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distribytion limitation markings, are the responsibility of the authoring or monitoring DoD activity.

Because the data input on this form will be what others will retrieve from DTIC's bibliographic data base or may

All information on the DD Form 1473 should be typed.

determine how the document can be accessed by future users, care should be taken to have the form completed by
knowledgeable personnel. For better communication and to facilitate more complete and accurate input from the
originators of the form to those processing the data, space has been
number, and office symbol of the DoD person responsible for the input cited on the form.

provided in Block 22 for the name, telephone

Only information appearing on or in the report, or applying specifically to the report in hand, should be reported.

if there is any doubt, the block should be left blank.

Some of the information on the forms (e.g., title, abstract) will be machine indexed. The terminology used should

describe the content of the report or identify it as precisely as possible for future identification and retrieval.
NOTE: Unclassif

ed abstracts and titles describing classified documents may appear separately from the documents
in an unclassified context, e.q., in DTIC announcement bulletins and klgilo ra ﬁ||es. TH‘IS must be considered
d k 1 ] fied ab d titles.

in the preparation and mar ing of unciassified abstracts and t

The Defense Technical Information Center (DTIC) is ready to offer assistance to anyone who needs and requests it.
Call Data Base Input Division, Autovon 284-7044 or Commercial (202) 274-7044.

SECURITY CLASSIFICATION OF THE FORM

In accordance with DoD 5200.1-R, Information Security Program Regulation, Chapter IV Section 2, para?raph 4-200,

classification markings are to be stamped, printed, or written at the top and bottom of the form in capita
are larger than those used in the text of the document.
Safeguarding Classified Information, Section il, paragraph 11a(2). This form should be unclassified, if possible.

letters that

See also DoD 5220.22-M, Industrial Security Manual for

SPECIFIC BLOCKS

Block 1a. Report Security Classification: Designate the highest
security classification of the report. (See DoD 5220.1-R, Chapters |, IV,
Vi, X1, Appendix A.)

Block 1b.  Restricted Marking: Enter the restricted marking or
warning notice of the report (e.g., CNWDI, RD, NATO).

Block 2a. Security Classification Authority: Enter the
commonly used markings in accordance with DoD 5200.1-R, Chapter
IV, Section 4, paragraph 4-400 and 4-402. indicate classification
authonty.

Block 2b.  Declassification / Downgrading Schedule: Indicate
specific date or event for declassification or the notation,
"Ornginating Agency Determination Required” or "OADR." Also
insert (when applicable) downgrade to
on (e.g.. Downgrade to Confidential on 6 July
1983). (See also DoD 5220.22-M, industrial Security Manuatl for
Safeguarding Classified information, Appendix i)

NOTE: Entry must be made in Blocks 2a and 2b except when the

original reportis unclassified and has never been upgraded.

Block 3. Distribution/Availability Statement of Report: Insert the
statement as 1t appears on the report. If a limited distribution
statement s used, the reason must be one of those given by DoD
Directive 5200.20, Distnibution Statements on Technicai Documents,
as suppiemented by the 18 OCT 1983 SECDEF Memo, “Control of
Unclassified Technology with Military Application * The Distribution
Statement should provide for the broadest distribution possible
within hmits of security and controlling office limitations.

Block 8. Performing Organization Report Number(s): Enter the
unique alphanumeric report number(s) assigned by the organization
originating or generatmGg the report from its research and whose
name appears n Block These numbers snould be in accordance
with ANSI STD 239 23-74, "American National Standard Technical
Report Number.” If the Performing Organization s also the
Monitoring Agency, enter the report number in Block 4.

8lock 5. Monitoring Organization Report Number(s): Enter
the unique alphanumeric report number(s) assigned by the
Monitoring Agency. This should be a number assigned by a DoD
or other government agency and should be in accordance with
ANSI STD 239.23-74. if the Monitoring Agency is the same as the
PerforminE Organization, enter the report number in Block 4 and
leave Block S blank.

Block 6a. Name of Performing Organization: For in-house
reports, enter the name of the performing activity. For reports
prepared under contract or grant, enter the contractor or the
grantee who generated the report and identify the appropriate
corporate division, school, laboratory, etc., of the author.

Block 6b. Office Symbol:
Performing Oganization

Enter the office symbol of the

Block 6¢ Address: Enter the address of the Performing
Orgamization. List city, state, and ZIP code.

Block 7a. Name of Monitoring Organization: This 1s the
agency responsible for administering or monitoring a project,
contract, or grant. [f the monitor 1s also the Performing
Organization, leave Block 7a. blank. In the case of joint
sponsorship, the Momtorm% Organization s determined by
advance agreement. it can be either an office, a group, or a
committee representing more than one activity, service, or

agency

Block 7b. Address: Enter the address of the Monitoring
Organization. Include city, state, and ZiP code

Block 8a Name of Funding/Sponsoring Organmization:
Enter the full official name of the organization under whose
immediate funding the document was generated, whether the
work was done in-house or by contract. If the Monitoring
g)lrgakn-zatlon 1s the same as the Funding Organization, leave 8a

an

Block 8b. Office Symbol: Enter the office symbol of the
Funding/Sponsoring Organization.

Block 8¢ Address: Enter the address of the Funding/
Sponsoring Organization. inciude city, state and ZIP code.
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Block 9. Procurement instrument identification Number: For a
contractor grantee report, enter the complete contract or grant
number(s) under which the work was accomplished. Leave this.block
blank for in-house reports.

Block 10. Source of Funding (Pro%ram Element, Project, Task
Area, and Work Unit Number(s): These four data elements relate to
the DoD budget structure and provide program and/or,
administrative identification of the source of support for the work
being carned on. Enter the program element, project, task area,
work unit accession number, or their equivalents which identify the
g«emcipal source of funding for the work required. These codes may

obtained from the applicable DoD forms such as the DD Form
1498 (Research and Technology Work Unit Summary) or from the
fund citation of the funding instrument. If this information is not
available to the authoring activity, these blocks should be filled in by
the responsible DoD Official designated in Block 22. If the report is
funded from multiple sources, identify only the Program Element
and the Project, Task Area, and Work Unit Numbers of the principal
contributor.

Block 11. Title: Enter the title in Block 11 in initial capital letters
exactly as it appears on the report. Titles on all classified reports,
whether classified or unclassified, must be immediately followed by
the security classification of the title enclosed in parentheses. A
report with a classified title should be provided with an unclassified
version if it is possible to do so without changing the meaning or
obscuring the contents of the report. Use specific, meaningful words
that describe the content of the report so that when the title is
machine-indexed, the words will contribute useful retrieval terms.

if the report is 1n a foreign language and the title i1s given in
both English and a foreign language, list the foreign language title
first, followed by the English title enclosed in parentheses. if part of
the text is in English, list the English title first followed by the foreign
language title enclosed in parentheses. If the title 1s given in more
than one foreign language, use a title that reflects the language of
the text. If both the text and titles are in a foreign language, the
title should be transiated, if possible, unless the title is also the name
of a foreign periodical. Transliterations of often used foreign
alphabets {see Appendix A of MIL-STD-8478) are available from OTIC
in document AD-A080 800.

Block 12. Personal Author(s): Give the complete name(s) of the
author(s) in this order: last name, first name, and middle name. In
addition, st the affiliation of the authors if it differs from that of
the performing organization.

List all authors. If the document 1s a compilation of papers, 1t
may be more useful to list the authors with the titles of their papers
as 3 contents note in the abstract in Block 19. If appropriate, the
names of editors and compilers may be entered in this block.

Block 13a. Type of Report: indicate whether the report s
summary, final, annual, progress, interim, etc.

Block 13b Time Covered: Enter the inclusive dates (year,
month, day) of the period covered, such as the life of a contract in a
final contractor report

Block 14. Date of Report: Enter the year, month, and day, or
the year and the month the report was issued as shown on the cover.

Block 15 Page Count: Enter the total number of pages in the
report that contain information, including cover, preface, table of
contents, distribution lists, partial pages, etc. A chart in the body of
the report 1s counted even if itis unnumbered

Block 16 Supplementary Notation: Enter useful information
about the report in hand, such as: “Prepared In cooperation
with_.,” “Translation at (v by) "Symposium..,* If there are
report numbers for the report which are not noted elsewhere on the
form (such as internal series numbers or partiipating organization
report numbers) enter in this block

' Block 17. COSATI Codes: This block provides the subject
coverage of the report for announcement and distribution H
purposes. The categories are to be taken from the “COSATI
Subject Category List” (DoD Modified), Oct 65, AD-624 000. A
copy is available on request to any organization generating
reports for DoD. At least one entry 1s required as follows:

Field - to indicate subject coverage of report

Group - to indicate greater subject specificity of information
n the report.

Sub-Group - if specificity greater than that shown by Group
is required, use further designation as the numbers after the
period () in the Group breakdown. Use only the designation
provided by AD-624 000.

Example: The subject "Solid Rocket Motors” 1s Field 21,
Group 08, Subgroup 2 (page 32, AD-624 000)

Block 18. Subject Terms: These may be descriptors,
keywords, posting terms, identifiers, open-ended terms, subject
headings, acronyms, code words, or any words or phrases that
identify the principal subjects covered in the report, and that
conform to standard terminology and are exact enough to be
used as subject index entries. Certain acronyms or “busz words”
may be used if they are recognized by specialists in the field and
have a potential for becoming accepted terms. “Laser” and
“Reverse Osmosis” were once such terms.

It possible, this set of terms should be selected so that the
terms individually and as a group will remain UNCLASSIFIED
without losing meaning. However, priority must be given to
specifying proper subject terms rather than making the set of
terms appear "UNCLASSIFIED “ £ach term on classified reports
must be immediately followed by its security classification,
enclosed in parentheses

For reference on standard terminology the “DTIC Retrieval
and Indexing Terminology” DRIT-1979, AD-A068 500, and the
DoD "Thesaurus of Engineering and Scientific Terms (TEST) 1968,
AD-672 000, may be useful.

Block 19 Abstract: The abstract should be a pithy, brief
(preferably not to exceed 300 words), factual summary of the
most significant information contained in the report However,
since the abstract may be machine-searched, all specific and
meaningful words and phrases which express the subject content
of the report should be included, even if the word limit s
exceeced.

If possible, the abstract of a classified report should be
unclassified and consist of publicly releasable information
(Unlimited), but in no instance should the report content
description be sacrificed for the security classification

NOTE: An unclassified abstract describing a dassified
document ma¥ aFggar separately from the document

in an unclassified context e.q, in OTIC announcement
or bibliographic products. This must be considered in
the preparation and marking of undassified abstracts.

For further information on preparing abstracts, employing
scientific symbols, verbalizing, etc . see paragraphs 2 1(n) and
2 3(b) in MIL-STD-8478

Block 20. Distribution / Avallability of Abstract” This block
must be completed for all reports  Check the appiicable
statement: “unclassified /unlimited.” “same as report.” or if the
report s available to DTIC registered users “ DTIC users ”

Block 21. Abstract Secunty Classitication. To ensure proper
sateguarding of information, this biock must be completed for all
reparts to designate the classification level of the entire abstract
For CLASSIFIED abstracts, each paragraph must be preceded by its
securnity classification code «n parentheses

Block 22a.b,c. Name, lelephone and Oftice Symbol of
Responsible individual: Give name, telephone number, and
office symbol of DoD person responsibie for the accuracy of the
comptetion of this form

00 FORM 1473, 84 MAR




ANANASTSLAS SN RN AN AR AN AN AARNV KA RARA MARY W FUTY, W/ Ny N YN YNNI RURURURUNY FYNY WL WU P

TECHNICAL REPORT
AF-850303

Professor David Gottlieb

I Approximate factorization schemes are widely used to obtain efficeint solutions
to problems in Computational Fluid Dynamics. In many cases, they have provided a
significant increase in efficiency over previously-used solution methods in particular
problems. Some outstanding c¢xamples are the classical Alternating-Dircction-Implicit
method of Pcaceman and Rachford, the Briley-McDonald Linearized Block Implicit
schemce and tl;c Bcam and Warming [3] Approximate Factorization (AF) schemce for
the compressible Navicr-Stokes equations. In the transonic potential-flow areca, some
AF schemes which have significantly improved solution efficiency are the work of
Balthaus and Stcger, Ballhaus ct al, Holst and Jameson.

All of thesec schemes have the common feature that the solution procedure is
broken down into a scquence of easily-implemented stages; i.e., casily- inverted matirx
factors. Each of the stages wusually requires boundary conditions for an
"intermediate" variable (vector) which is not always a consistent approximation to the
solution function desired. This feature can make satisfaction of implicit boundary
conditions difficult, at best, and impossible, at worst. Dwoyer and Thames
dcmonstrated scrious boundary-condition problems associated with the class of AF
schemes called "Locally One-Dimensional”, even in explicit schemcs.

The present paper further highlights the importance of intermediate boundary
conditions by focusing on a specific example - - a boundary-induced stability
restriction in Holst’s AF2 scheme for the transonic full-potential cquation. An
analysis of thc effect of the intermediate boundary condition is given by use of the

usual von Neumann method and also the methods of Gustaffson, Kreiss, and

Sundstrom and Osher.
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A paper on this subject appeared in App. Num. Mathematics, Vol. 2, Num. 3-5,

October, 1986.

II. In a recent paper, we derived stability results for spcctral methods applied to
initial-boundary value problems for hyperbolic systems. The paper demonstrates that
onc can bound certain weight L, spatial norms of the solution in terms of norms
of the boundary data (homogeneous initial conditions are assumed). The bounds also
contain powers of N, which is the degrce of the approximating polynomials.

Here we s_how that the approximations discussed above actually converge to the
ecxact solution, at lcast when this solution is smooth. We bound the error in the
numcrical method by a power of N multiplying a term which depends only on the
exact solution - - more precisely, this is the interpolation crror of the initial valuc
and boundary derivatives. For sufficiently differentiable functions, this interpolation
error will decay fast enough to drive the full approximation error to zero. We have
not attempted to derive the sharpest bound of this type, but merely to show that
4 such a bound exists.

The method of proof here is similar to the one in [1,2], where basic results are
first deduced for a scalar cquation, and then cxtended to the full system.
Accordingly, the paper is divided into two scctions, the first decaling with the scalar
case and the sccond with the system. By the mcans of Gauss-Lobatto quadrature
formulas, we first bound thc error at outflow for a singlc scalar cquation. Then wc
usc this cstimate, together with the basic stability rcsult, to bound the overall error
for a system.

A papcer on this subject was accepted for publication in the SIAM Journal on

Numerical Analysis.
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III. Recently, many numerical analysts working in the field of spectral methods are

concentrating their efforts on domain decomposition methods.

The various techniques now available are in gencral very cfficient, although
often they are not supported by a theoretical background.

In this paper, we shall provide a complete theoretical analysis of the so-called
patching collocation method for elliptic boundary value problems. This method was
introduced by Orszag and rcads as follows. Suppose that the intial domain is
decomposed into rectangular regions inside of which Gauss-Lobatto points arc
considered. Then, the equation to be approximated is collocated at the internal nodes
of each subdomain, wnile continuity of the polynomial solution and its normal
derivative are required at the nodes of the interfaces.

Preliminary theoretical results for Legendre approximation were given. In that
papcr, instead of the continuity of the normal derivative, a different interface
condition was imposed. The ur;dcrlying idea was to also collocate the differential
equation at the nodes of the interfaces, modifying the resulting expressions by
additional terms, in order to ensurc the continuity of the normal derivative as the
polynomial degree tended to infinity. Stability and convergence results were given
for the one and two dimensional cases.

Here, we shall review the results in [6] for Chebyshev approximations. The
work 1is divided into two parts. In this first part, we shall discuss the onc
dimensional case, leaving to a further paper the results for the two dimensional case.
Sccond order Ncecumann-Dirichlet bondary value problems arc considered. Wec¢ analyze
two diffcrent patching conditions. The first one is thc cxact equivalent of that
suggested. The sccond one is that preseated. Both the schemes originate from a
suitable variational formulation. We show stability and give a priori spectral type

error estimates. In contrast with Legendre approximations, difficulties now arise due

to the fact that integration by parts has to be handled very carcfully when the




Chebyshev weight is used.

Some numerical experiments are discussed. The conclusion is that the strategy

here proposed, of collocating the equation also at the

boundary nodes), gives better results than that suggested.

A paper on this subject was completed by D. Funaro.
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