UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

Ta. REPORT SECURITY CLASSIFICATION
UNCLASSTFIED

tb. RESTRICTIVE MARKINGS

2a. SECURITY CLASSIFICATION AUTHORITY

3. DISTRIBUTION/AVAILABILITY OF REPORT
Approved for public release; distribution

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE

is unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S)
NSWC TR 86-342

5. MONITORING ORGANIZATION REPORT NUMBER(S)

6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL

(If applicable)
Code K24

Naval Surface Weapons Center

7a. NAME OF MONITORING ORGANIZATION

6¢. ADDRESS (City, State, and ZIP Code)

10901 New Hampshire Ave.
Silver Spring, MD 20903-5000

7b. ADDRESS (City, State, and ZIP Code)

8a. NAME Of FUNDING/SPONSORING
ORGANIZATION

8b. OFFICE SYMBOL
(If applicable)

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

8c. ADDRESS (City, State, and ZIP Code)

10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT
ELEMENT NO. NC.

TASK
NO.

WORK UNIT
ACCESSION NO.

11. TITLE {Include Security Classification)

Leeside Crossflow Modeling in Euler Space-Marching Computations

BRI SVTEYY, wardlaw, A.B. Jr., Allen, J.M. (NASA Langley R.C.)

13a._lJ' PE OF REPORT 13b. TIME COVERED

14. O, F REPORT (Year, Month, Day) [15. PAGE COUNT
1986 NG 3

FROM TO
16. SUPPLEMENTARY NOTATION
17. N COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP |  SUB-GROUP Tactical Missiles

Numerical Methods

19. ABSTRACT (Continue on reverse if necessary and identify by block number)
A simple method has been developed to model crossflow separation for inviscid (Euler

type) computations by suppressing the crossfliow velocity near the body surface.

The

method has been validated for a tangent-ogive-cylinder body of circular cross-section and
shown to be useful at supersonic speeds at low to intermediate angles of incidence (M < 5,

a < 20 deg).

At Tow Mach numbers (M < 3) the method offers a significant improvement in

the inviscid Teeside surface pressure distributions and also yields improved predictions

of aerodynamic coefficients.

In this report the algorithm for a tangent-ogive-cylinder

body is described and comparisons of numerical and experimental data are presented.

20. DISTRIBUTION /AVAILABILITY OF ABSTRACT

QUNCLASSIFIED/UNLIMITED ] samEe As RPT. 1 D7IC USERS

21. ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL
F.P, Baltakis

22b. TELEPHONE (Include Area Code)
(202) 394-2284

22c. OFFICE SYMBOL
ke

DD FORM 1473, 84 MAR

83 APR edition may be used until exhausted.
All other editions are obsolete.

SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED



NSWC-TR-86-342

LIBRARY

F[« EfA | RE ) D'V'Q'ON
NAVAL PUSTGRADUATE SCHOOL
MONTEREY, CALIFORNIA 93940

uﬂf
LEESIDE CROSSFLOW MODELING IN éULER
SPACE-MARCHING COMPUTATIONS.

BY F.P.BALTAKIS A.B.WARDLAW, JR. J. M. ALLEN (NASA LANGLEY R. C.)

STRATEGIC SYSTEMS DEPARTMENT

NOVEMBER 1986

Approved for public release; distribution is unlimited.

//NAVAL SURFACE WEAPONS CENTER.

Dahlgren, Virginia 22448-5000 e Silver Spring, Maryland 20903-5000




NSWC TR 86-342

FOREWORD

This report presents a method for leeside crossflow separation modeling
in Euler space-marching computations. Description of the method and

validation comparisons for a tangent-ogive body at supersonic speeds at Tow to
intermediate angles of incidence are included.
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INTRODUCTION

The Euler equations provide an efficient means for supersonic flow
computations and are widely used in aircraft and missile aerodynamic
performance studies. The viscous effects in such studies are often of
secondary importance and skin friction can be computed separately and added to
inviscid results. However, in cases involving slender bodies or highly swept
wings at incidence, the leeside flow structure is strongly influenced by the
viscous effects. Such effects need to be included in the main computational
process.

While the Navier-Stokes equations provide a rigorous approach to the
viscous flow problem, the solutions available at present are too costly for
many engineering-type aerodynamic computations. Accordingly, interest in
using and developing viscous modeling for Euler equations persists.

Of particular interest at present is the leeside region of slender bodies
at incidence. The flow structure in such a region is strongly influenced by
crossflow separation and is dominated partly by the crossflow shock and partly
by the viscous boundary layer at the surface. While the crossflow shock and
its effects are generally accounted for by the Euler equations, the viscous
boundary layer effects need to be included within the Fuler computation
through special modeling. One method is to prescribe the crossflow separation
point using an experimental data base and then numerica]ly simulate such
separation by the application of additional constraints.”*>~ From the limited
data available, this seems to bring the overall leeside flow structure into
better agreement with experiment. However, this method requires a prior
knowledge of the location of the separation point and erratic surface pressure
values often occur near the prescribed separation.

To avoid the above difficulties a different approach is described in the
present report. Instead of being rigidly prescribed, separation is allowed to
take place in conformance to the leeside circulation level, which is augmented
by suppressing the crossflow velocity near the surface. A simple method for
such augmentation has been developed and is shown to be valid over a range of
Mach numbers and angles of incidence. In this report the algorithm for a
tangent-ogive-cylinder body is described and comparisons of numerical and
experimental data of the surface pressure distributions, local flow
angularities and also of aerodynamic force coefficients are presented.
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METHOD OF APPROACH

In an inviscid computation, the crossflow shock generally occurs farther
leeward than is experimentally observed. It is accompanied by a sharp
pressure rise which is not found experimentally. 1In an equivalent viscous
case the shock interacts with the boundary layer and is diffused and weakened
at the surface. The location of the shock is altered by this interaction, as
well as by the crossflow circulation that is generated by the houndary
layer. To bring the leeside flow structure in closer agreement with the
viscous case, modeling of the boundary layer is necessary. In the present
effort this was undertaken by utilizing available experimental data and
generating numerical data with the NSWC SWINT code (Ref. 3). The flow
conditions of primary interest were low-to-intermediate supersonic Mach
numbers (M < 5) and angles of attack of up to about 20 degrees. HModel
geometries consisted mostly of sharp-tip tangent-ogive cylinders,
approximately ten diameters long. The boundary layers of the experimental
data were in the turbulent range.

Initially, a no-slip surface boundary was applied in the crossflow
direction. This diffused the crossflow shock at the surface, but also raised
the pressure on the windward side of the model. To correct this, the no-slip
type boundary was replaced by crossflow velocity clipping. Here the crossflow
velocity was reduced to ensure that the Mach number of the velocity component
in the crossflow plane did not exceed the value M R Clipping was applied
both on and near the model surface using the constraint

M.y = 0.145 « Va_ ° (r/b)?

CR
where

b = body radius
r = radial distance
a = body angle of incidence, deg

Clipping does not change static pressure (p) or density (p), and thus enthalpy
(h (p, o)) and entropy (s (p, p)) are also unchanged. The total stagnation
enthalpy constraint is satisfied by re-defining the axial velocity component,
w, as follows:

w= 2(Hy-h) - ul - 2
where = total stagnation enthalpy
enthalpy

radial velocity component

H
0
h
u
v = circumferential velocity component.

The update changes for application of this algorithm in the NSWC SWINT code
are given in the Appendix.

The above algorithm performs well over a range of freestream Mach numbers
and angles of incidence, as will be shown later in this report. Freestream
Reynolds number is likely to have a significant effect on crossflow separation
and leeside surface pressures, particularly in the transitional boundary layer

2
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range at low supersonic Mach numbers (e.g., see Ref. 4). It is not included
as a parameter in the present algorithm because of inadequate experimental
data for verification. The present algorithm is intended for turbulent, high
Reynolds number cases.

VAL IDATINN

Crossflow velocity clipping has a strong effect on the crossflow velocity
profiles, as is illustrated in Fig. 1. In the windward region (¢ = 60 deg.),
the difference between the inviscid and clipped profiles is small. On the
leeside, ahead of the inviscid crossflow shock (¢ = 120 deg.), clipping
greatly reduces the crossflow velocity near the model. Farther leeward (¢ =

160 deg.), clipping produces a vortex which results in an increased region of
reversed crossflow velocity.

The effect of crossflow velocity clipping on the surface pressure
coefficient is shown in Figs. 2A to 2H. Llongitudinal and circumferential
comparisons with inviscid calculations and experimental data are included for
Mach numbers from 1.98 to 4.5. The longitudinal variations are for the
Teeside plane ahead of the crossflow shock (for inviscid computations). The
circumferential profiles are near the end of the model. The figures show
crossflow velocity clipping to be very effective in bringing the inviscid
surface pressures closer to experimental results, particularly at lower
supersonic speeds (M < 4.5). Figure 2A, for example, shows that
at M = 1.98, o = 15 deg, the inviscid surface pressure, along the
longitudinal plane at ¢ = 105 deg, downstream of the forebody, deviates
severely from the experimental results. Suppression of the crossflow velocity
brings the computed pressures in much better agreement with experiment. In
the circumferential direction (Fig. 2B) the inviscid results indicate an over-
expansion and then a strong crossflow shock, while the modified crossflow
pressures follow the experimental data more closely. Figures 2C, 2D and 2F,
2F show similar improvements in Tongitudinal and circumferential pressure
profiles for Mach numbers of 2.3 and 2.96. Figures 2G and ?H show that at
Mach 4.63 the differences in leeside surface pressures are less severe, but
that the present modification method still offers improvement.

Comparison of the model normal force and pitching moment coefficients are
shown in Figures 3A to 3D. The effect of crossflow clipping on the integrated
surface pressures is also favorable, but less pronounced.

Clipping brings the inviscid results closer to experiment by increasing
the circulation and creating a leeside vortex that is similar to one formed by
the boundary layer separation and roll-up. Figure 4A to 4D illustrate the
computed leeside flow fields with and without clipping. A comparison between
the measured and computed downwash angles is shown in Figs. 5A to 5D. The
illustrated profiles are taken along the horizontal line passing through the
center of the experimentally observed vortex (Fig. 5A). Computed results are
in reasonable agreement with experiment.

Figures 6 to 11 illustrate the computed and measured normal force on a
deflected fin attached to a tangent-ogive body. Both inviscid and clipped
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results are shown with the fin located at different body roll positions.
Variations in computed inviscid and clipped flow properties upstream of the
fin are illustrated in Figs. 7 and 8A to 8H.

Leeside fin force data computed with clipping at Mach 2 (Figs. 9A to 9E)
are in better agreement with experiment than when computed without it. On the
windward side little difference is noted. Similar observations can be made
for the Mach 3 flow (Figs.10A to 10F). At Mach 4.5 results are given in Figs.
11A to 11D.

CONCLUDING REMARKS

A simple method has been developed to model crossflow separation for
inviscid (Euler type) computations by clipping the crossflow velocity near the
body surface. The method has been validated for a tangent-ogive-cylinder body
of circular cross-section and shown to be useful at supersonic speeds at Tow
to intermediate angles of incidence (M < 5, o < 20 deg). At low Mach numbers
(M < 3), the method offers a significant improvement in the inviscid leeside
surface pressure distributions and also yields improved prediction of
aerodynamic coefficient. At higher Mach numbers, especially at higher angles
of attack, the Teeside pressure becomes very low making such modeling of
lTittle interest in body or fin force computations. Clipping also improves the
robustness of a space-marching type computation by suppressing the crossflow
shock. Further investigation of this method, especially its application to
bodies of non-circular cross-section is considered warranted.
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A. FIN AT ¢ = 100 DEG , Mx = 2, a = 10 DEG
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C. FIN AT ¢ = 140 DEG , M = 2, « = 10 DEG
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APPENDIX
Update Inputs for SWINT

*IDENT CLIP
*] DECODE .60

C INPUT BODY ANGLE OF ATTACK (DEG) AND Z DISTANCE AT WHICH TO START
C CLIPPING

ATTACK=
INCL=

CC1=.145*SORT(ATTACK)

CC2=1.0

XW=CC1*CC2

IF (Z.LT.ZNCL) GOTO 1314
CV(3,1,M)=SIGN( AMINI ( SORT(ASQ(1,M))*XW
1 ,ABS(CY(3,1,M))),CV(3,1,M))
U3=CV(3,1,M)

1314 CONTINUE

*1 DECODE.173
IF (Z.LT.ZNCL) GOTO 39
XRC=.25
XRS=B(M)+XRC*(C(M)-B(M))

IF (R(N,M).GT.XRS) GOTO 39
CC2=(R(N,M)/BEM))**3
XW=CC1*CC2

VUR=VNM/ UNM

VK=AMINL (ASQ(N,M)*XW*XW,VK)

C NEW VELOCITY COMPONENTS AND CVS
UNM=SIGN( SORT(VK/ (1.+VUR*VUR)) , UNM)
VNM=UNM*VUR
CV(3,N,M)=UNM* U1
CV(4,N,M)=VNM*U1

39 CONTINUE

31



Copies

Commander

Naval Sea Systems Command

Attn: AIR310C Mr. D. Hutchins
SEA 62R41, Mr, L. Pasiuk
Technical Library

Washington, DC 20362

Chief of Naval Material
Attn: Mr. S. Jacobson (MAT 032)
Dr. John Huth
Technical Library
Washington, DC 20367

Commander
Naval Air Systems Command
Attn: AIR 320C

AIR-530, S. Loezos

AIR5223D1, D. A. DiPietro

Technical Library
Washington, DC 20361

Commander
Naval Weapons
Attn: Mr. R. Van Aken

Mr. R. Fstes

Mr. F. A. Mansfield

Mr. R. Burman

Mr. R. E. Smith

Technical Library
China Lake, CA 93555-6001

Center

Commander
Pacific Missile Test Center
Attn: Mr. J. Rom
Mr. G. Cooper
Technical Library
Point Mugu, CA 93041

NSWC TR 86-342

DISTRIBUTION

—

—

—t e e e e e fed

—

Copies

Commander
David W. Taylor Naval Ship
Research and Development Center
Attn: Dr. J. Shott

Technical Library
Washington, DC 20007

Commander
Office of Naval Research
Attn: Dr. T. C. Tai

Technical Library
800 N, Ouincy St.
Arlington, VA 22217

Commanding Officer

Naval Air Development Center

Attn: Mr., W, Tseng
Technical Library

Warminster, PA 18974

Superintendent

U. S. Naval Academy

Attn: Head, Weapons Dept.
Head, Science Dept.
Dr. A. Maddox
Technical Library

Annapolis, MNP 21402

Superintendent

tJ. S. Naval Postgraduate School
Attn: Technical Library
Monterey, CA 95076

Officer in Charge

Naval Intelligence Support Center

Attn: NISC-4211 J. B. Chalk
Technical Library

4301 Suitland Road

Washington, DC 20390

[P



NSWC TR 86-342

DISTRIBUTION (Cont.)

Copies

Commanding Officer

Naval Ordnance Station
Attn: Technical Library
Indian Head, MD 20640

Director, Development Center

Marine Corps Development and
Education Center

Quantico, VA 22134

Chief of S and R Division

Development Center

Marine Corps Development and
Education Center

Quantico, VA 22134

Commanding General
Ballistic Research Laboratory
Attn: Dr. W. Sturek
Mr. C. Nietubicz
Technical Library

Aberdeen Proving Grounds, MD 21005

Commanding General

ARRADCOM

Picatinny Arsenal

Attn: Mr. H. Hudgins
Mr. G. Friedman
Mr. W. Gadomski
Mr. T. Hoffman
Technical Library

Dover, NH 07801

Commanding General
U. S. Army Missile R & D Command
DROMI-TNK
Redstone Arsenal
Att: Dr. D. J. Spring
Dr. C. D. Mikkelsen
Technical Library
Huntsville, AL 35809

Commanding Officer

Armament R & D Center

U. S. Army AMCCOM

Attn: Mr. J. Grau, SMCAR-AET-A
Dover, NJ 07801-5001

— et ) et e —

}—t

Copies
Commanding Officer
Harry Diamond Laboratories
Attn: Technical Library 1

Adelphi, MD 20783

Arnold Engineering DNevelopment
Center
Attn: Mr. J. Usselton

Mr. W. B. Baker, Jr.

USAF, Tullahoma, TN 37389

Commanding Officer
Air Force Armament Laboratory

Attn: Dr. D. Daniel
Mr. C. Butler
Mr. K. Cobb
Mr. C. Mathews
Mr. E. Sears
Mr. F. Stevens
Dr. L. E. Lijewski

Lt. Bruce Haupt
Fglin Air Force Base, FL 32542

USAF Academy
Attn: Technical Library
Colorado Springs, CO 80912

Commanding Officer
Air Force Wright Aeronautical
Laboratories (AFSC)

Attn: Dr. V. Dahlem

Mr. Dick Smith

Mr. E. Brown-Edwards

Mr. Gary 0'Connell
Wright-Patterson Air Force Base
OH 45433

Defense Advanced Research Projects

Agency
ATTN: Technical Library
Nepartment of Defense
Washington, DC 20305

Defense Intelligence Agency
Attn: Mr. P. Murad
DIAC/DT-4A

Washington, NDC 20301

b e ed el e e

— e s



NSWC TR 86-342

DISTRIBUTION (Cont.)

Copies

NASA

Attn: Technical Library 1

Washington, DC 20546

NASA Ames Research Center

Attn: Dr. G. Chapman 1
Mr. V. L. Peterson 1
Technical Library 1

Moffett Field, CA 94035

NASA Langley Research Center

Attn: Mr. Jerry Allen 10
Mr. J. South 1
Mr. L. Spearman 1
Mr. W. C. Sawyer 1
Dr. J. Townsend 1
Technical Library 1

Langley Station
Hampton, VA 23365

Virginia Polytechnic Institute
and State University
Dept. of Aerospace Engineering
Attn: Dr. J. A. Schetz
Dr. C. H. Lewis
Technical Library
Blacksburg, VA 24060

North Carolina State University

Department of Mechanical and

Aerospace Engineering

Attn: Dr. F. R. Dedarnette
Technical Library

Box 5246

Raleigh, NC 27607

The University of Tennessee
Space Institute
Attn: Dr. J. M. Wu
Mr. C. Balasubramayan
Technical Library
Tullahoma, TN 37388

University of Notre Dame
NDepartment of Aerospace and
Mechanical Engineering

Attn: Dr. R, Nelson
Technical Library

Box 537

Notre Dame, IN 46556

e

a—

(3)

Copies

Applied Physics Laboratory

The John Hopkins University

Attn: Dr. L. L. Cronvich 1
Mr. Roland E. Lee 1
Mr. Michael White 1
Dr. Dave Van Wie 1
Technical Library 1

John Hopkins Road

Laurel, MD 20810

Raytheon Company

Missile Systems Division

Attn: Mr. D. P. Forsmo 1
Mr. P. A, Giragosian 1
Dr. Hugh T. Flomenhoft 1
Technical Library ?

Hartwell Road
Redford, MA 01730

McDonnell-Nouglas Astronautics
Co. (East)

Attn: Mr. J. Williams
Mr. S. Vukelich
Mr. M. I. Adiasor
Technical Library

P. 0. Box 516

St. Louis, MO 61366

McNonnell-Douglas Astronautics
Co. (West)
Attn: Dr. J. Xerikos
Technical Library
5301 Bolsa Avenue
Huntington BReach, CA 92647

Lockheed Missiles & Space Co., Inc.

Attn: Dr. D. Andrews
Technical Library
P. 0. Box 1103

Huntsville, AL 35807

Lockheed Missiles & Space Co., Inc.

Attn: Dr. lLars E. Ericsson
Mr. P. Reding

Mr. H. S. Shen
Technical Library

P. 0. Box 504

Sunnyvale, CA 94086

— = ke

1
1

[ Y GRS W Y



NSWC TR 86-342

DISTRIBUTION (Cont.)

Copies

Nielsen Engineering & Research, Inc.
Attn: Gary Kuhn 1
510 Clyde Ave.

Mountain View, CA 95043

General Electric Co.

Armament Systems Department

Attn: Mr. R. Whyte 1
Burlington, VT 05401

CAL SPAN Advanced Technology Center
Attn: Mr. B. Omilian 1
P. 0. Box 400
Buffalo, NY 14225

Northrop Services, Inc.

Attn: MW. Boyle 1
Huntsville, AL 35810

Vought Corporation

Attn: Mr. F. Prillman 1
Dr. W. B, Brooks 1
Mr. R. Stancil 1
Mr. M. Worthy 1

P. 0. Box 225907

Dallas, TX 75265

Hughes Aircraft Corporation

Missiles Systems Group

Attn: Dr. J. Sun 1
Technical Library 1

8433 Fallbrook Ave.

Canoga Park, CA 91304

Sandia Laboratories

Attn: Mr. R, La Farge 1
Mr. R. Eisler 1
Mr. W. H. Rutledge 1
Mr. W. Wolfe 1
Technical Library 1

Albuquerque, NM 87115

Martin Marietta Aerospace

Attn: Mr. F. G. Aiello 1
Mr. R. Cavalleri 1
Mr. Mike Shoemaker 1
Technical Library 1

P. 0. Box 5837
Orlando, FL 23855

Copies

Business & Technology Systems, Inc.
Attn: Dr. J. B. Eades, Jr. 1
Suite 400, Aerospace Building

10201 Greenbelt Road

Seabrook, MD 20801

Lawrence Livermore Lahoratory

Earth Sciences Division

Attn: Mr. D. . Miller 1
Technical Library 1

University of California

Livermore, CA 94550

Honeywell, Inc.

Attn: Mr. S. Sopszak 1
Technical Library 1

600 Second Street

Minneapolis, MN 55343

Pacifica Technology

Attn: Dr. H. T. Ponsford 1
P. 0. Box 148

Del Mar, CA 92014

Rockwell International

Missile Systems Division

Attn: Mr. J. E. Rachner 1
Technical Library 1

4300 E. Fifth Ave

P. 0. Box 1259

Columbus, 0OH 43216

Boeing Computer Services, Inc.

Attn: Mr. R. Wyrick 1
P. 0. Box 24346

Seattle, WA 98124

Motorola Inc.

Missile Systems QOperations

Attn: Mr. G. H. Rapp 1
8201 East McDowell Road

P. 0. Box 1417

Scottsdale, AZ 85257

NDouglas Aircraft Co.

Aero Research, 36-81

Attn: Dr. T. Cebeci 1
Long Beach, CA 98046



NSWC TR 86-342

DISTRIBUTION (Cont.)

Copies

United Technologies Research Center

Attn: David Sobel
East Hartford, CT 06108

The Garrett Corp.
Attn: G. J. Amarel

Dr. William Jackonis
1625 Eye St., N.W.
Washington, DC 20006

Boeing Aerospace Company

Attn: William Herling (MS 82-23)
P. 0. Box 399

Seattle, WA 98124

Antonio Ferri Laboratories
Attn: Dr. A. M. Agnone
Merrick & Stewart Avenues

Westbury, NY 11590
Marquardt
Attn: T. Piercy (MS 84-1)

16555 Santicoy Street
Van Nuys, CA 91409

United Technology Chemical System
Attn: Warren Anderson

600 Metcalf Road

San Jose, CA 95138

Morton Thiokol, Inc.

Attn: A. M. Freed (M/S 223)
P. 0. Box 524

Brigham City, UT 84302

Grumman Aerospace Corp.
Research & Development Center
Attn: Dr. M, J. Siclari

Mail Stop A 08-35

Bethpage, NY 11714

ACUREX Croporation
Aerotherm Division

Attn: John P. Crenshaw
555 Clyde Avenue

P. 0. Box 7555

Mountain View, CA 94039

1

Copies

Boeing Military Airplane Co.
Attn: David Mayer

P. 0. Box 3707

Mail Stop 41-52

Seattle, WA 98124

(oodyear Aerospace Corp.
Defense Systems Division
Attn: A. L. Dunne

1210 Massillon Road
Akron, OH 44315

General Dynamics/Pomona Division
Aerothermodynamics (MA 4-87)
Attn: Mr. G. Meyers

P. 0. Box 2507

Pomona, CA 97169

General Dynamics/Convair Division
Aerodynamics (M.Z. 55-6950)

Attn: Mr. David Brower

P. 0. Box 85357

San Diego, CA 92138

AAT
Attn: Dr. T. Stasny
Cockeysville, MD 21030

Integrated Systems, Inc.
Missile Division

Attn: Michael Briggs
151 University Ave.

Palo Alto, CA 94301

TRW Space & Technology Group
Attn: Dr. T. Shivananda

One Space Park

Redondo Beach, CA 90278

British Aerospace
Attn: Mr. M. Ahmet

Dr. J. R. Dean

Mr. Craig McNeil
F.P.C. 067, P. 0. Box b5
Filton, Briston BS12 7 OW

—



NSWC TR 86-342

DISTRIBUTION (Cont)

Copies
DREV
Armaments Division
Attn: J. R. Evans 1

P. 0. Box 8800
Courcelette, Quebec, Canada GOA 1R0

General Electric Co.

Computational Aerodynamics
Technology

Attn: Dr. James Daywitt 1

P. 0. Box 7722

Philadelphia, PA 19101

Physical Research, Inc.

Attn: Mr. Rudy Swigart 1

655 Deep Valley Drive

Suite 320

Palos Verdes, CA 20274

Science Applications

International Corp.
Attn: Mr. Darryl W. Hall 1
994 01d Eagle School Road
Suite 1018
Wayne, PA 19087

Royal Aircraft Establishment

Attn: Mr. John Hodges 1
Bedford

United Kingdom

MD 41 6AE

Defense Technical Information
Center
Cameron Station
Alexandria, VA 22314 1?2

Library of Congress
Attn: Gift & Exchange Div. 4
Washington, DC 20390

GIDEP Operations Office
Corona, CA 91720 1

Defense Printing Service
Washington Navy Yard
Washington, DC 20374 1

FG&G Washington Analytical
Services Center, Inc.

Attn: Technical Library

P. 0. Box 552

DahTgren, VA 22448

Internal Distribution

G23 (Moore, Devan & Hase)
K22

K24

R44 (Wardlaw)

R44 (Priolo)

E231

£E232

Copies

N W
wWw Lo O~ Ww



U227400




