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COMPUTATIONAL AERODYNAMICS AT WEAPONS SYSTEMS RESEARCH LABORATORY

L.M. Sheppard

SUMMARY

A review is given of the computer-related aerodynamic research
carried out at Weapons Systems Research Laboratory over the
past twenty years or so. During this period, three main
digital computers have been in use, namely WREDAC, IBM 7090
and IBM 370. A notable peak in res~-.rch activity occurred
during 1975 to 1978 when the task #F1uia Dynamics - Computing"
was in existence and the IBM 370 computer was available. This
task has since been terminated. Potential applications of
computational aerodynamics at Weapons Systems Research
Laboratory extend to unguided bombs, bomblets, bullets,
mortars, rockets and shells, as well as terminally corrected
precision-guided weapons, gliding munitions, guided missiles,
release of external stores from aircraft and carriage of
external stores on aircraft

POSTAL ADDRESS: Chief Superintendent, Weapons Systems Research Laboratory,
Box 2151, GPO, Adelaide, South Australia, 5001.
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1. INTRODUCTION

Aerodynamic computation on electronic, digital computers began at Weapons
Systems Research Laboratory in 1960, following the formation of a Theoretical
Supersonics Group in what is now the Aeroballistics Division. The first DRCS
general purpose digital computer, which was known as WREDAC, was used by
Chan(ref.1,2) to calculate pressure distributions on a wing-body combination
at supersonic speeds using linearized small-perturbation theory. A range of
Mach numbers was considered, with the leading edge being both "supersonic" and
"subsonic”. ie the Mach number component normal to the leading edge was
supersonic and subsonic. Soon after the .completion of this work, an IBM 7090
computer was installed and this was used extensively to support rocket
development and rocket trials at Woomera. As part of this work, some of the
aerodynamic estimation procedures were incorporated in computer programs while
some other programs were obtained from overseas.

In 1975, an IBM 370 computer was installed at DRCS and a small research
section began work on the application of finite element methods to
aerodynamics. However, in 1978 this work was terminated, owing to a DSTO
decision to reduce substantially the resources deployed on aerodynamics.
Since 1978, a little work on aerodynamics estimation has continued in support
of unguided weapons research.

Further comments are given below on rocket design, in Section 1.1, and on
theoretical aerodynamics, in Section 1.2. In Section 2, the work on finite
element methods is discussed. Recent work on missile aerodynamics prediction

is outlined in Section 3. Finally, in Section 4, some comments are presented.

1.1 Rocket design 1958 to 1974

The broader issues of successful rocket design are covered by Shannon in
reference 3, where the hypersonic research vehicles Jabiru Mk.I and Jabiru
Mk.II are discussed. These vehicles enabled rocket experiments to be
conducted at Woomera at speeds up to nearly Mach 10. Subsequent to
reference 3, the Jabiru Mk.III vehicle with superior performance at lower
altitudes was developed. In addition, the Aero-High sounding rocket
mentioned in reference 4, and some other sounding rockets, have been
developed. To support the hypersonic research rocket development and the
higher altitude sounding rocket development, use was made of computer
programs to predict rocket aerodynamics. Some programs were written
locally(ref.4,5) and some were obtained from overseas(ref.6). In
retrospect, it is interesting to note that effort was not available at the
time to develop a fully integrated set of aerodynamic design programs.

1.2 Theoreticallaerodyna-ics 1959 to 1969

Research on theoretical aerodynamics was conducted in Theoretical
Supersonics Group over a period of 10 years. Much of the work was related
closely to the hypersonic rocket developments mentioned earlier and is
discussed by Sheppard in reference 3. The work covered satellite and exit
serodynamics, as well as aerodynamic heating(ref.? to 10). The work by
Bird on high speed aerodynamics is significant, as is the work by Jepps on
aerodynamic heating. Jepps devised s novel and wost effective method of
analysing heat transfer through thermally thick walls. In addition, some
work was carried out on supersonic aerodynamics(ref.11,12).
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2. FINITE ELEMENT METHODS 1975 TO 1978

A DSTO research task "Fluid Dynamics - Computing" was set up in 1975. The aim
was to apply numerical methods to problems in fluid dynamics and to develop
computer software that would permit the rapid calculation of the exterior
aerodynamics of missiles. Work on finite element methods ceased in 1978.

There were significant advances overseas in the application of numerical
methods to fluid dynamic problems in the decade ending 1975. These advances
stemmed not only from greater understanding of the nature of fluid flow about
three-~dimensional bodies, but also from the availability of high speed digital
computers with sufficiently large memories; indeed, without the latter, the
field of computational fluid dynamics would have remained almost static.

For many years the customary sources of aerodynamic design data for weapons
and aircraft have been data sheets, charts and text books. Much applied
research in wind tunnels and in flight has been directed towards improving the
data in these sources. The modern digital computer enables two significant
improvements to this situation. Firstly, it is now possible to develop
programs which calculate flow fields using general computer codes capable of
handling three-dimensional attached flow over even such complex shapes as
aircraft or missiles, in engine intakes and through ducts. It is now standard
practice at NASA and at many major US aircraft companies to use the numerical
techniques as design tools to evaluate the effects of configuration changes a“
subsonic and supersonic speeds, and then to restrict the wind tunnel testing

to the most promising configuration. Because of the complex nature of
transonic flow fields, less use is able to be made of computer methods at
transonic speeds. Thus a2 new technique is becoming available to assist in

providing the hard data which designers need; and the cost of obtaining data
by numerical solution is decreasing due to the rapid development of computer
hardware and more efficient numerical methods, while the cost of wind tunnel
experiments can only increase. Consequently, computer simulation will
complement wind tunnel testing.

The second major advance which the computer allows in the field of applied
aerodynamics is that all the aerodynamic data which the designer uses can be
stored in the computer's memory. Appropriate programs can then be devised to
allow estimation of the forces and moments on complete missiles or aircraft.

The work at WSRL on computational fluid dynamics was planned to use finite
element methods, rather than finite difference methods. Since a typical
finite element is much 1larger than the mesh sizes for finite differences,
finite element methods are readily able to handle complex body shapes, such as
guided missiles and aircraft; inm addition, they require less setting-up time
to solve a subsequent problem once a general computer code has been written.

The achievements of the finite element research over the years 1975 to 1978
are described in references 13 to 19. The Galerkin method of approach was
coupled to finite elements in investigations of two-dimensional and
axisymmetric fluid flows. This led to a most successful method for handling
incompressible two-dimensional flow and a promising start was made on the
extension of this work to compressible subsonic speeds. An improved
integration technique of international significance was developed by
Fletcher(ref.17). The investigation of axisymmetric flow was not successful,
and no effective method had been developed for incompressible flow when work
ceased.
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3. AERODYNAMICS PREDICTION 1978 TO 1981

An outcome of the DSTO task "Fluid Dynamics - Computing”, mentioned in
Section 2, was work on aerodynamics prediction methods(ref.20 to 22). The
research centred on a program of US origin obtained through TTCP/WIP-2. The
program had been devised by the Naval Surface Weapons Center (NSWC). The aim
was to predict missile static forces to within 10% and centres of pressure to
within 0.5 calibre (or maximum body diameter) at both supersonic and subsonic
speeds; larger errors were expected at transonic speeds. Errors in dynamic
derivatives were larger than for the static derivatives. However, the maximum
Mach number was limited to 3 and the angle of attack to about 15°.

Use of the program over the past 3 years has shown how demanding the task of
maintaining such a program can be. Staff with different interests have sought
advice on the program and used its results, sometimes with modifications where

deemed necessary by the user. The basic program has been extended to handle
bombs, a task for which the original computer program was ill equipped.
Currently, a graphical plot output is being devised for the program. In

addition, many small changes have been incorporated in the program.

Program predictions are made using three main methods, namely data tables,
empirical estimation procedures and simple computational procedures. The
program has been used to provide aerodynamic data for bombs, bullets, mortars,
rockets, shells and surface~to-air missiles. In an application to glide bomb
configurations, the lift-dependent drag results at subsonic speeds were
modified using handbook data available on subsonic wing characteristics. The
wide range of applications at DRCS to date is noteworthy. The applications
ranged over preliminary design, modification and assessment.

Accuracy of the program's predictions has been assessed when possible. The
claimed accuracy has generally been found to be a good guide. When defects
have been found, as in the case of bombs, improvements have been incorporated
in the program.

4. COMMENTS

Potential applications of computational fluid dynamics at DRCS are many and

varied. Most applications are likely to occur in WSRL and cover unguided
weapons, both spin-stabilized and fin-stabilized, terminally corrected
precision~-guided munitions, gliding munitions and guided missiles. Store

separation from aircraft is another vital field of work at WSRL; this field of
work covers external stores when carried on aircraft and external stores after
release from, but still within the influence of, the aircraft. In design of
new weapons, computer simulation will complement wind tunnel tests by
substantially reducing the amount of testing required, and produce better
designs. Looking to the future, preliminary design will be able to be carried
out on the computer. In other cases where modification of an existing weapon
is required or assessment of the performance of an existing weapon is being
made, satisfactory results should often be possible without recourse to wind
tunnel testing.




-4 -

WSRL-0236-TM

REFERENCES

Title

Author

. 1 Chan, Y.Y. "Theoretical pressure distributions on
) a series of supersonic wing-body
combinations". .
WRE TM HSA 85-90, November 1960 to

March 1961

Chan, Y.Y. and "Pressure distributions on planar and
Sheppard, L.M. cruciform delta wings attached to
E: cylindrical bodies in supersonic flow.
af Part 1. Theoretical results for the
i ? wing thickness case".

AARC Report ACA-69, October 1966

Shannon, J.H.W. and "Hypersonic research - presentation to
- Sheppard, L.M. Heads of Establishments on 23 April,

! 1968".
B WRE TM HSA 171, July 1968

Baines, D.J. and "Aeroelasticity as a consideration in
; Pearson, K.G. aerodynamic design of rolling, unguided
i research rockets".

WRE TN HSA 120, March 1967

. See also J. Spacecraft & Rockets,
- Vol.4, No.12, p.1603-1608, December
: 1967

"A computer program to estimate the
p zero~incidence aerodynamic drag of
fe rocket vehicles".

WRE TN 1144 (WR&D), February 1974

6 Pope, R.L. "User's manual for a set of supersonic

flow programs".
| WRE TM 1270 (WR&D), September 1974

7 Bird, G.A. "A simple numerical solution of the
| flow around a blunt body in a
supersonic stream - with application to
real gases".
WRE TN HSA 52, September 1959

"The distribution of reflected
molecules from typical bodies in

rarefied gas flow". .
WRE TN HSA 56, January 1960

"Heat conduction in single-~layer and
double-layer walls, with boundary
conditions appropriate to aerodynamic
heating".

WRE Report HSA 16, July 1963

See also AARC Report ACA66, 1966

WA e e S



-5 - WSRI.-0236-TM

No. Author Title ;

10 Jepps, G. "Some approximate solutions for heat

conduction in walls heated
. convectively". 1
WRE Report HSA 21, April 1966

11 Sheppard, L.M. "Supersonic lift of quasi-cylindrical
bodies with cubic camber lines”.
WRE TN HSA 88, January 1962

12 Lee, D.H. and "A second order supersonic theory for
Sheppard, L.M. three-dimensional wings".

, WRE TN HSA 180, July 1965

B See Also AIAA Journal, Vol.4, No.10,

’ p-1828-1830, October 1966

13 Fletcher, C.A.J. "The application of the finite element
I method to two-dimensional inviscid

! flow".

'\ﬁ WRE TN 1606 (WR&D), May 1976

14 Fletcher, C.A.J. "Improved integration techniques for
fluid flow finite element
formulations".

WRE TR 1810(W), April 1977

— e

15 Fletcher, C.A.J. "Subsonic, inviscid flow by the finite
element method".
WRE TR 1858(W), August 1977

16 Fletcher, C.A.J. "The application of a finite element
. method to compressible, inviscid flow".
L, Proceedings, 6th Australasian
Conference on Hydraulics and Fluid
i Mechanics, Adelaide, Australia;
p.101-104, 5 to 9 December 1977

a_ 17 Fletcher, C.A.J. "An improved finite element formulation
Do derived from the method of weighted
residuals".

' Computer Methods in Applied Mechanics
; and Engineering, Vol.15, No.2,
p-207-222, August 1978

(Also WRE TM 1827, June 1977)

: 18 Haselgrove, M.K. "An attempted extension of a finite
L element solution to axisymmetric

: potential flow".

WSRL TR 0056, November 1978

S T
-

19 Fletcher, C.A.J. "The Galerking Method: An
. Introduction".

Review paper in Noye, J. (editor)
Numerical Simulation of Fluid Motion,
(Proceedings of an international
conference on the numerical simulation
of fluid dynamic systems, Monash
University, Melbourne, 1976),
Amsterdam, North Holland, 1978

(Also WRE TM 1632, June 1976)

A e — -




WSRL-0236-TM

No.

20

Author

Sheppard, L.M.

Lindon, H.

Sheppard, L.M.

Sheppard, L.M.

Title

"User's guide to the NSWC missile
aerodynamics prediction program'.
WSRL TM 0112, August 1979

"Improvements to the NSWC aerodynamics
prediction program of particular
singificance for bombs".

WSRL TR 0146, March 1980

"Missile aerodynamics prediction using
computer programs".

Proceedings, 7th Australasian
Hydraulics and Fluid Mechanics
Conference, Brisbane; p.408-411, 18 to
22 August 1980




DISTRIBUTION

EXTERNAL
In United Kingdom

b . Defence Science Representative, London

British Library, Lending Divison, Boston Spa, York
In United States of America

Counsellor, Defence Science, Washington

National Technical Information Services, Springfield, VA

A NASA Scientific and Technical Information Office, Washington DC
In Australia

i Department of Defence, Canberra

Chief Defence Scientist

Deputy Chief Defence Scientist

Superintendent, Science and Technology Programmes
Army Scientific Adviser

Navy Scientific Adviser

Air Force Scientific Adviser

Superintendent, Analytical Studies

‘ . Director, Joint Intelligence Organisation (DSTI)

, Document Exchange Centre
- Defence Information Services Branch (for microfilming)

, Document Exchange Centre
Defence Information Services Branch for:

_ United Kingdom, Ministry of Defence,
| Defence Research Information Centre (DRIC)

United States, Defense Technical Information Center

1 Canada, Department of National Defence,
Defence Science Information Service

New Zealand, Ministry of Defence
Australian National Library

Director General, Army Development (NSO), Russell Offices
‘ for ABCA Standardisation Officers

WARTRE § AT

1 ‘ : UK ABCA representative, Canberra
L . US ABCA representative, Canberra
Canada ABCA representative, Canberra
New Zealand ABCA representative, Canberra
Director, Industry Development, Regional Office, Adelaide

WSRL-0236-TM

Copy No.

No copy

No copy

O 000 N O N1 A

10
11

12

13
14 - 25

26
27
28

29
30
31 _
32
33 3




E WSRL-0236-TM

)

Defence Library, Campbell Park

Department of Defence, Melbourne
Chief Superintendent, Aeronautical Research Laboratories
For Workshop on computational fluid dynamics
i Library, Aeronautical Research Laboratories
L. Superintendent, Aerodynamics Division
,  Superintendent, Mechanical Engineering Division, ARL

Library, Materials Research Laboratories

3 Government Aircraft Factories, Melbourne
' RAAF Academy, Point Cook
Commonwealth Aircraft Corporation

’, Institution of Engineers, Australia
WITHIN DRCS

e % Chief Superintendent, Weapons Systems Research Laboratory
! Superintendent, Aeroballistics Division

s Head, Ballistics Composite
; ‘ Principal Officer, Dynamics Group
Principal Officer, Aerodynamic Research
Principal Officer, Ballistic Studies Group
Principal Officer, Field Experiments Group
s Principal Officer, Flight Research Group
' Author

DRCS Library

AD Library

. Spares

i
|
i
I

Copy No.

34

35
36 - 60
61
62
63
64
65
66
67
68

K78t St LT PT T

69
70
71
72 - 76
77
78
79 '
80
81
82 - 83
84 - 85
86 - 108




DOCUMENT CONTROL DATA SHEET

|
-
|
2
?
o

Security classification of this page [ UNCLASSIFIED ]
IJ DOCUMENT NUMBERS 2 L SECURITY CLASSIFICATION
’
AR a. Complete
Number: AR-002-640 Document : Unclassified
‘,’ .
Series b. Title in .o
Number: WSRL-0236-T™ Isolation: Unclassified
Other ¢. Summary in
Numbers: Isolation: Unclassified
3l ome ]
COMPUTATIONAL AERODYNAMICS AT WEAPONS SYSTEMS RESEARCH LABORATORY

4 | PERSONAL AUTHOR(S): 5| DOCUMENT DATE:
October 1981
.M. Sh d
L eppar 6] 61 TOTALNUMBER
[ OF PAGES 6
’ 6.2 NUMBER OF
REFERENCES: 22
71 7.1 CORPORATE AUTHOR(S): 8| REFERENCE NUMBERS
a. Task:
Weapons Systems Research Laboratory DST 76/118
b. Sponsoring
Agency: DST 432/323/1
7.2 DOCUMENT SERIES
AND NUMBER 9| COST CODE:
Weapons Systems Research Laboratoryj]
0236-T™
10| IMPRINT (Publishing organisation) 11 COMPUTER PROGRAM(S)

(Title(s) and language(s))

Defence Research Centre Salisbury

. 12| RELEASE LIMITATIONS (of the document): [ )

Approved for Public Release

Security classification of this page: L UNCLASSIFIED —1




Security classification of this page: [ UNCLASSIFIED |

13| ANNOUNCEMENT LIMITATIONS (of the information on these pages):

No limitation

14| DESCRIPTORS: l Computational aerodynamics lglgOSATICODE&

Computer fluid dynamics
& -E, rCm:hesa"ms Computer fluid mechanics

Computerized simulation Missiles 20040
Fluid dynamics Weapons
Aerodynamics Reviews

b. Non-Thesaurus
Terms

16 | SUMMARY OR ABSTRACT:

(if this is security classified, the announcement of this report will be similarly classified)

A review is given of the computer-related aerodynamic research carried out
at Weapons Systems Research Laboratory over the past twenty years or so.
During this period, three main digital computers have been in use, namely
WREDAC, IBM 7090 and IBM 370. A notable peak in research activity
occurred during 1975-1978 when the task "Fluid Dynamics - Computing"

was in existence and the IBM 370 computer was available. This task has
since been terminated. Potential applications of computational aerodynamics
at Weapons Systems Research Laboratory extend to unguided bombs, bomblets,
bullets, mortars, rockets and shells, as well as terminally corrected
precision-guided weapons, gliding munitions, guided missiles, release of
external stores from aircraft and carriage of external stores on aircraft.

Security classification of this page:

adic il o

P—y

Al il o




\.’N.‘§ﬁ'l<¥ e

The official documents produced by the Laboratories of the Defence Research Centre Salisbury
are issued in one of five categories: Reports, Technical Reports, Technical Memoranda, Manuals and
Specifications. The purpose of the latter two categories is self-evident, with the other three categories
being used for the following purposes:

Reports : documents prepared for managerial purposes.

Technical : records of scientific and technical work of a permanent value intended for other
Reports scientists and technologists working in the field.

Technical : intended primarily for disseminating information within the DSTO. They are
Memoranda usually tentative in nature and reflect the personal views of the author.

bt

ipnim







