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Abstract

This is a compilation of papers reporting the preparation, observations, data
reduction and interpretation of upper atmosphere experiments. The general ob-
jective of these experiments is a study of the dynamics, transport processes, state,
and composition of natural and artificial perturbations of the upper atmosphere.

For these studies, techniques are employed wherein various chemicals are released
in the upper atmosphere from rocket-borne containers, followed by observatiors
from the ground of the effects resulting from the release.
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PROJECT FIREFLY, 1962-1963

l. A Summary Report

N. W. Rosenberg and D. Golomb

Air Force Cambridge Research Laboratories

Bedford, Massachusetts

Abstract

This paper provides a summary of the test objectives, techniques and results
of upper atmosphere chemic~l release rxperiments carried out during 1962 and
1963 from Eglin AFB, Florida, under management of AFCRL,

1. INTRODUCTION

The general objective of Project Firefly has been a study of the dynamics,

transport processes, state, composition, and artificial perturbations of the

upper atmosphere. For these studies, a technique is employed wherein various

chemicals are released in the upper atriosphere from rocket-borne containers,

(Received for puhlication 24 Febiuary 1964)




followed by observations from the ground of the effects resulting from the release.
The ground-based sensors are of the following types: (1) optical, (2) radio frequency,
and (3) acoustical. The results obtained in the Firefly experiments have a military
significance in addition to their basic geophysical significance, insofar as they help
te understand processes associated with missile launch, weapons effects, and RF
propagation in the ionosphere.

Since the last Firefly Report was issued in August 1962, three series of experi-
ments have been carried out in the Fall of 1962, Spring 1963 and Fall 1963. About
40 sounding rockets were launched, with many of the rock« ts carrying multiple pay-
load. The experiments can be classified in the following groups:

(1) Generation of localized high electron density regions (electron clouds) for
propagation studies and measurements of transport processes.

(2) Generation of localized electron-deficient regions (electron holes) for
transport processes studies and the simulation of missile effects.

(3) Generation of chemiluminescent and resonance light emitters in the upper
atmosphere, for the study of transport processes, composition and state of the
upper atmosphere, and for simulation of optical effects resulting from the deposi-
tion of missile exhausts and comet trails.

(4) Explosive releases in the upper atmosphere for simulation of missile and
weapon effects, and for the study of acoustic wave propagation.

Table 1 gives a list of the 1962-1963 Firefly experiments arranged in chrono-
logical order. The table includes the nicknames, date, payload, release time,
altitude znd coordinates. Detailed accounts on experimental and observational
technigues, data reduction and interpretation are found in the individual papers of
the participants. In this suminary report, some of the results are cross-correlated,
and the major conclusions are pointed out. 1’lans for future experiments are also
set forth.

2. PARTICIPANTS

The following organizations took active part in the program:
(1) AFCRL, Bedford, Mass.

(2) USAELRDL, Ft. Monmouth, N. J,

(3) DOD, Ft. Meade, Md.

(4) Rome Air Development Center, Rome, N, Y.

(5) NBS, Boulder, Colo.

(6) Eglin AFB, Florida

(7) Georgia Institute of Technology, Atlanta, Ga.

(8) Melpar, Inc., Falls Church, Va.
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(9) Martin Corporation, Baltimore, Md.

(10) Atlantic Research Corporation, Alexandria, Va.
(11) Device Development Corporation, Weston, Mass.
(12) Stanford Research Institute, Menlo Park, Calif.
(13) University of Georgia, Athens, Ga.

{14) University of Michigan, Ann Arbor, Mich.

{13) Cornell Aeronautics Labs, Buifalo, N. Y.

(16) Avco Research Corporation, Wilmington, Mass.
(17) AeroChem, Inc., Princeton, N. J.

(18) Geophysics Corp. of America, Bedford, Mass.
(19) Mithras, Inc., Cambridge, Mass.

(20) Air Reduction Company, Murray Hill, N. J.

(21) Wentworth Institute, Boston, Mass.

(22) CNRS, Verrieres-le-Buisson, Seine et Oise, France
(23) Ionosphaeren Institut, Breisach, Germany

3. GROUND BASED INSTRUMENTATION

3.1 Optical Instrumentation

The following optical instrumentation was used:

(1) K-24 aerial cameras (f/2.5, 175 mm focal length) deployed at several
sites were operated by Georgia Institute of Technology.

(2) Framing cameras of the 16 mm type (GSAP and Millikon), 35 mm type
(Praktina and Flight Research MOD 1V), and 35 mm streak cameras (DuMont) were
operated by Device Development Corporation.

(3) A Fastie-Ebert slitied spectrometer, f/6 mirror, 50 cm focal length, RCA
6810A photomultiplier was operated by the University of Georgia.

(4) A slitless spectrograph, f/0.87 lens, 76 mm focal length, 1800 lines/mm
reflecting grating was operated by the University of Georgia.

(5) A Hunten auroral spectromeler with photoelectric sensor was operated by
Device Development Corporation.

3.2 Radio Frequency Instrumentation

For propagation studies, an extensive array of radio frequency transmitters
and receivers was deployed at various sites by the U. S. Army Electronics R & D
Laboratories, Rome Air Development Center, and DOD, Ft. Meade, Md. In
addition, the following RF equipment was used:




(1) Sweep ionosondes of the C-3 and C-4 types, sweeping between 0. 25 and
20 Mcps with a sweep time of 30 seconds were operated by the National Bureau of
Standzrds.

(2) A spaced-receiver drift recorder was operated by NBS and Ionosphaeren
Institut, Breisach, Germany.

{3) A multiple fixed-frequency radar, phase-coherent, 3-30 Mcps range, with
up to 150 pps, 200 usec pulse duration was operated by Stanford Research Institute.

(4) A bistatic CW radar for Doppler shift measurements, transmitting in the
8.2, 14.9 and 27. 6 Mcps ranges was operated by Stanford Research Institute.

3.3 Acoustics

Ground based highly sensitive microphones (capacitor, hot wire and microbaro-
graph) were operated by the University of Michigan.

4. SUMMARY OF RESULTS

4.1 Electron Clouds

In the 1959 and 1960 series of experiments it was shown that long-lasting elec-
tron clouds can be deposited successfully in the 90-120 km altitude region by detonating
explosive mixtures containing cesium. Electron clouds so formed reflect or scat-
ter radio frequency waves for several minutes at night and tens of minutes in day-
light. In daylight, photoionization of cesium augments the initial thermal ionization.
The reflected, scattered radio signal intensity and duration are dependent on a
altitude, time of day and wind shears. 1,2,3

In the Fall 1962 series, 16 experiments were devoted to the development of the
propagation technique by electron clouds. The clouds were of three types:

(1) Single Point Electron Clouds (SPEC) formed by a detonation of a CsNO,-
Al-RDX mixture. The payload was similar in composition and weight to those used
in 1959/60, except that the components were cast instead of pressed.

(2) Multiple Point Electron Clouds (MPEC) formed by four releases, each with
1/4 the weight of a SPEC. The four explosions occurred at intervals of 3-5 km,
spanning an altitude region of 10 to 15 km. This was an attempt to increase the
probability of placing at least one cloud into the variable optimum altitude region,
where signal strength and duration are maximum.

(3) Trail Electron Clouds (TEC) formed by the release of the combustion pro-
ducts of a 4 lb mixture of cesium nitrate and aluminum powder without added high
explosive. This mixture burned deflagratively over a period of 40 to 100 seconds,
venting the exhaust products along the rocket trajectory as a trail, Usually, three
units were flown in a single rocket, of which one or two burned properly. The



expected advantages of trail electron clouds were increased thermal ionization by
virtue of the high flame temperature (estimated at 4000°K) and a relatively low
chamber pressure (~ 29 atm), g and a higher probability of encountering the
optimum altitude region with a trail deposit.

The single point electron clouds of the 1962 series (LOUISE, KITTY) gave
about the same reflectivity (or transmission loss) and duration as the 1959/60 clouds
when released at the same altitude and time of day, notwithstanding the different
packing technique (casting).

The multiple point electron clouds eliminated the difficulty of the altiiude sensi-
tivity, allowing a wider tolerance in the rocket trrajectory for cloud deposition. The
signal duration of the best MPECs was similar to that of the best SPECs, and cloud
cross sections were also comparable. .

The trail electron clouds were ine poorest RF reflectors. Signals could be
transmitted only during the burning period of the plasma generator, and cloud cross
sections were less than 10% of the detonation-produced clouds. It remains to be
determined whether this is due to the decreased release rate of the ionized com-
bustion products (about 50 gr/km from each of the two burners), or to the shape of
the reflector which was a thin cylindrical cloud as compared to the spherical MPECs. *

In summary, the feasibility of the electron cloud technique for sustaining trans-
missions in the HF and lower end of VHF band has been clearly demonstrated, The
transmissions are not bandwidth limited, the fade rate is not excessive, and the
scattering ie not severely limited either in azimuth or elevation. Average cloud
life-times have been determined, the optimum altitude region has been defined, and
specifications have been compiled for vehicle, payload, and electronic equipment
requirements. Further improvements can be expected in increasing life times and
transmission capabilities of electron clouds, but this is considered more a task for
a system development agency than for AFCRL., Thus, no plans exist at present in
this laboratory to develop the electron cloud technique further. This does not pre-
clude the utilization of artificially generated ionized regions for daytime wind studies,
determination of expansion and diffusion rates, and studies of geomagnetic confine-
ment of electron drift.

4.2 Electron Holes

The objectives of the release of electron attaching species were to study the
nature of reflected radio frequency waves from the perturbed ionosphere and to
determine the rate of return of the region to normal by diffusion and photoionization.

* It should be noted that the TECs, however poor RF reflectors, turned out to be
excellent light emitters. TECs released at night produced luminous trails lasting
for 3 - 5 minutes, enabling them to be utilized for upper atmosphere wind studies.




Four rockets were flown for this purpose. ETHEL carried a payload of 28 kg

sulfur hexafluoride to E-region altitudes at daytime, KAREN and LAURA carried
a double payload of 5.5 kg CO2 and 18 kg SFB each, to F-layer altitudes at night,
and MARTHA carried 22,7 kg SF‘6 to the F-layer at daytime.

The E-layer release was detected by NBS sounders. The ionograms resemble
those obtained during the 1960 SFG release (RENA). J. W. Wright attributes the
lonngram patterns to an eiectron deficient region due to electron removal by SFG
within a bounded region. J The effect lasted for about 3 minutes. Nc detailed
analysis of this release has yet been performed.

The effects of KAREN were masked by perturbations caused by a large meteor
passing at a low elevation angle. Telemetry aboard LAURA indicated the release
of CO2 at 220 km altitude. Telemetry ceased at this point, and there i8 no evidence
for the release of SFG which was scheduled to occur 120 seconds later. There is
a possibility that both the telemetry and the release activator of the SF6 tank were
knocked out by the CO2 release. The ionograms, obtained following the CO2 re-
lease, display echoes which may be associated with an electron hole. However,

J. W. Wright, who analyzed the ionograms, is uncertain whether the echoes are
in fact due to the release, since the frequencies affected are lower than the plasma
frequency at the altitude of release. 4 Further releases of carbon dioxide would be
required to clarify this question.

The clearest case of an electron hole was obtained by the noontime release of
SF6 (MARTHA). Telemetry aboard the vehicle reported the successful release.
The ionograms before the release were normal, and perturbations were noted at
the appropriate time and frequencies., The returng obtained in subsequent radar
sweeps were clearly of the kind described by Booker8 as the typical echo pattern
from a region of reduced electron density embedded in the ionosphere. A full
description of the phenomenon is found in this issue. 9 The effect lasted for about
2000 seconds; that is,it required a rather long time to restore the region to normal
by diffusion and photodissociation of negative ions. Since diffusion time constants
of neutral species at the altitude of release are in the order of seconds, it is obvious
that electron drift into the hole proceeds at a much slower rate. Golomb and
Oldham10
diffuse only along the magnetic field lines. They have shown that v'ith electron

set up a model of the ionospheric hole in which electrons are allowed to

motion 8o constrained the center of the hole still has a less-than-amkient electron
density after thousands of seconds, which explains the radar observations.

4.3 Artificial Luminescence
4.3.1 CHEMILUMINESCENCE OF ALUMINIZED COMPOUNDS

It had been reported previously by this group and other workers that persistent
glows result at night, in the altitude region above 90 km, following the passage of
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missiles with aluminized propellants. Similar glows have been observed following

11,12 The trail electron cloud

the explosion of grenades containing aluminum,
generator (TEC) (see Section 4.1 and Ref 5), consisted of a mixture of cesium
nitrate and aluminum powder. When ignited at night above 90 km, it also formed

a glowing trail with a continuum spectrum which persisted for several minutes in
the 100-120 km region, becoming less persistent at higher altitudes.

To investigate the cause of these glows further, a mixture of aluminum granules
imbedded in a purely organic explosive, without any other inorganic constituent, was
exploded at 114 km. A spherical glow developed after burst, lasting for about 100
seconds. The same explosive, without aluminum, gave no glow under the same
conditions.

Thus, it was definitely established that a luminescence is due to aluminum or
its oxideg. The 'aluminum' glow consists of a continuous spectrum, peaking around
5000-5500A. Most probably, the following reactions are involved:

(1) A10+0 -*AIO; formation of excited state

(2) AlO; — AIO2 + Pseudo-continuum

(3) AlOg + M —~AlO, collisional deactivation

(4) AIO2 +0 — AlO+ O2 regeneration

In the denser regions of the atmosphere, reaction (3) predominates over reaction
(2), explaining the fact that persistent glows result only above 90 km. Reaction
(4) in which the active species are regenerated may account for the high photon
yield observed in these releases.

The TEC glows proved to be excellent markers for ionnspheric wind measure-
ments. However, in view of their high cost and low reliability, a more economical
and effective method was sought to disperse gaseous aluminum compounds in the
upper atmosphere. This was achieved by the release of liquid trimethyl aluminum
which flash-vaporizes in the rarefied atmosphere. A dsposit of as little as 20 g
TMA per km resulted in a bright night glow in the 85 to 150 km region, sufficiently

persistent to measure wind vectors. 13,14

The spectrum of the TMA night glow
was also a continuum. The postulated reaction mechanism for th TMA luminescence
i8:

(5) (CHZ)AlL + O, or O = AlO+fragments

(1 to 4) as shown above.

Both the TEC and TMA releases have been used extensively for nightime wind
studies. Important information has been obtained on nighttime wind patterns and

18Dy 13, 1 Simultaneous

magnitudes. These studies are described in full in this issue.
wind measurements and ionosonde observations enabled a correlative analysis of
wind shears and Sporadic-E formations. = The TMA glow has also been used to
observe the propagation of an acoustic wave through the luminescent trail (see

Section 4. 4. 1)




4.3.2 FLUORESCENCE OF TRIMETHYL ALUMINUM

In one experiment (BECKY), TMA was released at twilight so that the trail was
sunlit but the sky background was dark. This experiment was primarily performed
to find out whether any reaction products or intermediates can be detected by ob-
serving the resonance radiation of the sunlit trail. The spectrum displayed AlO
bands, establishing this compound as a product or intermediate in the TMA-oxygen
reaction, The Al0 electronic spectrum of sunlit grenade explosions has been used

to obtain upper atmosphere temperatures. 18,20, 21

Thus, sunlit releases of TMA
trails can provide a convenient method to cbtain this geophysical parameter. The
advantage of the trail TMA release as compared with point explosions is that the
aititude variation of temperature can be made with any desired degree of altitude

resolution,

4.3.3 LUMINESCENCE OF NITRIC OXIDE

Nitric oxide was released at night as a trail in three experiments (MABEL,
DINAH, EVA). The release altitudes and conditions were identical, only the times
after sunset were different. The purpose of the releases was to measure the
persistence of the NO trails for possible use as a wind marker, and to obtain atmos-
pheric oxygen concentrations from the observed light intensities as a function of
altitude and time of the night.

The spectrum of the trail consisted of a continuum from 3900 to 6300A, p¢ :king
at 5200A and with half-peak intensities at 4600 and 6000A. There does not appear
to be a major shift in wavelength distribution with time or altitude. 22

The persistence of the trails was quite adequate for wind measurerrents, in
particular in the 90-100 km region. g However, TMA is far superior for i":is
purpose and the latter compound will be used in future synoptic wind measurcments.

It was of greater interest to analyze the light emission intensity as an indicator
of ambient oxygen atom concentrations. The first, although qualitative, conclusion
i3 that since in all three trails, released 30 minutes, 5 hours, and 11 hours after
sunset, respectively, a similar lun:inosity was observed, at least to an order of
magnitude, it appears that the ambient oxygen atom concentration does not vary
greatly through the night. A quantitative study of the light emission should reveal
the rate of oxygen depletion during the night as a function of altitude.

To obtain absolute oxygen concentrations, the reaction volume and time, and
nitric oxide densities along the trail have to be defined exactly. The nitric oxide
trail consisted of two distinct parts. (1) An intense glow, tens of meters wide,
following the vehicle closely, and of very short duration (less than 0.1 sec). This
is the so-called headglow and is associated with the mixing region around the NO

jet expanding to ambient pressure. (2) The other trail feature was an afterglow,




of longer persistence (up to 150 sec at 100 km), but orders of magnitude less in-
tense than the headglow.

It was felt that an aerodynamic analysis of the headglow would be simpler than
for the afterglow, especially since the latter is changing rapidly due to wind drag
and diffusion. Hill and Alden prepared a gasdynamic analysis o: the flow generated
by the release of nitvic oxide from a supersonic vehicle ir]to the upper atmosphere. a3
The initial mixing between the NO and the ambient is found to occur in a layer
forming roughly a paraboloid surrounding the vehicle. In this layer the actual mix-
ing zone is sandwiched between two shockwaves. The average NO densities and
entrained ambient densities in the mixing layer have been calculated. An attempt
is also made to calculate the residence time of the species in the mixing layer, but
this time can be evaluated from streak and framing photographs of the headglow.

The calculated mixing zone diameters correspond very well with the observed head-
giow diameters.

Having defined, thus, the NO density in the mixing zone and the reaction time,
the oxygen atom density can be obtained from the relation

0. Ll
kt [NO]

where.ﬁdt/t is the integrated photon emission over the reaction time t, and k is the

(1)

reaction rate constant, obtained in laboratory studies. Bt Preliminary calculations
not included in this issue, using data from one trail only, indicate the surprising
result that either the laboratory rate constant is too low or ambient oxygen atom
concentrations are much higher than postulated in the litcrature. Since the discre-
pancy may be as high as three orders of magnitude, it is felt that the excessive
photon flux from the nitric oxide glow must be due to a much higher reaction rate
for the nitric oxide-oxygen atom radiative recombination than obtained in the
l::\bor-;aLtOIr*y24 (k = 2.7 X 10 7 em3sec™)).

the ambient oxygen atoms may be in an excited state and react at a faster rate than

A possible explanation is that some of

ground state atoms. This is only a conjecture, not based on sufficient evidence.
However, a higher than expected photon emission rate has been observed previously

by Armstrong from grenade glows. =

4.3.4 THE ACETYLENE GLOW

Acetylene was released to simulate the luminous and RF effects observed fol-
lowing the passage through the upper atrmosphere of hydrocarbon-LOX burning mis-
siles. Acetylene probably comes closes- to the hydrocarbon fragments and radicals
found in missile exhausts. These fragments are believed to be responsible for the
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CH and C2 band emission in missile plumes. The highly energetic radicals may
also enter into chemi-ionization reactions, causing the enhanced RF reflectivities
of missile plumes at E-layer altitudes.

Acetylene was released in two flights using different deposition rates. In
NETTY, 150 moles/km were released at 100 km tapering to 15 moles/km at 115 km,
resulting in a short, large diameter trail. In OLGA, 15 moles/km were released
at 100 km, tapering to 6 moles/km at 130 km.

No radar returns were observed from either trail, although chemi-ionization
is known to occur in acetylene-oxygen reactions in the laboratory. 28 No detailed
analysis can be carried out to estimate the electron densities in the mixing region
surrounding the acetylene trail until laboratory sutdies provide the rate constants
permitting such analysis. It would be premature to conclude that no chemi-ionization
occurred at all, since the trail electron cloud releases showed that radar reflectivity
from elongated cylinders is very small compared to spherical clouds. Thus, the
absence of radar reutrns from the acetylene trails may simply be due to the geo-
metrical configuration.

The optical effects showed a striking difference between the nitric oxide and
acetylene releases. The nitric oxide glow was brightest in the vicinity of the rocket
and developed almost instantaneously upon release. The acetylene glow required
one to several seconds after release to develop. This is explained on the basis of
different reaction mechanisms. Whereas in the NO + O reaction, photons are pro-
duced in a single step, the acetylene-oxygen reaction must produce first inter-
mediates which later react with emission of photons. A possible reaction sequence,
suggested by Hand and Kistiakowskyz6 is

(1) o+ C2H2 — C2H.+ OH

(2a) C,H +O2 = CO2 + CH*

(2b) C,bHYO — CO + CHx*

(2¢) C2H +QO —» OH + C2*

(3) CO+0O —» C02’°‘+ i

(4) CH* +O —» CHO +e
All these steps are exothermic, except (2¢) which probably requires an excited
oxygen atom. The light emission occurs in the following steps

(5) CHx —»~  CH (3890 and 4315A system)

(6) Cy¥ — C, (5165A system)

(1) CO,* —»  CO, (pseudo-continuum)

Reaction (4) produces the RF effect, if any.

Another proposed mechanism involves as an intermediate a highly energetic
unsaturated complex [C2H2()] :

(8) CyH, +O —= [C2H20]

o) [opu0) 2
CH= + CHO
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Laboratory work is at present being performed to elucidate the mechanism of the
low pressure chemiluminescent reaction of acetylene and oxygen. el
The spectra obtained from the acetylene releases by Coopez-22 show an under-
lying continuum upon which there are superposed the CH 4315A band (strong), the
CH 3890A band (weak), and the C2 5165A band (weak). In addition, there 18 a
pronounced emission at about 5/70A, which is unexplained[O('S)-—O( 'D )‘?].
Laboratory studies of the acetylene-o xygeri luminescence indicate27 that the
CH bands become relatively more intense than the C2 bands as the pressure is de-
creased. A similar effect has been observed in the upper atmosphere experiments.
The number of photons resulting from NETTY was 1X102%, In this experiment

about 4X102% molecules were released in the 100 to 110 km region. Thus, the

photon yield of acetylene in this oxygen atom rich altitude reginn is 2. 5X10-3.

4.3.5 MISCELLANEOUS LUMINOUS REL. EASES

Nitrogen Dioxide (STELLA). A payload of 2 kg of liquid nitrogen dioxide was

released at 93 km altitude. This was an attempt to provide a simple liquid alterna-
tive to the more complex and space consuraing gaseous nitric oxide release. This
compound is also of interest as the oxidant of the Titan II missile. Light emission
was expected due to the following reaction mechanism:

(1) NO2 +O —= NO +02

(2) NO+O —» NO2 + pseudo -continuum
The payload functioned properly but no significant glow was observed or recorded.
Calculations indicate28 that chemiczels requiring two reaction steps for the emission
of one photon will be less effective upper atmosphere emitters than those requiring
one step, even if the rate constant of the first step is very fast. This has been
confirmed in the ni.rogen dioxide experiment.

Carbon Disulfide (BECKY). A payload of 3 kg of liquid carbon disulfide was
released between 90 and 100 km. This was another attempt to provide an oxygen

atom titrant. The carbon disulfide-oxygen atom reaction has been studied in the
laboratory by Harteck and Reeves. 23 In closed vessels, at pressures of 0.01-0.1

mmHg, carbon disuifide gave an intense glow. However, in the upper atmosphere,

a very low intensity trail was recorded on film with a persistence of about 60 seconds.

It was not cdetected by the unaided eye. The low intensity is again explained by the
two ster reaction mechanism rejuired for light emission:

(1) C52 +Q —+ S + SO

(2) SO +0 —--SO2 + pseudo-continuum

Ammonia (BECKY). Ammonia is postulated to be a significant constituent of

comets, since the spectra of cometary trails contains prominent NH2 bands. A
sunlit release of NH3 at an altitude of 180 km, well above the solar horizon of 130

km, was executed to determine if significant NH2 band structure could be recorded.
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The release of 2 kg of NH3 was spread over 5 km. A large bluish cloud with 10 to
20 secend persistence developed and was photographed and spectrographed. How-
ever, the spectrum showed no band structure but only a weak continuum, almost
certainly due to ¢ ;.ar scatter from frozen ammonia ice. The use of a faster spec-
trometer would b required to show NH2 bands if they were a minor perturbations
on this scattered light.

Sodium (SHARON, SARAH, BLANCHE). . Sodium was released in three experi-
ments at twilight in the framework of an international wind study program under

the coordination of NASA, The twilight sodium releases were supplemented with
the night releases of aluminum compounds to obtain the first direct morphology of

ionospheric winds over the whole night. e A

These experiments showed a relation-
ship between heights of sporadic-E layers and wind shears. - The wind pattern as
measured by the subsequent trails followed the general characteristics predicted

by Hines. L

4.4 Explosive Releases

4.4.1 OPTICAL AND ACOUSTIC STUDIES OF HIGH ALTITUDE
EXPLOSIONS

In Firefly GILDA, four expiosive releases were made in sunlight at 138, 155,
237 and 250 km, respectively. In all releases, an initial radial growth rate of
2.7 km/sec was obtained from streak photos, independent of altitude and ambient
temperature. This confirms our previous conclusion that the observed grow' rate
is associated with expanding particulate mai‘cr (smoke) of submicron size from
which the sunlight is scattered. The scattered light was highly polarized. Similar
growth rates have been observed for expanding missile trails in the ionosphere,
under twilight conditions, indicating the presence of particulate matter in missile
exhausts,

The acoustic detectors emplaced by the University of Michigan31 revealed
compression waves lasting 0.3 to 3 seconds following detonations of 4 kg explosives
at altitudes to 117 km. Travel times corresponded to average sound speeds of
300 m/sec. These detectors readily separated the four charges contained in a
MPEC payload. In this technique, the detonations were monitored on the ground
by capacitor microphones, hot-wire microphones and microbarographs.

Applying the equations derived by Groves, g the initial shock wave velocity
can be calculated. This shock wave attenuates subsequently to become a sound
wave. The shock wave velocity is related to the temperature in the vicinity of the
detonation.

To measure the velocity of a shock wave resulting from a high-altitude detona-
tion, the following technique was used (for more details see Ref 33). A chemi-
luminous trail (see Section 4. 3.1) was released from a rocket (WANDA) followed




by a detonation of a grenade from the same rocket. The shock wave from the

detonation moved out a8 an approximately spherical shell intersecting the luminous
trail. The overpressure of the shock created a brighter band of light moving aloag
the trail. This movement was photographed by a streak camera. From the streak
photo, the propagation velocity of the shock wave was calculated to be 350 m/sec

at 108 km altitude. Since the shock wave velocity is related to the ambient tempera-
ture, the latter was estimated to be 300:5001(, in good agreement with U. S. Standard
Atmosphere tabulated values. Thus, a new method has been provided for measuring
shock wave characteristics and ambient temperatures to corroborate the acoustic
sensor techiique.

4.4.2 RADIO FREQUENCY STUDIES OF HIGH ALTITUDE EXPLOSIONS

The RF effects of sunlit and night detonations of cesium seeded and unseeded
high explosives in the 140 to 160, and 230 to 250 km altitude regions were explored
in Firefly FANNY and GILDA.

In general, the RF effects of the detonations can be divided into two categories.
The direct, 'hard' echo from the expanding contact surface or shock wave, and the
perturbations of the normal ionosphere caused by the detonations. The direct echo
was monitored by Barnes and Chesnut34 on pulsed and CW radar at higher frequ-
encieg than the plasma frequency at the point of release.

The 250 km releases created no shock waves, and were essentially invisible
at high frequencies. The 140 km releases of high explosive were detected, both
sunlit and at night, at frequerncies of 10 to 30 Mcps for a few seconds. The 160 km
release of a cesium-seeded detonation was detected only when sunlit at 15 to 20
Mceps for a few seconds, and at 4 to 6 Mcps for several minutes, presumably due
to photo-ionization. Only the sunlit cesium cloud gave a Doppler shifted reflection
at 14 and 28 mc, probably from the co'itact surface, since if it were at the shock
surfaces, the high explosive release of ecual strength would have been detected.

The ionospheric perturbations were monitored by Wright6 using C-4 ionosondes
sweeping over the plasma frequencies of the ionosphere. There is no clear evidence
that the 140 to 160 km bursts produced any perturbations of the normal F-region
returns, so that the effects of a few kilograms of high explosive in regions of low
electron density do not seem significant, whether sunlit or not, seeded nr unseeded.
No effects were synchronous with the unseeded release at 240 km or the seeded
release at 240 km which followed 2 minutes later. However, a new type of F -region
disturbance began about one minute after the unseeded release, and continued after
the seeded release. These echoes we:e seen first at high frequencies, gpreading
at later times to lower frequencies; that is, to lower electron densities and lower

heights. These disturbances are what could be expected from a region of reduced
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electron density surrounded by an unaffected region, similar to the effects noticed
in the sulfur hexafluoride release (see Section 4.2 and Ref 9). The degree of ioni-
zation of the expanded unseeded cloud is apparently lower than that of the ambient,
the latter being about 10-4. The degree of ionization of the seeded cloud is probably
similar to that of the ainbient, therefore the observed perturbations may have been
related to the unseeded explosive only. The effect lasted for about 15 to 20 minutes,
both in the sunlit and the dark release.

Further work is required to understand the RF effects of high altitude detona-
tions, both as a distrubance of the ionosphere and as a localized RF target.

5. FUTURE PLANS

The future plans for chemical release studies by the AFCRL group will be in
two areas: (1) Coordinated studies of several geophysical properties, and (2)
missile effects. The missile effects studies are discussed in a classified report,

and the planned geophysical studies are set forth briefly here.

5.1 Ionospheric Morphology

Simultaneous rocket-borne experiments for measurements of electron and ion
densities and temperatures, neutral densities and temperatures, winds, shears,
turbulence and acoustic velocities, are planned in the altitude region 60 to 160 km,
each experiment being repeated several times during a single 24 hour period. The
electron and ion data will be obtained between 60 and 160 km both by RF impedance
probes and by spherical electrostatic analyzers. The neutral densities and tempera-
tures will be obtained between 60 to 110 km by the falling sphere technique. These
three experiments will be carried in a single 90 lb payload. A second rocket will
be used to deterniine the neutral winds, shears, and turbulence (from dusk to dawn)
by TMA releases. From the same second vehicle, acoustic velocities in the 60 to
110 km region will be determined by a series of grenade releases detected acousti-
cally at the ground. They will also be optically recorded ty streak photos of com-
pressional waves traversing a TMA trail deposited in the 100 to 140 km region.
Temperatures will be measured in the 1350 to 160 km region by Al0 resonance spec-
trum technique.

A test round of each of the two payload types is scheduled for launch on 1 July
1964 from Eglin AFB; the actual test program is scheduled for 1 November 1964
from Eglin AFB.

Ground based ionosondes and spaced drift sounders will also be emplaced for

interrelation ot their recordings with the simultaneous measurements described

above.
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5.2 Wind Studies

The wind morphology from several locations may be studied simultaneously to
determine spatial and temporal divergences. A light payload aboard a small rocket
(boosted Arcas type), or a gun probe will make this experiment feasible. Observa-
tion will be made at the corners of a 600 km triangle throughout the night with about
five launches per site. The divergence among these sites in wind patterns would
give significant further insight to ionospheric metorology. Possible sites are Eglin
AFB, Cape Kennedy, and a mobile launcher in the Myrtle Beach, South Carolina,

area.

5.3 Chemiluminous Titration of Upper Atmosphere Constituents

The development of reliable titration techniques through laboratory calibration
of chemiluminous reactions is planned. Specifically, the pressure and O/O2 ratio
dependence of TMA luminescence and NO glow studies could lead to experiments
permitting estimation of oxygen atom concentrations and variations in concentr:tions
with height more reliably and less expensively than by mass spectrometry.

5.4 The Constraint on Ionic Diffusion by Magnetic Fields

Development of a reliable payload releasing ionized and neutral barium vapor
is now under study. Interference filter photography is planned to establish the
relative motion of the non-ionized and ionized fractions o. the reieased vapor at
altitudes of 150 to 250 km and to measure molecular and ambipolar diffusion rates.
This experiment may allow the determination of the altitude at which postulated field

confinement of ion motion takes place.
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li. Payload Compositions and Release Systems

N. W. Rosenberg, E. F. Allen, Jr. and A. W. Berger*
Air Force Cambridge Research Laboratories
Bedford, Massachusetts

Abstract

Details on chemical compositions, conditions and thermodynamic calculations
of Firefly payloads are reported. Release system engineering features are des-
cribed. Statistics of successes and failures are given.

1. INTRODUCTION

This report presents the Firefly III payload chemical compositions and the cal-
culated release products and/or rates, including a brief description of the payloads,
instrumentation, and release methods. All releases vere initiated by a timer acti-

vated at launch.

“ Present affiliation: Monsanto Research Corp., Boston, Mass,
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2. TRAIL ELECTRON CLOUD (TEC) CsNO, + Al BURNER

The TEC com onsition was formed as a solid pressed charge in a steel cylinder.
Release was made by igniting the mix and venting it at high temnperature (3506°K)
through a convergent tungsten nozzle (0. 187 in. throat). The mix was ignited by
timer ignition of a pyrotechnic train, consisting of squib, ignition pellets, and the
solid propellant igniter (see Figure 1).

The initial composition of the charge and the calculated chamber composition at
175 psi are given in Table 1. Three 2r two nominal 1. 63 kg (net) generators were
flown per payload. The burners were simultaneously ignited and then simultaneously
separated 50 ms later with shaped charges.

On the basis of a nominal 100 second uniform burning time, the reaction rate is
16. 3 grame constituents/sec. The stoichiometric reaction may be written per kilo

as

8.97 M(111) + 3.91 M(1) N03—-3.91 M(1) +1.96 N2 +8.97 M(111) 01 31
where the magnesium constituent has been included as equivalent moles aluminum to
show the metal-rich nature of the composition. (The ratio 0/1.5 M (111) is 0.873
(see Section 5).

3. POINT ELECTRON CLOUDS (PEC) AND HIGH EXPLOSIVE (HEX)

Each chemical composition was cast into an aluminum cylinder. Explosive re-
lease was made by timer ignition of an RDX booster. Multiple releases were dis-
pensed at a given time, with separate time delay devices providing successive

detonations at different times (and altitudes).

3.1 PEC

The point electron clouds are treated in three categories: (1) Multiple Point
Electron Cloud (MPEC) (Figure 2), (2) Single Point Electron Cloud (Figure 3), and
(3) High and Low Balance MPEC, MPEC-H and MPEC-L, respectively. The com-
positions and calculated products for (1) and (2) are identical.

Charge weights, total moles gas released, and moles cesium released are given
in Table 2. The initial compositions and calculated products for all three categories

are given in Appendix (classified).
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TABLE 1. Calculations for pressed charge at 175 PSI (Refs 1, 2)

Reactants Products
Initial Compoeition Moles/Kilo Constituent Millimoles/Kg
71.143% CsNO, 3.65 Mg 1.222 X 103
22.905% Al 8.11 o 3.195 X 102
3.085% Mg 1.28 N 3. 480 X 10°
2.857% KNO, 0.258 Cs+ 1.268 X 102
100. 000% e 1.253 X 102
Al 0.682 X 103
T = 4141.9°K K+ 2.997 x 10°
el [Cs] = 3.5 X102 MgO 5.040 x10!
e/moles gas = 1.4 X 1072 o 4.505 x 10°
0, 3.694 X 10
N, 1.921 X wii
NO 0.871 X 10°
Cs 3.502 X 10°
Cs, 1.073 X 10!
Al10 2.556 X 102
AL,0 1.523 X 10°
Al1,0, 2.101 X 10}
K 2.794 X 102
K, 0.586 X 10”2
total gas 0.880 X 10%
Al,0; liq 3. 604 X10°
C solid 0
MgOliq 0
TABLE 2. PEC parameters (Ref 2)
Type Wt, kilo Moles gas/kilo Moles (Cs + 2Cs,)
1 atm 1000 atm 1 atm 1000 atm
MPEC* 3. 66 26.27 | 22.86 1.537 1.365
MPEC-H | 3.60 25.93 | 21.72 1.271 1.116
MPEC-L | 3.57 27.05 | 25.15 1.507 1.403

* SPEC is of identical composition. Net weight is 16.7 + 0.1 kilos.
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3.2 HEX

The conventional high explosive packages were loaded with Composition B (60%
RDX/40% TNT). The composition of the detonation products, according to Cook, is
given in Table 3.

TABLE 3. Detonation parameters of composition B (P = 1. 56 g/cc) (Ref 3)

Species Moles/kg

co 8.0

co, 5.9

H, 0.01 n (moles gas/kg) 31.3
H,0 0.1 T, °Kk 4, 420

N, 10. 6 P, atm 1.90 X 10°
NH, 0.2

CH, 0.6

CHZ0H 5.0

CH,0, 0.9

It should be noted that Cook's calculation is presumably more realistic than the
ideal gas calculations of Atlantic Research Corp at an arbitrary 100 atm. Comparison
0 of the two methods for a similar aluminized high explosive shows reasonable agree-
ment for total moles of gas/kg, but major disagreement even to the predominant
species. For comparison, tne CO mechanism stoichiometric products are given in
Table 4.

TABLE 4. 'Stoichiometric'rcaction products of composition B {Ref 4)

: Species Moles/kg
| co 20. 44
i HZO 6.35
H, 6.17
N2 11.10
total gas 44,06
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It is clear that a rather sophisticated analysis is required before attempting a
detailed study of the chemistry of the explosive releases.

4. SULFUR HEXAFLUORIDE (LIQUID) - AND COMPOSITION
C-4 - FIREFLY ETHEL

The SF6 was field loaded and carried in two cylindrical steel tanks (28 liters
total volume). Release was made by detonating a composition C-4 explosive charge
and simultaneously fracturing both tanks (see Figure 4).

The Firefly ETHEL payload contained 28 kilo of SF6 at 15° C, released upon
detonation of the 3. 2 kilo breaking charge of composition C-4. The constituents of
Composition C-4 and the nominal products based upon the 'CO mechanism' are

given in Tables 5 and 6.

TABLE 5. Composition C-4 constituents
Constituent Wt fraction Formula Moles/kilo
RDX 0. 91o CBHGOGNG 5.10
di(2 ethyl hexyl) 0.053 C,.H.,O 0.124
sebacate AT L0
polyisobutylene 0.021 (C4H8)n 0.661
motor oil 0.016 say (C4H8)n n
TABLE 6. 'Stoichiometric' reaction products of composition C-4
Species Moles/kg
CO 18.2
HZO 6.9
H2 11.2
N2 12,3
total gas 48.6

On this basis, 3.2 kilo of Composition C-4 wili produce, crudely, 154 moles

of gas.
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As a good approximatic:, the SF6 may be considered to be entirely in the
liquid phase prior to release. (Tank volume ~ one fta.) Assuming that vaporiza-
tion after release becomes insignificantly slow at 180°K (which may not be valid
for the 10 to 20 minute duration of the ionospheric effects observed), 68% of the
SFG (£) vaporizes immediately to provide 130 moles of gaseous SFG(see Ref 2).

The significant point deduced from these calculations 1s that the mole fraction
of SFG(g) in the release is approximately 0. 5.

5. ALUMINIZED HIGH EXPLOSIVE - FIREFLY DANA

The Firefly DANA payload was a field loaded package containing alternate
layers of Composition C-4 and coarse aluminum granules (-20 mesh). The overall
composition was 7. 3 kilo Composition C-4 and 3. 6 kilo aluminum. Explosive re-
lease was made by a timer actuated detonator (see Figure 5).

It is widely recognized that aluminized high explosives react relatively

2,3,4 and that the degree of reaction of the aluminum is sensitive to the

slowly,
particle size and containment. It appears likely, therefore, that relatively little
aluminum reacted. It is clear from the observation of high altitude glow, however,
that a significant but unknown amount of the aluminum reacted and/or volatilized.
Assuming no aluminum reaction, the 'stoichiometric' moles of gas may be
obtained from the data given for Composition C-4 in Section 4 as 353 moles total
gas or 48. 6 mole/kilo. As the other limit we may consider the reaction products
of a conventional aluminized explosive of similar balance. We may define the
stoichiometric balance as the ratio 0/(1.5 Al + C) of the constituents (where 0
represents oxygen available for Al reaction). For Firefly DANA, this ratio (as-
suming complete reaction) is 0.545. Some comparisons are given in Table 7 for
the explosives TNT/RDX/Al = 28/46/26 (Atlantic Research Corporation) and the
very similar 30/45/35 (Cook) of ratio ~ 0.67 and a high ratio explosive, r == 0. 98.
It is again clear that rather serious diagreement exists between the Cook and
Atlantic Research Corporation results for (essentially) the same explosive. Within
this framework, it appears that for high ratio (low aluminum or low reactivity)
explosive both Al and A120 concentration become quite small as expected, Atten-
tion should therefore be paid to the possibility of decomposition of Al 203(C) as a

possible source of reactive radicals.




TABLE 7. Reaction products of aluminized explosives

r = 0/{1.5 A1+C) 0.67 0. 98
Cook ARC ARC
Total gas, moles/
kilo 22.5 30.9 25.2
Al(g) moles/kilo  ---- 0.61 0.105
A1,0 3.36 0.59 0.063
Al ,04(c) 1.27 9.66 3.24
AIN -—-- 4.03 -—--
T, °K 4400 3663 3651
Pressure, atm. 1.05X 109 103 103
Py lcc 1.51 P ame-

6. SULFUR HEXAFLUORIDE (SUPERCRITICAL), CARBON DIOXIDE AND
FLASH CARTRIDGES, FIREFLY KAREN, LAURA AND MARTHA

The SF6 and CO, were each contained in titanium flanged spherical tanks
(17. 8 liters volume). Each chemical was released through a 4. 52 in. diameter
opening in the tank produced by severing the tank flange with a shaped explosive
charge. Payload telemetry was used to indicate the time in flight that this flange
was severed. Prior to launch, tank temperatur: was monitored and controlled by
appropriate sensors and heaters. (Figure 6)

(1) SF 18. 2 kilo of sulfur hexafluoride was field loaded at a density of
102 g/cc and heated to a nominal 65° C (P = 990 psia). Ca.lculationz’ 5 indicates
100% vaporization upon sudden release for these cnonditions. The nominal moles
SF¢(g) released (Firefly KAREN and LAURA) is therefore 124 moles. Firefly
MARTHA also included an auxiliary tank with another 4.5 kilo of SF6 and therefore
provided a nominal yield of 155 mole SFs(g)

(2) CO,. 5.4 kilo carbcn dioxide was loaded at a density of 0. 306 Icm . A
nominal release temperature of 18° C may be assumed for both releases (P=800
psia) (Firefly KAREN and LAURA). 123 moles of CO2 were loaded of which ~ 50%
is vapor phase at the conditions given. By extrapolation from the higher temperature
results, g vaporization (immediate) should be~70% upon release,

(3) Flash Cartridge Compositions. Firefly KAREN and LAURA each carried
seven (Poppy) flash cartridges. Each cartridge was sequentially ejected and

* For further details see classified appendix.
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detonated at a given time, by timer actuation of a aquib and pyrotechnic delay
column, The composition of the Firefly KAREN cartridges and of cartridges Nos.
2, 4 and 6 of Firefly LAURA is given in Table 8. ¢

TABLE 8. Calcuim Fluoride Cartridge Composition

Constituent Wt %
Aluminum 31

KCl10 4 4¢

CaF2 20

Considering CaF2 and KCl to be inert products, the stoichiometric balance,
0/1.5 Al = 0.82. Although the total stoichiometric moles of gas produced is not
meaningful for this reaction, in view of its sensitivity to the assumed reaction pro-
ducts and consitions, it is remarkable to note that the nominal cartridge load is
19 grams of mixture. The observed reaction therefore occurs with ~ 6 grams or
0. 25 mole total aluminum.

Flares Nos. 1, 3, 5 and 7 of Firefly LAURA contained the Picatinny Type 1II
Class A composition given in Table 9.

TABLE 9. Type III Clags A Flash Composition

Constituent Wt%
Aluminum 40
KCl1 O4 30
Ba(N03) 2 30

For reaction to the gross products KCi, BaOand NZ' the stiochiometric balance
0/1.5 Al = 0. 65 is considerably more reducing than the previous composition.
Nominal cartridge load i8 20 grams, of which~ 8 gram is aluminum (0, 3 mole).
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7. SODIUM-LITHIUM THERMITE - FIREFLY TERRY AND SHARON

The nominal active contents of the Geophysics Corporation of America sodium-
lithium thermite vaporizer are 1.0 kg sodium metal, .3 kg lithium metal and
16.7 kg thermite. Release was made by timer actuation of the pyrotechnic booster,
and thermite starter. The sodium-lithium vapor is released through ports in the
payload envelope (Figure 7). The design burning time is 150 * 25 sec (Ref 7). This
provides 43 moles of each vapor species at a nominal rate of ~0. 3 mole/sec for
each metal.

Dr. Edward Manring of GCA estimates that the effective release rate for Fire-
fly SHARON was an order of magnitude belcw the nominal rate. 2

8. NITRIC OXIDE AND ACETYLENE

Each chemical was field loaded into a steel (86. 6 liters volume) cylindrical
tank. Release was initiated through a solenoid-operated valve and throttied through
two adjustable orifices in parallel. A payload telemeter was used tc transmit tank
pressure versus time during release. A potentiometer transducer was used as the
pressure sensor, On the C2H2 tanks, temperature sensors were used to determine
tank, temperature prior to launch (Figure 8).

8.1 NO - Firefly MABEL, DINAH, and EVA

The nitric oxide releases were nominally 11. 4 kilo (378 moles) at an initial
pressure of ~1500 pisa at 18°C. The (smoothed) total moles released and the re-
lease rate as a function of time from launch from the Firefly EVA telemetry record
(pressure) are given in Table 10. All three releases used similar orifices and
similar release histories are expected.

TABLE 10, NO Release Parameters (Smoothed)

From initiation of Integrated Release rate,
release t, secs moles released mole/ sec
0 0 19
5 94 14
10 163 10
15 213 7
20 248 4
30 288 2.4
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TABLE 10. NO Release Parameters (Smoothed) (Cont.)

F'rom initiation of Integrated Release rate,
release t, secs moles released mole/sec
40 312 i.4
50 326 1. 05
60 336.5 0.7,
70 344 0.4
95 354 0.2
120 359

8.2 C,Hg (Supercritical) - Firefly NETTY and OLGA

The launch and prerelease payload parameters are given in Table 11,

TABLE 11. Acetylene Payload Parameters

Firefly NETTY Firefly OLGA*
Liaunch Release Launch Reiease
Mass', kilo 3 18.2 18. 4
Density, g/cm 0.214 0.217
Temp., °C 60 62, 3%x 63 (63)%*
Pressure (psia) 1315 1425 1240 1432

Data Reduction Procedure: Isentropic internal expansion within the tank was
assumed. The temperature-entropy diagram for acetylene extrapolated by Massey
and Simmonsz'9 was used to obtain the temperature a-..! molar volume from the
smoothed pressure data. The molar velume-temperatire data were smoothed and
used to obtain a mass vented versus pressure function and, in turn, a mass versus
time function. The mass versus time plot was differentiated by increments to
obtain finally the release rate given in Figures 9 and 10,

* The initial conditions listed for OLGA are inconsistent with those for NETTY
and with the thermodynamic data. This may be attributable to the use of external
surface temperature probes. Since more weight was given to the pressure dita the
pre-release paran:eters used were based upon the pressure and a consistent tempera-
ture (for p = 0.217); that is, identical with Firefly NETTY.

*% Calculated
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Several cautions must be borne in mind in using these gross release rates.
The results presented are many steps from the raw data and involve many approxi-
mations. For example, the upturn in the gross rate, is not observed in the pressure
curve, but is derived from the thermodynamic data. This, in turn, is dependent
upon not only its validity but also the assumption (certainly not a good one) that the
gas and liquid is at equilibrium throughout (before venting). On the other hand, the
adiabatic venting assumption is certainly better than the isothermal (infinite mass
tank in equilibrium with gas) since the latter predicts 90% dumping for NETTY
within seven seconds.

Note that the rate increase is associated with the formation of liquid phase
within the tank. This occurs in both cases at~0.3 mass removed. The effective
moles gas vaporizing has been calculated by Atlantic Research Corporationz’ 10 for
initial conditions t = 67°C, p =0, 214 g/cm3 and is given in Table 12.

TABLE 12. Acetylene Fraction Vaporized (t, = 67°C, P, =0.214 glcm3)

Fraction Withdrawn Incremental Fraction Vaporized
0 1.00
0.2 0.96
0.4 0.93
0.6 0.92
0.8 0.87
0.9 0.82

9. NITROGEN DIOXIDE, TRIMETHYL ALUMINUM AND CARBON DISULFIDE -
FIREFLY CLAIRE, STELLA AND DORIS

NO, and C82 were field loaded into steel tanks at loading densities of 1. 44 gr/cc
and 1. 26 gr/cc, respectively. Due to its pyrophoric nature, trimethyl aluminum
(TMA) was factory loaded into steel tanks at loading densities ot 0.752 gr/cc. Each
chemical was released as a liquid by circumferentially severing the tank by detonat-
ing a shaped explosive charge and venting the chemical through 1/2 and 1 inch dia-
meter ports in the payload envelope. Prior to launch the tanks were each preheated
to about 72°C. Firefly CLAIRE carried three tanks with NOZ' TMA and Cs, (pro-
grammer was designed to release chemicals sequentially) (Figure 11). Firefly
STELLA and DORIS carried a single tank and dual TEC burners programmed to
release chemical simuitaneously (Figure 12).
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9.1 Noz

Firefly CLAIRE and STELLA each carried 2.01 and 2.07 kg of NO, respectively,
in 1820 cc tanks at a pressure of one atmosphere. At 72°C the calculated fraction
of NO, vaporized was approximately 35% or 0. 725 kg.

9.2 CSz
Firefly CLAIRE carried 4. 45 kg of CS2 in a 4510 cc tank at approximately
250 psig N, pressure. At 72°C the calculated fraction vaporized was approximately

19% or 0. 844 kg.

9.3 TMA

Firefly CLAIRE and DORIS each carried 3.04 kg of TMA in a 4590 cc tank and
1.13 kg in a 1820 cc tank, respectively. The tanks were pressurized to nominally
400 psig Nz, and it was calculated that the fraction of TMA vaporized at 7 2°C was
approximately 40% while the remainder wculd freeze, or 1. 22 kilo for CLAIRE and
. 45 kilo for DORIS. Release duration time for CLAIRE was not recorded; for
DORIS a 15 second TMA release was observed (1/2 in. dia ports).

10. STATISTICS OF FIREFLY RESULTS

Of the thirty-nine rocket flights conducted in 1962 and May of 1963, thirty-three
experiments were considered completely successful or partiaily successful; whereas,
six experiments failed from an engineering standpoint.

10.1 Failures

The Firefly HAZEL, LISA AND PATSY MHEX payloads consistently failed to
dispense grenades until approximately forty km altitude on re-entry where a point
detonation of all grenades was observed. Payload development criterion had been
based upon one rps vehicle spin rate, whereas the vehicles were spun at approxi-
mately six rps. Post-flight ground tests showed that at six rps, centrifugal accelera-
tion forced the grenades hard against the ejectable payload skin and thus heid the
skin and grenades in place. As the spin rate decreased to approximately three rps,
the skin slowly moved forward, but did not release the grenades. Aerodynamic
heating during re-entry probably caused the grenades to cook off.

Firefly BRENDA and CAROL. Nike Cajun MPEC experiment failures were
attributed to vehicle malfunctions. A Cajun failure during burning was observed
for Firefly BRENDA, and the Firefly CAROL Cajun rocket was not ignited as a
result of improper hook-up of the firing circuit.
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10.2 Partial Successes

Three MPEC releases out of four were observed from Firefly ALICE and
BEVERLY. On the MABEL NO payload, the telemeter failed prior to launch; and
on the Firefly LAURA, CO2 + SF6 payload, telemeter did not give positive indica-
tion of chemical release, since telemeter signal was lost at the time of the first
release. The Firefly CLAIRE N02, TMA, C82 payload, two and probably three
releases were initiated simultaneously. It is possible that aerodynamic heating,
added to the heat of the chemicals, combined with the shock of explosively breaking
the first tank, may have detonated the pyrotechnics on the other tanks. Also, tele-
meter signal, which was to indicate the release from the NO2 tank, was lost
immediately after launch.
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ll. Photographic and Photometric Observations of
Chemical Releases, Data Reduction,
Interpretation and Analysis

Howard D. Edwards
Georgia Institute of Technology
Atlanta, Georgia

Abstract

Horizontal wind velocities have been computed for five of the twilight releases
and for the 14 night releases which took place during Firefly III, and for the six
releases of May 1963. Analyses of the 8ix remaining twilight releases from Firefly
IIl are in process at the time of this report.

Data are presented which give the wind heading in degrees east of north, magni-
tude of wind speed in meters per second, and north-south and east-west components
in meters per second. Plots of north-south and east-west components are also
given for each rocket release.

Data and plots of wind data as well as wind component contours are given for
the four releases occuring on the night of 17-18 May 1963.

1. INTRODUCTION AND OBJECTIVES

The overall objectives of this effcrt are to perform photographic and photometric
observations of chemical releases and to perform data reduction, interpretation and
analysis. This report represents the results of project efforts which have been
devoted to the analysis of data acquired during two field operations. These were
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the Firefly IIl operations which took place at Eglin Air Force Base, Florida from
15 October 1962 until 15 December 1962, and a second field operation which took
place at Eglin from 15 May to 21 May 1963.

2. SUMMARY AND CONCLUSIONS

Horizontal wind velocities have been computed for five of the twilight releases
and for the 14 night releases which took place during Firefly III, and for the six
relecace )f May 1963,

alyses of the six remaining twilight releases from Firefly IIl are in process.
No da.a was obtained from eight of the thirty-three Firefly III rocket firings since
two were fired during daylight and hence could not be photographed, and six failed
to release material due to either rocket or payload failure.

Table 1 gives a summary of the altitude ranges over which wind data was ob-
tained for the 25 releases reported here. The gix remaining releases include one
SPEC (LOUISE) and five MPEC (ALICE, QUEENIE, PAULA, RUBY, SALLY). All
of these were released in the altitude range of 90-117 km during the period of morn-
ing twilight.

A special study was made of the four releases which occurred on the evening of
3 December 1962 in which wind shears and turbulence were correlated with sporadic
E activity. A paper entitled 'lonospheric Winds: Motions into Night and Sporadic
E Correlations' by N. W. Rosenberg, H. D. Edwards and J. W. Wright was presented

TABLE 1. Summary of altitude range covered with
the 25 releases reported here

Twilight Shots

Type Name Altitude Range (Km)
MPEC Gilda 150-164, 218
SPEC Kitty 105.5-114
TEC Bonnie 90.5-117

Cindy 87-114
Sodium Sharon 93-135

Sarah 71-170

Blanche 99-165

Irene 69-140
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TABLE 1. Summary of altitude range covered with
the 25 releases reported here (Cont)

Night Shots
Type Name Altitude Range (Km)
TMA Clair 96-113
Doris 93-114
MPEC Beverly 94, 104
Fanny --
SPEC Dana 109
TEC Dagmar 88-115
Enid 101-112
Ivy 96-143
Esther 97-135
Stella 96-130
NO Mabel 93-108
Dinah 90-i15
Eva 89-108
C2H2 Netty 103-114
Olga 89-126
Grenade Karen 107-122
Laura 100-108

at the COSPAR meeting in Warsaw, Poland on 6 June 1963 and is being published in
Space Research IV by North-Holland Publishing Company and as NASA Technical
Note D-2114.

Table 2 summarizes the correlations of the height of strong east-west wind
shear with the height of sporadic E. Dashes in Table 2 indicate that the wind data
did not cover the altitude range at which the sporadic E was reported.

Plots which combine the N-S and E-W components are given for the four re-
leases occuring on the night of 17-18 May 1963 in which wind data was obtained
from evening twilight to the following morning twilight. The contours of the north-
south and east-west components indicate a general tendency for the wind component
pattern to decrease in altitude throughout the entire night., This phenomenon was
observed in the data from the 3 December releases which covered only the period
from evening twilight to about midnight. Unlike the 3 December results, the 17-
18 May north-south wind compone its are generally decreasing in magnitude as the

]
i

. r
.
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TABLE 2. Correlation of sporadic E with East-West wind shear
Rocket Height of Height of Direction of Shear,
Name Sporadic E (Km) | Wind Shear (Km) : Lower to Upper Height
Kitty 105 107 W-E
Beverly 100 --- .-

Enid 90 weak --- ---
100 strong
Eva 100 97 E-W
Sharon 96, 109 97, 108 W-E, E-W
Ivy 96, 108 96,107 W-E, E-W
Esther 103 101 E-W
Dinah 100 99 E-W
Mabel 113 --- ---
Dagmar 88 --- .-
Dana 94, 99 --- ---
Netty 101 --- ---
Olga 103 102.5 E-W
103.5 W-E

night progresses. Tie east-west component contour for the May data, like the
December data, shows the same tendency for the magnitude to increase throughout
the night at the upper altitudes. At the lower altitudes no general tendencies are
immediately obvious, and it seems that wind data more closely spaced in time is
needed to clarify the east-west component contour in this region.

No ionosonde data was taken during the May releases, so correlation between
sporadic E and wind shears is not possible for this series of firings.

Upon completion of the determination of horizontal wind velocities for the six
remaining twilight releases (ALICE, QUEENIE, LOUISE, PAULA, RUBY, SALLY),
studies are planned on: (1) the diurnal and seasonal variation of the horizontal wind

motion; (2) vertical wind motion; {3) turbulance and diffusion.
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Appendix A

A.1 HORIZONTAL WIND VELOCITIES FOR 4 NIGHT RELEASES

The horizontal wind velocities as a function of altitude for the 14 night releases
which took place during firefly III launchings (15 October 1962 to 15 December 1962)
are presented in the following data and plots. Wind headings are given in degrees

east of north. A minus sign indicates a wind coraponent toward either the south or
west.

BEVERLY
LAUNCH
LAUNCH TIME PAYLOAD HEIGHY NORTH wEST
DATE {CsT) MATERIAL ({KM) LATITUDE LONGITUDE
11=-6-62 0200 MPEC 88470 3042604 8648506
WIND HORIZONTAL NORTH=-SOUTH EAST=WEST
HEIGHT  HEADING WIND SPEED  COMPONENT COMPONENT
(KM) (DEGREES) (M/S) (M/S) (M/S)
96,1 128 &7 -28 38

103,7 37 56 42 35




LAUNCH
DATE

10-16-62

HEIGHT
(KM)

LAUNCH
DATE

12-10-62

HEIGHT
{KM)

109.1

CAGMAR

LAUNCH
TIME PAYLOAD HEIGRT NORTH WEST
(CsT) MATERIAL (KM LATITUDE LONCITYDE
1840 TEC 87486 3002625 8646895
WIND HORIZONTAL NORTH=-SOUTH EAST=WEST
HEADING WIND SPEED COMPONENT COMPONENT
(DEGREES) (M/S) (M7S) {M/S)
98 90 -12 90
101 98 -18 96
108 106 -33 101
121 116 =59 100
134 131 -9n 102
124 135 -75 112
137 130 -95 89
152 123 =108 58
163 120 =112 33
175 106 =106 10
181 55 -56 -1
187 33 -33 -4
189 29 -20 -3
188 16 -18 -2
194 16 -16 -4
228 11 -5 -10
301 12 6 =10
297 14 ° -11
310 11 7 -8
315 14 9 =10
382 25 24 -7
360 46 &4 ]
OANA
LAUNCH
TIME PAYLOAD HE IGHT NORTH WEST
(€sST) MATERIAL {KM) LATITUDE LONGITUDE
1930 SPEC 10743 3002696 867917
WIND HORIZONTAL NORTH=SOUTH EAST-WEST
MEADING WIND SPEED COMPONENT COMPONENT
{DEGREES) {M/s} (M/s) (M/s)
154 1 11¢ -12
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DINAH
LAUNCH
LAUNCH TIME PAYLOAD HEIGHT NORTH WEST
DATE (CsT) MATFRIAL (KM) LATITUDE LONGITUDE
12-3-62 224% NO 90.00 301274 86.6898

WIND HORIZONTAL NORTH=SOUTH EAST-WEST

HEIGHT  HEADING  WIND SPEED  COMPONENT COMPONENT
(KM) {DEGREES ! {(M/5) (M/5) (M/5)
90.2 264 43 -5 -42
$1.0 284 45 8 =43
91.3 3n0 45 22 -39
92.0 319 56 4] -36
2.6 334 52 46 -23
93.0 332 70 56 =31
9440 346 38 89 =17
94.5 349 17 75 =15
95.0 8 82 82 2
9640 29 46 LY 19
97.0 60 36 19 30
98,0 100 55 =42 35
99.0 200 80 -82 ~43
100.9 220 120 =108 =72
10045 225 12% -86 -86
101,0 225 129 -108 =91
101,5 225 133 =913 -97
10240 225 138 «106 -95
10245 227 130 -87 -95
103.0 230 133 -89 =112
103.5 240 139 =70 -121
10440 244 139 -64 =134
10445 249 134 ~48 =125
105.0 255 140 =33 =135
10545 260 150 -15 -138
106.0 270 150 5 ~144
10645 280 142 22 =134
107.0 290 130 bb -118
107.5 297 120 5% -106
108.0 315 109 66 -76
10845 326 101 T2 =49
109.0 339 100 84 =36
109.5 350 95 84 =22
1100 355 85 83 -10
111.0 20 72 66 34
112.0 40 72 56 54
113,0 53 97 62 82
11440 70 12% 64 10%
115.0 5 139 62 136
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ENID
LAUNCH
LAUNCH  TIME PAYLOAD HEIGHT NORTH WEST
DATE (CsT) MATERIAL (K LATITUDE LONGITUDE
10-25-62 0030 OTEC 8709 3042952 8647655
WIND HORIZONTAL NORTH-SOUTH EAST-WEST
HEIGHT  HEADING WIND SPEED  COMPONENT COMPONENT
(XM) (DEGREES) tM/S) WM/S) (M/S)
10140 21 69 64 26
1020 30 52 45 26
103.0 32 38 32 20
104,0 28 24 22 11
105.0 187 10 -8 -3
104,90 214 13 -10 -7
1070 209 17 ~14 -8
108.0 224 27 ~-18 -18
10940 221 34 -23 =25
110.0 233 36 «20 -29
111.0 245 43 -18 -38
112.0 257 &7 C=11 =46
ESTHER
LAUNCH
LAUNCH TIME PAYLOAD HEIGHT NORTH WEST
DATE (CST) MATERIAL (KM) LATITUDE LONGITUDE
12-3-62 2145 TEC 86440 3001682 8647446
WIND HORIZONTAL NORTH=SOUTH EAST-WEST
HEIGHT  HEADING WIND SPEED  COMPONENT COMPONENT
(KM) (DEGREES’ {M/S) {M/5) {M/S)
9645 55 17 10 14
9740 97 17 -2 17
9745 134 35 =74 25
98.0 128 5¢ ~32 41
9845 125% 59 -34 48
99,0 12% 59 =34 48
99,5 133 49 -33 26
100.0 112 32 -12 30
101.0 219 61 =48 -38
10240 226 121 -85 -86
103.0 237 151 -83 =126
104.0 236 152 ~-87 =125
105.0 243 160 =74 =142
10640 252 144 =46 =136
107.0 262 150 =20 =143

1.8.0 290 118 40 =111




ESTHER (CONTINUED)
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WIND HORIZONTAL NORTH=-SOUTH EAST=-WEST
HEIGHT HEADING WIND SPEED COMPONENT COMPONENTY
(kM) (DEGREES) iM/S) (M/8) (M/S)
109.0 28% 145 38 =140
110.,0 301 146 78 -125%
11161 329 95 80 -49
111.7 345 88 85 =22
113,35 17 97 93 28
1144 32 107 9¢ 57
115.8 46 116 81 83
11649 54 125% 73 10}
118,6 68 124 46 114
11940 63 127 58 112
12000 71 118 41 109
122.0 88 109 9 98
12440 102 91 -1¢ 89
12640 122 91 =49 17
128.,0 130 89 57 68
130.0 137 88 -64 60
135,0 154 83 -76 36
EVA
LAUNCH
LAUNCH TIME PAYLOAD HEIGHT NORTH WEST
DATE (CST) MATERI]AL (KM) LATITUDE LONGITUDE
12«6=62 0621 NO 87499 302306 86,6126
WIND HORIZONTAL NORTH=SOUTH EAST=WEST
HEIGHT HEADING WIND SPEED  COMPONENT COMPONENT
(KM) {OEGREES) (M/7S) (M78) (M/S)
89,0 67 51 20 47
90,0 62 62 29 85
91.0 57 57 36 58
92¢0 59 93 48 80
93.0 56 115 60 9
94,0 54 147 87 117
95.0 67 75 36 83
9640 71 76 20 45
97.0 64 19 9 17
9840 3264 13 9 -7
9940 295 3 14 =31
100,0 292 53 2n =26
102.0 M 60 7 -39
104,0 243 34 -15 =30
10640 120 21 -11 18
108,0 43 58 42 40




FANNY

LAUNCH
LAUNCH TIME PAYLOAD HEIGHT NORTH WEST
DATE (CsT? MATERIAL {KM) LATITUDE LONGITUDE
11-10-62 1902 HEX=-PEC ¢(2) 156438 30.0998 86.6332
(4) 2577 290423 864507
IvY
LAUNCH
LAUNCH TIME PAYLOAD HEIGHT NORTH WEST
DATE (CST) MATERIAL (KM) LATITUDE LONGITUDE
12-3-62 1801 MTEC 81458 30.157% 8647041
WIND HORIZONTAL NORTH-SOUTH EAST-WEST
HEIGHT  HEADING  WIND SPEED  COMPONENT COMPONENT
(XM) (DEGREES) {M/3) (M/9) (M/S)
96.0 72 17 5 17
97.0 83 33 1) 33
9840 89 59 1 59
99,0 94 85 -6 84
100,0 98 100 -15 99
101.0 104 110 =28 107
10260 111 119 =42 111
103.0 116 123 =54 111
10440 117 127 =58 113
105.0 120 121 -60 106
105.2 114 87 =36 79
1060 127 98 -58 79
10740 161 50 =47 16
10742 171 3 -27 7
10840 247 36 -9 =33
109.0 263 52 -5 ~52
110.0 272 61 2 -61
110.4 274 68 S -68
112.0 292 73 26 =64
114,0 307 72 43 =57
11462 3ns 68 39 =56
11640 300 66 43 -56
11840 314 65 ' 31 -44
12040 m 46 31 =34
122.0 300 26 13 -18
124.,0 316 22 16 =15
124,.7 303 17 9 -12
12740 244 18 -9 =12
130,0 188 39 -39 -5
135.0 166 43 -42 10
160,0 153 52 =46 24
143,0 138 58 =43 39




KAREN

LAUNCH
LAUNCH  TIME PAYLOAD HE1GHY NORTH WEST
DATE (CST) MATERIAL (KM) LATITUDE LONGITUDE

i 11-15-62 1926 . GRENADE (1) 106.68 3042472 86.6986
: (2) 10953 3042626 8646987
(3) 112,21 302379 86,6985
(4) 11480 3042335 8646984
(5) 11747 30,2289 B86.69083

3 (6) 122423 3042208 86.697%
WIND HORIZONTAL NORTH=SOUTH EAST=WEST
3 HEIGHT  HEADING WIND SPEED COMPONENT _ COMPONENT
: (KM) (DEGREES) (M/s) tM/3) M/8)
i - > an - e - oo -
] 106.8 224 109 -79 -75
109.6 267 110 -5 -110
11262 286 82 20 -78
1 115.3 308 64 39 =51
- 117.6 331 48 41 «23
12242 78 31 7 31
|
i LAURA
LAUNCH
LAUNCH  TIME PAYLOAD HE IGHT NORTH WESTY

DATE (CsT1) MATERIAL (KM) LATITUDE (LONGITUDE

12=7-62 1908 GRENADE (1) 91468 301324 86.7059
(2) 94.56 30,1222 8647063
(3) 97.26 30,1126 8607065
(4) 99,73 30,1041 8647066
; (5) 102.18 30,0955 86,7063
i (6) 10466 30,0864 8607063
1 (7) 107449 3040760 86,7064

WIND HORIZONTAL NORTH-SOUTH EAST=WEST

HEIGHT  HEADING WIND SPEED COMPONENT  COMPONENT
(KM) (DEGREES) (M/S) (M/S) (M/8)
100.2 235 49 ~28 =40
10%,.3 257 1%6 -34 =153
10840 294 124 %1 =114

R
|
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MABEL
LAUNCH
LAUNCH  TIME PAYLOAD HEIGHT NORTH WEST
DATE (Cs1) MATERIAL (KM) LATITUDE LONGITUDE
11-27-62 1800 NO 91.87 3001807 8606094
WIND HORIZONTAL NORTH-SOUTH EAST-WEST
MEIGHT HEADING WIND SPEED  COMPONENT COMPONENT
{KM) (DEGREES) {M/5) {M/S) (M/S)
92.7 26 51 43 26
93,0 37 L 1) 36 27
9346 38 47 36 28
94,40 3l 56 48 29
9445 ED 65 5% 34
95.0 34 66 5% 37
96.0 34 49 41 27
97.0 £ %) 39 24 28
9860 117 55 =25 49
99.0 130 8% =55 65
100.0 140 92 -78 65
101.0 148 112 -94 59
102.0 154 1146 =105 49
103,0 161 11% -109 37
104,0 172 106 -10% 16
16%.0 176 101 =101 8
106.0 178 99 =99 ]
10768 197 83 =79 -25
NETTY
LAUNCH
LAUNCH  TIME PAYLOAD HE IGHT NORTH WEST

DATE (CsT1) MATERIAL (KM) LATITUDE LONGITUDE

12=12-62 1746  ACETYLENE 10036 30,0702 85.7865%

WIND HORIZONTAL NORTH=SOUTH EAST-WEST

HEIGHT HEADING  WIND SPEED  COMPONENT COMPONENT
(XKM) (DEGREES) {M/3) {M/75) {(M/S)
1023 118 21 -4 16
103.0 97 1% -2 15
103,53 37 22 17 13
104,0 9 20 20 3
10540 327 40 3 -22
10660 308 66 40 -50
108,0 302 8% 48 =72
110.0 31% 90 63 -63
112.0 327 84 70 -ht
113.3 1S 53 » -37

1140 321 a7 37 -30




CLGA

LAUNCH
LAUNCH  TIME PAYLOAD HEIGHY NORTH WEST
DATE (CsT) MATERIAL (KM) LATITUDE LONGITUDE

12-14-62 1752  ACETYLENE 83.61 30.1771 8646365

WIND HORIZONTAL NORTH-SOUTH EASY=-WEST
HEIGHT  HEADING WIND SPEED COMPONENT  COMPONENT
(KM) (DEGREES) (M/S) (M/5) {M/S)
89,0 111 31 -11 29
9040 103 35 -8 34
9140 123 29 =16 24
92,0 142 25 «20 15
93.0 151 26 -23 13
94,0 154 28 -25 12
9540 145 19 ~16 11
9640 135 12 -9 9
97.0 182 12 -12 0
9840 217 11 -9 =7
9940 253 14 -4 -13
100.9 276 16 2 =16
101.0 3n0 17 9 -15
102.0 inl 16 8 -14
103.0 293 101 39 -93
104,0 307 78 47 -63
10%.0 315 33 23 -24
10640 295 32 13 =29
107,0 292 37 14 -35
108.0 296 43 18 -39
109.0 292 61 23 =56
110.0 285 48 13 =46
112,0 245 36 =15 =32
114,0 230 L1} -28 «34
116.0 204 49 =44 =20
11840 199 49 -47 =16
12060 197 40 -38 -12
12240 173 35 =34 5
124,0 153 29 =29 13

12600 150 30 =26 1%
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Appendix B

B.1 HORIZONTAL WIND VELOCITIES FOR FIVE TWILIGHT RELEASES

The horizontal wind velocities as a function of altitude for five twilight releases
which took place during firefly II! launchings (15 October 1962 to 15 December 1962)

are presented in the following data and plots.

Wind headings are given in degrees

east of north. A minus sign indicates a wind component toward either the south or

west.

LAUNCH
DATE

10-15-62

HEIGHT
{em)
90.%
91.0
92.0
92.7
93.0
94,0

LAUNCH
TIME
(CST)

0515

WIND

HEADING
(DEGREFS

16

20

28

25

32

A0

85

80°INIE

PAYLOAD HEIGHT NORTH

MATERIAL (KM)

WE

ST

LATITUDE LONGITUDE

TEC 90047 3003671

86

7267

HORIZONTAL NORTH~SOUTH EAST-WEST

WINC SPEED  COMCONENT COMPON

) 14/9) (M/8) (M798)
1) 53 15

61 1] 21

68 61 32

67 60 29

70 59 37

73 b3 &7

78 43 66

ENT
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HEIGHT
(KM)

- e an - -

WIND
HEADING
(DEGREES)

248
234
2138
228
224
199
193
195
188
182
177
179
174
173
171
1M
173
174
170
171
175
181
187
19%
213
209
204
211

BONNIE (CONTINUED)

HORIZONTAL NORTH=SOUTH EAST-WEST

WIND SPEED COMPONENT
(M/S) (M75)
73 45
80 24
83 18
88 9
85 4
86 -1
85 -6
84 -20
84 -36
92 -42
84 -43
83 -27
89 -48
74 -46
75 =57
22 -18
30 -11
32 -21
36 =15
40 ~23
41 -15
36 =21
39 ~21
50 -34
51 -37
59 -56
67 =65
63 -61
63 -63
70 -70
95 -95
80 ~-80
96 -96
109 =109
110 <109
108 -106
119 -118
113 -113
115 -113
120 -119
103 =102
70 =70
66 -66
51 -49
19 -33
39 -34
43 -40
40 -34

COMPONENT

(M/5S)
58
76
81
87
84
86
8%
82
76
82
72
78
75
58
49
-13
=28
-24
-32
=33
-38
=29
-33
-37
=35
-19
-15
-17
-8
-2




oiamadaters

CINDY

LAUNCH
LAUNCH TIME  PAYLOAD  HEIGHT  NORTH WEST
DATE (CST)  MATERIAL  (KM)  LATITUDE LONGITUDE
10-17-62 0516 TEC 86460 3042127 8646503
wIND HORIZONTAL NORTH-SOUTH EAST-WEST
HEIGHT HEADING WIND SPEED  COMPONENT  COMPONENT
(KM)  (DEGREES) (M/S) (M/S) (M/S)
87.0 67 62 24 56
87.8 72 57 18 54
88.0 7 49 16 47
89.0 38 48 38 30
89.7 32 68 58 36
9040 41 62 47 41
91.0 18 9 72 55
9146 46 93 65 66
92.0 60 9% 42 76
9340 70 104 3 99
94,0 70 113 18 107
96,0 73 109 32 104
95.n 79 110 20 108
9640 92 107 -6 107
97.0 91 99 0 99
97.9 112 73 -27 68
98.0 101 77 -15 75
98.3 103 3 -16 69
99,0 103 7 -17 69
99.2 79 33 7 32
10040 107 60 -17 57
10044 341 31 10 -10
100.5 11 25 25 5
101.0 325 40 33 -23
101.8 326 50 40 -29
102.2 326 53 44 -29
102.5 325 50 41 -28
10246 332 53 “6 -26
10246 325 58 47 -33
102.8 327 64 56 -35
103.0 134 57 50 =25
103.0 327 50 40 -27
103.5 311 60 52 -29
10,5 311 64 56 -11
104,0 318 54 50 =21
10443 335 63 58 -27
10443 338 66 60 =27
106447 339 63 59 -22
1047 349 63 62 -12
105.0 330 66 57 -32
10543 343 64 61 -18
105,46 347 68 65 -16
105.5 348 61 59 -15
105.6 353 66 65 -9

106,7 4 61 61 )
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CINDY (CONTINUED)

WIND HORIZONTAL NORTH-SOUTH EAST-WEST
HEIGHT  HEADING WIND SPEED  COMPONENT  COMPONENT
(KM)  (DEGREES)  (M/S) (M/S) (M/S)
105.8 9 56 56 8
105.8 10 59 58 11
105.9 15 53 51 13
10640 17 54 51 15
10640 23 57 52 21
10646 37 58 46 35
10647 65 35 15 31
10648 91 30 0 30
10740 98 32 -4 31
107.0 100 39 -7 38
10741 134 42 -29 30
107.2 121 44 -23 37
107.5 131 46 -28 33
107.8 141 50 -39 31
107.9 151 62 -54 30
108,0 156 76 -69 N
108.0 143 59 -47 10
10843 157 87 -8¢ 34
108.5 161 96 -91 31
108.6 161 93 -88 30
109.0 163 97 -93 28
109.0 159 84 -78 30
109.7 174 87 -86 10
11040 167 74 -62 15
111.0 171 88 -87 12
111.3 188 80 -79 -7
11240 177 88 -88 “
113.7 203 84 77 -32
GILDA
LAUNCH
LAUNCH TIME  PAYLOAD  HEIGHT  NORTH WEST
DATE  (CST)  MATERIAL  (KM)  LATITUDE LONGITUDE
11-13-62 1730  HEX-PEC (1) 136471 30.1144 8647357
(2) 15416 30,0686 86,7407
(3) 26247  29.721 864785
(4) 236407 2903526 8648597
WIND HORIZONTAL NORTH-SOUTH EAST-WEST
HEIGHT  HEADING  WIND SPEED  COMPONENT  COMPONENT
(kM)  (DEGREES)  (M/S) (M/S) (M/S)
15040 150 60 =52 30
15240 143 55 -44 33
156440 135 5e -39 40




GILDA (CONTINUED)

WIND HORIZONTAL NORTH-SOUTH EAST-wWEST
HEIGHT HEADING WIND SPEED  COMPONENT  COMPONENT
(XM) {DEGREES) (M/S) (M/S) (M/7S)
15640 129 57 -36 o
15643 130 53 -34 81
158.0 125 56 32 46
16040 118 55 -26 49
162.0 115 56 -23 53
1640 108 55 -17 53
217.8 30 76 66 39
KITTY
LAUNCH
LAUNCH TIME  PAYLOAD  HEIGHT  NORTH WEST
DATE  (CST) MATERIAL (kM)  LATITUDE LONGITUDE
10-23-62 0519 SPEC 107474 30,0369 8646721
WIND HORIZONTAL NORTH~SOUTH EAST-WEST
HEIGHT HEADING WIND SPEED  COMPONENT  COMPONENT
(KM)  (DEGREES) (M/$) (M/S) (M/$)
10545 288 83 26 -79
10546 281 85 16 -84
105.8 286 86 24 -83
10640 283 83 19 -81
10644 272 79 3 =79
108.1 2130 37 -23 -28
108.5 185 68 -68 -6
108.5 217 61 -33 -23
10846 191 48 -48 -9
108.8 185 79 =79 -6
109.1 178 87 -87 3
109.4 178 79 -79 3
110.3 179 94 -94 1
111.0 188 100 -99 -14
11243 197 93 -89 -28
11301 218 83 -67 -48
113.8 289 67 21 ~64

114.4 274 78 ] -78




SHARON
LAUNCH
LAUNCH  TIME PAYLOAD HEIGHT NORTH WEST
DATE (CsT) MATERIAL (KM) LATITUDE LONGITUDE
12-3-62 1720 SODTUM 69090 3042717 B86.6886
WIND HORIZONTAL NORTH-SOUTH EAST-WEST
HEIGHT HEADING WIND SPEED  COMPONENT COMPONENTY
(KM) (DEGREES) (M/S) (M/S) (M/5)
7065 45 33 23 23
92,7 207 65 -58 -29
93.4 216 65 -53 -38
94,0 223 72 =52 =49
94,1 237 57 -31 =48
95.0 242 S5 =26 -48
3640 286 19 ) -18
9645 286 10 3 -9
970 12 2 2 1
97.4 78 36 8 35
98.0 8l 56 11 72
99.0 83 19 9 78
10040 88 101 1 100
101.0 91 108 -2 108
102.0 100 119 =20 117
103.0 105 128 =34 122
103.8 106 131 -37 126
104.0 107 133 -39 126
105,90 107 127 -35 121
106.0 106 110 -30 105
107.0 109 96 -29 91
10745 118 62 =25 55
108.0 139 29 -22 19
10845 185 21 =21 2
109.0 247 59 -22 =55
110.0 254 59 =14 =57
1107 257 67 =15 -65
112.0 267 63 -3 -63
115.0 285 66 17 =59
120.0 3195 52 36 =36
12540 348 29 28 -7
130.0 50 19 12 13

135.0 85 3 2 31
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Figure B4. North-South and East-West Components of the
Wind Velocity for KITTY
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Appendix C

C.1 HORIZONTAL WIND VELOCITIES FOR THE SIX RELEASES IN MAY

The horizontal wind velocities as a function of altitude for the six releases
which took place from 15 May to 21 May 1963 are presented in the following data
and plots. Wind headings are given in degrees east of north. A minus sign indicates

a wind component toward either the south or west.

| CLAIR
f LAUNCH
LAUNCH  TIME  PAYLOAD  HEIGHT  NORTH WEST
DATE  (CST)  MATERIAL  (KM)  LATITUDE LONGITUDE
5-15-63 2000 THA 95¢19 5002658 8646916
z WIND HOR{20NTAL NORTH-SOUTH EAST-WEST
MEIGHT  HEADING  WIND SPEED  COMPONENT  COMPONE'(T
{(KM) (DEGREES) (M/S) (M/S) (M/5)
9640 57 66 35 54
97.0 52 78 48 61
9840 “6 81 56 58
98,3 45 79 56 56
99,0 55 &6 18 56
99.0 50 74 48 57
| 10040 63 53 24 47

10C.0 58 62 33 52
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CLAIR (CONTINUED)

WIND HORTZONTAL NORTH-SOUTH EAST-WEST
HEIGHT HEADING WIND SPEED COMPONENT  COMPONENT
(<M)  (DEGREES) (M/$) (M/S) (M/S)
10046 70 45 1% 42
10047 56 42 24 35
10140 69 35 13 33
10i.3 65 47 20 42
101,.8 84 28 3 2%
101.9 147 31 -26 17
10241 81 29 s 29
102.2 157 35 -32 14
102.2 154 33 -39 14
102.3 166 30 -23 7
102.3 160 36 -63 12
102.3 146 18 -15 10
10244 100 19 -4 19
10244 162 30 -29 9
103.5 166 28 =27 6
103.7 185 28 =27 -?
103,7 165 26 -25 7
103.8 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>