56.00
A08 31.00 62.00
A09 35.00 70.00
A10 38.00 76.00
A11 41.00 82.00
A12 44.00 88.00
A13 47.00 94.00

A14-A17 49.00 98.00
A18-A21 57.00 114.00
A22-A25 67.00 134.00

A99 Call For Price Call For Price

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

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

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

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

Rev. 6/96



Federal Depository Library Program

In order to provide the general public with greater access to U.S. Government publications, Congress
established the Federal Depository Library Program under the Government Printing Office (GPO),
with 53 regional depositories responsible for permanent retention of material, inter-library loan, and
reference services. At least one copy of nearly every NASA and NASA-sponsored publication,
either in printed or microfiche format, is received and retained by the 53 regional depositories. A list
of the Federal 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, Wetherby, 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 FIZ–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 are urged 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
800 Elkridge Landing Road
Linthicum Heights, MD 21090-2934.

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.



Federal Regional Depository Libraries

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

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
Iowa 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 P ARK
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, MI 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) 626–9353

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
106B Ellis Library
Govt. Documents Sect.
Columbia, MO 65201–5149
(314) 882–6733 Fax: (314) 882–8044

MONTANA
UNIV. OF MONTANA
Mansfield Library
Documents Division
Missoula, MT 59812–1195
(406) 243–6700 Fax: (406) 243–2060

NEBRASKA
UNIV. OF NEBRASKA – LINCOLN
D.L. Love Memorial Library
Lincoln, NE 68588–0410
(402) 472–2562 Fax: (402) 472–5131

NEVADA
THE UNIV. OF NEVADA
  LIBRARIES
Business and Govt. Information
  Center
Reno, NV 89557–0044
(702) 784–6579 Fax: (702) 784–1751

NEW JERSEY
NEWARK PUBLIC LIBRARY
Science Div. – Public Access
P.O. Box 630  
Five Washington Street 
Newark, NJ 07101–7812
(201) 733–7782 Fax: (201) 733–5648

NEW MEXICO
UNIV. OF NEW MEXICO
General Library
Govt. Information Dept.
Albuquerque, NM 87131–1466
(505) 277–5441 Fax: (505) 277–6019

NEW MEXICO STATE LIBRARY
325 Don Gaspar Avenue
Santa Fe, NM 87503
(505) 827–3824 Fax: (505) 827–3888

NEW YORK
NEW YORK STATE LIBRARY
Cultural Education Center
Documents/Gift & Exchange Section
Empire State Plaza
Albany, NY 12230–0001
(518) 474–5355 Fax: (518) 474–5786

NORTH CAROLINA
UNIV. OF NORTH CAROLINA –
  CHAPEL HILL
Walter Royal Davis Library
CB 3912, Reference Dept.
Chapel Hill, NC 27514–8890
(919) 962–1151 Fax: (919) 962–4451

NORTH DAKOTA
NORTH DAKOTA STATE UNIV. LIB.
Documents
P.O. Box 5599
Fargo, ND 58105–5599
(701) 237–8886 Fax: (701) 237–7138

UNIV. OF NORTH DAKOTA
Chester Fritz Library
University Station
P.O. Box 9000 – Centennial and
  University Avenue
Grand Forks, ND  58202–9000
(701) 777–4632 Fax: (701) 777–3319

OHIO
STATE LIBRARY OF OHIO
Documents Dept.
65 South Front Street
Columbus, OH 43215–4163
(614) 644–7051 Fax: (614) 752–9178

OKLAHOMA
OKLAHOMA DEPT. OF LIBRARIES
U.S. Govt. Information Division
200 Northeast 18th Street
Oklahoma City, OK 73105–3298
(405) 521–2502, ext. 253
Fax: (405) 525–7804

OKLAHOMA STATE UNIV.
Edmon Low Library
Stillwater, OK 74078–0375
(405) 744–6546 Fax: (405) 744–5183

OREGON
PORTLAND STATE UNIV.
Branford P. Millar Library
934 Southwest Harrison 
Portland, OR 97207–1151
(503) 725–4123 Fax: (503) 725–4524

PENNSYLVANIA
STATE LIBRARY OF PENN.
Govt. Publications Section
116 Walnut & Commonwealth Ave. 
Harrisburg, PA 17105–1601
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19970009247  Advisory Group for Aerospace Research and Development, Fluid Dynamics Panel, Neuilly-Sur-Seine,  France
Aerothermodynamics and Propulsion Integration for Hypersonic Vehicles  l’Integration de la Propulsion et de l’Aerodyna-
mique pour les Vehicules Hypersoniques
Aerothermodynamics and Propulsion Integration for Hypersonic Vehicles; Oct. 1996; 422p; In English, 15-19 Apr. 1996, Rhode-
Saint-Genese, Belgium; Also announced as 19970009248 through 19970009260
Report No.(s): AGARD-R-813; Copyright Waived; Avail: CASI; A18, Hardcopy; A04, Microfiche

Lecture for the AGARD Fluid Dynamics Panel (FDP) Special Course on ’Aerothermodynamics and Propulsion Integration
for Hypersonic Vehicles’ have been assembled in this report. The following topics are covered: Aerothermodynamics of radiation-
cooled surfaces; real-gas and strong interaction phenomena; hypersonic laminar-turbulent transition and turbulence modeling;
configurational aerothermodynamics of reentry vehicles (winged and capsule) as well as RAM and SCRAM propelled vehicles;
RAM and SCRAM inlet and propulsion integration; hypersonic missile aerothermodynamics and stage separation for two-stage
launch configurations. In addition, the Hypersonic Aerothermodynamic Program at VKI was presented as well as a Navier Stokes-
solver for hypersonic applications. The material assembled in this report was prepared under the combined sponsorship of the
AGARD Fluid Dynamics Panel, the Consultant and Exchange Program of AGARD, and the von Karman Institute (VKI) for Fluid
Dynamics.
Author
Aerothermodynamics; Hypersonic Flow; Stage Separation; Turbulence Models; Computational Fluid Dynamics; Navier-Stokes
Equation; Boundary Layer Transition; Supersonic Combustion Ramjet Engines; Flow Distribution
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19970007188  NASA Langley Research Center, Hampton, VA USA
Low-Speed Wind Tunnel Tests of Two Waverider Configuration Models
Pegg, Robert J., NASA Langley Research Center, USA; Hahne, David E., NASA Langley Research Center, USA; Cock-
rell,Charles E., Jr., NASA Langley Research Center, USA; 1995; 18p; In English; 6th; International Aerospace and Hypersonics
Technologies, 3-7 Apr. 1995, Chattanooga, TN, USA; Sponsored by American Inst. of Aeronautics and Astronautics, USA
Report No.(s): NASA-TM-111795; NAS 1.15:111795; AIAA Paper 95-6093; Copyright Waived (NASA); Avail: CASI; A03,
Hardcopy; A01, Microfiche

A definitive measurement of the low-speed flight characteristics of waverider-based aircraft is required to augment the overall
design database for this important class of vehicles which have great potential for efficient high-speed flight. Two separate waver-
ider-derived vehicles were tested; one in the 14- by 22-Foot Tunnel and the other in the 12-Foot Low Speed Tunnel at Langley
Research Center. These tests provided measurements of moments and forces about all three axes, control effectiveness, flow field
characteristics and the effects of configuration changes. The results of these tunnel tests are summarized and the subsonic aerody-
namic characteristics of the two configurations are shown.
Author (revised)
Wind Tunnel Tests; Waveriders; Aircraft Configurations; Subsonic Speed; Angle of Attack; Pitching Moments; Flight Character-
istics; Lateral Stability; Directional Stability; Lift Drag Ratio; Aerodynamic Stability; Aerodynamic Characteristics
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19970008124  NASA Langley Research Center, Hampton, VA USA
Computer Program to Obtain Ordinates for NACA Airfoils
Ladson, Charles L., NASA Langley Research Center, USA; Brooks, Cuyler W., Jr., NASA Langley Research Center, USA; Hill,
Acquilla S., NASA Langley Research Center, USA; Sproles, Darrell W., Computer Sciences Corp., USA; Dec. 1996; 23p; In
English
Contract(s)/Grant(s): RTOP 505-59-10-31
Report No.(s): NASA-TM-4741; L-17509; NAS 1.15:4741; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Computer programs to produce the ordinates for airfoils of any thickness, thickness distribution, or camber in the NACA
airfoil series were developed in the early 1970’s and are published as NASA TM X-3069 and TM X-3284. For analytic airfoils,
the ordinates are exact. For the 6-series and all but the leading edge of the 6A-series airfoils, agreement between the ordinates
obtained from the program and previously published ordinates is generally within 5 x 10(exp -5) chord. Since the publication of
these programs, the use of personal computers and individual workstations has proliferated. This report describes a computer pro-
gram that combines the capabilities of the previously published versions. This program is written in ANSI FORTRAN 77 and can
be compiled to run on DOS, UNIX, and VMS based personal computers and workstations as well as mainframes. An effort was
made to make all inputs to the program as simple as possible to use and to lead the user through the process by means of a menu.
Author
Computer Programs; Airfoil Profiles; Airfoils

19970009248  Von Karman Inst. for Fluid Dynamics, Aeronautics/Aerospace Dept., Rhode-Saint-Genese,  Belgium
Hypersonic Aerothermodynamics at VKI
Carbonaro, M., Von Karman Inst. for Fluid Dynamics, Belgium; Charbonnier, J.-M., Von Karman Inst. for Fluid Dynamics, Bel-
gium; Deconinck, H., Von Karman Inst. for Fluid Dynamics, Belgium; Aerothermodynamics and Propulsion Integration for Hy-
personic Vehicles; Oct. 1996; 58p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI; A04,
Hardcopy; A04, Microfiche

The Aeronautics/Aerospace Department of the von Karman Institute has been involved in research activities in the hypersonic
regime since the 1960’s with the installation of the hypersonic free piston tunnel Longshot, which allows to simulate high Re-
ynolds number hypersonic flows. Since then, a Mach 6 blow down facility H3 is also operational and at present time an induction
heating facility called Plasmatron is being developed under supervision of the European Space Agency. Simultaneously to the
development of experimental techniques, Computational Fluid Dynamics was initiated and in-house made codes are operational
to simulate hypersonic flows without chemistry and in thermal equilibrium. The objective of the present paper is to briefly describe
the research topics which have been addressed the past years and the current activities at the VKI in the hypersonic aerothermody-
namics area. Basic research topics will be first presented and then applications to hypersonic vehicles and development of facilities
will  be discussed.
Author
Aerothermodynamics; Hypersonics; Research; Computational Fluid Dynamics; Wind Tunnel Tests; Hypersonic Flow

19970009249  Von Karman Inst. for Fluid Dynamics, CFD Group, Rhode-Saint-Genese,  Belgium
A Parallel Implicit Multidimensional Upwind Cell V ertex Navier-Stokes Solver for Hypersonic Applications
vanderWeide, E., Von Karman Inst. for Fluid Dynamics, Belgium; Issman, E., Von Karman Inst. for Fluid Dynamics, Belgium;
Deconinck, H., Von Karman Inst. for Fluid Dynamics, Belgium; Gegrez, G., Von Karman Inst. for Fluid Dynamics, Belgium;
Aerothermodynamics and Propulsion Integration for Hypersonic Vehicles; Oct. 1996; 12p; In English; Also announced as
19970009247
Contract(s)/Grant(s): ESA-9363/91/NL/FG/CCN2; Copyright Waived; Avail: CASI; A03, Hardcopy; A04, Microfiche

A parallel perfect gas flow solver for axisymmetric applications is described. For the spatial discretization of the convective
fluxes it uses a multidimensional upwind, monotonic shock capturing, matrix distribution scheme on a compact stencil (at most
the points used by the Galerkin finite element discretization) in an unstructured grid, and the Galerkin finite element method for
the viscous part. For fast convergence towards steady state a fully parallel implicit Newton algorithm has been implemented,
where the resulting linear systems are solved by subdomain block ILV(0) preconditioned GMRES. A vertex-oriented domain de-
composition is used allowing an efficient parallel preconditioner for the GMRES. As the linear systems themselves are solved
on the complete grid, the convergence is practically independent of the way the grid is decomposed into subdomains. The message
passing library MPI was used for the communication to make the code as portable as possible. Applications are shown for a hyper-
sonic cone-fare configuration at different Mach and Reynolds numbers and a detailed comparison is made with a structured grid
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standard Finite Volume solver (the VKI-MB code). Results have been obtained on a four and eight processors SP2 demonstrating
the robustness and efficiency of the new flow solver.
Author
Navier-Stokes Equation; Gas Flow; Upwind Schemes (Mathematics); Galerkin Method; Finite Element Method; Unstructured
Grids (Mathematics); Computational Fluid Dynamics; Hypersonic Flow; Parallel Flow; Ideal Gas

19970009252  Cranfield Univ., Coll. of Aeronautics, Bedford,  UK
Hypersonic Laminar-Turbulent Transition and its Implications for Winged Configurations
Poll, D. I. A., Cranfield Univ., UK; Oct. 1996; 24p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI;
A03, Hardcopy; A04, Microfiche

The problem of laminar-turbulent transition on swept back wings travelling at hypersonic speeds has a great practical signifi-
cance. Swept back wings support three-dimensional boundary layer flows and, in consequence, two mechanisms for transition
are admitted which do not occur in two-dimensional situations. These are attachment-line contamination and cross-flow instabili-
ty. Both these are known to be very important in the generation of turbulent flow in low-speed flows. It is argued that these phenom-
ena are also important in high speed conditions. Available evidence is reviewed and, when possible, estimates are made of the
conditions necessary for the transition onset.
Author
Boundary Layer Transition; Hypersonic Flow; Swept Wings; Three Dimensional Boundary Layer; Reynolds Number; Boundary
Layer Flow

19970009260  Daimler-Benz Aerospace A.G., Militarflugzeuge, Munich,  Germany
The Technology Development and Verification Concept of the German Hypersonics Technology Programme
Hirschel, E. H., Daimler-Benz Aerospace A.G., Germany; Aerothermodynamics and Propulsion Integration for Hypersonic Vehi-
cles; Oct. 1996; 18p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI; A03, Hardcopy; A04, Micro-
fiche

Within the German Hypersonics Technology Program, a Technology Development and Verification study was performed in
order to structure the European Technology Maturation and Verification Phase. Elements of this study are discussed in this con-
tribution. After an introduction to the topic, a classification of hypersonic vehicles is given and the general design process is
sketched. The structure of the German Technology and Verification Study is shown, and the reference concept and the major flight
parameters are presented. An assessment of aerothermodynamics simulation means ia given along with a consideration of some
selected results of sensitivity studies and an explanation of the Transfer Model approach, which was developed in the study. Some
remarks on flight testing with experimental vehicles are followed by the summary of the results of the study.
Author
Hypersonics; Hypersonic Vehicles; Aerothermodynamics; Technology Assessment; Computerized Simulation

19970009362  Advisory Group for Aerospace Research and Development, Fluid Dynamics Panel, Neuilly-Sur-Seine,  France
Cooperative Programme on Dynamic Wind Tunnel Experiments for Manoeuvring Aircraft   Programme en cooperation
sur l experimentation dynamique en soufflerie pour la manoeuvrabilite de l avion
Oct. 1996; 250p; In English
Report No.(s): AGARD- AR-305; ISBN-92-836-1043-1; Copyright Waived; Avail: CASI; A11, Hardcopy; A03, Microfiche

This report describes a multinational cooperative program set up by the AGARD Fluid Dynamics Panel in response to the
continuing interest among the NATO countries in dynamic wind tunnel testing. Such testing is essential for obtaining the aerody-
namic information required to predict the behavior of an aircraft performing angular motions. At low angles of attack this occurs
primarily when the aircraft performs a small-amplitude oscillatory motion resulting from a disturbance or a control deflection.
The dynamic stability can then be predicted by solving linear equations of motion in which the aerodynamic reactions are repre-
sented by the so called stability derivatives, obtainable from oscillatory experiments. At high angles of attack this occurs when
the aircraft is involved in a spin, in which case rotary-balance data are required, or performs a rapid maneuver, in which case both
rotary-balance and large amplitude oscillatory data are needed. Such data are often non-linear and time dependent, compounding
the complexity of the prediction and analysis.
Derived from text
Aircraft Maneuvers; Flight Characteristics; Angle of Attack; Angular Velocity; Dynamic Tests; Equations of Motion; Linear
Equations; Stability Derivatives
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19970009366  Allied-Signal Aerospace Co., Phoenix, AZ USA
Quiet High-Speed Fan  Final Report
Lieber, Lysbeth, Allied-Signal Aerospace Co., USA; Repp, Russ, Allied-Signal Aerospace Co., USA; Weir, Donald S., Allied-
Signal Aerospace Co., USA; Nov. 1996; 96p; In English
Contract(s)/Grant(s): NAS3-27483; RTOP 538-03-11
Report No.(s): NASA-CR-198518; NAS 1.26:198518; E-10398; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

A calibration of the acoustic and aerodynamic prediction methods was performed and a baseline fan definition was estab-
lished and evaluated to support the quiet high speed fan program. A computational fluid dynamic analysis of the NASA QF-12
Fan rotor, using the DAWES flow simulation program was performed to demonstrate and verify the causes of the relatively poor
aerodynamic performance observed during the fan test. In addition, the rotor flowfield characteristics were qualitatively compared
to the acoustic measurements to identify the key acoustic characteristics of the flow. The V072 turbofan source noise prediction
code was used to generate noise predictions for the TFE731-60 fan at three operating conditions and compared to experimental
data. V072 results were also used in the Acoustic Radiation Code to generate far field noise for the TFE731-60 nacelle at three
speed points for the blade passage tone. A full 3-D viscous flow simulation of the current production TFE731-60 fan rotor was
performed with the DAWES flow analysis program. The DAWES analysis was used to estimate the onset of multiple pure tone
noise, based on predictions of inlet shock position as a function of the rotor tip speed. Finally, the TFE731-60 fan rotor wake struc-
ture predicted by the DAWES program was used to define a redesigned stator with the leading edge configured to minimize the
acoustic effects of rotor wake / stator interaction, without appreciably degrading performance.
Author
Turbofans; Aeroacoustics; Noise Prediction; Engine Noise; Noise Reduction
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19970005613  National Aeronautics and Space Administration. Langley Research Center, Hampton, VA USA
An Interactive Software for Conceptual Wing Flutter Analysis and Parametric Study
Mukhopadhyay, Vivek, National Aeronautics and Space Administration. Langley Research Center, USA; Aug. 1996; 20p
Contract(s)/Grant(s): RTOP 505-69-59-04
Report No.(s): NASA-TM-110276; NAS 1.15:110276; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

An interactive computer program was developed for wing flutter analysis in the conceptual design stage. The objective was
to estimate the flutter instability boundary of a flexible cantilever wing, when well-defined structural and aerodynamic data are
not available, and then study the effect of change in Mach number, dynamic pressure, torsional frequency, sweep, mass ratio, as-
pect ratio, taper ratio, center of gravity, and pitch inertia, to guide the development of the concept. The software was developed
for Macintosh or IBM compatible personal computers, on MathCad application software with integrated documentation, graphics,
data base and symbolic mathematics. The analysis method was based on non-dimensional parametric plots of two primary flutter
parameters, namely Regier number and Flutter number, with normalization factors based on torsional stiffness, sweep, mass ratio,
taper ratio, aspect ratio, center of gravity location and pitch inertia radius of gyration. The parametric plots were compiled in a
Vought Corporation report from a vast data base of past experiments and wind-tunnel tests. The computer program was utilized
for flutter analysis of the outer wing of a Blended-Wing-Body concept, proposed by McDonnell Douglas Corp. Using a set of
assumed data, preliminary flutter boundary and flutter dynamic pressure variation with altitude, Mach number and torsional stiff-
ness were determined.
Author
Software Development Tools; Software Engineering; Applications Programs (Computers); Computer Programs; Data Bases;
Flutter Analysis; Wind Tunnel Tests; Mach Number; Mass Ratios; Flexible Wings; Aerodynamics
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19970008122  NASA Lewis Research Center, Cleveland, OH USA
Effect of In-Flight Ice Accretion on the Performance of a Multi-Element Airfoil
Khodadoust, Abdollah, McDonnell-Douglas Aerospace, USA; Dominik, Chet, McDonnell-Douglas Aerospace, USA; Shin, Jai-
won, NASA Lewis Research Center, USA; Miller, Dean, NASA Lewis Research Center, USA; 1995; 10p; In English; Internation-
al Icing Symposium, 18-21 Sep. 1995, Montreal, Canada; Sponsored by Society of Automotive Engineers, Inc., USA
Contract(s)/Grant(s): RTOP 505-68-10
Report No.(s): NASA-TM-112174; NAS 1.15:112174; No Copyright; Avail: CASI; A02, Hardcopy; A01, Microfiche

The effects of potential in-flight ice accretion on the aerodynamic performance of a multi-element high-lift airfoil have been
investigated at moderate-to-high Reynolds numbers. The investigation was conducted in the Low Turbulence Pressure Tunnel
(LTPT) at NASA Langley Research Center. Simulated ice shapes obtained from earlier testing in the Icing Research Tunnel (IRT)
at NASA Lewis Research Center were used on all three elements of the multi-element configuration. Incremental performance
effects due to the ice accretion are presented for both smooth and rough ice accretions. Reynolds number effects on the measured
performance characteristics were also assessed. The present results confirm the importance of avoiding any ice accretions on the
forward element of a lifting configuration.
Author
Airfoils; Aircraft Icing; Reynolds Number; Wind Tunnel Tests; Angle of Attack; Lift

19970008131  National Aerospace Lab., Tokyo,  Japan
Simulation Study for a Fire Helicopter, Part 2, Effects of Turbulent Wind on theEfficiency and Safety
Okuno, Yoshinori, National Aerospace Lab., Japan; Funabiki, Kohei, National Aerospace Lab., Japan; Harada, Masashi, National
Aerospace Lab., Japan; Jun. 1996; ISSN 0389-4010; 21p; In Japanese; Original contains color illustrations
Report No.(s): NAL-TR-1293; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Simulation tests of a fire helicopter are performed using a flight simulator. A fire helicopter, which has the capability to sup-
press a fire in high-rise buildings by discharging pressurized water while hovering near the fire, is being developed by the Tokyo
Fire Department. One of the problems in realizing this concept is the heavily turbulent wind around buildings that may cause diffi-
culties in maintaining a stable hover. Wind tunnel tests and theoretical calculations are performed to clarify the characteristics of
the turbulence. Based on these results, some wind models around a high-rise building are developed, which are available in real
time flight simulations. Extensive piloted simulations are carried out using these models, demonstrating that the fire helicopter
can suppress fires efficiently up to a wind speed of 7 m/s. Safety criteria are also proposed for the situation when the helicopter
approaches a building. The results proved the effectiveness and safety of the fire helicopter. As a result, the approval was granted
for the experimental operation in March 1996.
Author
Helicopters; Fire Fighting; Computerized Simulation; Flight Simulators; Wind Effects

19970008141  National Aerospace Lab., Tokyo,  Japan
A Conceptual Study of An Advanced VTOL Transport Air craft
Saito, Yoshio, National Aerospace Lab., Japan; Endoh, Masanori, National Aerospace Lab., Japan; Matsuda, Yukio, National
Aerospace Lab., Japan; Sugiyama, Nanahisa, National Aerospace Lab., Japan; Watanabe, Minoru, National Aerospace Lab., Ja-
pan; Sugahari, Noboru, National Aerospace Lab., Japan; Yamamoto, Kazumoi, National Aerospace Lab., Japan; May 1996; ISSN
0389-4010; 16p; In Japanese
Report No.(s): NAL-TR-1292; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

A new concept of an advanced VTOL transport aircraft is studied and presented. The 100-passenger all-composite aircraft,
with separated core type lift fan engines and cruise fan engines, has a highly optimized configuration for high subsonic flight. It
is estimated that the aircraft is much quieter than conventional transports or small helicopters, and that the VTOL transport aircraft
does not seem to present technical problems that could not otherwise be solved.
Author
Vertical Takeoff Aircraft; Transport Aircraft; Subsonic Speed; Aircraft Configurations; Passenger Aircraft

19970009256  NASA Lewis Research Center, Cleveland, OH USA
Computational Modeling and Validation for Hypersonic Inlets
Povinelli, Louis A., NASA Lewis Research Center, USA; Aerothermodynamics and Propulsion Integration for Hypersonic Vehi-
cles; Oct. 1996; 10p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI; A02, Hardcopy; A04, Micro-
fiche



6

Hypersonic inlet research activity at NASA is reviewed. The basis for the paper is the experimental tests performed with three
inlets: the NASA Lewis Research Center Mach 5, the McDonnell Douglas Mach 12, and the NASA Langley Mach 18. Both three-
dimensional PNS and NS codes have been used to compute the flow within the three inlets. Modeling assumptions in the codes
involve the turbulence model, the nature of the boundary layer, shock wave-boundary layer interaction, and the flow spilled to
the outside of the inlet. Use of the codes and the experimental data are helping to develop a clearer understanding of the inlet flow
physics and to focus on the modeling improvements required in order to arrive at validated codes.
Author
Hypersonic Inlets; Mach Number; Inlet Flow; Flow Distribution; Turbulence Models; Shock Wave Interaction; Pressure Dis-
tribution; Computational Fluid Dynamics

19970009376  Georgia Inst. of Tech., Aerospace Systems Design Lab., Atlanta, GA USA
Tailor ed Cost Model for Military Air craft   Topical Report, 24 Sep. 1996
Dec. 13, 1996; 18p; In English; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

The Tailored Cost Model (TCM) software was developed at McDonnell Douglas. It uses standard Lotus spreadsheets to per-
form a detailed economic analysis (Life Cycle Cost) of a military aircraft system. The cost calculations are based on Cost Estimat-
ing Relationships (CERs) derived from large historical databases or selected from public domain models (3, 4, 5, 6, 7). Parts
weights and complexities act as main drivers. The depth of analysis led to a huge amount of equation cells. Given the personal
computing technology of the early 1990’s, this bulk of data could only be handled by distributing it over several individual spread-
sheet files. This made the process of analyzing an aircraft system quite cumbersome, as every file had to be manually loaded, then
processed and saved, and its data combined with the subsequent file.
Derived from text
Design to Cost; Military Aircraft; Cost Analysis; Life Cycle Costs; Economic Analysis; Aircraft Models
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19970007618  NASA Lewis Research Center, Cleveland, OH USA
Low Gravity Guidance System for Airborne Microgravity Research
Rieke, W. J., NASA Lewis Research Center, USA; Emery, E. F., NASA Lewis Research Center, USA; Boyer, E. O., NASA Lewis
Research Center, USA; Hegedus, C., NYMA, Inc., USA; ODonoghue, D. P., NYMA, Inc., USA; Nov. 1996; 12p; In English; 34th;
Aerospace Sciences Meeting and Exhibit, 15-18 Jan. 1996, Reno, NV, USA; Sponsored by American Inst. of Aeronautics and
Astronautics, USA
Contract(s)/Grant(s): NAS3-27186; RTOP 963-80-0E
Report No.(s): NASA-TM-107139; E-10069; NAS 1.15:107139; AIAA Paper 96-0936; No Copyright; Avail: CASI; A03, Hard-
copy; A01, Microfiche

Microgravity research techniques have been established to achieve a greater understanding of the role of gravity in the funda-
mentals of a variety of physical phenomena and material processing. One technique in use at the NASA Lewis Research Center
involves flying Keplarian trajectories with a modified Lear Jet and DC-9 aircraft to achieve a highly accurate Microgravity envi-
ronment by neutralizing accelerations in all three axis of the aircraft. The Low Gravity Guidance System (LGGS) assists the pilot
and copilot in flying the trajectories by displaying the aircraft acceleration data in a graphical display format. The Low Gravity
Guidance System is a microprocessor based system that acquires and displays the aircraft acceleration information. This informa-
tion is presented using an electroluminescent display mounted over the pilot’s instrument panel. The pilot can select the Micro-
gravity range that is required for a given research event. This paper describes the characteristics, design, calibration and testing
of the Low Gravity Guidance System Phase 3, significant lessons from earlier systems and the developmental work on future sys-
tems.
Author
Microgravity; Display Devices; Weightlessness Simulation; Aircraft Guidance; Aircraft Instruments; Indicating Instruments
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19970007724  Prins Maurits Lab. TNO, Rijswijk,  Netherlands
Developments in Missile Ramjet Propulsion  Final Report
Calzone, R. F., Prins Maurits Lab. TNO, Netherlands; Dec.1996; 77p; In English
Contract(s)/Grant(s): A95/KLu/487; Proj. 2234-96-300
Report No.(s): TD96-0427; PML-1996-A100; Copyright; Avail: Issuing Activity (TNO Prins Maurits Lab., Rijswijk, Nether-
lands), Hardcopy, Microfiche

At the request of the Royal Netherlands Air Force, a study into the international developments on missile ramjet propulsion
has been carried out. It is the objective of this work to provide an outline of ramjet propulsion for missiles with a view on technical
and operational aspects as well as the ongoing international developments. he essential areas for employment of missile systems,
which are presently insufficiently perceived for ramjet issile systems, have been identified in accordance with the Royal Nether-
lands Air Force. Future work on these areas will be defined in consensus with the Royal Netherlands Air Force.
Author (revised)
Propulsion; Ramjet Engines; Missile Systems

19970008377  Technische Hogeschool, Aerospace Engineering, Delft,  Netherlands
A Review of Propeller Modelling Techniques Based on Euler Methods
Zondervan, G. J. D., Technische Hogeschool, Netherlands; Nov. 1995; 81p; In English
Report No.(s): LR-797; ISBN-90-5623-031-X; Copyright; Avail: Issuing Activity (Delft Univ. of Technology, PO Box 5058,
2600 GB Delft, The Netherlands), Hardcopy, Microfiche

New, advanced design tools like Euler methods will be needed in the design process of future civil aircraft powered by new,
highly efficient propeller propulsion systems. This report describes the application of Euler methods to the modelling of propeller
generated flowfields. The general layout of propellers is introduced along with the propeller slipstream. It is argued that Euler
methods can treat a wider range of flow conditions than classical propeller theories. The power of Euler methods lies in the fact
a separate wake model is not needed because their solution includes the propeller slipstream. Two different ways are described
for modeling the propeller slipstream using Euler methods. These are the time-accurate approach that uses the real propeller geom-
etry and the time-averaged approach using an actuator disc representation of the propeller.
Derived from text
Boundary Conditions; Propeller Slipstreams; Propulsion System Configurations; Flow Distribution; Computer Aided Design;
Computational Grids; Euler Equations of Motion

19970009254  Daimler-Benz Aerospace A.G., Military Aircraft, Munich,  Germany
Inlet and Propulsion Integration of RAM Propelled Vehicles
Bissinger, N. C., Daimler-Benz Aerospace A.G., Germany; Aerothermodynamics and Propulsion Integration for Hypersonic
Vehicles; Oct. 1996; 46p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI; A03, Hardcopy; A04,
Microfiche

The design of intakes and afterbodies for hypersonic vehicles with RAM air breathing propulsion systems is described. The
aerodynamic aspects of the integration of the forebody with the intake and the afterbody with the nozzle are outlined. The poten-
tials and deficits of modern available tools are demonstrated and a strategy for the design of the propulsion system for a hypersonic
vehicle is proposed.
Author
Propulsion System Configurations; Afterbodies; Air Intakes; Ramjet Engines; Computational Fluid Dynamics; Flow Visualiza-
tion; Navier-Stokes Equation; Wind Tunnel Tests

19970009255  NASA Lewis Research Center, Cleveland, OH USA
Inlet and Propulsion Integration of Scram Propelled Vehicles
Povinelli, Louis A., NASA Lewis Research Center, USA; Oct. 1996; 22p; In English; Also announced as 19970009247; Copyright
Waived; Avail: CASI; A03, Hardcopy; A04, Microfiche

The material to be presented in these two lectures begins with cycle considerations of the turbojet engine combined with a
ramjet engine to provide thrust over the range of Mach 0 to 5. We will then examine in some detail the aerodynamic behavior that
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occurs in the inlet operating near the peak speed. Following that, we shall view a numerical simulation through a baseline scramjet
engine, starting at the entrance to the inlet, proceeding into the combustor and through the nozzle. In the next segment, we examine
a combined rocket and ramjet propulsion system. Analysis and test results will be examined with a view toward evaluation of the
concept as a practical device. Two other inlets will then be reviewed: a Mach 12 inlet and a Mach 18 configuration. Finally, we
close our lectures with a discussion of the Detonation Wave engine, and inspect the physical and chemical behavior obtained from
numerical simulation. A few final remarks will be made regarding the application of CFD for hypersonic propulsion components.
Author
Systems Integration; Turbojet Engines; Mach Number; Air Intakes; Hypersonic Speed; Computerized Simulation; Supersonic
Combustion Ramjet Engines; Propulsion System Performance
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19970005615  Arnold Engineering Development Center, Arnold AFS, TN USA
Equations for Store Separation Motion Simulations and Instrumented Model Data Reduction  Final Report, Oct. 1993 -
Jan. 1995
Keen, K. S., Arnold Engineering Development Center, USA; Aug. 1996; 231p; In English
Contract(s)/Grant(s): AF Proj. 0675
Report No.(s): AD-A313396; AEDC-TR-95-12; No Copyright; Avail: CASI; A11, Hardcopy; A03, Microfiche

The mathematical equations of motion for ground simulation of the separation trajectories of stores from aircraft are devel-
oped in this document. The equations have application to both analytical and wind tunnel captive trajectory store separation test-
ing. The equations of motion as presented here include features not previously available in AEDC analytical and wind tunnel
simulations such as arbitrary aircraft maneuvers, more rigorous models of the specific pivot hardware used by some aircraft, and
downrail motions with all components of kinematic acceleration (including Corlolis effects) modeled. The data reduction equa-
tions for free-falling instrumented store models are also included.
DTIC
Aircraft Maneuvers; Data Reduction; Motion Simulation; Equations of Motion; Wind Tunnel Tests

19970007200  NASA Langley Research Center, Hampton, VA USA
Nonlinear Stability of Supersonic Jets
Bhat, T. R. S., Old Dominion Univ., USA; Seiner, J. M., NASA Langley Research Center, USA; Tiwari, S. N., Old Dominion
Univ., USA; 1995; 10p; In English; 1st; Aeroacoustics, 12-15 Jun. 1995, Munich, Germany; Sponsored by American Inst. of Aero-
nautics and Astronautics, USA
Contract(s)/Grant(s): NAG1-1518
Report No.(s): NASA-TM-111928; NAS 1.15:111928; AIAA Paper 95-089; No Copyright; Avail: CASI; A02, Hardcopy; A01,
Microfiche

This paper presents stability calculations made for a shock-free supersonic jet using the model based on parabolized stability
equations. In this analysis the large-scale structures, which play a dominant role in the mixing as well as the noise radiated, are
modeled as instability waves. This model takes into consideration non-parallel flow effects and also nonlinear interaction of the
instability waves. The stability calculations have been performed for different frequencies and mode numbers over a range of jet
operating temperatures. Comparisons are made, where appropriate, with the solutions to Rayleigh’s equation (linear, inviscid
analysis with the assumption of parallel flow). The comparison of the solutions obtained using the two approaches show very good
agreement.
Author
Supersonic Jet Flow; Rayleigh Equations; Noise Reduction; Jet Aircraft Noise; Supersonic Commercial Air Transport

19970007336  Georgia Inst. of Tech., Atlanta, GA USA
Research In Nonlinear Flight Contr ol for Tiltr otor Air craft Operating in the Terminal Ar ea  Progress Report No. 1, 1 Sep.
1995 - 31 Aug. 1996
Calise, A. J., Georgia Inst. of Tech., USA; Rysdyk, R., Georgia Inst. of Tech., USA; Nov. 1996; 43p; In English
Contract(s)/Grant(s): NCC2-922
Report No.(s): NASA-CR-203112; NAS 1.26:203112; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche
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The research during the first year of the effort focused on the implementation of the recently developed combination of neural
net work adaptive control and feedback linearization. At the core of this research is the comprehensive simulation code Generic
Tiltrotor Simulator (GTRS) of the XV-15 tilt rotor aircraft. For this research the GTRS code has been ported to a Fortran environ-
ment for use on PC. The emphasis of the research is on terminal area approach procedures, including conversion from aircraft
to helicopter configuration. This report focuses on the longitudinal control which is the more challenging case for augmentation.
Therefore, an attitude command attitude hold (ACAH) control augmentation is considered which is typically used for the pitch
channel during approach procedures. to evaluate the performance of the neural network adaptive control architecture it was neces-
sary to develop a set of low order pilot models capable of performing such tasks as, follow desired altitude profiles, follow desired
speed profiles, operate on both sides of powercurve, convert, including flaps as well as mastangle changes, operate with different
stability and control augmentation system (SCAS) modes. The pilot models are divided in two sets, one for the backside of the
powercurve and one for the frontside. These two sets are linearly blended with speed. The mastangle is also scheduled with speed.
Different aspects of the proposed architecture for the neural network (NNW) augmented model inversion were also demonstrated.
The demonstration involved implementation of a NNW architecture using linearized models from GTRS, including rotor states,
to represent the XV-15 at various operating points. The dynamics used for the model inversion were based on the XV-15 operating
at 30 Kts, with residualized rotor dynamics, and not including cross coupling between translational and rotational states. The neu-
ral network demonstrated ACAH control under various circumstances. Future efforts will include the implementation into the
Fortran environment of GTRS, including pilot modeling and NNW augmentation for the lateral channels. These efforts should
lead to the development of architectures that will provide for fully automated approach, using similar strategies.
Derived from text
Tilt Rotor Aircraft; Rotor Dynamics; Helicopters; Attitude Control; Adaptive Control; Feedback Control; Linearization; Stabil-
ity; XV-15 Aircraft

19970008007  Institute for Human Factors TNO, Soesterberg,  Netherlands
Development and Performance of a Cockpit Control System Operated by Voice: Summary Report of Project DMKLu/
AC02/A/9105  Final Report  Ontwikkeling en prestatie van een door spraak bediend cockpit-besturingssyssysteem; samenvat-
tigsrapportage van fase 3 van het project DMKLu/AC02/A/9105
Steeneken, H. J. M., Institute for Human Factors TNO, Netherlands; Nov. 29, 1996; 15p; In English
Contract(s)/Grant(s): A91/KLu/325
Report No.(s): RP-96-0198; TNO-TM-96-A055; Copyright; Avail: Issuing Activity (TNO Human Factors Research Institute,
Kampweg 5, PO Box 23, 3769 ZG Soesterberg, The Netherlands), Hardcopy, Microfiche

This report is an overview of the development and flight testing os a cockpit voice control system for an F-16 aircraft. The
Royal Netherlands Air Force pilots flew 17 of the 29 sessions flown. The overall achieved accuracy of word recognition was about
69 percent with scores per session ranging from 0.53 to 0.88. The average completion rate (i.e., correctly executed commands)
was around 66 percent. This low performance is insufficient for the envisioned operational applications. During the pilot debrief-
ing, it was learned that although performance was considered insufficient, the expansion of functions, such as radio station selec-
tion by name, was highly appreciated. In general, the syntax used was too complex and this lead to incorrect commands. A more
flexible command language is required. A data base was compiled with the recorded speech signals from the 17 sorties. With this
data base, repetitive experiments can be carried out with different types of recognizers. The assessment of a new large vocabulary
speech recognizer that was trained for the grammar (command string construction) of the cockpit commands produced a signifi-
cantly higher recognition performance of 87 percent.
Derived from text
Command Languages; Voice Control; Words (Language); Flight Tests; Speech Recognition; Voice Communication; Command
and Control

19970008392  NASA Langley Research Center, Hampton, VA USA
Lateral-Dir ectional Eigenvector Flying Qualities Guidelines for High Performance Aircraft
Davidson, John B., NASA Langley Research Center, USA; Andrisani, Dominick, II, Purdue Univ., USA; Dec. 1996; 60p; In En-
glish
Contract(s)/Grant(s): RTOP 522-22-21-03
Report No.(s): NASA-TM-110306; NAS 1.15:110306; No Copyright; Avail: CASI; A04, Hardcopy; A01, Microfiche

This report presents the development of lateral-directional flying qualities guidelines with application to eigenspace (eigen-
structure) assignment methods. These guidelines will assist designers in choosing eigenvectors to achieve desired closed-loop
flying qualities or performing trade-offs between flying qualities and other important design requirements, such as achieving real-
izable gain magnitudes or desired system robustness. This has been accomplished by developing relationships between the sys-
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tem’s eigenvectors and the roll rate and sideslip transfer functions. Using these relationships, along with constraints imposed by
system dynamics, key eigenvector elements are identified and guidelines for choosing values of these elements to yield desirable
flying qualities have been developed. Two guidelines are developed - one for low roll-to-sideslip ratio and one for moderate-to-
high roll-to-sideslip ratio. These flying qualities guidelines are based upon the Military Standard lateral-directional coupling crite-
ria for high performance aircraft - the roll rate oscillation criteria and the sideslip excursion criteria. Example guidelines are
generated for a moderate-to-large, an intermediate, and low value of roll-to-sideslip ratio.
Author
Eigenvectors; Fighter Aircraft; Supersonic Aircraft; Flight Characteristics; Lateral Stability
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19970008138  Army Cold Regions Research and Engineering Lab., Hanover, NH USA
PCC Airfield Pavement Response During Thaw-Weakening Periods. A Field Study
Janoo, Vincent C., Army Cold Regions Research and Engineering Lab., USA; Berg, Richard L., Army Cold Regions Research
and Engineering Lab., USA; May 1996; 46p; In English
Contract(s)/Grant(s): 4A762784AT42
Report No.(s): AD-A310423; CRREL-SR-96-12; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This investigation is part of CRREUs on-going characterization of pavement performance in seasonal frost areas. As part of
the research, CRREL conducted several field studies for the Federal Aviation Administration (FM) on the response of airport pave-
ments during thaw-weakening periods at three civil airports in Wisconsin, where the design freezing index in the area was around
900 to 1100 C-days and frost penetration ranged between 1250 to 2000 mm. This study focused on the performance of Portland
Cement Concrete (PCC) pavements during the spring thaw-weakening period. The sites were instrumented with subsurface ther-
mocouples and Falling Weight Deflectometer (FWD) tests were conducted during the spring thaw period at the center of the slab
and across the joints. An analysis of the FWD data and backcalculation of the layer moduli using ILLIBACK and WESDEF was
conducted. Unique relationships between the FWD deflections and the subgrade modulus and coefficient of subgrade reaction
were obtained. Additional relationships were developed using the FWD deflections, PCC thickness and the horizontal tensile
stress at the bottom of the PCC layer. A relationship between load transfer across joints and FWD deflections was also developed.
On the basis of the relationships obtained in this study, a methodology for evaluating PCC pavements during s pring thaw was
developed. However, this methodology needs to be verified for other subgrade types and areas with other design freezing indices.
DTIC
Pavements; Frost; Cements; Tensile Stress; Loads (Forces); Freezing; Airports

19970009349  NASA Lewis Research Center, Cleveland, OH USA
An Experimental Device for Generating High Frequency Perturbations in Supersonic Wind Tunnels
Melcher, Kevin J., NASA Lewis Research Center, USA; Ibrahim, Mounir B., Cleveland State Univ., USA; Dec. 1996; 16p; In
English; International Congress on Fluid Dynamics and Propulsion, 29-31 Dec. 1996, Cairo, Egypt; Sponsored by Cairo Univ.,
Egypt
Contract(s)/Grant(s): RTOP 537-05-21
Report No.(s): NASA-TM-107385; NAS 1.15:107385; E-10578; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This paper describes the analytical study of a device that has been proposed as a mechanism for generating gust-like perturba-
tions in supersonic wind tunnels. The device is envisioned as a means to experimentally validate dynamic models and control
systems designed for high-speed inlets. The proposed gust generator is composed of two flat trapezoidal plates that modify the
properties of the flow ingested by the inlet. One plate may be oscillated to generate small perturbations in the flow. The other plate
is held stationary to maintain a constant angle-of-attack. Using an idealized approach, design equations and performance maps
for the new device were developed from the compressible flow relations. A two-dimensional CFD code was used to confirm the
correctness of these results. The idealized approach was then used to design and evaluate a new gust generator for a 3.05-meter
by 3.05-meter (10-foot by 10-foot) supersonic wind tunnel.
Author
Supersonic Wind Tunnels; Gusts; Inlet Flow; Wind Tunnel Apparatus; Surges; Pressure Pulses
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19970005629  Northrop Grumman Corp., Bethpage, NY USA
Novel Composites for Wing and Fuselage Applications  Final Report, Jun. 1992 - Sep. 1994
Suarez, J. A., Northrop Grumman Corp., USA; Buttitta, C., Northrop Grumman Corp., USA; Sep. 1996; 90p; In English
Contract(s)/Grant(s): NAS1-18784; RTOP 538-10-11-02
Report No.(s): NASA-CR-201612; NAS 1.26:201612; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

Design development was successfully completed for textile preforms with continuous cross-stiffened epoxy panels with cut-
outs. The preforms developed included 3-D angle interlock weaving of graphite structural fibers impregnated by resin film infiltra-
tion (RFI) and shown to be structurally suitable under conditions requiring minimum acquisition costs. Design guidelines/analysis
methodology for such textile structures are given. The development was expanded to a fuselage side-panel component of a subson-
ic commercial airframe and found to be readily scalable. The successfully manufactured panel was delivered to NASA Langley
for biaxial testing. This report covers the work performed under Task 3 -- Cross-Stiffened Subcomponent; Task 4 -- Design Guide-
lines/Analysis of Textile-Reinforced Composites; and Task 5 -- Integrally Woven Fuselage Panel.
Author
Resin Matrix Composites; Preforms; Woven Composites; Fabrication; Fuselages; Wings; Airframe Materials; Composite Struc-
tures
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19970005620  Georgia Inst. of Tech., School of Aerospace Engineering, Atlanta, GA USA
Active Control of Combustion Instability in a Ramjet Using Large-Eddy Simulations  Final Report, 1 Sep. 1992 - 31 Jul.
1995
Menon, Suresh, Georgia Inst. of Tech., USA; Jul. 1995; 157p; In English
Contract(s)/Grant(s): N00014-92-J-4030
Report No.(s): AD-A317107; No Copyright; Avail: CASI; A08, Hardcopy; A02, Microfiche

This study has developed a large-eddy simulation model for active control. The basic simulation co ntrol was extended for
general applications, the simulation code was implemented on a massively parallel processor, and two active control techniques
(acoustic feedback control and secondary fuel injection control) were investigated. However, the primary focus for active control
in this study was on secondary fuel injection techniques, as it had been demonstrated in past experimental studies that this method
was more practical. Numerical simulations of fuel injection control were carried out and, in addition, a theoretical model for secon-
dary fuel injection control was developed along with a method to couple the theoretical model to the simulation model. Finally,
to implement a robust controller, a fuzzy logic based controller for fuel injection was studied using a simplified problem geometry.
to investigate the effects of three-dimensionality, full 3D Large-Eddy Simulation (LES) of combustion instability was also carried
out.
DTIC
Combustion Stability; Eddy Currents; Ramjet Engines; Computerized Simulation

19970007214  Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek, Human Factors Research Inst., Soesterberg,
Netherlands
Automatic Speech Recognition Performance in a Simulation-Based Fast-Jet Cockpit Application  Interim Report  Automa-
tische spraakherkenning toegepast voor controletaken in de cockpit van een jachtvliegtuig
Steeneken, H. J. M., Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek, Netherlands; Kriekaard, J. J., Organisatie
voor Toegepast Natuurwetenschappelijk Onderzoek, Netherlands; vanLeeuwen, D. A., Organisatie voor Toegepast Natuurwe-
tenschappelijk Onderzoek, Netherlands; Nov. 28, 1996; 17p; In English
Contract(s)/Grant(s): A91/Klu/325
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Report No.(s): TNO-TM-96-A053; RP-96-0196; Copyright; Avail: Issuing Activity (Organisatie voor Toegepast Natuurwetens-
chappelijk Onderzoek, Soesterberg, Netherlands), Hardcopy, Microfiche

A project on automatic speech recognition for control of systems in a fastjet cockpit was conducted by the TNO Human Fac-
tors Research Institute (TNO-HFRI) and the National Aerospace Laboratory (NLR). The project included three phases: (1) the
feasibility, (2) speech recognizer selection and implementation in a flight simulator and (3) performance testing in an advanced
fast jet simulator. Presently the experiments for phase 3 were conducted, the results are given in this report. The experiments con-
sisted of over 29 sorties of approximately one hour each. In total the results of 17 sorties, performed by three experienced pilots,
were analyzed. During each sortie a pilot in the F-16 National Simulator Facility had access to a control by voice of radio systems,
displays and Hands-On-Throttle-And-Stick (HOTAS) functions. These systems could also be controlled manually as in the nor-
mal situation. During the ’flight’ tests recordings were made of the speech signals and a video recording of the pilot actions. Analy-
sis of all pilot actions including the voice control and debriefing was performed by the NLR and is reported separately. In this report
the recognizer performance is analyzed. It was found that under these simulator flight conditions the performance (accuracy) drops
from over 0.95 for read speech to 0.69 for the simulator spontaneous speech condition. Results obtained in four flight experiments
performed in other laboratories showed similar results for read speech (three experiments) and for spontaneous speech (one exper-
iment). From the original 281 word vocabulary only 65 words were used frequently by the pilots. These 65 words had a coverage
of 90% of all words used during the tests. This means that the complexity of the recognition process can be reduced which will
lead to a better performance of the recognizer. From the speech material a calibrated date base was built with all the speech utter-
ances annotated orthographically at command string level. This data base is described in a separate report. A pilot study was per-
formed with a modern phoneme/grammar based recognizer. With this speaker independent system a mean performance of 0.85
(accuracy) was obtained.
Derived from text
Speech Recognition; Voice Control; Cockpits; Automatic Control; Feasibility; Words (Language)

19970007979  NASA Lewis Research Center, Cleveland, OH USA
Predicted Turbine Heat Transfer for a Range of Test Conditions
Boyle, R. J., NASA Lewis Research Center, USA; Lucci, B. L., NASA Lewis Research Center, USA; Nov. 1996; 42p; In English;
41st; Gas Turbine and Aeroengine Congress, 10-13 Jun.1996, Birmingham, UK; Sponsored by American Society of Mechanical
Engineers, USA
Contract(s)/Grant(s): RTOP 505-62-52
Report No.(s): NASA-TM-107374; NAS 1.15:107374; E-10543; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Comparisons are shown between predictions and experimental data for blade and endwall heat transfer. The comparisons of
computational domain parisons are given for both vane and rotor geometries over an extensive range of Reynolds and Mach num-
bers. Comparisons are made with experimental data from a variety of sources. A number of turbulence models are available for
predicting blade surface heat transfer, as well as aerodynamic performance. The results of an investigation to determine the turbu-
lence model which gives the best agreement with experimental data over a wide range of test conditions are presented.
Author
Aerodynamic Characteristics; Heat Transfer; Turbulence Models; Turbine Blades; Wall Flow; Navier-Stokes Equation

19970007989  Rockwell International Corp., Science Center, ThoUSAnd Oaks, CA USA
Development of Combined Asymptotic and Numerical Procedures for Transonic and Hypersonic Flows  Final Report, 1
Nov. 1991 - 31 Dec. 1995
Malmuth, N., Rockwell International Corp., USA; Fedorov, A., Rockwell International Corp., USA; Khokhlov, A., Rockwell In-
ternational Corp., USA; Cole, J., Rockwell International Corp., USA; Apr. 1996; 142p; In English; Original contains color plates
Contract(s)/Grant(s): F49620-92-C-0006
Report No.(s): AD-A310408; SC71062.FTR; AFOSR-TR-96-0321; No Copyright; Avail: CASI; A07, Hardcopy; A02, Micro-
fiche

Hypersonic and transonic flows of practical interest were investigated using combined asymptotic and numerical methods.
In the hypersonic regime, strong, moderate and weak interaction between shock and boundary layers were emphasized in relation
to stability and transition. A new instability was identified in which disturbances reflect from the boundary layer edge of a wave-
guide formed by the boundary layer and a flat plate. Other new amplification phenomena were discovered related to three-dimen-
sional disturbances and finite amplitude fluctuations in thin Newtonian shock layers. It was shown that the latter can produce
inflectional instabilities that can be exploited to enhance mixing in scramjet combustors. Similitudes were used to collapse Reen-
try-F cone data to a universal curve, forming a basis for quick-response hypersonic transition prediction. Another theoretical anal-
ysis showed that ultrasonically absorptive thermal protection surfaces can damp inviscid second-mode acoustic instabilities with
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the possibility of transition control. In the transonic speed range, an area rule for wall interference was developed as well as asymp-
totic theories for lifting interference and the effect of non circular walls. These provide systematic approximation procedures for
quick correction methods and optimal model sizing for maximum unit Reynolds number and minimum wall interference.
DTIC
Transonic Flow; Hypersonic Flow; Computational Fluid Dynamics; Boundary Layer Transition; Boundary Value Problems; Un-
steady Flow; Asymptotic Methods; Aerodynamic Interference; Inviscid Flow; Shock Waves; Wall Flow

19970008625
Experimental studies of magnetic levitation train aerodynamics
Tyll, J. S., Virginia Polytechnic Inst and State Univ, USA; Liu, D.; Schetz, J. A.; Marchman, J. F.; AIAA Journal; December 1996;
ISSN 0001-1452; 34, 12, pp. 2465-2470; In English; Copyright; Avail: Issuing Activity

 A high-speed moving-track test system was designed and built for the aerodynamic testing of magnetically levitated vehicle
(Maglev) models. The moving-track test system was configured to match wind speeds up to 150 miles per hour and to extend a
sufficient distance upstream and downstream of the test-vehicle model to provide a uniform flowfield at the model nose and to
simulate proper closure of the flowfield at the rear of the model. Extensive flowfield testing around the track system confirmed
its capability to properly simulate the flow around the high-speed tracked vehicle. The selected Maglev model was tested with
the moving-track system, and aerodynamic forces and moments were measured. Hot-wire anemometer surveys were used to ex-
amine the flowfield behind the model and the turbulence levels and transition location on the vehicle nose. Flow visualization tests
were also conducted to verify the nature of the flowfield found in the velocity surveys. Testing included direct measurement of
skin friction at selected locations on the model. Separate tests were conducted with the track system removed from the tunnel.
The resulting data provide a database for use in the design of Maglev systems and for comparison with computer analyses.
Author (EI)
Aerodynamics; Anemometers; Flow Visualization; High Speed; Magnetic Levitation Vehicles; Tracked Vehicles; Traction; Turbu-
lence

19970009251  Calspan-Buffalo Univ. Research Center, Physics and Chemistry Sciences Dept., NY USA
Viscous/Inviscid and Real-Gas Effects Associated with Hypersonic Vehicles
Holden, Michael S., Calspan-Buffalo Univ. Research Center, USA; Aerothermodynamics and Propulsion Integration for Hyper-
sonic Vehicles; Oct. 1996; 82p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI; A05, Hardcopy;
A04, Microfiche

In this segment of the lecture series, we discussed some of the important effects of viscous/inviscid interaction and real gas
phenomena on the design and performance of hypersonic vehicles. Following a general review of the importance of such effects
on vehicle design and performance, we discuss the effects of non-equilibrium and real-gas flows with emphasis on their impor-
tance to the accurate simulation of hypervelocity flows in ground test facilities. Because boundary layer transition exerts a domi-
nant influence on vehicle performance in a hypersonic flow regime, we briefly review some of the key phenomena which control
boundary layer transition in regions of adverse pressure gradient crossflow and along the attachment line of swept leading edges.
For it is such phenomena, where it is currently believed that experimental measurements in hypersonic ground test facilities are
of relevance. The key phenomena associated with shockwave/boundary layer interaction for both laminar and turbulent, two- and
three-dimensional flows are briefly reviewed and compared with the most recent prediction techniques. The aerothermal loads
and flowfield phenomena associated with regions of shock/shock interaction are then discussed with particular emphasis on the
effects of boundary layer transition and low-density flows on the magnitude of the peak heating in regions of Type 3 and 4 interac-
tions. Film and transpiration cooling must be employed to cool the internal components of high performance scramjet engines.
Correlations are presented to show the effectiveness and relative effectiveness of film and transpiration cooling both with and in
the absence of shockwave/boundary layer interaction. The aerothermal and aero-optical performance of seekerheads for hyper-
sonic interceptors represents currently one of the most key areas in hypersonic technology. The techniques that are being employed
to obtain measurements of the aerothermal and aero-optical performance in the LENS facility are briefly reviewed. Finally, we
present information on the ’CUBDAT’ database of hypersonic measurements which have been assembled from fundamental stud-
ies of the phenomena discussed in this segment of the lecture series.
Author
Viscous Flow; Inviscid Flow; Real Gases; Hypersonic Flow; Hypersonics; Gas Flow; Boundary Layer Transition; Film Cooling;
Shock Wave Interaction; Aerothermodynamics
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19970009354  NASA Lewis Research Center, Cleveland, OH USA
Development of an Aeroelastic Code Based on an Euler/Navier-Stokes Aerodynamic Solver
Bakhle, Milind A., Toledo Univ., USA; Srivastava, Rakesh, Toledo Univ., USA; Keith, Theo G., Jr., Toledo Univ., USA; Stefko,
George L., NASA Lewis Research Center, USA; Janus, Mark J., Mississippi State Univ., USA; Nov. 1996; 20p; In English
Contract(s)/Grant(s): NAG3-1803; RTOP 538-06-14
Report No.(s): NASA-TM-107362; NAS 1.15:107362; E-10523; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This paper describes the development of an aeroelastic code (TURBO-AE) based on an Euler/Navier-Stokes unsteady aero-
dynamic analysis. A brief review of the relevant research in the area of propulsion aeroelasticity is presented. The paper briefly
describes the original Euler/Navier-Stokes code (TURBO) and then details the development of the aeroelastic extensions. The
aeroelastic formulation is described. The modeling of the dynamics of the blade using a modal approach is detailed, along with
the grid deformation approach used to model the elastic deformation of the blade. The work-per-cycle approach used to evaluate
aeroelastic stability is described. Representative results used to verify the code are presented. The paper concludes with an evalua-
tion of the development thus far, and some plans for further development and validation of the TURBO-AE code.
Author
Aeroelasticity; Unsteady Aerodynamics; Euler Equations of Motion; Navier-Stokes Equation; Rotor Dynamics; Computer Pro-
grams
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19970008013  Naval Postgraduate School, Monterey, CA USA
Optimal Routing of Ice Reconnaissance Aircraft
Sposato, Joseph J., Naval Postgraduate School, USA; Sep. 1995; 72p; In English
Report No.(s): AD-A311724; No Copyright; Avail: CASI; A04, Hardcopy; A01, Microfiche

The USA Coast Guard (USCG) conducts the international ice Patrol (IIP) in the North Atlantic. The primary mission of the
lip is to identify the Limits of All Known Ice (the southeastern, southern and southwestern limits of the iceberg region in the vicin-
ity of the Grand Banks of Newfoundland) and to disseminate this information to mariners. The lip routinely flies reconnaissance
missions during the ice season to help locate the Limits of All Known Ice. This thesis develops an algorithm that, given a set of
priorities, determines the optimal routes to fly during these reconnaissance missions. The algorithm relies on partitioning the op-
eration area into squares where the length of each square’s side is the IIP radar or visual identification range. Each square has a
reward assigned using lip priorities which include location of the node, it’s proximity to the Limits of All Known Ice, whether
or not known icebergs are near it, and the time since it was last visited. The algorithm picks the route that conforms to lip operating
procedures with total greatest reward for nodes searched. The algorithm enumerates all routes obeying IIP operational procedures
within a few seconds guaranteeing an optimal solution. When compared to actual flights flown by the IIP, routes produced by the
algorithm better satisfy USCG defined priorities.
DTIC
Algorithms; Reconnaissance Aircraft; Ice Mapping; Optimization; Visual Perception; Flight Paths; Ice Reporting
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19970008012  Army Aeromedical Research Lab., Fort Rucker, AL USA
Counterweights Used with ANVIS  Final Report
McLean, Bill, Army Aeromedical Research Lab., USA; Shannon, Samuel, Army Aeromedical Research Lab., USA; McEntire,
Joe, Army Aeromedical Research Lab., USA; Armstrong, Scott, Army Aeromedical Research Lab., USA; Jul. 1996; 27p; In En-
glish
Contract(s)/Grant(s): DA Proj. 3M1-62787-A-879
Report No.(s): AD-A311728; USAARL-96-30; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche
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A survey was conducted at Fort Rucker, Alabama, on the use of counterweights with the aviator night vision imaging system
(ANVIS). The purposes of the survey were to determine frequency and purpose of counterweight use, materials used, and actual
weight of the counterweights. Thirty-seven night vision goggle (NVG) instructor pilots (IPs) and nineteen NVG student pilots
contributed to this survey. NVG participants flew four different aircraft types located at three different airfields. The results
showed that 76 percent of the NVG IPs used counterweights. Average weight for the counterweights was 13 oz with a minimum
of 8.9 and a maximum of 22 oz. For the graduating NVG student pilots, 100 percent used counterweights. The average counter-
weight used by the students was 11.7 oz with a minimum of 3.4 and a maximum of 20.1 oz. The two primary reasons listed for
using counterweights were to reduce the helmet from rotating forward and to relieve neck strain. The most common type of coun-
terweight consisted of a standard issued cloth bag with two to three rolls of pennies. In the heaviest possible configuration, the
head supported weight with ANVIS could be as much as 7.3 pounds lbs, which includes an X-Large SPH-4 helmet, 25-mm eye-
piece ANVIS with dual battery pack and AA batteries, 20 oz of counterweight, a lip light, and an ANVIS head-up diay (HUD).
of the 37 NVG IPs surveyed, the average estimated head supported weight with ANVIS was 4.7 lbs, with a minimum of 4.7 and
a maximum of 6.8 lbs. With the addition of a protective mask the total weight would increase by approximately 2 pounds.
DTIC
Aircraft Pilots; Night Vision; Pilot Performance; Night Flights (Aircraft); Dark Adaptation
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19970009250  Daimler-Benz Aerospace A.G., Militarflugzeuge, Munich,  Germany
Aerothermodynamics of Radiation-Cooled Surfaces
Hirschel, E. H., Daimler-Benz Aerospace A.G., Germany; Aerothermodynamics and Propulsion Integration for Hypersonic Vehi-
cles; Oct. 1996; 16p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI; A03, Hardcopy; A04, Micro-
fiche

This lecture introduces to the aerothermodynamics of radiation-cooled surfaces of high-speed flight vehicles operating in the
earth atmosphere at speeds below approximately 8 km/s. After a discussion of the technical background of heat loads at hypersonic
flight, a simple analysis shows how the radiation-adiabatic temperature qualitatively depends on the local boundary-layer proper-
ties. Computed examples illustrate the findings and show the implications of radiation cooling for the vehicle design. Scaling laws
and non-convex effects are treated, and the influence of radiation cooling on several surface phenomena is considered. Finally,
the need of a hot experimental technique is discussed and a possible integrated aerothermodynamic design approach is sketched.
Author
Aerothermodynamics; Radiant Cooling; Hypersonic Flight

19970009253  Dassault Aviation, Saint-Cloud,  France
Configurational Aerothermodynamics of RAM and SCRAM Propelled Vehicles
Perrier, P., Dassault Aviation, France; Courty, J. C., Dassault Aviation, France; Aerothermodynamics and Propulsion Integration
for Hypersonic Vehicles; Oct. 1996; 36p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI; A03,
Hardcopy; A04, Microfiche

Numerical and experimental tools are available for effective design of RAM and SCRAM propelled vehicles. Taking into
consideration that flight conditions are not well duplicated in wind tunnel tests for high entropy flow, performance prediction
should be supported by both calculations and experiments. An efficient multidisciplinary approach should account for all
constraints placed by aerothermal and aerodynamic factors.
Derived from text
Aerothermodynamics; Performance Prediction; Aerodynamic Configurations; Aircraft Configurations; Hypersonic Vehicles

19970009258  Aerospatiale Missiles, Chatillon,  France
Missile Aerothermodynamics and Propulsion Integration
Pagen, D., Aerospatiale Missiles, France; Lacau, R.-G., Aerospatiale Missiles, France; Aerothermodynamics and Propulsion In-
tegration for Hypersonic Vehicles; Oct. 1996; 44p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI;
A03, Hardcopy; A04, Microfiche
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This lecture provides a general review of aerothermodynamics and propulsion integration of supersonic and hypersonic mis-
siles. We focus on the major design problems and the simulation means with their potentials and deficits. Considered design prob-
lems are external aerothermodynamics, including the specific problem of lateral jet control, and the ramjet/scramjet propulsion
integration. Simulation means cover Computational Fluid Dynamics (CFD) tools as well as ground test facilities. The last part
of the lecture illustrates the feasibility to use CFD tools in the design process as a complementary approach to wind tunnels, propul-
sion benches and flight tests.
Author
Aerothermodynamics; Missiles; Propulsion System Performance; Supersonic Combustion Ramjet Engines; Systems Integration;
Computational Fluid Dynamics

19970009259  Daimler-Benz Aerospace A.G., Space Infrastructures, Munich,  Germany
Stage Separation Aerothermodynamics
Weiland, Claus, Daimler-Benz Aerospace A.G., Germany; Aerothermodynamics and Propulsion Integration for Hypersonic
Vehicles; Oct. 1996; 28p; In English; Also announced as 19970009247; Copyright Waived; Avail: CASI; A03, Hardcopy; A04,
Microfiche

Aerothermodynamic problems during the sequence of ascent flight are investigated. The flows for the pickaback configura-
tion, the stage separation, the lower stage alone, inside of the trough of the lower stage and the fin/winglet interaction are consid-
ered. The main attention will be drawn to the stage separation process. During hypersonic flight the upper stage is separated from
the lower stage which induces thereby a highly complicated flow field in the gap between the both stages, leading to aerodynamic
and thermal loads. From the flight mechanical point of view the aerodynamic coefficients have to be determined, whereas for
structures and thermal protection purposes the local loads are of most importance. Several physical aspects are examined for the
various kinds of flows, i.e., wall radiation, turbulence, real gases, shock/boundary layer and shock/shock interaction, flow separa-
tion and reattachment. The flowfields are analyzed by employing numerical simulation methods as well as wind-tunnel experi-
ments. Inviscid and viscous numerical simulations are performed applying the Euler and the Navier-Stokes equations. The
influence of the grid fineness on the accuracy of the numerical results are also object of consideration. Results of the above de-
scribed flow cases will be presented and discussed in very detail and the windtunnel data will be compared with the numerical
results for validation reasons.
Author
Stage Separation; Aerothermodynamics; Ascent; Hypersonic Speed; Flow Distribution; Separated Flow; Shock Wave Interac-
tion; Navier-Stokes Equation; Computational Fluid Dynamics
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19970008142  NASA Langley Research Center, Hampton, VA USA
Legacy: General Aviation Highlights fr om 8 Decades of NACA/NASA Research
Adkins, SUSAn L., NASA Langley Research Center, USA; Strain, Natale A., NASA Langley Research Center, USA; Robinson,
Stephen K., NASA Langley Research Center, USA; 1995; In English; CD-ROM: CD-ROM operates on Mac, Windows, or DOS
platforms
Report No.(s): NASA-TM-111596; NAS 1.15:111596; PB95-503439; NONP-NASA-CD-96-1996067608; No Copyright; Avail:
Issuing Activity (National Technical Information Service), CD-ROM

Legacy includes the bibliographic citations and full text images of 179 NACA (National Advisory Committee for Aeronau-
tics) and NASA (National Aeronautics and Space Administration) reports of interest to the general aviation (GA) community. The
majority of titles included in this collection were recommended by the GA community in response to an Advanced General Avi-
ation Transport Experiments (AGATE) survey conducted in January 1995. Searching and browsing of the collection is supported
using all elements of the bibliographic record. A complete scanned image of each report is provided for viewing and printing. This
’first  volume’ of Legacy is a prototype product that will serve as a proof-of-concept trial for distributing information via CD-ROM
to members of AGATE and others. The CD-ROM may be operated on Mac (6.0.5 or higher), Windows (3.1 or higher), or DOS
(3.0 or higher) platforms.
CASI
Bibliographies; Data Bases; Aeronautics; Reports; General Aviation Aircraft; NASA Programs
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