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FOREWORD

This work wae conducted under Task 1C522301A98101, Chemical
Agent Dissemination Technology (U). The work was started in May 1964 and
completed in August 1964. The experimental data are contained in note-
book 7319.
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DIGEST

Standard transducers will measure directly burning pressure,
burning temperature, and weight loss during burning., Burning.time is
readily derived ffom either pressure or weight- -loss data,

There is a gréat deal of variation in the functioning data
obtained from any one type of munition,

The most noticeable measured difference between the colored-
smoke grenadea tested was in burmng temperature. Red and yellow grenades
burned cooler than did green and violet grenades.
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BURNING TEMPERATURES AND PRESSURES OF M18
COLORED-SMOKE GRENADES

) INTRODUCTION.

The objective of this study was to provide a potential input to design
criteria and mechanism studies pertaining to pyrotechnic-dissemination proc-
esses. The techniques used were developed to obtain data on several of these
parameters. Since this was a preliminary investigution, the parameters under
investigation were the most obvious; i.e., burning temperature, pressure,
weight change, and burning time.

A search of the available literature reveal. 1 that none of the above
parameters seems to have been tabulated, nor are details available on experi-
mertal design required to obtain these parameters. Tuerefore, this work on
the M18 colored-smoke grenade was undertaken as part of a continuing pro-
graran to obtain data applicable to chemical-agent-dissemination technology.
The lot numter, composition, and date of manufacture of the grenades are
listed in appendix A,

II. PROCEDURE AND RESULTS.

Since colored smoke rather thar a toxic agent was involved, the
munitions were burned in the open. Pressure and temperature were measvred
on a grenade while it:functioned in a horizontal position on a gravel surface.
The grenades used for weight measurements were also functioned in a hori-
zontal position.

A, Pressure Measurements.

Pressure measurements were made with a temperature-compen-
sated. pressure transducer, which was obtained from Statham Instruments,
Inc. The range of this unit is 0 to 15 psi differential, and it is rated as
capable of withstanding a 100% overload. This transducer was excited with
14.0 v dc. :

A Leeds & Northrup H-Azar strip-chart recorder, with chart
speeds of 30 or 1, 800 in. /hr, was used to record pressure during burning.
Pressure connection to the grenade was made with a locally constructed,
brass. T fitting that is illustrated schematically in figure B1lA (all figures,

Bl througk B6, are given in appendix B). The straight portion of the
T fitting hag bouchon threads. A female end is provided to receive the
fuze, and the male end attaches to the grenade, where the fuze would normally
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be connected. The side branch of the T fitting is threaded to receive 3/8-in.
copper tubing with a flare fitting. Rubber tubing is used as a connection from
the tubing to the transducer. This arrangement makes the pressure line
flexible enough to move either the munition or the pressure trangducer inde-
pendently.

The results of these tests are given in table 1. Figures B2
through B4 show representative pressure. measurements.

TABLE 1 .
INTERNAL PRESSURE OF FUNCTIONING COLORED-SMOKE GRENADES
G
Number { Pressure range Averag? LS Range of
. of times .
Color of during normal . maximum presgsures
samples burn orifice plugged during plugs
per grenade
o p;i o psi
reen 4 0.05 - 1 5 4-21
Red 6 0.04 - 0.41 0 -
Violet e 0.03 -1 6 7 - 22
Yellow 6 0.063 - 0.6 0 -
B. Temp.-:ré.ture Measurements. ‘
Temperature measurements were made with a shielded, Chrome.-
Alumel thermocougle equipped with a Minicomp artificial cold junction
(Technique Associates, a division of West Instrument Co.). The recorder
chart speed utilized was 120 in. /hr.
L4
The full-scale recorder range was adjusted for 1, 000°C full scale.
The temperature-millivolt relation for Chromel-Alumel is not linear, but, in
the range from 400° to 1, 000°C, the error is not greater than 1, 2%, '




The tip of the thermocoupie was placed in the center of ti:« test
munition. In a few tests, however, the functioning was violent enougt to
move the munition away from the fixed thermocouple. Whenever such
movement obviously affected the measurement, these meacurements were
discarded. Figure B5 shows a typical temperature-behavior recording.

The results cf these tests are shown in table 2.
. TABLE 2

TEMPERATURES OCCURRING IN FUNCTIONING
COLORED-SMOKE GRENADES

Number :
Temperature range
Color of A -
during buraing¥*
samples
Green 4 580 - 750
#’\ Red 5 440 - 610
] Violet 5 630 - 780
Yellow 2 420 - 5190

* A temperature variation of about 50°C was vbserved during
the burning cf individual items.

(G Weight Change.

Weight changz during burning was measured with a weight trans-
ducer (Statham Instruments, Inc.) with a range of +32 oz. The unit was
' mounted in 2 locally fabricated, stainless-steel case, which also provided

a means ior mounting the munition. The transducer was excited with = ,
14.0 v dc.

A Leeds & Northrup H-Azar strip-chart recorder, with a chart
speed of 120 in./hr, was used to record weight change during burning.

'y




1 ~ Somns provision on the grevades was reeded to catch the slag-type
m risl ti:&i esc&ﬁaé from the erda, As a césult of orifice plugging, the hot
g wss suretiross sxpeiled with great violence. The tops of the containers
that had -originally keld the grenades were modified and taped to vhe ends of
the grenzdes. Thie ;sz-oxe& te be satisfactory, although sorne very small
quantities ot siap were latsr detected on the transducer casé. The weight of
this lost material was negligible,

Each grenade to be checked for weight logs was igrited with an
electric fuze. The counecting wires were cut immediately after ignition.
Thie was necessary because some nf the grenades had a tendency to rotate
while burning on the waight transducer. If a grenade rotated with the ignition
wires still connected, erroneous results were obtained. Figure B6 shows
typical recordings of weight-loss measurement.

The results of these tests are shown in table 3.
TABLE 3

WEIGHT LOST FROM COLORED-WOKE
GRENADES WHILE BURNING

Number
Color of ?ange -
samplii weight losses
m
gm.
Green 3 195 - 238
Red 2 222 - 233
Violet 3 198 - 252
Yellow \ 2 145 - 148

D. Burnig&Times.

Burning times could be measured directly from pressure or weight-
loss curves. In the former, bur.uing is considered to be complete when the
pressure reading returns to base line. In the latter, weight loss ceases when
the munition stops functioning. Both methods give definite burning times. No
comparison was made with manual, stopwatch, burning-time measurements.
Thermocouple data were found to be unusable, since no real break in the tem-
perature curve occurred after burning was completed. Burning-time data
acquired from the above two systems are included in table 4.

o B Sl
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TABLE 4

BURNING T:MES FOR COLORED-SMOKE GRENADES

ki Range of Average

Color of : ; : 1ty ;
burning times burning time
samples
—_—— e A ]
sec

Green 7 45 - 57 52
Red 8 52 - 83 ' 66
Violet 7 47 - 71 59
Yellow '8 51 - 60 55

II1. . DISCUSSION.

The results of these tests indicate that colored-smoke grenades
are variable in their burning characteristics. Visual observation shows that
green and violet grenades sometimes burn erratically, whereas red and
yellow grenades burn more uniformly. '

The normal burning pressure for any colored-smoke grenade is
less than 1 psi. Orifice plugging takes place in the green and ¥iolet grenades,
however, on the average of five or six times per unit, respectively, suddenly
increasing the pressure to approximately 20 psi. This orifice plugging is the
result of the thick, liquid, reaction products flowing through the crifices
during combustion. When the internal pressure becomes great enough, the
reaction products are blown through the exhaust orificerto distances as great
as 10 ft. Normal burning pressure then resumes until the exhaust opening
again becomes blocked.

The equipment worked well as described; during consecutive tests,
however, reuse of the brass pressure tap was difficult because of the problem
of unscrewing it from a hot grenade. It is recommended that duplicate
pressure taps be made available for any future program requiring such meas-
urements.

R



The section of rubber hose between the munition and the pressure
transducer served as a safety valve in addition to providing flexibility. In
this capacity, it blew off four times. These ‘inc¢idents occurred early in the
program, with measurements indicating pressures greater than 20 psi. The
maximum pressure recorded later was 22 psi, but the pulse pressures may
‘have been higher.

Temperature was the most uniform of the variables. It rose quite
rapidly and then remained nearly constant during functioning and for some time
afterwards. : -

Rate of weight change remained nearly constant during the final
three-fourths of burning time.

Burning time was easily measured from either the pressure or the
weight recording. No correlation could be seen between burning time and
weight change, either for individual grenades or for averages of colors. This
may be a result of the extremely limited number of tests, .three per color, in
which this variable was measured.

The values given in table 1 are probably fairly representative of
M18 colored-smoke grenades when functioned in a horizontal position, which
is the way most such grenades would land if thrown. Although other positions
might affect the exhaust-orifice-plugging problem and the resultant pressures,
tu'ne limitations precluded experiments on the effect of position.

IV. - CONCLUSIONS.

1. Standard transducers will measure directly burning pressure,
burning temperature, and weight loss during burning. Burning time is readily
derived from either pressure or weight-loss data.

2. There is a great deal of variation in'the functioning data
obtzined from any one type of munition.

3. The most noticeable measured difference between the colored-

smoke grenades tested was in burning temperature. Red and yellow grenades
burned cooler than did green and violet grenades.

10
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APPENDIX B

- FIGURES

(9

8)

(7

(13)

C- Apparatus for Weight Measurement

FIGURE Bl

EQUIPMENT LAYOUT =

(1, H-Azar recorder; 2, power supply, 14.0 v dc; 3, pressure transducer;
4, weight transducer; 5, Minicomp artificial cold junction; €, Chromel-
Alumel thermocouple; 7, M1t colored-smoke grenade; 8, copper tubing,
3/8 in.; 9, rubber tubing; 10, Chromel-Alumel wire; 11, cable, two-
conductor, copper; 12, cable, four-conductor, shielded; 13, brass

T fitting)
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# TYPICAL RECORDINGS OF INTERNAL PRESSURE OF FUNCT IONING
; RED AND YELLOW SMOKE GRENADES '
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TYPICAL RECORDINGS OF TEMPERATURE
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