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Publications of the Aero-Astronautics Group 1 0 0 ~-~ . ;:‘~~~ fl~ Tfl
1965-76 . -

OCT 28 lBiu

by
;~~~U JJ ‘— ‘

E.C. WILSON 2 A

Abstract. Thi s document summarizes the research performed by the Aero-Astro-

nautics Group of Rice University during the period 1965-76 under several AFOSR ,

NSF, and NASA grants. This research has been reported in 133 Aero-Astronautics

Reports and 91 papers published in the open literature. It has spanned the following

mathematical areas: (i) nonlinear equations , (U) diff erential equations , (iii) two-

poin t and multipoint boundary -value problems, (iv) mathematical programming,

(v) optimal control , and (vi) calculus of variations. In these areas, it has led to

the development of several new anal ytical and computational techniques.

Conceriiing applications , the research reported here is of interest in several

• areas of engineering, science, and economics . With particular regard to aero-

space engineering, it applies to the following problem areas: (i) optimum atmos -

pheric fligh t trajectories , (ii) optimum extra-atmospheric fligh t trajectories , (iii)

optimum aerodynamic shapes, and (iv) optimum structures.

This work was supported by the Office of Scientific Research , Office of Aero-
space Research , United States Air Force, Grant No . AF-AFOSR-72 -2185 , and
by the National Science Foundation , Grant No. MPS-75-18488.

2 Secretary, I~~pa rtment of Mechanical Engineering and Materials Science , Rice
University , Houston , Texas.

L _ _  ~~~~~~~~~~~~~~~ Iii



— ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
-
~w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- -

~~~~~~~~

---

~~~~
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~~ y Words. Nonlinear equations , differential equations , two-point boundary -value

problems, multipoint boundary -value problem s, mathematical programming,

optimal control , calcul us of variations.

Numerical analysis , numerical methods, computing methods , computing
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Systems theory, engineer ing systems, aerospace enginee ring, economics.

Optimum system s, optimum atmospheric fl igh t trajectories , optimum
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i . Intro duction

This document summarizes the research perfo rm ed by th e Aero-Astro-

nautic s Group of Rice University during the period 1965-76 . This research has

been supported through the follo wing US Government Grants:

Ai r Force Office of Scientific Research

AFOSR Grant No. AF-AFOSR-828-65 , 1965-66

AFOSR Grant No. AF-AFOSR-828-67 , 1967 -7 1

AFOSR Grant No. AF-AFOSR-72-2 185 , 197 1-76

Natio nal Science Foundation

NSF Grant No. GP-18522, 1970

NSF Grant No. GP-2727 1, 197 1

NSF Grant No. GP-32453, 197 2-73

NSF Grant No. GP-4 1158 , 1974-75

NSF Grant No. MPS-75-18488, 1975-76

NASA-Langley Research Center

NASA Grant No. NGR -44-006-034 , 1965-66

NASA Grant No. NGR-44-006-045, 1966-67

NASA Grant No. NGR -44-006-063, 1967-68

NASA-J ohnson Research Center
I~1t ~ ct~o,

NASA Grant No NGR-44-006-089 , 1968-70 
- -• “ “
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4 AAR-133

The personnel participating in the research effort included the following

people:

Faculty Personnel

Prof. A. Miele Prof. H . Y. Huang

Senior Personnel

Dr. A . Calabro Dr . A. Mangiavacchi
Dr. J .N . Damoulakis Dr . A. Montalvo
Dr . V . Guerra Dr. R .E. Pritchard
Dr. J .C. Heideman Dr. F. Rossi
Dr . R .R . Iyer Major G. R . Hennig, USA F
Dr. A .V. Levy

Lunior Personnel

Mr . A. K. Aggarwal Mr. D. G. Hull
Mr . F. Bonardo Mr . R. R . Iyer
Mr . S.L. Brown Mr . A.V . Levy
Mr. J .W. Cantrell Mr . C. T. Liu
Mr . J.P. Chambliss Mr . A.H. Lusty, Jr.
Mr. J. R. Cloutier Mr . B.P. Mohanty
Mr . G. M. Coggins Mr. P. E. Moseley
Mr . E. E. Cragg Mr . S. Naqvi
Mr. J .N. Damoutakis Mr. R.E. Pritchard
Mr. A. Esterle Mr. J .L. Tietze
Mr. S. Gonzalez Mr. K.H. Well
Mr . J .C. Heldeman Mr. W.L. Wilson
Mr. H.Y. Huang Mr . A. K. Wu

As a partial result of research performed under the above grants , the

following advanced degrees were awarded:
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MS Degrees

A .K . Aggarwal J .C. Heideman
J .W. Cantrell H .Y. Huang
j .P . Chambliss A .V. Levy
J. R . Cloutier S.
G .M. Coggins W.L.  Wilson
E.E. Cragg A.K. Wu

PhD Degrees

A.K. Aggarwal A .V. Levy
J.R . Cloutier A .H. Lusty , Jr.
E .E.  Cragg P .E. Moseley
J .N. Damoulakis S. Naqvi
JC . Heideman R. E. Pritchard
H . Y .  Huang J.L. Tietze
D.G. Hull K.H . Well
R.R. Iyer

Over the period 1965-76 , the research of the Aero-Astronautics Group has

been concerned with the following mathematical areas: (i) nonlinear equation s,

(ii) differential equations , (iii) two-point and multipoint boundary-value problems,

(iv) mathematical programming, (v) optimal control , and (vi) calculus of variations.

In these areas, it has led to the development of several new analytical and com-

putational techniques .

Concerning applications , the research reported here is of interest in several

areas of engineering, science ,and economics. With particular regard to aero-

space engineering, it applies to the following problem areas: (1) optimum atmos -

pheric fligh t trajectories , (ii ) optimum extra-atmospheric flight trajectories ,
7
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6 AAR-133

(iii)  opti mum aerodynamic shape s, and ( iv )  optimum structures .

A list of the research reports of the Aero-Astronaut ics Group is given in

Section I I. In turn , Section III contains a list of the papers publ i shed in the open

literature by members of the Aero-Astron autics Group.

Remark. Aero-Astronautics Report (AAR) and Aero-Astronautics Papers

(AA P) can be obtained by writing to the following address:

Dr. Angelo Miele
Aero-Astronautics Group
230 Ryon Boil ding
Rice University
Houston , Texas 77001

LI 
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II. Reports of the Aero-Astronautics Group

AAR -1 .  MIELE , A ., Extremal Problems in Aerody nam ics, Rice Universi ty,  Aero-

Ast ronautics Report No. 1, 1965.

AAR -2 . MIELE , A .. General ized Approach to the Calculus of Variations in Two

Inde pendent Variables , Rice University , Aero-Astronautics Report No.

2, 1965.

AAR - 3. HULL , D.G .,, and MIELE , A ., Three-Dimensional Wings of Minimum

Total Drag in Newtonian Flow, Rice University, Aero-Astronautics Re-

port No. 3, 1965.

AAR-4. MIELE , A ., Simila rity Laws for Optimum Hypersonic Bodies, Rice

University , Aero-Astronautics Report No . 4, 1965.

AAR-5. HULL , D.C., Three-Dimensional Configurations of Minimum Total Drag

in Newtonian Flow, Rice University, Aero-Astronautics Report No. 5,

1965.

AAR-6. HULL , D. C ., and MIELE , A ., Three-Dimensional Hypersonic Shapes

of Minimum Total Drag, Rice University , Aero-Astronautics Report

No. 6, 1965.

AAR-7 . MIELE , A ., and PRITCHAR D, R .E ., Optimum Slender Bodies in Free-

Molecular Flow, Rice University, Aero-Astronautics Report No. 7 , 1965.

AAR-8 . MIELE , A ., Opti mum Transversal Contour of a Nonlifting Body in New-

tonian Flow, Rice University , Aero-Astronautics Report No. 8, 1965 .

e I
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8 AAR- 133

AAR-9 . MIEL E , A ., Lift-to-Drag Ratios of Slender Bodies at Hypersonic Speeds,

Rice University , Aero-Astronautic s Report No. 9, 1965.

AAR-10 . MIELE , A ., and ll1~L 1., D.C ., Maximum Lift- to-Drag Rat ios  of Slender ,

Flat-Top, Hypersonic Bodies, Part 1, Rice Vn ivers ity ,  Aero-A str onaut ics

Report No . 10, 1965.

AAR -11 . MIE L E, A ., Similar i ty  Laws for Lifting Bodies of Min imum Drag at

Hypersonic Speeds, Rice University ,  Aero-Astronautics Report No. 11 ,

1965 .

AAR -12 . MIELE , A. ,  Extremizat ion of Products of Powers of Funct ion a ls ,  Rice

University , Aero -Astronautics Report No. 12 , 1966.

AAR-13 . MI E L E , A ., Lift - to-Drag Ratios of Slender Wings at Hypersonic Speeds,

Rice University , Aero-Astronautics Report No. 13, 1966.

AAR-14 . MI ELE , A ., One-Dimens ional Approach to the Maximum Lift-to-Drag

Ratio of a Slender, Flat-Top, Hypersonic Wing, Rice University , Aero-

Astronautics Report No. 14, 1966 .

AAR-15. MIELE , A ., Two-Dimensional Approach to the Maximum Lift-to-Drag

Ratio of a Slender, Flat -Top, Hypersonic Wing, Rice University , Aero-

Astronautics Report No. 15, 1966.

AAR-16. MIELE , A ., Similarity Laws for Lift ing Wings of Minimum Drag at Hype r-

sonic Speeds, Rice University , Aero-Astror iauticS Report No. 16 , 1966.

AA R-17 . M IELE , A ., Maximum Lift-to-Drag Ratio of a Nonslender , Flat-Top,

Hypersonic Wing, Rice Uni versity , Aero-Astron autics Report No. 17 , 1966 .
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AAR-18 . MIELE , A ., and H UL L , D. G ., Sufficie ncy Proofs for the Problem of

the Optimum Transversal Contour , Rice University , Aero-Astronautics

Repo rt No. 18, 1966 .

AAR- 19. MIELE , A ., Simplified Approach to the Problem of the Optimum Trans-

versal Contour , Rice University. Aero-Astronautics Report No . 19,

1966.

AA R-20. MIELE , A ., and 1-JUANG , 11.Y ., Power-Law Bodies of Maximum Lift -

to-Drag Ratio in Hypersonic Flow, Rice University , Aero-Astronautics

Report No. 20, 1966.

AAR-2 1. LUSTY , A .H ., Jr .,  Lifting Bodies of Minimum Drag in Hypersonic Flew,

Rice University , Aero-Astronautics Report No. 21, 1966.

AAR-22. LUSTY , A.l-i ., Jr. ,  and MIELE , A ., Bodies of Maximum Lift-to-Drag

Ratio in Hypersonic Flow, Rice University , Aero-Astronautics Report

No. 22, 1966.

AAR-23. MIRLE , A ., and WILSON , W .L ., Two-Dimensional , Power-Law Wings

of Maximum Lift-to-Drag Ratio in Hypersonic Flow, Rice University,

Aero-Astronautics Report No . 23, 1966.

AAR-24. HULL, D.G., Two-Dimensional, Lifting Wings of Minimum Drag in

H ypersonic Flow, Rice University, Aero-Astronaut ics Report No. 24 ,

1966.

AAR-25 . HULL , D. G., Two-Dimensional Wings of Maximum Lift-to-Drag Ratio

in Hypersonic Flow, Rice University , Aero-Astronautics Report No.

25, 1966.

I 
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L i f t — t o — I ) r a g  Rat io  in Hypers onic Flow , Rice t ‘ ni ve rs itv , A ero-Astr o—

naut ics  Report No . 27 , 1 966 .

AAR -2 8 .  MIELE , A ., and LUSTY , A .H ., Jr . , On Op t imum Wed ges and  Scnii -

cones in h ypersonic \ ‘iscous Flow , Rice Un ive r s i t y ,  .\ c r o - A s t r o n u u t i c s

Report  No. 2h , 1967 .

AAR-29.  N I I E L F , A ., and HUANG , H .Y ., Lif t - to -Drag Rat ios  of L i f t i ng  Bodies

at H ypersonic Speeds , Rice University , Aero-Astronautics Report No .

29 , 1967 .

AAR -~30. \ II ELE , A ., HULL , D.C ., and BROW N, S.L ., Maximum Lif t - to -Drag

Ratio of a Slender , Flat-Top, Hypersonic Body, Rice Univers i ty ,  Aero-

Astronautic~ Report No . 30, 1967 .

AAR-3 1. MIELE , A ., Drag Minimiza t ion  as the Extremization of Products of

I !  Powers of Integrals , Rice Universi ty,  Aero-Astronautics Report No.

31 , 1967 .

AAR-32. MIELE, A ., and HUANG , WY., Missile Shapes of Minimum Ballistic

Factor, Rice University , Aero-Astronautics Report No. 32, 1967. - ,

AAR-33. HE IDEMAN , J . C ., Blunt-Nosed Missile Shapes of M i n i m u m  B all ist ic

Factor , Rice University , Aero-Astronautics Report No. 33, 1967 .
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AAR-34. M IELE , A ., HEIDEMAN , J . C ., and PRITCHARD , R .E ., Conical Bodies

of Given Len gth and Volume Having Maximum Lift-to-Drag Ratio at H ype r-

sonic Speeds, Part 1, Direct Methods , Rice University , Aero-Astronautics

Report No . 34 , 1967 .

AAR-35. HUANG , H .Y ., Variational Approach to Conical Bodies Having Maximum

Lift-to-Drag R’!io at Hypersonic Speeds, Rice University , Aero-Astro-

nautics Report No . 35, 1967 .

AAR-36 . HUANG , H .Y ., Conical Bodies of Given Length and Volume Having Maxi-

mum Lift-to-Drag Ratio at Hypersonic Speeds, Part 2, Variational Methods ,

Rice University , Aero -Astronautics Report No. 36, 1967 .

AAR-37 . MIELE , A ., On a Modification of the Classical Isoperimetric Problem,

Rice University, Aero-Astronautics Report No. 37 , 1968.

AAR-38. MIELE , A ., Bodies of Maximum Lift  at Hypersonic Speeds, Rice University,

Aero—Astronautics Report No. 38, 1968.

AAR-39. MIELE , A ., and HEIDEMAN , J . C ., The Restoration of Constraints in

Holonomic Problems, Rice University , Aero-Astronautics Report No.

39, 1968.

AAR-40. MIELE, A ., and DAMOULAKIS , J . N ., The Restoration of Constraints in

Nonholonomic Problems, Rice University , Aero-Astronautics Report No.

40, 1968.

AA R-4 1. MIELE , A ., Optimum Air foils at Moderate Supersonic Speeds, Part 1,

Preliminary Considerations, Rice University , Aero-Astronautics Report

L No. 4 1, 1968.

I
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AAR -42 .  M I E L E , A ., and HEIDE\1.\N, J.C., Optimum Airfoi ls  at Moderate

Super sonic Speeds, P or t 2, M in i m u m  1)rag, Rice Univers i ty ,  Aero-

Astronaut ics  Report No. 42 , 1968 .

AAR-43 . M I F L I : , A ., and DAM OI JLAKL S , J . N .,  O pt i m u m  Airfoi ls  at Moderate

Supersonic Speeds , Part 3 , Maximum Lift-to-Drag Rat io  for Given Thick-

ness, Rice University , Aero-Astronaut ics Report No. 43, 1968.

AAR-44 . M E E L E , A ., and DAMOULAKI S , J . N ., Optimum Airfoi ls  at Moderate

Supersonic Speeds, Part 4 , Max imum Li f t - to -Drag Rat io  for Given En-

closed Area , Rice Universi ty,  Aero-Astronautics R eport No. 44 , 1968 .

AAR-45. PRITCHARD , R • E •,  Optimum Airfoils at Moderate Supersonic Speeds,

Part 5, M i n i m u m  Drag, including Base Drag, R i ce  Univers i t y , Aero-

Astronautics Report No. 45, 1968.

AA R-46. PRITCHARD , R. E ., Optimum Airfo i l s  at Moderate Supersonic Speeds ,

Part 6, Base Drag Effects on the Maximum Lift-to -l)rag Ratio for Given

Thickness, Rice University, Aero-Astronautics Report No. 4 , 1968.

AAR-47 . PRiTCHARD , R .E ., Optimum Airfoils at Moderate Supersonic Speeds,

Part 7 , Base Drag Effects on the Maximum Lift-to-Drag Rat io  for Given

E nclosed Area , Rice University , Aero-Astronautics Report No. 47 , 1968. 
- .

AAR-48 . MIELE , A ., Method of Par t icu la r  Solut ions  for Linear , Two-Point Boun-

dary-Value  Problem s, Part 1, P re l iminary  E x a m p les , Rice University ,

Aero-Astronaut ics Report No . 48, 1 968.

AAR-49. MIELE, A ., Method of Particular Solutions for Linear, Two-Point Boun-

dary-Value Problems , Part 2 , General Theory , Rice Universi ty,  Acro- ]
Astronautics Report No. 49 , 1968. •1
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AAR-50. HEIDEMAN, J.C., Use of the Method of Particular Solutions in Non-

linear, Two-Point Boundary-Value Problems, Part 1, Uncontrolled Sy-

stems, Rice University, Aero-Astronautics Report No. 50, 1968.

AAR-51. HEIDEMAN, J.C., Use of the Method of Particular Solutions in Non-

linear, Two-Point Boundary-Value Problems, Part 2, Controlled Sy-

stems, Rice University , Aero-Astronautics Report No. 51, 1968.

AAR-52. MIELE, A ., Summary Report on Configurations Having Maximum Lift-

to-Drag Ratio for Hypersonic Flight (NASA Grant No. NGR-44-006-034,

NASA Grant No. NGR-44-006-045, and NASA Grant No. NGR-44-006-063),

Rice Unive rsity , Aero-Astronautics Report No . 52, 1968.

AAR-53 . MIELE , A ., On the Theory of Optimum Aerodynamic Shapes, Rice

University , Aero-Astronautics Report No. 53, 1968.

AAR-54. MIELE , A.,  Summary Report on General Study of Optimum Aerodynamic

Shapes in Supersonic, Hypersonic, and Free-Molecular Flow (AFOSR

Grant No. AF-AFOSR-828-65 and AFOSR Gran t No. AF-AFOSR-828-67 ),

Rice University , Aero-Astronautics Report No. 54, 1969.

AAR-55. MIELE , A ., HUAN G, H .Y ., and CANTRELL , J . W ., Gradient Methods in

Mathematical Programming, Part 1, Review of Previous Technique s, Rice

University , Aero-Astronautics Report No. 55, 1969 .

AAR-56. MIEL E, A ., and CANTRELL , J . W ., Gradient Methods in Mathematical

Programming, Part 2, Memory Gradient Method, Rice University , Aero-

Astronautics Report No. 56, 1969.
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AAR - 5 7 . 1)A\I OV LAK I S , J.N ., The Restorat ion of Constraints in Nonho lonomic

Probl ems: Numerical Examples , Rice University , Aero-Astronautics

Report No. 57 , 1969.

AAR -58 . C RAGG , i . E ., and LEVY , A .V ., Gradient Method s in Mathematical

Programming, Part 3, Supermemory Gradient Method , Rice University,

Aero-Astronautics Report No . 58, 1969 .

AAR -59 . MIEL E , A ., and HE IDEMAN , J . C ., Mathe matical Progr amming for

Const rained Minimal  Problems, Part 1, Sequential Gradient-Restoration

Al gorithm, Rice University,  Aero-Astronautics Report No . 59, 1969 .

AAR-60. MIEL E, A ., Gradient Methods in Control Theory, Part 1, Ordinary

Gradient Method , Rice Unive rsity, Aero-Astronautics Report No. 60,

1969.

AAR-6 1. MIELE , A ., HUANG , H .Y ., and HEIDEMAN , J. C., Mathematical Pro-

gram ming fo r Constrained Minimal Problem s, Part 2, Sequential Con-

j ugate Gradient -Restoration Al gorith m, Rice University, Aero-Astro -

nautics Report No. 61, 1969 .

AAR-62 . MIELE , A ., and PRITCHAR D, R .E., Gradient Methods in Control Theory,

Part 2, Sequential Gradient-Restoration Algorithm , Rice University, Aero-

Astronautics Report No . 62 , 1969.

AAR-63 . MIELE , A ., and IYER , R . R . • General Technique for Solving No nlinear ,
:i

Two-Point Boundary-Value Problem s via the Method of Particular Solutions ,

Rice Universi ty, Aero-Astronautics Report No. 63, 1969.

ii :

— •_! ~ ~~~~~~~~~~~~~~~~~ 
— .._. ~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ _~~~~ __~~~ L — -  — —.

~



I
15 AAR- 133

I
AAR-64 . HUANG , H .Y ., Unified Approach to Quadratically Convergent Al gorithms

fo r Function Minimization , Rice University, Aero-Astronautics Report

No. 64 , 1969 .

AAR-65. DAMOULAK IS , J . N ., Gradient Methods in Control Theory , Part 3, Se-

quential Gradient-Restoration Algori thm: Numerical Examples , R ice

• University , Aero-Astronautics Report No. 65, 1969 .

• AAR-66 . HUANG , 11 .1., and LE VY , A .V ., Nu merical Experiments on Quadra-

ticall y Convergent Algorithms for Function Minimization , Rice U n i v e rsity,

Aero-Astronautics Report No. 66, 1969.

AAR-67 . DAMOULAKIS , J . N ., Gradient Methods in Control Theory , Part 4 , Se-

quential Gradient-Restoration Algorithm: Further Numerical Exam pies,

Rice University , Aero-Astronautics Report No . 67 , 1970.

AAR-68 , MIELE , A ., HEIDEMAN , J . C ., and LEVY , A .V ., Mathematical Pro-

gramming for Constrained Minimal Problem s, Part 3, Combined Gra-

dient-Restoration Algorithm , Rice University , Aero-Astronautics Re-

port No. 68, 1970.

AAR-69 . HEIDEMAN , J . C ., and L EVY , A .V ., Mathematical Progr amming for

Constrained Minimal Problems , Part 4, Combined Gradient-Restoration

Algorithm: Further Numerical Examples , Rice Unive rsity, Aero-Ast ro-

nautics Report No . 69, 1970. -]

AAR-70. MIELE , A ., HEIDEMAN , J . C., and LEVY , A .V ., Mathematical Pro-

~~~mming for Constrained Minimal Problems , Part 5, Combined Con-

jugate Gradient - Re storatlon Algorith m , Rice University , Aero-Astro -

nautics Report No . 70, 1970.
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• A A R- 71. MIELE, A ., and PRITCHAR D, R.E., Numerical Solutions in the Simplest
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