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much more reproducible manner, but they do eject quantities of burning
firebrands.

Tests were performed in two vented, intermediate-scale enclosures, an 8-
foot cubicle made of fire-resistant material, and a tenth-scale geometric model
of a standard storage igloo. All tests were instrumented with temperature and
velocity probe sensors.

Tests were performed with smoke grenades, bulk propellants and flares in
the cubicle. The smoke grenade tests were quite benign. The propellant tests
showed that, beyond some critical loading density, much unburned propellant is
carried out in an exhaust plume, and temperatures are higher in the external
plume than within the cubicle. Tests with flares showed that reproducibility of
ignition and function of these munitions is poor, but that simultaneous ignition
of several flares produces large fireballs. The last test of the series (with
flares) produced enough pressure rise within the cubicle to fail the weak
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All detailed test data are included in the report, either in the body or in
appendices.
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vented munition burns, given knowledge of quantities and properties of the
energetic materials in the munitions.
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typical of munitions storage conditions. The tentative scaling presented
maintains geometric similarity and equal pressures and temperatures, but
predicts equal times and velocities scaled by the geometric scale factor.

The report includes a discussion and preliminary plan for larger scale
testing. Needed facilities and suggested instrumentation are included in this
plan. Some recommendations and a brief reference list conclude the report.
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1.0 Introduction

The Department of Defense Explosives Safety Board (DDESB)
established a five—phase program to improve safety distance standards and
classification test procedures for munition items in storage and transport
with particular emphasis on items that present mainly a fire hazard. These
items are assigned in current safety standards and regulationsl»2 to Hazard
Class 1 (Explosives) and more specifically to Hazards Divisions (HD) 1.3
and 1.4, defined as:

1.3 Mass-fire
1.4 Moderate fire, no blast

The five phases of the program are identified as:

I. Methodology Development

IT. Effects of Scale and Confinement
III. Effects on Exposed Targets

IV. Safety Standards Preparation

V. Classification Test Design

The first phase, Methodology Development, was conducted and

.reported.3 Some test methods were developed and used for preliminary

testing of four sample materials consisting of:

° Ml propellant

* Western Cartridge 844 (WC844 ball propellant)
* 2.,75-in. rocket motors

* ALA-17 flares

Characteristics for these test materials and also for IMR-5010 propellant
which was used for heat release calibrations are given in Table 1. This
program also included a review of scaling models for free—-standing flame-
fire sources, fireballs and firebrands. Information generated from this
program was beneficial to the design of the experimental effort conducted
during Phase II, Effects of Scale and Confinement (subject of this report).

The intended statement of work for Phase II work can be described
as follows:

"Ef fects of Scale and Confinement. Tn this second phase of the
program, testing and analysis will be performed to evaluate the
parameters which influence the radiated heat flux and firebrand
dispersal as functions of size of the stack of material and
confinement by a substantial storage structure. An objective
will be to identify significant behavior transitions as the size
of the stack 1s increased, so as to determine the minimum test
size at which the behavior of typical stored quantities 1is
reproduced, and to validate the applicable scaling laws.”
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Five specific tasks were identified as follows:

"Task 1. Conduct exploratory tests on a smoke-producing material to
identify thermal source behavior and output phenomena as in the
previous phase of this program, so as to broaden the coverage of
representative materials of HD 1.3."

"Task 2. Conduct tests in the open with small to intermediate quantities
of materials studied in the preceding phase and in Task 1 above.
Determine thermal output parameters as functions of effective
unconfined stack size.”

"Task 3. Conduct tests in substantial enclosures with an opening at one
end, using small to intermediate quantities of the materials
previously studied. Determine thermal output parameters external
to the enclosure as functions of density of the charge in the
enclosed volume. Make appropriate measurements of internal
conditions and output external to the enclosure."”

"Task 4. Estimate the confinement of an internal fire by a nominal
unstrengthened storage structure and the probable effect on
thermal outputs external to the structure.”

"Task 5. Develop a plan for a large-scale test or tests as may be required
to confirm that small- and intermediate-scale testing can be
utilized to characterize thermal outputs and effects from
quantities typically stored at military installations."”

The first three tasks were designed to be experimental, and the
last two were analytical or planning efforts. The efforts associated with
these tasks are presented in Sections 2 through 6 of this report.




2.0 Exploratory Tests on Smoke Producing Material

A total of four tests (1 through 4) were conducted as exploratory
tests on a smoke producing material (Task 1). The smoke producing material
used in these tests was M8-HC smoke grenades. Descriptions of each of
these four tests are provided in this section.

2.1 Test 1

A pool fire ignition source test was conducted on the HC smoke
grenades to determine what kind of thermal gradient was necessary to
initiate grenades in a shipping box. Each box contains 16 grenades and has
an estimated gross weight of 45 1b. The box is constructed of 3/4-in. wood
and is 14 in. x 14 in. x 8 in. high. The weight of combustibles, i.e.,
wood and cardboard, is approximately 11 1b. One of the boxes of grenades
was modified to perform this test. All but three of the grenades were
removed from the box and empty shipping tubes were intermixed with the
grenades. Three of the shipping tubes were instrumented with Type K
thermocouples to measure the temperature that the grenades would see. Two
of the shipping tubes, each one containing a grenade, were instrumented
with Type K thermocouples placed between the grenade skin and the shipping
tube. Instrumenting actual grenades would allow for the measurement of the
temperature at which the grenade would "function.” Three other
thermocouples were placed in the air spaces in between shipping tubes in
order to measure the thermal environment inside the box. Figure 1l is a
schematic illustrating the positioning of the grenades and the
thermocouples inside the box. Figures 2 and 3 show the actual setup prior
to testing. One additional thermocouple was positioned in the fire to
record actual flame temperature.

The instrumented box was positioned inside of a protective arena
as shown in Figure 4. The box was supported on a metal grill, and four
9-1/2 in. x 14 in. x 4 in. fuel pans each containing 1.25 gal of JP5 fuel
were positioned underneath the box as shown in Figure 5. A radiometer was
positioned approximately 1 ft from the grenade side of the box as shown in
Figures 5 and 6. The purpose of the radiometer was to measure the thermal
output of the fire and to measure the contribution made to the fire by the
grenades and combustible materials, i.e., the wood and cardboard packing.
The JP5 pool fire was ignited using electric matches and the grenade
containment box was quickly involved. The thermocouple readings indicated
a significant temperature rise within 3 min of ignition. The thermocouples
mounted inside the full canisters, i.e., the shipping tubes containing
grenades, continued to rise steadily. At approximately 6 min, the pool
fire was so severe that the thermocouple insulation burned off resulting in
erroneous readings. At approximately 19 min 10 sec after ignition, the
first grenade "functioned.” Since the insulation of the thermocouple wires
had been damaged, the temperature of this event was not accurately known.
Twenty seconds later, the second grenade "functioned"” followed by the third
grenade approximately 10 sec later. Each of the grenades emitted smoke/
heat for a 2-min duration. At the time that the grenades "functioned,” the




Figure 1,

Grenade and Thermocouple Positions for Closed Box Test




Figure 2, Grenade Box Test

Figure 3.

Grenade Box Positioned Over Fuel Pans
6
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Figure 4, Sealed Grenade Box in Test Arena

Figure 5.

Side View of Grenade Box Positioned Over Fuel Pans
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Figure 6. Radiometer Positioned 1 Foot Away from Grenade Box
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wooden box was burned considerably; however, the remains of the box
continued to burn for at least 10 min after the last grenade had
"functioned.”

Posttest inspection showed that one of the three spent grenades
was still upright as shown in Figures 7 and 8. Closer inspection revealed
that one of the remaining two spent grenades had fallen into one of the
fuel pans. The remalning spent grenade was found on its side still on top
of the grill. All three grenade bodies were severely burned (see Figures 9
and 10), and it was observed that two of the grenade bodies were
significantly bulged and that one of the grenades had a failure 1in the
seam. This seam failure appeared to be a pressure-type failure. The
degree of bulging in the grenade bodies can be seen in Figure 9.

2.2 Test 2

A wooden crib fire ignition source test involving two smoke
grenades was conducted. One grenade was in the black shipping canister and
the second was a bare grenade. The two grenades were instrumented with
Type K thermocouples and were placed upright on a grill similar to that
used in the first test. An 1l1-1b wood crib consisting of 1/2 in. x 1/2 in.
x 12 in. Douglas Fir wood elements was assembled surrounding the grenades
as shown in Figure 1l1. The weight of the crib, 11 1b, was selected on the
basis of the nominal weight of combustibles associated with the shipping
box. The crib was ignited by touching a match to 50 ml of acetone
contained in a 3.75-in. diameter by 3/4-in. deep canister. The crib fire
surrounded the two grenades and the temperature of the bare grenade started
rising rapidly. Approximately 4 min after ignition, the bare grenade
"functioned" at a temperature in excess of 464°F. At the same time, the
other grenade, i.e., the grenade in the shipping canister, was registering
a temperature of 103°F. The temperature of this second grenade started
rising shortly thereafter and continued to rise to an observed temperature
of 447°F at which time it also "functioned.” The second grenade
"functioned” at approximately 8 min 20 sec after ignition.

Posttest examinations of both grenades showed considerable
bulging of the grenade bodies and longitudinal failures in the seams (see
Figure 12). Once again, the deformation of the grenade bodies and the seam
failure indicate a pressure failure.

2.3 Test 3

A wooden crib fire ignition source test was conducted on a full
box of grenades. The purpose of this test was to determine whether a fire
involving only the wooden shipping box would generate sufficient heat to
function any of the grenades. Wood pieces, 14 in.-long x 3/4-in. thick,
were stacked to provide 5.5 1b of crib on either side of the full box of
grenades, as shown in Figures 13 and 14, to simulate one-half of the fuel
load that would be offered by two adjacent boxes being on fire and
impinging on the center box (containing the test grenades). To minimize



Figure 7.

Figure 8.

Test Setup After Functioning of Grenades

Single Grenade Still Upright After Test
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Figure 9.

Figure 10.

Two Grenade Bodies in Fuel Pan

Third Grenade in Center of Picture
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Figure 11.

Figure 12,

Setup for Dual Grenade Crib Fire Test

Bulged Grenade Body with Split at the Seam
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Figure 13,

Figure 14.

Full Grenade Box Crib Fire Test Setup

Grenade Box Thermocouples Wrapped in Insulation
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problems with the thermocouple wire insulation failures encountered in Test
1, type K thermocouples with Refrasil/asbestos insulation were used to
instrument five of the grenades. Figure 15 is a schematic 1llustrating the
positioning of the thermocouples. Two canisters, each containing 50 ml of
acetone, were used to ignite the two wooden cribs. Following ignition, the
crib fires buillt up slowly. Uniform and sustained involvement of the crib
elements was observed approximately 3 min after ignition of the acetone.
The box containing the instrumented grenades eventually became involved.
The temperatures inside the full box of grenades increased slowly during
the first 30 min with the highest recorded temperature being 167°F recorded
on Thermcouple 3 (see Figure 15). At this time, most of the crib fire
ignition source had been dissipated; however, the box of grenades was still
smoldering. The temperatures inside the box continued to rise at a faster
rate, and approximately 9 min later (39 min after ignition), one of the
grenades in the box “"functioned.” At this time, the five instrumented
grenades were reading the following temperatures: T1--287°F, T2--182°F,
T3--198°F, T4—-104°F, and T5--109°F. The grenade identified in Figure 15
as Tl appears to have "functioned"” 50 sec later (39 min 50 sec after
ignition). Grenade T2 appears to have "functioned” 40 min 10 sec after
ignition. Grenades T3 and T4 appear to have “"functioned” 41 min 10 sec
after ignition. [The grenades were considered to have "functioned” once
the temperature exceeded 450°F. This criterion was based on our findings
in the bare grenade crib tests (Test 2) where the two grenades each
"functioned"” at a temperature of approximately 464°F.] Grenades continued
to "function"” periodically inside the box for the next 40 min until all had
"functioned.” The cumulative time for all the events was 80 min after
ignition of the acetone.

Posttest inspection showed a number of bulged grenade bodies and
a number of grenades with seam failures (see Figures 16 and 17).

2.4 Test 4

This test was performed to determine whether the "accidental”
actuation of one grenade in an enclosed box would provide sufficient heat
to ignite adjacent acceptor grenades, i.e., sympathetic ignitions. A
wooden box was built dimensionally like the wood boxes used to ship the
grenades. Four grenades were positioned as shown in Figure 18. The
cardboard packing normally used in packing the grenades was also included
in the model. Grenade Gl was actuated remotely by removing the safey pin
attached to a "lanyard” pull wire passing through a 1/8-in. hole in one of
the sides of the box. The grenade was allowed to burn freely in the
enclosed box (see Figure 19). The smoke was emitted through the seams of
the box and the box itself started smoldering. The box continued to
smolder for approximately 30 min. Allowing several hours for cooldown and
to ensure that none of the remaining grenades would "function,” the box was
opened to inspect the damage.

Posttest inspection showed that the one grenade that was remotely
actuated ignited the cardboard and burned the 1id of the box significantly

14
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Figure 16,

Figure 17,

Grenade Box Posttest

Grenade Bodies Upright Posttest
16
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Figure 18.

Positioning of Grenades Prior to Test
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Figure 19. Center Grenade Wired for Remote Actuation

Figure 20. Lid and Shipping Cardboard Severely Burned
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(the 1id was charred to a depth of 3/16 in.). The black cardboard shipping
canisters of the acceptor grenades were also severely burned as shown in
Figure 20; however, on opening the canister, the grenades showed only
slight discoloration and bulging at the seams (see Figures 21 and 22). The
three surviving grenades were actuated remotely and each grenade operated
normally. The results of the test indicated that the "accidental”
actuation of a single grenade did not provide sufficient heat buildup to
reach temperatures (>450°F) necessary to cause sympathetic ignition of
adjacent acceptor grenades.

19




Figure 21.

Figure 22,

Surviving Acceptor
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Surviving Acceptor Grenade Canisters

Grenade Bodies Bulged at Seams

‘- . ..




I

N . s

3.0 Tests in Open with Small and Intermediate Quantities

Eight preliminary open—air tests were conducted. The first of
these (Test 1A) used the ALA-17 flares. The seven remaining open—air tests
were conducted on the MK 45 rocket motors. The primary purpose of the
intermediate scale tests was to determine the effect of different ignition
scenarios on the development of the fire. The open—-air tests were
instrumented with thermocouples and radiometers. In addition, photographic
coverage consisting of 35-mm color slides and closed circuit color TV
video—tape recording were provided.

3.1 Test 1A

Test 1A was a crib fire test conducted on the ALA-17 flares. Two
flares were positioned on the metal grill as was done for the smoke grenade
tests. A 5.5-1b wooden crib consisting of 3/4 in. x 3/4 in. x 12 in.
elements was assembled surrounding the flares. Acetone (50 ml) contained
in a 3-3/4-in. diameter x 3/4-in. canister was used to ignite the crib.
The metal grill holding the flares was once again set up inside the
containment structure. The first flare "functioned” 5 min 7 sec after
ignition of the acetone. The cover over the top half of the flare that
ignited was against the containment shield and the ignited section traveled
approximately 10 ft, striking against the opposite containment shield where
the top half of the flare continued to burn for 9 sec. Approximately 15
sec after the first flare ignited, the top half of the second flare
ignited, and it too was launched against the containment shield. The top
halves of both flares burned to completion in approximately 8 to 9 sec.
The second half of the first flare ignited approximately 1 min 7 sec after
the first event and also burned to completion in about 9 sec. The bottom
half of the second flare, however, never ignited and was remotely ignited
at a later time.

3.2 Tests 1 and 2

The tests conducted on the MK 45 rocket motors were performed in
order to estimate the size, severity and duration of the fireball produced
by the rocket motor grain functioning. In addition, the tests provided for
experimenting with ignition techniques. The first two tests were performed
on the motor outside of the shipping container and without the cover on the
warhead end of the rocket motor. Attempts to function the motor using the
firing leads attached to the rocket motor resulted in ignition of the
igniter charge, but no ignition of the grain. These two rockets were then
functioned using a smokeless powder booster and electric match placed
directly in contact with the grain. The rocket motors were restrained
during their burn.

3.3 Test 3

On Test 3, the rocket motor was disassembled to remove the fins
and nozzle assembly as well as the igniter cap. The prescored rupture
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disk, which is normally located between the igniter cup and the warhead,
was left in place. The rupture disk did not blow out on ignition, and the
burning grain jetted out of the rocket motor tube and burned on the ground.

3.4 Test 4

This test utllized a stripped rocket motor, i.e., the fins,
rocket nozzle, igniter cap and prescored rupture disk were removed. The
grain was inserted back into the tube, and a smokeless powder igniter was
placed in contact with the grain. The grain was ignited and burned,
thrusting out of both ends simultaneously. The grain burned for
approximately 36 sec and remained stationary due to the thrusting out of
both ends. During the burn, the grain was observed to pulse continuously
and the plumes were estimated to be 4 to 6 ft long.

3.5 Tests 5 and 6

These tests were of the grain by itself placed in a metal
ammunition container. The grains were again ignited using smokeless powder
igniters. A very concentrated fireball resulted in each of the two tests,
and the grain was consumed in about 25 sec.

3.6 Test 7

This test used a stripped rocket grain in the tube with masonry
bricks located 2 ft away from each end serving as flame deflectors. The
grain was ignited and burned for 36 sec. The bricks successfully deflected
the fireball.
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4.0 Tests in an Intermediate Enclosure

Task 3 of this program required that tests on the smoke grenades,
flares, rockets and propellants be conducted in a substantial enclosure.
Two intermediate scale enclosures were developed for this program, an 8-ft
cubicle and a 1/10th scale model igloo. The 1/10‘3h scale model igloo was
designed and constructed to be capable of withstanding estimated maximum
internal pressures associated with a maximum w/v of 21.6 1b/fe3 loading
density. The 8-ft cubicle was made necessary by the fact that some of the
end items, e.g., finished munitions, could not be tested in the 1/10th
scale i1gloo in their standard storage configuration which is end on. The
8-ft cubicle was not a substantial enclosure but it was selected and used
as an inexpensive expedient facility to evaluate the applicability of
calorimetry for data gathering and interpretation. Complete descriptions
of the 8-ft cubicle and igloo are presented in this section. A summary of
the tests performed in the two enclosures is also presented in this
section.

4.1 Marinite Cubicle Enclosure

An 8-ft cubicle was designed and fabricated for use in testing
the 2.75-in. rockets, the ALA-17 flares and the M8-HC grenades (the
propellants were tested in the 1/10th gcale igloo). The 8-ft cubicle
consisted of a steel frame covered with Marinite 36 which is a fire-proof
structural insulation made by Johns Mansville and can withstand heats up to
approximately 900°F. An appropriate vent area, i.e., the door, was also
included and is shown in Figure 23. The cubicle was instrumented with a
total of 27 Type K thermocouples positioned as indicated in Figure 24. The
thermocouple data which was recorded for each test was used to perform the
thermal energy balance calculations which were used to determine the mass
burning rate of the materials tested. The procedure for calculating the
heat output generated by the materials is described by Fitzgerald. The
cubicle door or vent area was instrumented with a total of four Keil probes
for measuring plume velocity. Thermocouples were mounted on the Keil
probes in order to measure the plume temperature.

As previously mentioned, the cubicle walls were instrumented with
27 Type K thermocouples having exposed junctions. Each thermocouple wire
was mounted in the walls such that the junction was flush with the inside
surface of the Marinite walls. Specific thermocouples were connected in
parallel to give average temperatures for selected “zones."” Figure 24
shows the locations of each of the 27 thermocouples. Thermocouples TIl,
T15, Tl6, T17 and T18 were connected in parallel comprising Zone 1 (Data
Channel 1). Thermocouples T2, Tl4 and Tl9 were connected in parallel
comprising Zone 2 (Data Channel 2). Thermocouples T3, T4, T12, T13, T20
and T2l comprised Zone 3 (Data Channel 3). Thermocouples T23, T24, T25 and
T26 comprised Zone 4 (Data Channel 4) and the roof thermocouples, T5, T6,
T7, T8, T9, T10 and Tll, comprised Zone 5 (Data Channel 5). Keil air
velocity probes were installed in the door to measure plume velocity. Four
probes were installed 2.5 in. outside the door. Keil Probe 1 was located
approximately 5 in. from the top of the door, while Keil Probe 2 was
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8-Foot Marinite Cubicle
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Figure 23.
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located 12 in. from the top of the door. Keil Probe 3 was located 24 in.
from the top of the door and Keil Probe 5 was positioned 30 in. from the
top of the door. Probes 1l and 2 were positioned facing towards the cube
thereby measuring the plume velocity, while Probes 3 and 4 were positioned
facing away from the cube thereby measuring the air intake velocity. If
the plume size encompassed the entire doorway, then Probes 3 and 4 (which
were facing away from the plume) would read a negative pressure. Each of
the four probes was connected to a magnehelic gauge which was monitored
throughout the test via a video camera. Type K thermocouples were mounted
to each of the Keil probes to measure the plume temperature and air intake
temperatures at the door (Data Channels 6, 7, 8 and 10, respectively). Two
additional thermocouples were located approximately 17 in. and 21 in. from
the top of the door in order to better define size and temperature (Data
Channels 13 and 9, respectively). An additional array consisting of three
Type K thermocouples was located 3 ft in front of the door to measure the
plume temperature at a specific distance away from the door (Data Channels
11, 12 and 14). Figure 25 is a sketch showing the locations of the
external thermocouples which were monitored on each test.

Several preliminary tests were performed in the cubicle using
small quantities of a small caliber propellant (IMR-5010). The purpose of
these tests was to calibrate the cube instrumentation, i.e., thermocouples
and air velocity Keil probes, and also to verify the thermal energy balance
equations with a material whose thermal output was already known. IMR-5010
has a heat of combustion of 2900 cal/g. Mass burning rates were measured
for 5 1b of propellant in an aluminum tray as shown in Figure 26a. The
propellant was 1-5/8 in. deep in this tray. The tray was placed on a load
cell, ignited using an electric match and the mass burning rate recorded in
terms of weight loss versus time. Mass burning rate for 10 1b of
propellant was also measured with the propellant placed in a larger tray as
shown in Figure 26b. The propellant for the 10-1b test was also at a depth
of 1-5/8 in. The load cell output for the 5-1b test is shown in Figure
27a. The vertical scale corresponds to the propellant weight (1.67 1b/div)
and the horizontal scale is the time scale (2.05 sec/div). The mass
burning rate for the 5-1b test was calculated at 1.00 1b/sec. The load
cell output for the 10-1b test is shown in Figure 27b. The vertical scale
is the propellant weight (3.34 1b/div), and again the horizontal scale 1is
the time scale (2.05 sec/div). The mass burning rate for the 10-1b test
was calculated at 2.1 1b/sec. Three calibration tests were performed in
the cubicle using 5 1b of IMR-5010 in each test. A fourth test was
performed in the cubicle using 10 1b of propellant. In the 5-1b tests, the
propellant was placed in an aluminum tray with dimensions as shown in
Figure 26a. The propellant was ignited using two electric matches in
series located in the bottom center of the tray. The 10-1b test was
performed using the tray shown in Figure 26b.

4.2 Summary of Tests Performed in the Marinite Cubicle

As previously mentioned, a total of four preliminary tests (Tests
1 through 4) were performed using quantities of the IMR-5010 propellant to
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Figure 27a.
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Load Cell Response for 10-1b of IMR-5010
Propellant Test
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check out instrumentation and test procedures. The full test program using
the M8-HC smoke grenades, the IMR-5010 propellant, the IMR-8208 propellant,
and the ALA-17 flares was then initiated.

4.2.1 Tests with the M8-HC Smoke Grenades

Two tests were performed with the smoke grenades. The first test
involved half of a box of grenades (eight each) and the second test
involved a full box. (Detailed descriptions of the two tests are provided
in Appendix A.) In both tests, the smoke grenades were initiated
simultaneously. The standard fuze, that ignites the starter-mix which in
turn ignites the HC mix, was removed from each of the grenades and replaced
with an Atlas electric match to affect simultaneous initiation. The
combustion of the smoke grenades was a very mild event and smoke gently
billowed out of the cube door. Table 2 summarizes the results of the two
smoke grenade tests.

TABLE 2. SMOKE GRENADE TESTS

Max External Plune
Quantity Max Internal Temp (°F) Velocity
Test No. (grenades) Temp (°F) Rake 1 Rake 2 (ft/sec)
6 8 185 360 negligible
10 16 284 743 153 6.8

4.2.2 Tests with the IMR-5010 Propellant

Seven tests were performed using various quantities of the IMR-
5010 propellant. The quantities of propellant used varied between 5 1b and
12.5 1b. The purpose of these tests was to establish a baseline for use in
predicting thermal output. Complete descriptions of each of the seven
tests are presented in Appendix A of this report. Table 3 is a summary of
the seven tests using the IMR-5010. Included in this table are the maximum
internal temperature recorded, the maximum external temperature recorded at
the first rake, the maximum external temperature recorded at the second
rake, and the plume velocity.
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TABLE 3. IMR-5010 CUBE TESTS

Max External Plume
Quantity Max Internal Temp (°F) Velocity
Test No. (1b) Temp (°F) Rake 1 Rake 2 (ft/sec)
5 5 230 924 440 37.8
7 10 307 1028 1024 53.6
8 5% 268 891 626 34.3
12 7.5 Instrumentation problems
13 12,5 Instrumentation problems
14 12.5 243 1202 1293 45.1
15 7.5% 241 1067 650 38.2

* Propellant was spread out in the larger pan.

Figure 28 presents a curve of the internal and external temperatures as a
function of propellant weight. As can be seen in Figure 28, once the
propellant weight gets up above 10 1b, the two external temperatures become
quite close, while the internal temperature remains quite low and fairly
uniform.

4.2.3 Tests with the IMR-8208 Propellant

Three tests were conducted using the IMR-8208 propellant.
Complete details on these three tests are contained in Appendix A. Table 4
summarizes the results of the three IMR-8208 propellant tests. The maximum
internal and external (plume) temperatures at both rakes and the plume
velocities are included in the table. The quantities of propellant tested
varied from 10 1b to 15 1b. Test 20 was a repeat of Test 19 because of
instrumentation problems in the cube roof.

TABLE 4. 1IMR-8208 CUBE TESTS

Max External Plume

Quantity Max Internal Temp (°F) Velocity

Test No. (1b) Temp (°F) Rake 1 Rake 2 (ft/sec)
18 15 593 1626 1596 41 .4
19 10 245 1427 644 61.7
20 10 352 1173 932 35.4

4.2.4 Tests with the ALA-17 Flares

Six tests were performed using the ALA-17 flares. Complete
details on the six flare tests are included in Appendix A. Table 5

summarizes the results of the tests and includes the maximum internal and
external (plume) temperatures as well as the plume velocities.
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TABLE 5. ALA-17 FLARE CUBE TESTS

Max External Plume

Number of Max Internal Temp (°F) Velocity

Test No. Flares Temp (°F) Rake 1 Rake 2 (ft/sec)
9 2 710 787 354 47 .4
118 2 1127 712 359 43.4
16D 2 313 746 280 23.1
17b 4 1803 1751 1015 77.3
21b 4 569 1344 381 45.4

22b 4 Cube failed-—no data available

a. Flares were placed in an ammo box which had a top vent.
b. Flares were placed in an ammo box which had uniform vents on all sides.

As shown in Table 5, the first test (Test 9) was performed with the flares
in the open inside the cube. However, to prevent damage to the cube from
the jettisoned flare casings, the next test was performed with the flares
in an ammunition box which had a top vent cut out of it. This top vent
resulted in directionalizing the plume to the roof as verified by the high
internal temperature (1127°F). Therefore, the subsequent tests were all
performed with the flares placed in an ammunition box which had symmetric
vents on all sides.

If a comparison is made between Test 16 which involved two flares
and Test 21 which involved four flares, it can be seen that the maximum
internal temperature and the maximum external temperature at the first rake
for Test 21 are almost double those of Test 16, and the maximum external
temperature at the second rake for Test 21 is almost 50% higher than that
of Test 16. Test 17 also involved four flares; however, the temperatures
recorded for Test 17 were much higher than those measured in both Test 16
and Test 21.

4.3 1/10t? Scale Model Igloo Enclosure

A 1/10th gcale model igloo was fabricated out of steel for use in
testing of the propellants. A sketch of the model igloo is included as
Figure 29. The igloo was provided with a water cooling jacket for a dual
purpose. The thermal output of the burning material was expected to be
exceedingly high so as to compromise the steel test fixture thus requiring
some protection through water cooling. The cooling water itself would in
turn serve as a flowing heat sink that could be used in computing the
thermal output from the test materials. At the start of the testing, it
became apparent that at a fuel loading density in excess of 2 1b. unburned
propellant is carried out of the igloo in the plume and is consumed
external to the igloo. This burning behavior led to moderate temperatures
inside the test fixtures, which were tolerable, and eliminated the need for
the protection that would have been available through the use of the water
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cooling jacket. The igloo propellant holding tray was supported on four
load cells, one at each corner, to allow for dynamic measurements of
propellant mass loss during testing. The igloo was fabricated with a
number of penetrations to allow for instrumenting with thermocouples. Four
Type K thermocouples were located in the roof of the igloo equally spaced
from front to back (Thermocouples 1 through 4, respectively). Four Type K
thermocouples were located in the wall of the igloo, 45° down from the
roof, and were also equally spaced (Thermocouples 5 through 8,
respectively). Two rakes each containing three thermocouple probes and two
Keil probes were located outside of the igloo door. The thermocouple
probes and Keil probes were used to measure plume temperatures and
pressures which were then converted to velocities. The first rake was
located 7 in. from the door and contained Thermocouple Probes 9 through 11
and Keil Probes 1 and 2. The second rake was positioned 3 ft from the
igloo door and contained Thermocouple Probes 12 through 14 and Keil Probes
3 and 4. Video camera coverage was provided for each of the tests.

As part of the test procedure, SwRI obtained scale model cardboard
canisters to hold the test quantities of propellant. In full scale, the
IMR-8208 propellant is shipped in cardboard canisters that are 14 in. in
diameter, 22 in. high and 0.2 in. thick. This canister is used to ship 100
1b of propellant. SwRI used a canister that was 3.5 in. in diameter, 6 in.
high and 0.060 in. thick which corresponded to approximately a 1/50th
volumetric scale model of the large canister. This particular canister
held 2 1b of IMR-8208 propellant. The IMR-5010 propellant is also shipped
in similar large canisters so the 1/50th gcale model was used for those
tests also. The Ml propellant is shipped full scale in canisters 15.5 in.
in diameter, 26.5 in. high and 0.2 <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>