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GORDON LESLIE DUGGER 
1923-1987 

CarlO. Bostrom 
Director, Applied Physics Laboratory 

For the last 30 years, Gordon L. Dugger devoted a 
large measure of his time and energy to the work of the 
Applied Physics Laboratory. His career at APL reads 
like a textbook example of the ideal professional scien­
tist and engineer. His personal contributions spanned the 
gamut from basic research to engineering design and en­
compassed several areas of scientific and engineering ac­
tivity. He was totally dedicated to his work and to his 
profession and gave freely and generously of his time 
and talents to serve as a leader in the national and in­
ternational scientific communities concerned with com­
bustion, propulsion, and energy. He chaired national 
committees, served as editor-in-chief of a major techni­
cal journal, and held office in national technical societ­
ies. He was the recipient of a number of awards 
recognizing his scientific contributions and was a pro­
lific author with more than 100 publications and presen­
tations to his credit. 

At APL, his technical leadership was highly valued, 
and he became head of the Aeronautics Department in 
1978. He brought the same level of dedication and care 
to his administrative duties that were hallmarks of his 
technical achievements. Words like devotion, dedication, 
and service accurately describe his commitment to his 
profession and to the Laboratory. He was a man of high 
principles that he applied uniformly in all his pursuits, 
but, at the same time, he was caring and compassionate 
in his dealings with people. 

All of us suffered along with Gordon during his ill­
ness, but even when he was no longer able to work, his 
contributions to APL continued. His advice and coun­
sel were invaluable. I was pleased to recommend Gor­
don for appointment as a Senior Fellow of APL, and 
he was appointed to that position by President Muller 
on February 1st of this year. It had been our hope and 
plan that Gordon would recover sufficiently to enable 
him to continue his illustrious career. He will be greatly 
missed and warmly remembered. 

William H . Avery 
Senior Fellow; Former Supervisor, Aeronautics Department 

Gordon came to the Laboratory just 30 years ago. 
APL would not be as successful an organization with­
out his dedication to and outstanding leadership of our 
programs in aeronautics and energy during those years. 

I met Gordon when -he was engaged in combustion 
research at NACA's Lewis.Research Center. His research 
was directly applicable to APL's programs in propul-
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sion, and I believe our conversations then stimulated his 
first interests in ramjets. He left Cleveland to become 
supervisor of chemical process development at Interna­
tional Minerals and Chemicals in Florida, but after two 
years he decided in 1957 to come to APL to join our 
program. It was a fortunate move for us. He was in­
trigued by the prospects of hypersonic propulsion and 
immediately assumed responsibility for our work in that 
field. Under his leadership, the first experimental demon­
strations of ramjet propulsion at Mach 7 were per­
formed, and the acronym SCRAM was invented to stand 
for Supersonic Combustion Ramjets. Gordon's pioneer­
ing work established that field of technology, and his 
leadership of the continuing program at APL gained him 
and the program worldwide recognition. He and Fred 
Billig were awarded the Silver Medal of the International 
Combustion Institute in 1970 for their landmark paper 
on supersonic combustion. The current national interest 
in the aerospace plane derives directly from that basic 
work. 

In 1973, the world oil crisis led us to identify ocean 
thermal energy as a promising technology to provide re­
lief from U.S. dependence on foreign oil. With his usu­
al keen engineering judgment, Gordon provided a solid 
foundation for our work in that field. His papers were 
not only technically outstanding but were models of good 
writing. He was organizer and chairman of the Third 
International Workshop on Ocean Thermal Energy in 
1975 and was asked to play that role again at the Sixth 
Symposium in 1979. That was a monumental task. It 
was characteristic of Gordon that every paper of the 125 
presented showed the beneficial results of his careful 
review. 

My association with Gordon was a continuing source 
of deep enjoyment heightened by admiration for his en­
gineering judgment, his thoroughness, his integrity, his 
generous help, and his dedication to the goals of APL. 
He was an outstanding person and a loyal friend. His 
life and his accomplishments will be a continuing inspi­
ration to all who knew and worked with him. 

James Harford 
Executive Director, American Institute of Aeronautics and As­
tronautics 

Among the many volunteers I've worked with for 
more than 30 years as staff director of AIAA, and be­
fore then the American Rocket Society, are 34 presidents 
and over 100 vice presidents of membership, technical 
activities, public policy, international activities, educa­
tion, and publications. I cannot think of anyone who 
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made a more sustained, more conscientious, relentless 
contribution to the Institute and to the objectives of the 
Institute to advance aeronautics and astronautics than 
did Gordon Dugger, who served as Vice President, Pub­
lications for four years. 

He was the first editor of the Journal of Spacecraft 
and Rockets for seven years. He was many times an au­
thor or a reviewer. Recently I talked at length about Gor­
don with other staff members he worked with 
particularly closely: Ruth Bryans, Jerry Grey, John New­
bauer, Norma Brennan. Here's what I heard: meticu­
lous editor, careful scholar, patient and thoughtful 
human being, gentleman. He listened carefully, he ques­
tioned inconsistencies or possible exaggerations. He met 
obligations, budgets, schedules. He rarely needed 
follow-up. 

Norma Brennan said: 

Gordon personally edited every single manuscript sub­
mitted. Authors would tell him that they couldn't pos­
sibly shorten their papers, they were just "perfect as is." 
So Gordon would slash five pages and no one ever com­
plained. He did surgery, sentence by sentence, word by 
word, clarifying syntax, eliminating jargon, modifiers, 
dangling phrases. 

But to Ruth Bryans, when she retired from the posi­
tion of AIAA director of publications, Gordon-master 
of literary condensation-wrote four voluminous pages 
longhand. He knew when it was important to go into 
detail. A quote from Gordon's letter to Ruth: 

I count myself among the fundamentalists of AlAA. 
That is, those who consider the technical meetings and 
the publications to be the heart and soul of a profes­
sional society. We enjoy and benefit from the give and 
take at the meetings when we are in good company (such 
as yours). But the lasting record of the professional work 
in our fields is in the publications. 

John Newbauer said: 

He was, by all odds, the mainstay of AlAA's technical 
publications in the mid- and late-60s who undertook to 
rationalize the flow of papers into the right one of the 
three new journals that the American Rocket Society/ In­
stitution of Aeronautical Sciences amalgamation creat­
ed: AIAA Journal, Journal of Spacecraft and Rockets, 
and Journal of Aircraft. 

The technical work he did persistently in the 1950s and 
60s in supersonic combustion and mixed cycle combus­
tion now becomes, at the time of his death, one of the 
aerospace community's-indeed the country's-main 
technical interests with the development of the Nation­
al Aerospace Plane. How splendid, how ironic. 
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Fred S. Billig 
Associate Supervisor, Aeronautics Department 

A Loving Husband, An Affectionate Father-Some 42 
years ago Gordon Dugger and his bride, Mary Louise, 
set out on the trail of married life to be joined by George 
and Susan and Barbara, and then, of course, Terra, 
Sarah, Michele, and little Benjamin, their proudest 
legacies. 

A Teacher, A Leader-From instructor in engineering 
mechanics to leader of the Aeronautics Department. 
Who among us has not benefited from his gentle guid­
ance, his technical insight, and his meticulous attention 
to important details we often had overlooked? 

A Master of Grammar, A Carpenter of Words-His 
pride could not permit less than perfection in syntax and 
punctuation, whether it was an internal memorandum 
or an article for the Journal of Spacecraft and Rockets, 
while he was editor. It would be impossible to count the 
Sundays that Gordon spent in his relentless pursuit of 
perfection in every article published, only occasionally 
interrupted by the distraction of a completed pass by 
Sonny Jurgensen. 

A Versatile Professional-He began his career in com­
bustion research, became world-renowned as a pioneer 
in hypersonic propulsion, and then, turning his atten­
tion to address the energy problem, became a specialist 
in ocean thermal energy conversion. And true to the 
mark of a complete professional, he took the time to 
make unmatched contributions to the American Insti­
tute of Aeronautics and Astronautics and other profes­
sional societies. 

A Brave Man-From his service in the United States 
Army to his acceptance, without lament or fear, of the 
inevitable consequence of his medical problems. 

A Brilliant Inventor-I have no doubt that one day we 
will be able to enjoy the benefits of his most imagina­
tive ideas, an "Orient Express," -a National Aerospace 
Plane and a commercially viable ocean thermal electric 
plant. 

* * * * * 
We take solace in knowing that from this day forth, 

as the journal of eternity is written, nevermore will there 
be a split infinitive or a missing comma. 
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THE PUBLISHED WORKS OF GORDON L. DUGGER 

"The Effect of Initial Temperature on Flame Velocities of Propulsion System for a Mach 4 to 10 Supersonic Ramjet Mis­
Propane-Air Mixture ," 1. Am. Chem. Soc. 72 {I 950). sile (SCRAM), with F. S. Billig and W. H. Avery, JHU/ APL 

Effecl of Initial Mixture Temperature on Flame Speed of 
TG 489 (1963). 

Melhane-Ait~ Propane-Air, and Ethylene-Air Mixtures, NACA Inlet Sludiesfor Supersonic Combuslion Ramjet Missiles, with 
1061 {I 952). F. S. Billig and L. L. Perini, JHU/ APL TG 491 (1963). 

"Flame Velocitie of Hydrocarbon-Oxygen-Nitrogen Mix- Supersonic Combustion Ramjet Missile Studies, with J. F. 
rures," with D. D. Graab, in 4th International Symp. Com- George, JHUI APL TG 60-55 (1963). 
bustion (1953). 

Review of LR Typhon and Advanced Ramjet Studies, with 
J. L. Keirsey, JHU/ APL CPIA Pub. No. 37 (1963). "Prediction of Flame Velocities of Hydrocarbon Flames," with 

D. M. Simon, in 4th International Symp. Combustion (1953). 
"Hypersonic Airbreathing Propulsion," with W. H. Avery, 

Some Effects of Initial Mixture Temperature and Contact Time Astronaut. Aeronaut. 2 (Jun 1964). 
on Burner Flames, Ph.D. Dissertation, Case Institute of Tech-
nology, Cleveland (1953). "Preliminary Study of Air Augmentation of Rocket Thrust," 

with others, J. Spacecr. Rockets 1 (Nov-Dec 1964). 

"Flame Velocity and Preflame Reaction in Heater Propane­
Air Mixtures," with R. C. Weast and S. Heimel, Ind. Eng. 
Chem. 47 (1955). 

"Flame Stability of Preheated Propane-Air Mixture," Ind. Eng. 
Chem. 47 (1955). 

"Flame Propagation V, Structural Influences on Burning Ve­
locity," with P. Wagner, J. Am. Chem. Soc. 77 (1955). 

Estimated Performance for Fleet Ballistic Missiles with Air 
Augmentation, with others, JHUI APL TG 606 (1964). 

A Supersonic Combustion Ramjet Missile (SCRAM) for Naval 
Missions, with others, JHUI APL TG 640 (1965). 

A Survey of Current Air-Augmented Rocket Research, with 
R. E. Walker, JHUI APL TG 694 (1965). . 

Air Augmentalion for Solid-Propellant Ballistic Missiles, with 
Basic Considerations in the CombUSlion of Hydrocarbon Fuels R. E. Walker, JHUI APL TG 696 (1965). 
Wilh A ir, co-author of three chapters, NACA 1300 (1957). 

A Supersonic Combustion Ramjet Missile for Naval Applica­
Prospects and Design Considerations for Hypersonic Flighl, lions, JHUI APL TG 695 (1965). 
with W. H . Avery and J. H. Walker, JHU/ APL TG 354 
(1959). 

"A Future for Hypersonic Ramjets," Astronautics 4 (Apr 
1959). 

E'({ernal Burning Ramjets-Preliminmy Feasibility Study, with 
L. Monchick, JHUI APL CM-948 (1959). 

"Recent Ad ances in Ramjet Combustion," ARS 1. (Nov 
1959). 

"Comparison of Hypersonic Ramjet Engines with Subsonic 
and Supersonic Combustion," in Combustion Propulsion, 4th 
AGARD Colloq., Pergamon Press, London (1961). 

Recent Work in Hypersonic Propulsion at JHU/APL, with 
F. S. Billig and W. H. Avery, JHUI APL TG 355 (1961). 

Hypersonic Propulsion Studies at JHU/APL,. with F. S. Bil­
lig and W. H . Avery, JHU/ APL TG 405 (1961). 

Summary Report on External Ramjet Program , with others, 
JHU/ APL TG 419 (1961). 

A Supersonic Combustion Ramjet Missile (SCRAM) for Naval 
Air Defense, with others, JHU / APL TG 449 (1962). 

"Ramjets (State of the Art-l%2)," Astronautics 7 (Nov 1962). 

"Comments on High Performance Combustion Systems," in 
XI/th International Astronautics Congress, Academic Press , 
New York (1963). 

Supersonic Combuslion of Storable Fuels, with F. S. Billig, 
JHUI APL TG 488 (1963). 
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" Engine Integration for SCRAM Missile Applications," with 
J. L. Keirsey and J. F. George, in Proc. AIAA 2nd Propul. 
Joint Specialist Con! I (1966). 

External Burning Ramjets: Preliminary Feasibility Study, with 
L. Monchick, JHUI APL TG 892 (1967). 

Design Considerations for Air Augmented Roc.ket Missiles and 
Related Afterburner Testing, with others, JHUI APL CPIA 
Pub. No. 167 (1968). 

"Combustion Problems in Air-Augmented Rocket Systems," 
with others , in 3rd ICRPG/AIAA Solid Propulsion Con! 
(1968). 

Augmented Thrust Propulsion and Its Place in the Propulsion 
Spectrum, with W. B. Shippen and W. H. Avery, JHU/ APL 
TG 1026 (1968). 

"External Burning in Supersonic Streams," with F. S. Billig, 
APL Tech. Dig. 8 (Nov-Dec 1968). 

"The Interaction of Shock Waves and Heat Addition in the 
Design of Supersonic Combustors," with F. S. Billig, in Proc. , 
12lh International Symp. Combustion (1969). 

"Augmented Thrust Propulsion Program Status and Test Ve­
hicle Design," with others, in Proc. Con! Airbreathing Propul­
sion for Advanced Missiles and Aircraft (1969). 

" Ramjets," in AIAA Selecled Reprints Ser. VI (Jun 1969). 

Research on Liquid Injection into a Supersonic Air Stream and 
Scramjet Fuels Evaluation, with others, in JHUI APL AF APL­
TR-70-17 (1970). 
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"Flywheel and Flywheel/Heat Engine Hybrid Propulsion Sys­
tems for Low-Emission Vehicles," with others, in Proc., SAE 
IntersocielY Energy Conversion Con! (1971). 

Heat Engine/Mechanical Energy Storage Hybrid Propulsion 
Systems jor Vehicles, with others, Final report to the Environ­
mental Protection Agency, Office of Air Programs (1971). 

"Combustor Design," Chapter 9 in Ramjet Technology, with 
E. A. Bunt and G. S. McMurray, JHUI APL TG 610-9 (1972). 

Scramjel Fuels Evaluation, with F. S. Billig and J . C. Pirkle, 
JHUI APL AFAPL-TR-72-21 (1972). 

"Design and Testing of a Hypersonic Ramjet Engine," with 
others, in 1972 lANNAF Propulsion Meeting (1972) . 

"Airbreathing Propulsion for Future Ship-Launched Missiles," 
Nav. Ord. Bull. (Dec 1972). 

"Oral Presentation on the NA VORDI APL Airbreathing 
Propulsion Technology Program," I, with W. B. Shippen, in 
ExploralOry Development on Ramjet Propulsion and Poten­
tial Applications, JHU I APL RDO-3 (1973). 

"Preliminary Considerations for the Selection of a Working 
Medium for the Solar Sea Power Plant," with others, in Proc. 
NSF Solar Sea Power Plant Con! and Workshop (1973). 

"AIAA Experiments and Results on SDD, Synoptics, 
Miniprints, and Related Topics," with R. F. Bryans and 
W. T. Morris, Jr., in Proc. IEEE Con! Future Science Tech­
nology (1973). 

"Supersonic Combustion Ramjets," with F. S. Billig, AIAA 
SlUdent 1. (Dec 1973). 

"Ocean Thermal Power Plants," with others, APL Tech. Dig. 
14 (Jan-Mar 1975). 

"Ocean Thermal Energy Conversion," in Proc., Solar Ener­
gy jor Earth, AIAA (Apr 1975). 

"Tropical Ocean Thermal Power Plants and Potential Prod­
ucts," with others, Energy jor Earth Con!, AIAA Paper No. 
75-617 (1975). 

Editor, Proc., Third Workshop on Ocean Thermal Energy 
Conversion (OTEC), JHU/ APL SR 75-2 (1975). 

"Floating Ocean Thermal Power Plants and Potential Prod­
ucts," with others, 1. Hydronaut. 9 (Oct 1975). 

"Ocean Thermal Energy Conversion," Astronaut. Aeronaut. 
13 (Nov 1975). 

"Preliminary Design and Performance Analysis of a Super­
sonic Integral-Rocket-Ramjet Torpedo-Tube Missile," with 
R. W. Constantine and W. B. Shippen, in Proc., 19751AN­
NAF Propulsion Meeting (1975). 

Maritime Aspects oj Producing Products at OTEC Plants at 
Sea and Delivering Them to the United States, with E. J. Fran­
cis, JHU I APL AEO-76-0S1 (\976). 

Maritime and Construction Aspects oj Ocean Thermal Ener­
gy Conversion (OTEC) Plant-Ships, with others, JHUI APL 
SR 76-IA (Executive Summary) and -I B (Detailed Report) 
(1976) . 
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"Technical and Economic Feasibility of Ocean Thermal Energy 
Conversion," with E. 1. Francis and W. H. Avery, in Proc., 
1. ISES/SESC Con!, Sharing the Sun! Solar Technology in 
the Seventies 5 (1976). 

Experiments on and Design oj Low-Cost Aluminum Heat Ex­
changers jor OTEC Plant Ships, with others, JHU I APL 
AEO-77 -073 (1977). 

"Ocean Thermal Energy Conversion," in Handbook oj Energy 
Technology, D. M. Considine, ed., McGraw-Hili, New York 
(1977) . 

"Design of an Ocean Thermal Energy Plant Ship to Produce 
Ammonia in Hydrogen," with E . J. Francis, Int. 1. Hydro­
gen Energy 2 (1977). 

"Technical and Economic Feasibility of Ocean Thermal Energy 
Conversion," with E. J. Francis and W. H. Avery, Solar Ener­
gy 20 (\978). 

"Ocean Thermal Energy for the 80's," AIAA Student 1. (Sum­
mer 1979). 

"Is There a Chance for OTEC? ," Astronaut. Aeronaut. (Nov 
1979). 

"Ocean Thermal Energy Conversion," with F. E. Naef and 
J. E. Snyder Ill, Chap. 19 in Solar Energy Handbook, 
McGraw-Hill (1980). 

Editor, Proc. 6th OTEC Con!, Department of Energy, Divi­
sion of Central Solar Technology (1980). 

"Use of Satellite-Derived Sea Surface Temperatures by Cruis­
ing OTEC Plants," with F. K. Hill, in Proc. 6th OTEC Con! 
(1980). 

"Promising Applications of OTEC," with E. J. Francis, in 
Proc. Seventh Energy Technology Con! (1980). 

"Comparison of Cost Estimates, Sharing Potentials, Subsidies 
and Uses for OTEC Facilities and Plantships," with E. J. Fran­
cis and W. H. Avery, Expanded Abstracts, 7th Ocean Energy 
Con!, paper HIC/ I (1980). 

"Contribution of Ocean Thermal Energy Conversion to World 
Energy Need," with W. H. Avery, Int. 1. Ambient Energy 
1 (Jul 1980). 

"Projected Costs for Electricity and Products from OTEC Fa­
cilities and Plantships," with others, 1. Energy 5 (Jul-Aug 
1981). 

"Test Results for the APL/ JHU Folded-Tube Aluminum Con­
denser," with P. P. Pandolfini and J. A. Funk, 1. Energy 5 
(Nov- Dec 1981). . 

"OTEC Energy Products and GEOTEC Plants," with others, 
in Solar Eng. (1982). 

"Ocean Thermal Energy Conversion: Historical Highlights, 
Status, and Forecast," with others, 1. Energy 7 (Jul-Aug 1983). 

"Hydrogen Generation by OTEC Electrolysis and Economi­
cal Energy Transfer to World Markets via Ammonia and Meth­
anol," with W. H. Avery and D. Richards, Int. 1. Hydrogen 
Energy 10 (1985). 
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