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INTRODUCTION

In accordance with, Harry Diamond Laboratories Purchase Order No.
DAAG39—76—C—2002f Unidynamics/Phoenix, Inc. performed an evaluation

N —
of large pyrotechnic arrays for nuclear burst simulation. This

g investigation was an extension of previous studies conducted under
.f Purchase Order No. DAAC39-75-C-2006, during which the feasibility
of using pyrotechnics as high-radiant-flux emitters had been
established. During the current program, the development of high-
radiant-output pyrotechnics was continued, and two of the more
energetic compositions were evaluated in large arrays. The fol-
lowing major tasks, identified by the number assigned to each in
1 the purchase order, were performed during this program.

® Task 1 - Using motion pictures and other appropriate methods,

the smoke/plume characteristics of selected pyrotechnics were

: ; recorded.
E )
@ Task 2 - Methods of dispersing the smoke generated by the 1
E burning of large pyrotechnic arrays were investigated.
® Task 3 - Ignition aid techniques were developed for igniting
: ' ; all parts of large pyrotechnic surfaces nearly simultaneously.
g/ ® Task 4 - Pyrotechnic samples were provided to a designated 1
: - Government facility for radiant output testing.
‘ 0 Task 5 - Alternate pyrotechnic burning configurations, ]

particularly ignition on the opposite side from the target,

. were investigated.

® Task 7 - The state of the art in high temperature pyrotechnic

research was monitored to identify possible new radiant flux

sources. Laboratory irradiance tests were performed on all

compositions deecmed to have special merit.

® Task 8 - Three large arrays each of the two most promising
' pyrotechnics were constructed and tested. These arrays

had an equivalent effective surface area of 28.3 square inches

and were configured to allcw optimum smoke dispersal. The
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plume, smoke, and other characteristics of the six burns were
recorded by still camera, television, and motion picture

photography.

This report describes the results obtained during performance of

the seven numbered tasks and presents Unidynamics' recommendations
concerning the safe handling of pyrotechnic components used in
very large nuclear simulation arrays. In addition, a comparative
summary of pertinent laboratory irradiénce data obtained during
both the current program and the previous study is included.




TASK 1 - SMOKE/PLUME CHARACTERIZATION

A series of six outdoor burn tests was performed to observe -and
photograph the smoke and plume effects of selected pyrotechnics.

The materials evaluated were magnesium/Halon/Fluorel (1960 Mix,

Lot EL 37070), zirconium/molybdenum trioxide/Fluorel (Lot EL 37059),
and two formulations of magnesium/zirconium/molybdenum trioxide/
Fluorel (Lots EL 40104 and EL 40105). The constituents and major q
combustion products of these materials are tabulated in Appendix A.

Both 35 mm black-and-white still photographs and 16 mm color

motion pictures were taken during each test. In addition, pellet
burn time was recorded. The data obtained and observations made
during the six tests are listed in Table I. Figures 1 and 2

show typical smoke/plume effects from the two materials of greatest
interest, 1960 Mix and Fluorel-bonded zirconium/molybdenum trioxide. 3
As noted in Table I, 1960 Mix produced a small yellowish-white
pPlume and a relatively thin cloud of grayish-white smoke. The
yellow coloration in the plume can be attributed to the presence

of incandescent carbon particles functioning as black body radiators.
The color of the smoke is proportional to the ratio of its two

major components, magnesium fluoride (white) and carbon (black).

When 1960 Mix is burned in excess air, as in the reported series

of tests, most of the carbon particles are consumed as they leave

the fuel-rich environment of the plume and mix with the surrounding
atmosphere. This causes the smoke to be grayish-white in color

since its primary constituent is magnesium fluoride. In addition,
removal of the carbon significantly reduces the density of the-

smoke from 1960 Mix compared to that produced by compositions of

the zirconium/molybdenum trioxide type. Of the four materials
evaluated, 1960 Mix prodﬁced by far the least obscuring smoke

cloud. An example of the smoke and plume effects from a pellet

of burning 1960 Mix is shown in Figure 1. This photograph was

taken approximately midway through the burn. ;
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The piumes produced by zirconium/molybdenum trioxide/Fluorel and
the two Fluorel-bonded magnesium/zirconium/molybdenum trioxide
formulations were brilliant white in color. Plume size appeared
to be directly related to pellet burn rate. The plume from a
pellet of EL 37059 (all zirconium fuel) was moderately long and
expansive, reflecting the medium fast burn rate of this material.
Also, as shown in Figure 2, EL 37059 produced a dense, obscuring
cloud of white smoke. The two magnesium-modified zirconium/
ﬁolybdenum trioxide formulations both exhibited very fast burn
rates, resulting in the formation of long, broad jet plumes which
evolved into very dense clouds of white smoke. The combined size
and brilliance of the plumes from EL 40104 and EL 40105 resulted
in illumination so intense that the still photographs of these
two materials were badly overexposed. The color motion pictures,
which were taken from a greatéer distance, disclosed that these com-
positions burned very rapidly with much greater violence than
that of the other materials evaluated.

In summary, the reported series of tests disclosed that 1960 Mix
burned in excess air produces a concentrated plume and a relatively
thin cloud of grayish-white smoke. Under most cbnditions, this
smoke would not be expected to cause serious obscuration problems.
By comparison, Fluorel-bonded zirconium/molybdenum trioxide and
magnesium/zirconium/molybdenum trioxide produce larger, brighter,
more expansive plumes and very dense clouds of white smoke. The
smoke from these compocitions could easily cause severe obscuration
problems if not properly removed from the area of the plume.
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FIGURE 1
i SMOKE/PLUME EFFECTS OF 1960 MIX
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SMOKE/PLUME EFFECTS OF Zr/’Moo3
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TASK 2 - SMOKE DISPERSAL METHODS

The primary smoke dispersal method evaluated during the current
program consisted of operating a large exhaust fan adjacent to
parallel panels of burning pyrotechnic comprising a test array.

This technique, which was employed during the two series of large
array tests conducted late in the program, created a rapid air flow
over the parallel pyrotechnic surfaces, sweeping most of the solid
combustion products and residue away from the aperture. Pyrotechnic
materials evaluated during these tests included magnesium/Halon/
Fluorel (1960 Mix, Lot EL 37070) and zirconium/molybdenum trioxide/
Fluorel (Lots EL 37059 and EL 40130). Although both of these
compositions generate considerable smoke on combustion, the zir-
conium/mélybdenum trioxide formulation produces a far more obscuring
cloud than 1960 Mix. For this reason, it was regarded as the most
likely source of problems with respect to smoke dispersal.

During the first test series, in which a 2.5-inch diameter aperture
was used, a four-bladed Unidynamics-supplied fan with a 20-inch
diameter sweep was employed. During the second series of tests,

in which a 6-inch diameter aperture was used, a four-bladed
Peerless fan with a 36-inch diameter sweep was utilized. The

fan used in the latter test series was a Government-furnished

item supplied to Unidynamics specifically for this application.

In both series of tests, the fan selected for use had sufficient
air flow capacity to remove a large percentage of the particulate
matter which would otherwise have formed a dense, obscuring cloud
of smoke in or near the aperture, thus blocking the radiant flux
between the pyrotechnic emitter and the detector. The peak irra-
diance values recorded during these tests compared very favorably
with those obtained for the same compositions during earlier
laboratory tests, indicating that the smoke removal techniques
employed in the large array tests were highly effective. Thus,
it can be concluded that the use of a properly sized exhaust fan
is a suitable ‘method for dispersing the smoke generated by the

burning of a large array of parallel pyrotcchnic panels.




! - TASK 3 - IGNITION AID STUDIES

Prior to testing large pyrotechnic arrays in the light tunnel, it
was necessary to develop a means of igniting these items rapidly

and reliably over their entire burning surface. With this objective
in mind, a series of three tests was performed to evaluate the

combined use of a surface layer of titanium/boron/Fluorel as the

—

" pellet ignition material and a length of pyrotechnic flash cord

as the ignition transfer mechanism. The first two tests in this

v |
o1

series were performed using pellets containing 1960 Mix as the
base charge and 68/30/2 titanium/boron/Fluorel as the ignition
material. The third test was conducted using pellets containing
zirconium/molybdenum trioxide/Fluorel as the base charge and
65/30/5 titanium/boron/Fluorel as the ignition material. The
pellets for all three tests were prepared by copressing the base
charge .and the ignition material at 5,000 psi (Tests 1 and 2) or
10,000 psi (Test 3). The composition of the ignition material
was modified prior to the third test to improve its consolidation
characteristics. 1In all three tests the pellets were aligned in
a linear array measuring approximately 16 inches in length and

one inch in width. Pellet thickness averaged 0.110 inch. The

| R TR [ T ) (s g SR

; individual pellets comprising the array were aligned end to end

and bonded to a base board using nitrocellulose lacquer. The

'S

ignition surface of the pellet array was also painted with a thin
coating of nitrocellulose lacquer, and the assembly was allowed
to dry. A length of pyrotechnic ignition cord was then secured

7 to the top surface of the pellet array using a strip of aluminum

foil-backed tape. The tape was applied in a manner which held
the cord firmly in place against the surface of the array while

J leaving a space on each side of the cord to allow pressure to

build up on ignition. This configuration was designed to cause

J a rapid flash to propagate along the length of the assembly. ’
The general configuration of the three ignition aid test panels

I is shown in Figure 3.

|

o
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The three ignition aid assemblies were tested by igniting the
exposed end of the pyrotechnic cord and measuring the time re-
quired for the resultant flash to transmit the ignition stimulus
along the length of the pellet array. The ignition transfer time
was monitored by means of two ionization probes located at a
measured interval above the surface of the array. Pertinent com-
ponent parameters and data obtained in the three ignition aid
tests are presented in Table II. As will be seen, the use of
0.125-inch diameter extended 50-4052 ignition cord resulted in

rapid propagation of the ignition stimulus with both 1960 Mix
and EL 37059. Based on the results of these tests, this type of
igﬁition cord was selected for use in the large array testing in
the light tunnel.
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TASK 4 - PROVISION OF PYROTECHNIC SAMPLES TO BALLISTIC RESEARCH
LABORATORIES

At the request of HDL, 10 samples each of the two most promising
high-radiant-output pyrotechnics were provided to Ballistic

Research Laboratories for evaluation. The two compositions pro-
vided were 1960 Mix (Lot EL 37070) and zirconium/molybdenum trioxide/
Fluorel (Lot EL 37059). Ten 1l.0-inch wide by 1l.5-inch long pellets
of each formulation were fabricated and mounted on 2-inch square
transite panels using epoxy cement. The exposed surface of each
pellet was then painted with a coating of nitrocellulose lacquer

to reduce the probability of chipping and to enhance ignition
sensitivity.

The consolidation pressure used for both groups of pellets was
10,000 psi. The 1960 pellets contained 4.0 grams of 1960 Mix as
the base charge and 0.5 gram of 65/30/5 titanium/boron/Fluorel
(Lot EL 40113) as a copressed ignition layer. These pellets
measured approximately 0.10 inch in thickness and had an average
composite density of approximately 1.80 grams/cubic centimeter.
The zirconium/molybdenum trioxide/Fluorel pellets contained

17.5 grams of EL 37059 as the base charge and 1.0 gram of 65/30/5
titanium/boron/Fluorel (Lot EL 40113) as a copressed ignition
layer. These pellets measured approximately 0.20 inch in thickness
and had an average composite density of approximately 3.65 grams/
cubic centimeter.

Complete dimensional data for the 20 pellets supplied to BRL are
listed in Table III.
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TABLE III f
DIMENSIONAL DATA FOR HIGH-RADIANT-FLUX PELLETS '
SUPPLIED TO BRL ]
" 1960 COMPOSITION
pPellet Weight - Height Densigy
No. (gm) (in) (gm/cm”)
ol 4.45 0.101 1.79
02 4.46 ©0.102 1.78
03 4.44 0.102 1.77
04 4.46 0.101 1.80
05 4.48 0.100 1.82
06 4.46 0.101 1.80
07 4.46 . 0.099 1.83
08 4.45 0.101 1.79
09 4.46 0.100 R T - ]
10 4.43 ©0.102 1.72
E . ) EL 37059
: 02 18.33 ©0.206 3.62
: } 04 18.30 0.202 3.68
: 05 18.23 0.202 3.67
] 06 18.35 0.202 3.69
. 07 18.37 0.205 3.64 |
H 08 18.31 0.202 3.68
] 09 18.31 0.204 3.64
i 10 18.35 0.202 3.69 |

11 18.38 - 0.203 3.68 |
12 18.33 . 0.204 3.65 |
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TASK 5 - INVESTIGATION OF ALTERNATE PYROTECHNIC BURNING CONFIGURATIONS

-

sacsad o

The initial screening of all candidate pyrotechnics as radiant
emitters was performed in a test fixture in which the pellets

were oriented parallel to the viewing axis of the detector head.
Since pellets tested in this configuration were viewed from the
side, the flame was observed at a poini normal to the burning
surface. This frequently resulted in partial obscuration of the
flame by condensed combustion products downstream from the primary
reaction zone. 1In addition, the output signatures of most pellets
tested in this setup appeared as irradiance plateaus which remained
at a relatively constant level for several seconds. Thus, the
output characteristics of these pellets were more typical of a
flare than a high-intensity burst of short duration. For this
reason, in an effort to simulate the output signature of a nuclear
burst more closely, a modified test method was developed. This
test mode involved mounting a pellet directly over the Qiewing
aperture and igniting the pellet from the back. Radiant output

Qas then monitored during the period while the reaction zone was
emerging through the front or viewing side of the pellet. This
permitted direct observation of the unobscured flame for a short
period of time before the reaction products accumulated in the
downstream plume. Preliminary testing of 1960 Mix by this "back-
burn" method was reported in Unidynamics Document No.'s MCD-23

and MCD-27 (Progress Report No.'s 3 and 5 for HDL PO No. DAAC39-
75-C-2006). As stated in those reports, the maximum radiant output
levels obtained by this method were somewhat lower and much less
consistent than those obtained by the normal side-on test mode.
Subsequent investigations disclosed that the reaction zone which
emerged from the front of a burning 1960 pellet was highly irregular
in shape. 1In addition, the reaction burn-through pattern varied
from pellet to pellet. For this reason, the observed emitting area

was not consistent, and very erratic output levels were obtained.

During the current program, an effort was made to eliminate the

inconsistencies associated with backburn testing. A series of
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10 tests was performed in which the pellets were mounted directly
against the aperture plate to form a light-tight seal. The pellets

i Lo D

were ignited from the back, and the flame front emerging on burn-
through was monitored both by the radiant flux detector and a 16 mm
motion picture camera. In order to permit simultaneous observa-
tion by both the detector and the camera, an optical beam splitter
of 78.5 percent transmission was placed between the pellet holder
and the detector. The camera was positioned at an angle of

90 degrees to the optical bench and focused on the surface of the
beam splitter. This test setup is shown in Figure 4.

The results of the 10 backburn tests are listed in Table IV, and
the flux-time traces from these tests are shown in Figures 5
through 9. . As will be seen, the output curves were all highly
erratic with the exception of. those from Test No.'s 176 and 182.
In those two tests, the pellets burned out on the sides and generated
plumes much larger than the area of the viewing aperture. The
last four tests in the backburn series were photograprhed at

64 frames/second on color film. The resulting films were scru-
tinized for evidence of combustion characteristics peculiar to

the backburn test mode. During initial study of these films, it
was observed that a high-intensity pulse of radiant energy of

very short duration occurred immediately prior to pellet burnout.
The full magnitude of this pulse was not delineated by the strip
chart recorder due to the slow response time of this device. How-
ever, the oscilloscope reacted quickly enough to display the full
intensity of this pulse, demonstrating the necessity of using

this type of equipment to record the output of short—duration
radiant burst phenomena.

Observation of the films also disclosed that the pellet burn-through
patterns were extremely erratic and inconsistent. Oscillating
pulses of light alternating with periods of reduced flame activity
were apparent in all tests which were filmed. This phenomenon is
illustrated by the series of photographs shown in Figure 10. These
photographs were taken from the film record of Test No. 181 and

—
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cover the time period during which the maximum irradiance level
of that test occurred. The radiant peak, which is shown in
Frame 612.4, represents a measured output of 4.4 mw/cm2 and
occurred at the point indicated on the accompanying trace. As
cah be seen from both the photographs and the output trace, the
apparent irradiance of the pellet was at a very low level just
prior to and following this peak.

In view of the erratic data generated during the backburn tests,
the significance of the resulting output traces is considered
questionable. However, based on the combined results of the
backburn tests conducted dﬁring both the current program and the
previous study, the use of this technique to achieve a simulated
high-intensity radiant burst does not appear promising. For
this reason, further evaluation of the backburn combustion mode
is not recommended. Alternate pyrotechnic configurations which
appear particularly useful for generating high-intensity bursts
include those in which the burning surface contains a number of
small concave indentations of some type (conical, inverted pyra-
midal, waffled, etc.) This type of surface geometry could be
combined with a thin pellet web to obtain a very large effective
burning area capable of yielding an output signature of very short
duration and extremely high intensity. It is recommended that

investigative efforts be pursued in this general area.
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E TABLE IV
¥ PELLET PROPERTIES AND RADIANT EMITTANCE DATA
k. FOR 1960 MIX TESTED IN THE BACKBURN MODE
E Max imum
Test Pellet Pellet Pellet Measured
No. Weight Thickness Densit Irradiance
L (s/N) | _(gm) (in) (q/em3) | _ (mw/cm?) Remarks
3 173 15.01 0.379 1.97 3.8 Very erratic trace
1 174 15.00 0.379 1.97 7.1 Very erratic trace
175 14.97 0.379 1.97 7.8 Very erratic trace
” 176 14.98 0.380 1.97 >20 Off-scale peak
“277 | 15.00 0.379 1.97 4.4 Very erratic trace
178 15.00 0.378 1.97 9.8 Very erratic trace -
179 15.02 0.379 1.97 . 3.3 Very erratic trace
180 14.97 0.380 : 1.97 5.6 Very erratic trace
181 | 14.89 0.377 1.96 4.4 | Very erratic trace
182 15.01 0.379 1.97 >20 Off-scale peak

Notes:
l. vViewing aperture radius in all tests was 0.95 cm.

3. In all tests, the vellet was positioned so that its surface was
directly against the viewing aperture.

2. Distance between pyrotechnic pellet and detector surface was 100 cm.

4. Ignition was accomplished in all tests with 50-4052 ignition slurry.
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TASK 7 — SELECTION AND EVALUATION OF CANDIDATE PYROTECHNICS

The two pyrotechnics of primary interest as high-radiant-flux
emitters were 40.0/52.5/7.5 magnesium/Halon/Fluorel (1960 Mix,
Lot EL 37070) and 48/50/2 zirconium/molybdenum trioxide/Fluorel
(Lot EL 37059). Both of these compositions were developed prior
to the current program. Pyrotechnic research conducted during
the. present study consisted primarily of efforts to improve the
per formance and/or reduce the cost of these two formulations.

In addition, at the request of HDL, a plastic-bonded photoflash
composition was prepared and evaluated. A total of seven pre-
viously untested formulations was evaluated during the current
program. The constituents and major combustion products of these
materials are tabulated in Appendix A. For comparison,the con-
stituents and major combustion products of 1960 Mix and EL 37059
are also. listed.

Composition EL 37080 was formulated to determine the effects of
using zirconium in place of one-half of the magnesium in a
stoichiometric magnesium/Teflon mixture. It was anticipated that
the addition of zirconium might significantly enhance the radiant
output of this system without increasing its cost prohibitively.
EL 37081 was prepared for the purpose of evaluating 19-micron
magnesium as a replacement for one-half of the zirconium in
stoichiometric zirconium/molybdenum trioxide. It was anticipated
that magnesium could be substituted for a portion of the more
costly zirconium in this mixture without significantly reducing
its radiant output. Both EL 37080 and EL 37081 were formulated

with stoichiometric O/F balances.

Based on the high radiant output of EIL 37081, compositions EL 40104
and 40105 were formulated to determine the effects of varying the
ratio of magnesium to zirconium over a broad range in stoichiometric
magnesium/zirconium/molybdenum trioxide. These compositions were
evaluated to determine the extent to which magnesium could be used
as a cost-cffective replacement for zirconium in the zirconium/
molybdenum trioxide reaction system. PBoth EL 40104 and EL 40105
were formulated with stoichiometric 0/F balances.
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Compositions EL 40124 and EL 40125 were formulated to determine
the effects on performance of adding 5 percent Fluorel binder to
stoichiometric zirconium/molybdenum trioxide and 1l:2 magnesium/
zirconium/molybdenum trioxide, respectively. These compositions
were of interest because of the very poor physical properties of
the corresponding mixtures formulated with only 2 percent Fluorel
(EL 37059 and EL 40104, respectively). It was anticipated that
the additional Fluorel in EL 40124 and EL 40125 would enhance the
pelletized physical strength of these materials without significantl
reducing their radiant output levels. Both EL 40124 and EL 40125
were formulated with stoichiometric O/F balances.

At the reguest of HDL, Unidynamics prepared and evaluated a
plastic-bonded photoflash composition. The base formulation
selected for this study consisted of Type III, Class A, military
photoflash powder having the following composition.

Aluminum (20 %5 micron) - 40%
Potassium Perchlorate (AVZS micron) - 30%
Barium Nitrate (~150 micron) - 30%

This mixture was blended with 1 percent Fluorel binder to yield

EL 37089, the formulation of which is listed in Appendix A.

The seven candidate high-radiant-flux pyrotechnics were prepared

by manually blending the solid constituents into an acetone solution
of Fluorel and allowinc the compositions to air-dry in a fume

hood with intermittent stirring and/or kneading. When completely
dry, the mixtures were screened through a No. 20 sieve to break

up any agglomerates and produce a uniform granulation size.

The required number of test samples of each formulation were pre-
pared by consolidating 1.25-inch diamcter pellets at a pressure

of 10,000 psi and inhibiting their base and circumferential sur-
faces with aluminum foil-backed tape. These samples were evaluated
by standardized techniques using the test setup shown in Figure 11.
This setup consisted of a Hewlett-Packard 8330A/8334A meter/dctector
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- system used in conjunction with a Honeywell Electronik 19 recorder
! a and a Tektronix 535 oxcilloscope with an H type plug-in unit. A i
F! UN-265E firing box and a UN-222C camera control for the Beattie |
Oscillatron/Polaroid camera assembly completed the setup.
b 1
. For testing, each pellet was secured in a graphite holder and !
{ b positioned so that its surface was 0.5 centimeter below and
i E 2.0 centimeters away from the viewing aperture, which had a radius
1 3 of 0.95 centimeter. The distance between the edge of the pellet ﬁ
s - and the surface of the detector was adjusted to 100 centimeters i
E in all tests. Ignition was accomplished using one gram of 430 i
4 ignition powder (equal parts of Si/CuO/Pb3O4) lightly tamped on :
the surface of the pellet and an M-100 electric match suspended 5
‘ : above the 430. The electric match was fired by a five-ampere ﬁ
A ' current from the UN-265E. The recorder and oscilloscope were i
» activated just prior to ignition. t
o i
i » Burn rate and radiant flux values obtained for the seven experi- P
mental formulations are listed in Table-V. In addition, this i ]
table includes the radiant output data obtained for EL 40130. ;‘
k This composition was prepared late in the program to replace the '
' depleted supply of EL 37059 and was identical to that material f‘
yF in formulation. For comparison, the output values obtained for -
four groups of 1960 control pellets tested at different times @
f during the program are also listed in Table V. {
| !
E As will be seen in Table V, the calculated irradiance of EL 37080 |
p {38.3 cal/cmz/sec) averaged approximately 20 percent less than :
f that of its parent composition, 1960 Mix (46.1 cal/cmz/sec in

tests conducted at the same time). In addition, the 18-micron !
zirconium used in EL 37080 is potentially far more expensive than
the Granulation 16 magnesium which it replaces in 1960 Mix. For

these reasons, the evaluation of EL 37080 was discontinued after

the initial test series. The maximum calculated irradiance of
EL 37081 averaged 69.5 cal/cmz/sec in all tests and 73.3 cal/cm2/
sec if the low value from Test No. 160 is excluded. By comparison,
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the maximum radiant flux of EL 37059 (48/50/2 zirconium/molybdenum
trioxide/Fluorel) averaged 88.4 cal/cmz/sec in initial tests con-
ducted during the previous program and typically exceeded 80 cal/
cmz/sec throughout its evaluation. Thus, the maximum calculated
irradiance of EL 37081 was approximately 20 percent less than

that of its zirconium-based parent composition. However, the

cost of EL 37081 should be approximately 30 percent less than that
of the all-zirconium formulation. For this reason, the use of

EL 37081 or a similar composition appeared promising as a means

of increasing the cost effectiveness of the zirconium/molybdenum
trioxide system. Accordingly, investigations were continued in
this area to determine the extent to which magnesium could be
substituted for zirconium without significantly reducing radiant
output. The compositions prepared in this study were EL 40104
(1:2 magnesium/zirconium molar ratio)and EL 40105 (2:1 magnesium/

zirconium molar ratio).

As shown in Table V, the maximum calculated irradiance of EL 40104
(1:2 magnesium/zirconium) averaged approximately 82 cal/cm2/sec
if the results of Test No. 191 are excluded. This compares very

favorably with the average maximum irradiance of the all-zirconium

parent composition, EL 37059 (80 cal/cmz/sec-or greater in most
tests). Additionally, because of its lower zirconium content,
the cost of EL 40104 should be considerably less than that of

EL 37059. EL 40104 differs from EL 37059 principally in its much
faster burn rate (~ 0.7 in/sec for EL 40104 compared to~ 0.1 in/

sec for EL 37059). Thus, EL 40104 appears very promising as a

) e ) ed b b leemd beed bomd ey bomd  ed e beeesd 6D

high-radiant-output pyrotechnic for applications requiring fast-

burning, peak-type flux-time signatures. By comparison, the

average maximum radiant flux of EL 40105 (2:1 magnesium/zirconium)
was found to be considerably below that of EL 37059, and its

evaluation was discontinued.

As seen in Table V, the maximum calculated irradiance of EL 40124

(stoichiometric zirconium/molybdenum trioxide with 5 percent

i — RO 4Hﬁﬁ--ﬂﬂﬁn&ﬂﬂ.ﬂhﬁﬁﬂhﬂ.ﬂﬂﬁ.ﬁﬂ.“
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Fluorel) and EL 40125 (l1:2 magnesium/zirconium/molybdenum trioxide
with 5 percent Fluorel) averaged only 31.3 cal/cmz/sec and 45.8 cal/
cmz/sec, respectively. Both of these compositions yielded radiant
outputs far below anticipated levels. Also, inexplicably, the
all-zirconium formulation generated a radiant flux level signifi-
cantly below that of the magnesium-modified mixture. One explana-
tion for the low radiant outputs of EL 40124 and EL 40125 could

be the relatively slow burn rates of these materials compared to
those of the corresponding formulations containing only 2 percent
Fluorel (EL 37059 and EL 40104, respectively). Additional research
would be required to establish or disprove this relationship.
However, based on data obtained during the current program, it

can be concluded that neither EL 40124 or EL 40125 is especially
useful in the HDL application.

Burn rate and radiant flux values obtained for the five plastic-
bonded photoflash pellets are also listed in Table V. As will be
seen, the peak calculated irradiance of these pellets averaged
slightly less than 33 cal/cmz/sec.} This is significantly below
the peak radiant output of 1960 Mix (40 to 50 cal/cmz/sec), the
material used as a minimum standard of performance. Thus, based
on the results of these tests, plastic-bonded photoflash composition
(EL 37089) did not appear promising as a candidate high-radiant-

flux pyrotechnic, and its evaluation was not pursued.

The final series of laboratory irradiance tests during the current
program was performed to establish the radiant output of a new lot
of stoichiometric zirconium/molybdenum trioxide (EL 40130). This
composition was prepared late in the program to replace the depleted
supply of EL 37059. As will be seen in Table V, the irradiance
values obtained for EL 40130 were somewhat inconsistent. Even if
the low value from Test No. 209 is disregarded, the maximum calcu-
lated irradiance of EL 40130 ranged from 55.6 to 82.1 cal/cmz/sec
and averaged only 72 cal/cmz/sec. This average represents a
radiant output level 10 to 20 percent below that typically obtained
for EL 37059. However, the 82.1 cal/cmz/sec value confirmed the
potential of EL 40130 as a high flux emitter, and the material was

accepted for use in the second scries of large array tests.
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TASK 8 = TESTING OF LARGE PYROTECHNIC ARRAYS

Two series of large pyrotechnic arrays (nine tests total) were
assembled and burned in the light tunnel during the current pro-
gram. Each array contained three (Series 1) or four (Series 2)
transite panels with pyrotechnic pellets bonded to one side. The
panels were 2 inches wide by 9 inches long and held either two or
four rectangular pellets aligned end to end and secured in place
with epoxy resin. Each pellet contained a surface layer of co-
pressed titanium/boron/Fluorel as an ignition aid. The ignition
surface of each pellet was painted with a thin coating of nitro-
cellulose lacquer and allowed to dry. A length of 0.125-inch
diameter extruded 50-4052 pyrotechnic cord was then secured to
the top surface of the pellet assembly using a strip of aluminum
foil-backed tape. As in the ignition aid studies, the tape was
applied in a manner which held the cord firmly in place against
the pellet surfaces while leaving a space on each side to cause

a rapid flash to propagate along the length of the assembly upon
ignition. The exposed ends of the ignition cords in each array
were ignited simultaneously by means of individual M-100 electric
matches and small packets of 430 ignition powder.

For testing in the light tunnel, each array in Series 1 was posi-
tioned approximately 1 inch away from a 1l.25-inch radius viewing
aperture (4.9 square inches) in the closed end of the tunnel. The
three panels comprising the array were oriented at right angles

to the aperture and secured in place with a wire harness. A smoke
removal fan with 20-inch blades located approximately 1 foot behind
the array was operated during each test to draw smoke away from

the aperture. Radiant flux and total burn time were determined

by means of the Hewlett=-Packard 8330A/8334A meter/detector system
used in conjunction with a Tektronix 535 oscilloscope. The dis-
tance between the pyrotechnic array and the surface of the detector
was 5.7 meters in the Scries 1 tests. In addition to physical
measurements, the visual effects of cach test were recorded on

video tape. The general configuration of the pyrotechnic arrays

{
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in the Series 1 tests is shown in Figure 12. Figure 13 illustrates
the overall setup used in these tests.

The first Series 1 test (S/N 183) was conducted primarily to check
the functioning of the light tunnel and auxiliary equipment. The
panels used in this test each contained two pellets of 1960 Mix
(Lot EL 37070) measuring 1 inch wide by 2 inches long by 0.110 inch
thick. Each pellet contained a surface layer of 68/30/2 titanium/
boron/Fluorel as an ignition aid. The pellets in this group were

consolidated at 5,000 psi.

The second and third Series 1 tests (S/N's 184 and 185) were con-
ducted to establish baseline irradiance values for large arrays

of 1960 Mix (Lot EL 37070) and Fluorel-bonded zirconium/molybdenum
trioxide (Lot EL 37059), respectively. Each panel used in these
tests contained four pyrotechhic pellets measuring 1 inch wide by
1.5 inches long by 0.130 inch thick. These pellets were consoli=-
dated at 10,000 psi. Each contained a surface layer of 65/30/5
titanium/boron/Fluorel as an ignition aid.

Pellet parameters and data obtained in the three Series 1 tests
are presented in Table VI. As will be seen, the two tests of
1960 Mix yielded very consistent maximum calculated irradiance
values. However, the average of these values (36.1 cal/cmz/sec)
was approximately 20 percent below that typically obtained for
1960 Mix in small-scale laboratory testing. By comparison, the
maximum calculated irradiance of Fluorel-bonded zirconium/
molybdenum trioxide (108.3 cal/cmz/sec) was 20 to 30 percent
greater than that obtained during laboratory testing of this
material.

Based on the results of the Series 1 tests, it was concluded that
the use of large pyrotechnic arrays to produce high levels of

radiant flux was fcasible, and a sccond scries of tests was performed.
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3 For testing in the light tunnel, each array in Series 2 was posi-
! tioned approximately 1 inch away from a 3.00-inch radius viewing
8 aperture (28.3 square inches) in the closed end of the tunnel.
. The four panels comprising the array were oriented at right angles
- to the aperture and secured in place with a wire harness. A smoke
- removal fan with 36-inch blades located approximately 1 foot behind
x the array was operated during each test to draw smoke away from
& the aperture. Radiant flux and total burn time were determined
by means of the Hewlett-Packard 8330A/8334A meter/detector system
b used in conjunction with a Tektronix 535 oscilloscope. The dis-
: tance between the pyrotechnic array and the surface of the detector
2 was 5.7 meters in the Series 2 tests. In addition to physical
o measurements, the visual effects of each test were recorded on
" video tape, color motion pictures, and black-and-white still
ﬂ - photographs. The general configuration of the pyrotechnic arrays
n in the Series 2 tests is showﬁ in Figure 12. Figure 13 illustrates
& the overall setup used in these tests.
3 The six Series 2 tests (S/N's 213 through 218) were conducted to

determine the irradiance levels of large arrays of 1960 Mix

[ )

(Lot EL 37070) and Fluorel-bonded zirconium/molybdenum trioxide
(Lot EL 40130). Each panel used in these tests contained four

pyrotechnic pellets measuring 1 inch wide by 1.5 inches long by
~0.110 inch thick. These pellets were consolidated at 10,000 psi. .
Each pellet contained a copressed surface layer of 65/30/5 titanium/ 1
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boron/Fluorel as an ignition aid.

Pellet parameters and data obtained in the six Series 2 tests are
listed in Table VII. As will be seen, the maximum irradiance
values obtained for both materials varied considerably (22.2 to
63.8 cal/cmz/soc for 1960 Mix and 32.3 to 65.9 cal/cmz/sec for

EL 40130). Using these values, the average maximum outputs were
45.2 and 51.1 ual/cmz/soc for 1960 Mix and EL 40130, respcctively.
If the plateau irradiance values are compared, the variation is
16.1 to 32.9 cal/cm’/sec for 1960 Mix and 32.3 to 55.1 cal/em?/sec
1 for EL 40130. The average maximum flux levels then become 25.7
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and 45.7 cal/cmz/sec for 1960 Mix and EL 40130, respectively. Test
No.'s 217 and 218 yielded significantly lower radiant output levels
than the four preceding tests. If the results of these tests are
excluded, the average maximum/plateau irradiance levels become
56.8/30.6 and 60.5/52.4 cal/cmz/sec for 1960 Mix and EL 40130,
respectively. Regardless of which set of values is compared, it

is apparent that the radiant output lévels achieved in the Series 2
tests were somewhat lower than those from the Series 1 tests.
However, many factors were different in the two series of tests,
including aperture size, pyrotechnic burning area, pellet thick-
nesses and total burn times, exhaust fan size, ambient environmental
conditions, etc. For these reasons, far more extensive testing
would be required to establish the true potential of 1960 Mix,
Fluorel-bonded stoichiometric zirconium/molybdenum trioxide, or

any other pyrotechnic as a radiant emitter in very large arrays.

.However, based on the results of tests conducted to date, it can

be concluded that the application of'large pyrotechnic arrays as
radiant flux generators is definitely feasible.

‘It should be noted the initial maximum values with Series 2 testing

may be due to a large extent to the Ti/B ignition composition.

Fairly high irradiance peaks were also noted with.the Series 1 tests.
Indeed it may be appropriate to further investigate Ti/B composi-
tions when short radiant pulses of moderate to upper level are
required, e.g., superimposition of Ti/B emission on 1960 output

to arrive at a decay type irradiance curve.
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TABLE VII
l LARGE ARRAY TESTS
(SERIES 2)
K
-
Pellet Pellet Total Maximum Max imum
E Test Base Ignition Array Measured Calculated
- No. Material/ | Material/ | Burn Time Irradiance | Source Irradiance
(S/N Weight Weight (sec) (mw/cm?2) (cal/cm2/sec)
"
. |213 | 1960 Mix/ | EL 40113/ 3.3 37.0) 49.7)
5 grams 0.5 gram
» (2) (2)
214 EL 40130/ | EL 40113/ 1.2 49.0 65.9
“ 9 grams 0.5 gram
v |25 | 1960 mix/ | EL 40113/ 3.7 47.503) 63.8(3)
: 5 grams 0.5 gram
n 216 EL 40130/ | EL 40113/ 1.3 41.0 55.1
o 9 grams 0.5 gram
217 | 1960 Mix/ &5 L
" Mix EL 40113/ ShG 6.5 22.2
' 5 grams 0.5 gram
218 EL 40130/ EL 40113/ L2 24 .0 32.3
B 9 grams 0.5 gram
E Notes:
- (1) Maximum level on ignition; plateau level was 28.2 cal/cm2/sec.
(2) Maximum level on ignition; plateau level was 49.7 cal/cm?/sec.
l (3) Maximum level on ignition; plateau level was 32.9 cal/cmZ/sec.
. (4) Maximum level on ignition; plateau level was 16.1 cal/cm?/sec.
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CONCLUS IONS_AND RECOMMENDATIONS

=il ] =

Based on the data collected during both the current program and

the previous study, the following major conclusions can be formed.

1.

Of all the formulations evaluated during both programs,
the material yielding the highest irradiance is 41/10/
47/2 zirconium/thorium/molybdenum trioxide/Fluorel.
This composition is capable of generating radiant flux
levels in excess of 100 cal/cmz/sec. However, the
material is considered impractical and unsafe to use
because of the radiocactivity of thorium; and its fur-

ther evaluation is not recommended.

Of all the formulations ecvaluated during both programs,
the material yielding the second highest irradiance

is 48/50/2 zirconium/molybdenum trioxide/Fluorel. This
composition is capable of generating radiant flux levels
in excess of 80 cal/cmz/sec. This material is practical
and relatively safe to use, and its evaluation should

be continued. In order to improve its pelletized
physical properties, it is recommended that the mate-
rial be consolidated at very high pressures, i.e.

30,000 to 50,000 psi. 1In addition, it is recommended
that the formulation be modified by the incorporation

of additional Fluorel binder, i.e., 2 to 4 percent.

Of all the formulations evaluated during both programs,
the material yiclding the most consistent, moderately

high radiant output is 40/52.5/7.5 magnesium/Halon/

Fluorel (Unidynanics' 1960 Mix). This composition is
relatively incxpensive and relatively sate to use and
has excellent pelletized physical properties. All con-
stituents for this material are readily available.
Further cvaluation of this formulation and minor modi-
fications thercot is strongly recommended due to the

practicality ot the system,




S ORGP S——

s

D=

The smoke from burning pellets of 40/52.5/7.5 magnesium/
Halon/Fluorel (1960 Mix) is not excessive under atmos-
pheric conditions, and its dispersal should not be a
scrious problem. By comparison, the smoke from burning
pellets of 48/50/2 zirconium/molybdenum trioxide/
Fluorel or related formulations is very dense, and

its dispersal could be a very serious problem.

Effective ignition aids for use with any high-radiant-
flux formulation of interest have been developed. The
ignition aid components consist of layers of fast-
burning pyrotechnic copressed into the pellet surfaces
combincd with high-rate pyrotechnic flash cords ex-

tended across the pellet surfaces.

The use of an exhaust fan is a feasible method for
dispersing the smoke from properly configured large
pyrotechnic arrays. However, this method would not

be effective for all types of large arrays.

The backburn pellet combustion mode is not an effective
means of achieving short-duration, high-intensity
radiant bursts. Other potentially more effective
methods include the use of pellets containing various

types of concave surface indentations.

Graphite pancls should be employed in the construction
of large pyrotechnic arrays to avoid the problems
associated with thermal spalling of transite or other

hydrous construction materials.
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APPENDIX A

PYROTECHNIC FORMULATIONS

(e [N— [ — e i L= ez Crrmw S [ == [ ko @




CANDIDATE HIGH-RADIANT-FLUX PYROTECIHNICS

Lo

e

B

Lot

| ST

,-ﬂ-
ooy

vy

—————

————

r
¥

"
.

Major
Combustion
composition Ingredient Ratio Products
EL 37059 Zirconium (18 micron) Zr0y
and Molybdenum Trioxide Mo
EL 40130 (City Chemical)
Fluorel KF 2140 *
EL 37070 Magnesium (200/325 mesh) MgF»
(1960 Mix) Halon G-80 C
Fluorel KF 2140 *
1L 37080 Magnesium (200/325 mesh) MgF ,
Zirconium (18 micron) ZrF4
Teflon 7A C
Fluorel KF 2140 *
Fl. 37081 Magnesium (19 micron) MgO
Zirconium (18 micron) Zr0s
Molybdenum Trioxide Mo
(City Chemical)
Fluorel. K 2140 *
EL 40104 Magnesium (19 micron) MgO
Zirconium (18 micron) 2r02
Molybdenum Trioxide Mo
(City Chemical)
Fluorel KI" 2140 *
L, 40105 Magnesium (19 micron) MgO
Zirconium (18 micron) Zr0yp
Molybdenum Trioxide Mo
(City Chemical)
Fluorel Kr 2140 *
LL 40124 Zirconium (18 micron) zxo,,
Molybdenum Trioxide Mo
(City Chemical)
Fluorel KI' 2140 *
EL 40125 Magnesium (19 micron) MgO
Zirconium (18 micron) 2ro,
Molybdenum Trioxide Mo
(City Chemical)
Fluorel KI* 2140 *
‘ 9 Aluminum (20 micron) Al-0-
(i g \gnl(,d P ium Perchlorat 2 3
A otassium Perchlorate KC1
Footal ] anh) (35 micron)
Barium Nitrate BaoO
(200 micron) N>
Fluorcl Ki* 2140 - *
*iaciiling the combustion products from the Fluorel binder.







J COMPARATIVE SUMMARY OF PELLET TEST DATA

I The data traces from all tests performed during both the current
program and the previous study were reviewed, and all useful
compositions were arranged in two groups in decreasing order of
effectiveness as radiant emitters. This comparative summary of
data is contained in the tables at the conclusion of this appendi:x.

— R

From the data summary, it is apparent that the compositions which

L

yielded the highest radiant flux levels were all of the metal/
metal oxide type. Specifically, the best composition in this

§ respect was 41/10/47/2 zirconium/thorium/molybdenum trioxide/
Fluorel. Based on four tests, the maximum calculated irradiance
of this material averaged 105.9 cal/cmz/sec. However, this

composition is not usable in the HDL application because of its

i
“I thorium content, which is regarded as a serious health hazard

due to its radioactivity. The second-ranked formulation with
respect to maximum calculated irradiance was 48/50/2 zirconium/

B molybdenum trioxidce/i*luorel. This material emitted an average
maximum of 88.4 gnl/cmz/sec in initial tests during the first
program and typically yiclded irradiance values in excess of
80 cal/cmz/soc throughout both programs. Although its performance
- was somewhat ecrratic during large array testing, this formulation
is considered the optimum pyrotechnic system developed during

both programs.

e Other metal/mctal oxide formulations which yielded high radiant

‘ . - flux levels included 16/24/58/2 and 19/19/60/2 magnesium/zirconium/
| - molybdenum trioxide/I'luorcel (~ 80 and ~ 70 cal/cmz/sec, respectively),
; } 64/34/2 hafniun/vrolybdenum trioxide/Fluorel (~ 80 cal/cmz/sec),
by and 36/62/2 zircouium/tunagsten grioxidc/Fluorel (variable but
B capable of rcuching ~ v5 cal/em™/scc). The first two mixtures
are considercd very vromising for the HDL application, especially
ol where short=duration, high-intensity radiant pulses are required.
- 3 However, the third comiooition is impractical due to the excessive
cost of hafnium; and the last material has yielded inconsistent

radiant output.
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None of the other metal/metal oxide formulations evaluated during

either program appear promising for the HDL application.

From the standpoint of radiant output, the second-ranking class

of pyrotechnics evaluated was the metal/polyfluorocarbon system.
Useful formulations of this type all consisted of magnesium/
polytetrafluoroethylene (Teflon 7A or Halon G-80) mixtures in-
corporating Fluorel as an auxiliary binder. The most effective
radiant emitter among the metal/polyfluorocarbon mixtures evaluated
was 40/52.2/7.5 magnesium/Halon/Fluorel. This near-stoichiometric
formulation, which is designated 1960 Mix, has been used by
Unidynamics on numerous occasions as a pyrotechnic ignition
material. In 24 tests, this mixture yielded an average maximum
calculated irradiance of 46.1 cal/cmz/sec and demonstrated a

high degree of consistency.

None of the other metal/polyfluorocarbon compositions evaluated
appear to offer any significant advantage over 1960 Mix.

Formulation types which were evaluated and shown to offer little
or no promise for use in the HDIL application include metal/
perchlorate, metal/sulfate, and metal/nitrate.
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HDL PO NO. DAAC39-75~C-2006 5 H . s

CANDIDATE PYROTECHNICS IN DECREAS ING ORDER OF

EFFECTIVENESS AS RADIANT EMITTERE

Max Lmum Maximur
Test Pellet Pellet Pellet Calculated
No weight Thickness Burn Rate Source Irraliance
(S 'N) Composition tgm) {in) tin/sec) (calZcm?/sec) Remarks
140 2r Th M0 Fluorel 22.82 ERESY AL.s 109.9 Very consistent trace
1580 Lot EL 37062 22.82 4.10 37.5% 99.3 Fairly consis
. 151 22.91 4.10 41.5 109.5 Fairly consisten
4 152 22.72 4.09 39,4 104.6 Very consistent trace
4t ‘MoG 4 ‘Fluorel 23.42 G.291 3.98 1 24.5 h4.9 Pairly coasistent trace
Lov BLT 3012 23.4% 0.2%8 1 G.13 36.0 95.3 Fairly tent trace
23.48 0.292 3.96 V.14 38.0 100.6 Very consistent trarc
18.38 90.235 3.8% 3 35.0 92.6 Very consistent trace
25 Zr Mo0y ‘Fluorel 0.322 3.79 943 37.2 9B.5 Fairly consisternt trace
30 (1% Fluorel) 0.322 3.80 0.13 33.0 A7.4 Somewhat ergatic trace
3 Lot EL 37038
132 Mo0y Fluorel 9.25 0.13? 3.33 0.43 4.0 90.0 Short peak type trace
133 2r) 9.29 0.135 ¥-39 0.4l 33.0 90.0 Short peak tyre trace
9.315 3.92 2.14 316 8.4 Fairly co stent trace
0.314 3.91 13 33.0 87.4 Fairly co stent trace
0.313 3.95 2.13 1.5 83.4 Fairly consistent trace
T €.317 3.94 J).14 32.¢ 24 .7 Very corsistent traecc
= = esgesiigs '
5.32 2 28.5 | 75.4 Peak type trace |
9,31 4 32.5 i 6.0 |
51 3.84 0.13 33T ‘T 87.9
52 3.85 0.14 23.6 { 62.5
63 1.56 % 24.8 65.6 Very consist
54 3.85 .14 33.0 ‘ B87.4 Erratic trace
59 24.95 0. 329 3.74 U. 14 13.5 Bl.0 Fairly consistent trace
i — = =
Zt Moo 4 /Fluorel 24.81 0.390 4.07 21 23.8 63.0 Fairly consistent trace
» Fuek-rich 24.94 0.302 4.07 0.223 28.6 75.7 Fairly consistent trace
B Lot EL 37043
& 24.63 0.263 4.62 0.11 21.0 55.6 Peak type trace
24.18 3.257 4.64 ¢.10 6.3 ©3.3 Peak type trace
‘
i thl lucrel 22.85 0.327 3.44 0.18 22.2 58.8 Peak type trace
1 20.77 0.300 3.41 2.19 12.3 32.6 Peak type trace
i
i 1. 03 45.0
: 1. 4 52.4
1. .04 £2.4
e 1. 04 50.3
) 8 Q.03 51.9
L.9 0.04 50.3
3 3 48.7 Fairly consistent
1. 3 47.6 Very consistent trac
] 3 50.8 Fairly consist
| T ) 432.9 Very consiste
1. 3 41.3 Very consistent t <
1.9 8] 42.4 Very consistent Lrace
- 1.95 41.0 Very consiste
1.94 41.3 Very consiste
1.94 53.7 Fairly cor
1.94 56.4 Somewhat erra trace
y srel 17.84 0.3856 2.30 4 ) 47.6 Ponk
I £! 17.81 D). 388 2.28 47 .6 Peak
N 15 a8 .385 2 0 47.6 Peax
3 " 14.82 0.363 2.01 ).03 i7.6 46.5 Very consistent trace
35 14.84 0.363 2.01 0.03 17.1 5.3 Fairly consistent trace
Le
" 7r WO Fluorel 24.50 0.279 4.34 0.10 39.7 somewhat erratic trace
"2 Lot { 701" 24.69 0.280 4.135 0.11 44.2 Very erratic trace 1
4 24.70 n.2q0 4.35 ). 10 311.8 Peak type trace 2 |
@) Fluorel 26.25 0.297 .16 0.11 29,1 Sonewhat erratic t ¢ |
. 1198 26,20 7,29 .37 n.11 33k Comewhat errat LV ACe . |
!
19.72 0.383 2.54 0.0 . 10,7 Very consisten | |
19,71 0.1383 2.54 Q.05 9.6 25.4 Very consiste ra i
19,52 0.382 2.52 0.06 12.3 32.6 Very consistent trace . ; |
¥ 4
). 273 2.69 ). 04 9.8 consistent onc trace 1
271 2.49 12.0 Consistent osctl ing trace k ]
9.272 2.68 9 connistent oscliiating wrace |
D254 2. 4 6.7 Very comsistent trace g |
). 294 2 V.04 28.6 very erratic trace
0.204 2.5 4 30.2 Very consistent tiace y
’




- HDL PO NO. DAAGIO=16-C-2002

' CANDIDATE PYROTECHNICS IN DECREASINC ORDER OF

EFFECTIVENESS AS RADIANT EMITTERS

Maximum Maximum
Test . Pe!let Pellet Pellet Pellet Measured Calculated
. No. : Weight Thicxness Densiﬁy Burn Rate Irradiance Source Ir5adiance
X l(S./N) Composition (gm) (in) (gm/cmJ) (in/sec) (mu/em?) (cal/em®/sec) Remarks
f igg | Ma/arMo0;/Fluorel ;3'83 g'”‘l’ | g;’; 0.69 30.8 ! 8l1.5 | Peak type trace, rapid burn
Yot | Lot EL 40104 19.04 0‘224 = 0.70 1.0 | 82.1 Peak type trace, rapid burn
} 3 . | . 0.69 21.5 | 56.9 Peak type trace, rapid burn
: 159 22.01 0.374 b 293 4.3 27.0 | .5 mch apid
i | 160 Mg/2r/Mo03 Fluorel 21.83 0.403 | 2.70 0.67 22.9 { 58.2 ,’ZZ:‘; E’,’g: ';i;‘;f‘.j ;;;)_x .
161 Lot EL 37081 22.13 0.408 | 2.70 0.58 29.0 76.8 Peak type trace, rapid burn
: 162 21.91 6.403 || 'Z70 0.67 27.0 71.5 Peak type trace, rapid burn
!
209 23.23 0.298 | 3.88 0.13 16.4 43.4 AT ——
210 Zr/Mo03/Fluorel 23.00 0.296 | 3.8 0.11 29.6 i 78.4 i ;:i;l; ggn:iit;:: :;:gr
211 Lot EL 40130 23.19 0.298 | 3.87 0.10 21.0 i 55,6 Fairly consisteat trace
212 23.66 0.301 ] 3.91 0.10 31.0 i 82,1 | Fa:r!-y cansxszei‘tru:n‘
192 : 15.64. | 0.39) | 2.48 0.79 24.0 [ T : ia
/2 /M . . 63.5 Peak ty trace, rapid
193 Mg f;t‘gg%g}gz”’ 20.07 ‘ 0.403 | 2.48 0.81 22.3 59.0 | Yaux tivo tosce. rapia b
194 20.00 0.398 | 2.51 0.80 23.4 61.9 | Peak type trace, rapid t
170 Ma/ialon/F luorel 15.24 0.387 ‘r 1.96 0.03 16.8 44.5 Very consistent tace
171 Lot EL 37070 15.21 0.389 | 1.94 0.03 16.2 42.9 Very consistent trace
172 (1950 Mix) 15.17 0.385 ; 1.96 0.03 19.2 50.8 Very consistent trace
186 15.08 0.390 1.92 0.03 17.1 45.3 Fairly consistent trace
187 15.10 0.391 1.92 0.03 17.0 45.0 Fairly consistent trace
188 15.06 0,390 1.92 0.03 16.1 42.6 | Fairly consistent trace
3 i !
20 15.03 0.387 1.93 0.03 14.0 <Ll Very consistent trace {
2¢ 15.04 0.387 1.93 0.03 16.2 42.9 Very copsistent trace
205 15.09 0.391 | .92 0.03 15.6 41.3 Fairly consistent trace
206 15.03 0.385 ) 1.94 0.03 18.6 49.2 Fairly consistent trace
207 15.06 o.386 || 1.94 | “g.o3 15.6 | 41.3 Fairly comsistent tr :
¥ 208 15.15 0.391 i 1.92 l 0.03 17.4 | 46.1 Fairly consistent t
! Lo ' } ; A
§ 199 | 23.01 0.382 | .99 0.20 T 18.1 47.7 | very consistent trace
200 |  Mg/2r/MoO3 Fluorel 23.01 0.382 | 2.99 0.18 | 17.4 46.1 { very v trace
¢ 201 | Lot EL 40125 23.02 0.381 |  3.00 0.20 I 17.3 45.8 | very
202 | 22.94 0.380 | 2.99 0.20 ! 16.5 43.7 {
L L ! 28 o= i
}
155 | | 17.16 0.38¢0 | 2.5 0.02 l 13.8 36.5 |
156 | Mg/zr/Teflon/Fluorel [ 17.05 | 0.363 ‘ 2.34 {( 0.02 15.0 39.7 i }
157 Lot EL 37080 i 17.40 | 0.371 2.33 | 0.02 15.6 41.3 | Very
' 158 { ar.zs | 6kee } 2y 0.02 13.5 Fairly
T e e e —— 1_ —— e e ———— —
163 | 1s.28 ( 0.33% I 2.27 | 0.03 ; 14.0
. 164 . : | 15.16 0.332 | 2:27 | 0.03 13.8
- 165 M’Kufat/b;l(@:;k‘)s;”““‘-" I 15.27 0-338 | 335 ol 06.08 10.8
166 ot il | 1s.21 | 2.25 | 0.03 14.4
167 | 15.30 f 2.27 | o3 | 9.9 |
- St 18 e lT = -
195 | 23.30 0.289 | 4.00 | 0.07 i 12.1 ; 2. | Very consistent
195 2r/Mc03/Fluorel | 23,272 | 0.290 3.o8 | 0.07 ¥T.:2 | 29.7 | Fairly consistent t:
97 | Lot EL 40124 { 23.%3 0.291 3.9¢ | 0.07 ' 12.6 33.4 | Fairly consistent t
298 | g3.44 | 0.292 3.98 | 0.07 11.4 30.2 { Fairly consistent t
’ M R el | I T O TS S R ! o e T L SRR X
*es:
Viewing aperture radius in all tests was 0.95 cm.
Distance between pyrotechnic pellet and detector surface was 100 cm.
L In all tests, the pellet was positioned so that its surface was 0.5 cm below and 2.0 cm away from the viewing aperture.

Ignition was accomplished in all tests with 430 ignition powder and an M=100 electric match.

puring Test No.'s 191 and 209, the plumes were inadvertently canted away from the aperture.




Maximum Maximum
Test Pellet pellet pellet Pellet Measured Calculated
No. Weight Thickness Density Burn Rate Irradiance Source Irradiance
(s/N) Composition tam) (in) (am/em3) (in/sec) (1w /cm?). (cal/cm*/sec) Remarks
123 Mg ’Te flon/Fluorel 15.00 0.406 .B2 0.07 8.0 232 Fairly consistent trace
124 (1340 Ignition Mix) 15.10 0.409 1.82 0.08 8.8 233 Fairly consistent trace
125 Lot N 39536-8 15.19 0.410 1.82 0.07 3 20.4 Very consistent trace
117 Ti'MoO4 ‘Fluorel 19.64 0.313 3 09 0.05 6.8 18.0 Very erratic trace
118 tot EL™ 137005 19.73 0.313 3 11 0.05 7.8 20.6 Very erratic trace
119 19.67 0.311 3.12 0.06 7.8 20.6 Very erratic trace
S5} Al ‘caso 2H20 10.56 0.311 1.56 0.15 9.2 24.4 Somewhat erratic trace
52 Lot ‘EL 37030 9.70 0.279 1.60 .14 6.4 16.9 Peak type trace
53 10.35 0.302 1.58 0.14 4.3 11.4 Very erratic trace
120 Mg ‘Halon’/Fluorel/ 14 94 0.402 1.83 0.05 S 13.5 Very consistent trace
121 Pb;O‘; 14.92 0.402 1.83 0.05 7.0 18.5 Somewhat erratic trace
122 (50-4052 Ignition Mix)| 14.91 0.400 1.83 0.05 7.4 19.6 Fairly consistent trace
Lot 1370
28 Al/KC10, ‘Fluorel 12.34 0.290 2.10 0.04 6.9 18.3 Very erratic trace
29 Lot EL 3'1013 12.33 0.290 2.10 0.04 6.4 16.9 very ercatic trace
30 12.34 0.289 2.10 0.04 6.5 17.2 Very erratic trace
134 Zr /CasO, - W20 19.55 0.400 3.0 0.09 2.9 7.7 Long peak type trace
135 Lot EL 37055 19.89 0.405 227 0.08 Sl 15.1 Long peak type trace
135 20.32 0.410 2.29 0.08 4.6 12.2 Long peak type trace
98 Ta’MoO3/Fluorel 24.91 0.222 5.53 0.05 5.1 13.5 Long peak type trace
99 Lot EBL 37039 24.89 0.222 5.53 0.03 4.0 10.6 Long peak type trace
31 Mg ‘NaNOj/Fluorel 11.04 0.299 1.82 0.11 4.2 11.1 Very consistent trace
32 Lot EL 37015 11.00 0.298 1.82 0.11 4.8 12.7 Fairly consistent trace
33 10.98 0.297 1.82 0.11 4.9 13.0 Fairly consistent trace
42 10.77 0.294 1.81 0.11 4.5 11.9 Very consistent trace
47 11.56 0.313 1.82 0.11 4.5 11.9 Fairly consistent trace
9 Al /XC104 /Fe304/ 14.95 0.320 239 0,03 35k 8.2 Very erratic trace
10 Mn0p ‘Halon ‘Fluorel 15.04 0.319 2.33 C.,03 281 6.6 Very erratic trace
13 Lqt EL 341756 14.80 0.315 2.32 0.03 3.0 79 Very erratic trace
15 14.78 9.315 2.3) 0.03 2.9 ¥ S Very erratic trace
85 14.91 0.315 2.33 0.03 3.9 10.3 Very erratic trace
NOTES :
1. 1In all tests, the pyrotechnic pellet diameter was 1.25 inches.
2. The distance between the pyrotechnic pellet and the detector surface was 100 cm in all tests except S/N 59. -In S/N 59 this
distance was 150 cm.
3. 1In all tests, the viewing aperture radius was 0.95 cm.
4 In all tests, the pellet was positioned so that its surface was 0.5 cm below and 2.0 cm away from the viewina aperture
5. 1lgnition was accomplished using either 3 grams of 430 ignition powder or 3 grams of 430 ignition powder plus 1 gram of SP-61A
The SP-61A was required to ignite Al/Ca504 © 2Hp0., 2r/CaS0O4 + 2H0. and Ta/toQy/Fluorel.
6. A reflector coneisting of steel shim stock (0.010 inch) affixed to an asbestos board was placed behind the pellet holder
asse~bly in S/N's 62, 63, and 64.
7 A 2 inch by 2 inch by 1/8 inch protective quartz plate was placed over the detector field-stop aperture in S'N's 72, 73, 74, and




