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FOREWORD

The Second Research Applications Conference of the Office of Aerospace Research
(OAR), like the first, illustrates some of the valuable applications that have resulted
from basic research by the United States Air Force.

Scientific information is the principal product of OAR, the prime research agency of
the U. S. Air Force. From research within its own laboratories, and from sponsored re-
search in universities and technical institutions, come new and unique ideas that con—
tribute directly to a wide range of present and future Air Force needs. The long—range
value of these ideas, and the usefulness of OAR—produced scientific information, will
ultimately be judged by their use in advancing technology. However, some unique ap-
plications of OAR research are evident now, and are the subject of these Proceedings.
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Manages the conduct and support of research in
those areas which offer the greatest potential for
providing new know ledge essential to the continued
superiority of the Air Force operational capability.
Also manages the conduct and support of specif
ically assigned exploratory-deve lopment efforts
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Mrs. Rita C. Sagalyn is a physicist with the Upper
Atmosphere Physics Laboratory, Air Force Cam
bridge Research Laboratories. She is currently en-
gaged in experimental and theoretical studies of elec
trical phenomena in the upper atmosphere, including
measurement of the properties of the ionospheric, exo
spheric and magnetospheric plasma, and the physical
processes responsible for spatial and temporal varia
tions in these regions Her earlier work involved
studies of atmospheric electrification in the tropo
sphere and stratosphere, and its relation to mete
orological processes in fair and disturbed weather.
Mrs. Sagalyn obtained her B.S. in Physics from the
gan, Ann Arbor, and her M.A.

in Physies from Harvard University. She has over

University of Mich

40 publications in scientific journals and symposia
I wmjp
proceedings, and has presented invited lectures

hefore national and international societies

Dr. Michael Smiddy is a research physicist witl
the Upper Atmosphere Physics Laboratory, Air Force
Cambridge Research Laboratories He is presently
doing research on the electrical properties of the
upper atmosphere and interplanetary plasma. Thi
work ineludes the analysis and study of experimental
lata taken aboard rockets and satellites, in addition
to the concept and design of the experimental equip
ment Prior to joining AFCRL in 1958, Dr. Smiddy
tudied at Durham University in England, earning
his B.S.C. degree in Homours Physics, and his Ph. D

He has been project scientist on numerous space

launching expeditions in the United States, and was
a member of the NASA mobile launch expedition to

the South Pacific in 1965
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Lt. Col. Clyde A. Northeott, Jr., is Program Man-
ager for the OV1 (Orbital Vehicle One) research
catellite and Deputy Commander of Detachment 6
Office of Aerospace Research, in Los Angeles, Calif.
He received his B.S. degree in Aeronautical Engi-
neering through a resident course of the Air Force
Institute of Technology, Dayton, Ohio, in 1952, and
his M.A. degree in Business Administration from the
University of Chicago in 1962, He has been Chief
of the Tactical Bomber Station, Air Force Arma-
ment Center at Eglin AFB, Fla., and exchange of-
ficer with the Royal Canadian Air Force Central
Erperimental and Proving Establishment at Fort
Churchill, Canada. Col. Northcott has been asso-
ciated with the Aerospace Research Support Pro-
gram ever since its establishment in 1960.
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designed to ride in an enclosure, called the Atlas Retained Structure (ARS), until
after Atlas Sustainer Engine Cut Off (SECO) at which time the ARS door opened
and the OV1 vehicle was separated from Atlas, The OV1 attitude control system
positioned the OV1 and the programmer fired the motor, placing the satellite into
orbit. This is basically the same design and procedure that is followed in the
present day vehicles, Except for the autopilot, only previously-developed com-
ponents and subsystems were used in the design. This reduced development risk
and total cost, and also allo'ved earlier support of orbital requirements. In fact,
the first OV1 was flown with a full payload of experiments.

Figure 1. Orbital Pod Concept

In 1964 a series of planning changes by the ABRES program impacted the OV1
program, First, transferring launch location from the East coast to the West
coast lowered OV1's orbital capability because of the earth's rotational effect.
Second, ABRES requirements for higher lofted launches had additional degrading
effects. These circumstances prompted a review of the total OV1 program and
resulted in a one year slip in the program,

Fortunately, at this time, the Atlas D missiles were being phased out of the
operational inventory. Analyses indicated that it was economically feasible to
refurbish them for use as the first propulsive stage for two OV1 vehicles installed
on the nose. This configuration uses the existing OV1 assemblies by attaching two
ARS's back-to-back as shown in Figure 2, with essentially no change to the flight
vehicle., A proven adapter was combined with fairings to mount this dual assembly
on the nose of the Atlas. Staging of the two vehicles occurred in the same manner
as the original side installation. These old missiles have proven to be very reli-
able, with 20 successes out of 21 launches. = The next launch in May 1967 will be
the last with a Series D.
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Figure 2, OV1 Staging

The original design imposed contraints on experiment integration because of
the minimum cross section of the ARS, This size limitation required costly
deployment devices and fairing modification to support peculiar experiment
requirements, Modifications such as these required extensive engineering ana-
lysis and design time with added risk of degrading basic system reliability.

With the depletion of the Series D, support for the OV1 program will come
from Series E and F Atlas missiles as they are released from inventory, Assess-
ment of all factors associated with this change indicated a conventional nose fair-
ing offered the most flexible configuration. This change as shown in Figure 3 has
been made and will be flown on the first E/F launch in September 1967, The fair-
ing, sized to match an existing missile adapter will use a previously developed
separation system, The 84-inch diameter provides ample clearance around the
flight vehicle and satellite and eliminates this as a significant constraint, Pro-
vision was made for longitudinal growth of the satellite without changing the rest
of the system.

The orbital requirements of the scientists are about equally divided between
circular and elliptical with an increasing demand for higher and higher apogees.
The OV1 capability has been regularly improved in support of these requirements.

The growth in OV1 orbit performance is shown in Figure 4. A significant
improvement is realized between secondary and primary OV1 status since in the
latter, the booster trajectory is optimized for the space mission, Primary status
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Figure 3. 84-inch Fairing Configuration

also enabled the program to support experiments requiring a polar orbit, By re-
placing the ABL-258 motor with the FW-48 further performance improvement was
realized, OV1-2 weighed 190 pounds and, using the full capability of Atlas on a
westerly trajectory, was only able to achieve 1,860 nautical miles of apogee,
while OV1-9, weighing 230 pounds, achieved 2,600 nautical miles on a near polar
trajectory. It is important to note that OV1-10 was launched into a circular 375~
mile orbit and OV1-9 into the elliptical orbit from the same Atlas booster. This
flexibility of the system is a significant advantage in supporting scientific pay-
loads. Although the 2,600 nautical mile apogee is a substantial improvement, it
is not the maximum capability of the system. For example, OV1-13 and -14 will
be launched into orbit having 5,000 and 6,000-nautical mile apogee.

While extended performance is very important, orbit accuracy is a must,
Accumulative tolerances in launch vehicle guidance and propulsion systems pro-
duce variations in final orbital parameters. Perigee of a highly elliptical orbit
must be chosen as low as practical to get maximum apogee altitude. Dispersions
can lead to satellite re-entry at perigee which, of course, would be catastrophic

and requires careful analysis to preclude its happening. The high degree of accuracy

demonstrated by the Atlas/OV1 system to date increases the probability that the
OV1 will provide the necessary injection accuracy for the future highly elliptical
orbits.
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Figure 4. Elliptical Orbit Capability - WTR Atlas Launch

SEPARATION
SYSTEM

Figure 5. OV1 Satellite Components
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RADIO SOURCES
©AURORA & NIGHT GLOW ( %
INFRARED RADIATION
EARTH ALBEDO
®SPECTRAL ANALYSIS

TRAPPED RADIATION ATMOSPHERIC DRAG

® Indicates Experiments Integrated on OV1-9 and -10

Figure 6. Experiment Integration

to familiarize the scientist with the OV1 capabilities and the existing range
facilities. His experiments are prepared for space flight and installed in the
satellite, Range documentation is prepared specifying both launch and orbital
support details. Necessary testing is accomplished and, finally, the integrated
OV1 vehicle is shipped to the launch site for thirty days of launch preparation,
Lapsed time from support approval, through integration, to launch is approxi-
mately fifteen months, with orbital support and data services provided for the
useful life of the satellite,

The 15-month schedule has proven realistic. Delays have occurred in only
two instances. The only significant delay was on OV1-4/5 and this was to ac-
commodate the experiment on OV1-4, The payload consisted of a Zero G experi-
ment on algae and Duck Weed. The experimenter experienced some difficulty
in sustaining growth in the space laboratory, However, with the delay he worked
out his difficulties and acquired his data. Adherence to schedule is not to imply
that the experimenters' requirements are in any way subordinated. Schedules
are established initially based on experimenters' commitments. When unfore-
seen problems develop they are resolve ' on an individual basis.

The OV1 vehicle configuration permits a logical extension of existing capa-
bilities as the needs of the scientist expand and the state of the art permits., One
example is the current development of a nose fairing which will accommodate
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Figure 7. OV1-8 Spherical Grid Payload

various flight vehicle configurations without change to the envelope. Further,
the program is sensitive to the needs of the researcher in orbital performance
flexibility and adequacy of the spacecraft supporting systems. Studies indicate

a potential performance gain can be achieved by spinning the entire vehicle prior
to motor ignition and separating the propulsion module structure and subsystems
so that only the motor and payload are accelerated to orbital velocity, This will
permit the satellite weight to be increased to 500 pounds for currently achievable
orbits or injecting the existing 300-pound satellite into elliptical orbits with an
apogee of 8,000 nautical miles, Another growth potential of the design is the
incorporation of a developed higher thrust motor. For example the Alcor 1B
could achieve an apogee altitude of 10, 000 nautical miles with the 300-pound
satellite, or 5,000 nautical miles with a 450-pound satellite, In conjunction with
this study we are investigating the addition of a kick-stage motor. This would
give us the added flexibility of placing payloads in a higher circular orbit or
achieving escape velocity.

In summary, a total of 7 OV1 satellites supporting 43 different experiments
for 7 different o j,anizations have been orbited to date, This amounts to 1,690
pounds of payload weight. In May we will accomplish another first by putting
three satellites into three different orbits from the same Atlas booster. In
September we will launch OV1-13/14 and this will complete the support of the
50 experiments submitted for Fiscal Year 1967.

The OV1 is OAR's answer to the Air Force Researcher's request for timely
space support,
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Dr. Donald A. Calahan is Professor of Electrical
Engineering at the University of Michigan, and has
been a grantee with the Applied Mathematics Divi-
sion, AFOSR, for 4 years. He was graduated from
the University of Notre Dame in 1957, and received
his doctorate from the University of Illinois in 1960.
Dr. Calahan has made significant contributions to
mathematical circuit theory through his extensive
research with the Air Force, and as a consultant to
industry on computerized design and optimization
of electromic circuits. He has taught at the Univer-
sity of Kentucky, the University of Illinois, the Uni-
versity of California at Berkeley, and the Ballistic
Research Laboratories, Aberdeen Proving Ground.
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Dr. Hermann W. Ehrenspeck is a research physi-
cist in the Microwave Physics Laboratory, Air Force
Cambridge Research Laboratories. He is presently
engaged primarily in work on surface-wave antennas
and related problems. Dr. Ehrenspeck received his
B.S. and M.S. degrees in Physics and Engineering
from the Institute of Technology, Munich, Germany,
in 1935 and 1937, respectively, and his Ph. D. degree
from the same institute in 1947. From 1937 to
1945, he worked on directional antennas, on the prop-
agation of electromagnetic waves, and on antennas
for direction-finding for the Airborne Research Insti-
tute in Germany. From 1946 until 1953, when he
joined AFCRL, he was charge of the research
laboratory of an electrical component company. Dr.
Ehrenspeck is the author of a number of professional
papers and holder of several patents.
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Typical Long-Backfire and Its Patterns

Figure 4.










91

BUUDIUY adlyoey-1I0yS JH[) JO sudaned

o
&

:‘}' i‘{ﬁ

uoljelpey ‘g aangiqg







93

BUUIIUY SJ1JHOBH-}I0US Pajuno -ysnig

=)

&

2angd1q




94

BUUIIUY SJ1JYORE] -1I0US pajunof{-ysnig Jo suaajjed uoljeipey

-
—

T

-
i

‘g aandr g




suxajjed Axepuodag pue Lrewtdd YIIM plojoqeaed pag-adijyoeg-iaoys

‘6 2andir g




97

sugajjed

ad0UaIaJI(] pue wWIng Sj] pue

sprojoqeaed J1o0j paag as[ndouop

LR SR TR A

‘01 2andrg




98

sulayed 20uUalayy] pue wing s3] UM Leaay asndouop

aqyoed-3I0ys

‘11 aandig




99

BIIR aTodip-g4 pasc

ABJd,
‘Aeaae AIIP[ORq-JI0Ys-g (B) s

BUUajUY Furyoed

doad (D) Aeaae j01s-9¢ YQVN (9)
L-93119%18g 92y, jo uostaedwo) ‘zy aangt g










101

Figure 13, 4-\ Long-Backfire With Dielectric Rod
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Dr. William A. Tiller is Executive Head of the
Department of Materials Science at Stanford Uni-
versiiy, and has been an AFOSR grantee for 6 years.
He was graduated from the University of Toronto
in Engineering Physics in 1952, and received his
M.A. Se. and his Ph. D. in Physical Metallurgy from
the same university. Dr. Tiller teaches courses on
surfaces and phase transformations, and is continuing
and extending his quontitative studies of the crystal-
lization process. Before joining Stanford Univer-
sity in 1964, he was with the Westinghouse Research
Laboratory in Pittsburgh. While there, he investi-
gated the basic physics of the freezing process on a
wide range of materials, through which new proc-
esses for ingot casting, material purification, single-
crystal growth and chemical erystallizers have been
generated. As manager of a research team in this
effort, he authored or coauthored more than 75
publications on crystallization.
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6. Filament and dendrite formation during constrained crystal growth:
Center - photomicrograph of a decanted interface of a lead crystal solid-
" i, % 1 {
ifying from a Pb + 5 x 10 wt % Ag melt; Upper right - ice bicrystal

grown from very dilute HCl solution taken with polarized light; Lower
right - direction observation of dendrite formation in ice; Upper left -
filament growth at an interfac (K.Cr0, solution); Lower left - onset

V4 4

of side branch development on ice filaments (2 AT 7% NaCl solution).
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Photograph of actual germanium dendrite pulling oper
grayg - F P

ation.
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derospace Researc
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University o 942

University in 1949,
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A merican Institute
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unn is Assistant Director of the

Facilities Research Laboratory

h Laborat and Chief of the
earch Branch. He is responsible
onducting research involving the
{vanced-facilities concepts in the
Dr. Dunn received his B.S. de
ngineering from Louwisiana State

his M.S. degree from Ohio State
and his Ph. D. degree from the
964. He is a member of Phi
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ist Lt. Brian P. Quinn an aerospace researc)
engineer with the Hypersonic Research Laboratory
\erospace Research Laboratories. He obtained hix
B.S. and M.S. degreex in Aeronautical Engineering

from the University of Notre Dame in 1959 and
1962, respectively, and his Docteur de L'Universite
from the University of Paris, France, in 1964, Lt.
Quinn is author of several scie ntific publications, win
or of the Institute

ner of scientific awards, and a memb
of Aerospace Sciences and the Sigma Xi Society.
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Dr. Aleksandar Golubovic is a research chemist
with the Energetics Branch, Space Physics Labora-
tory, Air Force Cambridge Research Laboratories.
He is presently doing research on the wutilization of
organic materials in light-sensitive devices and for
the generation of electrical power. Prior to joining
AFCRL in 1964, he was senior research scientist with
Tyco Laboratories, Inc., Waltham, Mass. From
1956 to 1962, he was a research associate at the Mas
sachusetts Institute of Technology. Dr. Golubovic
has a B.S. degree and a Ph. D. degree in Chemistry
from the University of Zagreb, Yugoslavia, and is
author or coauthor of several scientific papers.
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Capt. Dirk H. deDoes is assigned to the Aerospace
Mechanics Division, the Frank J. Seiler Research
Laboratory. He received his B.S. degree in Aero-
nautical Engineering from San Diego State College,
and his M.S. degree in Aerospace Engineering from
the University of Southern California. He has also
completed course requirements for a Ph. D. in Aéro
space Engineering at USC. Capt. deDoes was as
sioned to the Air Force Institute of Technology
before coming to FJSRL
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Dr. Manuel Ballester is Head of the Physical Or

ganic Chemistry Section
Seientific Research
ciones Cientificas)

of Barcelona, Spa'n

of the Higher Council for
(Consejo Superior de Investiga
and Professor at the University
Sinece 19558 he
ing research im aromatic
carbons at the [

has been direct
and alkaromatic chloro
niversity of Barcelona under the

ponsorship of the Aerospace Research Laboratorie

Dr. Ballester was a 1944 “premio extraordinario’
graduate in Chemistry from the University of Bar
A few years later, he received his Dr. Se. ir

same wuniversity In
¢ was appointed Research Fellow in Chemistry
at Harvard University and
earch Associate at ARL
Ohio State

celona
Organe
1949 h

mistry from the

in 1961, a Visiting Re
under arra

wgement wit)
niversity. Since 1951 he has been Sei
entific Investigator of the Spanish Higher Couneil for

Secientific Investigations and, since 1853

rofessor of
Physical Organiec Chemistry at the University of Bar
celona Dr. Ballester's scientific work includes re

earch in the condensation of esters, mechanisms of
Darzens and aldol condensations, th

of aromatic substances, the

the e chlorinatior
ultraviolet spectrum
and stable free radicals. He

50 papers, and recipient of several
Spanish and international

of
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author of some

ors and medals for his
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