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attached to the charging, blending, and discharging of the Airmix Process during the
production of up to 454 kg (100 pounds) of Violet Smoke Mix IV per Drawing Number
B143-5-1, provided that appropriaie fire control measures are used.

PREFACE
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Space Technology Laboratories (NSTL) for the Edgewood Arsenal Resident Laboratory
(EARL) and NASA-NSTL by the General Electric Company under Contract No. NAS8~-27750.
Activity was initiated October 1975 and completed April 1976.

Reproduction of this document in whole or in part is prohibited except with permission
of the Commander, Edgewood Arsenal, Attn: SAREA-TS-R, Aberdeen Proving Ground,
Maryland 21010; however, DDC is authorized to reproduce the document for United States
Government purposes.

The use of trade names in this report does not constitute an official endorsement
or approval of the use of such commercial hardware or software. This report may not
be cited for purposes of advertisement.

The information in this document has not been cleared for release to the general
public.
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EVALUATION OF VIOLET SMOKE INITIATION UNDER
DYNAMIC CONDITIONS IN THE JET AIRMIX BLENDER

1.0 INTRODUCTION

1,1 Objective. The objective of this study was to generate empirical safety data from
initiation of 454 kg (1000 pounds) of Violet Smoke Mix IV, Drawing Number B143~5-1 during
dynamic mixing conditions in the Sprout-Waldron Model 12-35 Jet Airmix* Flender. fpecif-
ically, the teat was performed to determine whether mass detonation ¢* a dust vsplosion
would occur if the Violet Smoke Mix were thermally initiated during a pe~ i.d of maximum
pneumatic dispersion.

1.2 Authority. The work described in this report was suthorized by National Space Tech-
nology Laboratories Technical Work Request Number EA-5181 dated October 1974, '

1,3 Background. An extensive sequence ofﬂ tests performed during 1973(1). 1974(2). and

1975(3’ 4 provided a data base for determining the hazards assoclated with blending 984 kg
and 454 kg of HC white smoke and sulfur based colored smoke, respectively, in the Jet Air-
mix blender. The Edgewood Arsenal Manufacturing Technology Directorate requested that
an additional test be performed in the Jet Airmix blender utilizing 454 kg of violet smoke mix
to determine whether an explosion would result upon initiation during maximum pneumatic
dispersion. The data obtained would be utilized by cognizant safety organization to certify
mixing 454 kg quantities of sulfur-based smokes In the Jet Alrmix blender.

2.0 EXPERIMENTAL PROCEDURE

2,1 Blending. Components of Violet Smoke Mix IV consisting of 109 kg (240 pounds) of
sodlum bicarbanate, 41 kg (90 pounds) sulfur, 113 kg (2560 pounds) of pctassium chlorate

and 191 kg (420 pounds) of violet dye were placed in the Model 12-35 Jet Alrmix Simulator (2)
and blended. The blending cycle consisted of a 2~second pneumatic pulse followed by a 4-
second settling time period, (PAUSE) repeated five times for a total blend time of 30 sec-
onds, A total of three cycles were performed. Upon completion of the third blend cycle a
core sample consisting of approximately 2.2 kg (6 pounds) was taken and burned to determine
homogeneity and burn rate characteristics. Upon completion of the burn rate teat (3) in a
vee shaped trough 4,8 cm (1-7/8 inches) high by 9.8 cm (3-7/8 inch '8) base and 137, 2 cm
(54 inches) long, an additional blend cycle was performed prior to ' 1@ thermal ignition test.

2,2  Full-8cale Thermal Ignition Test. This test was performed to determine if maas
detonation or pneumatic rupture of the Jet Airmix blender would occur due to a single heat
source initiation in the maximum dust concentration during maximum pneumatic dispexsion.
The final blend of 454 kg of violet smoke had been verified by the burn rate comparison

*Trade name of the Sprout-Waldron Company for a unit produced under a patent purchased
from Grun, Lissberg, Germany.
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test 3 and visual observation. A single 3-gram charge of UTC 3001 propellant* was placed
inside the blender 46 cm (18 inches) from the top and 15 cm (6 inches) from the side of the
blender, Utilizing a single continuous pulse of air, it was determined by remote visual oh-
servation (CCTV) that maximum pneumatic dispersion had occurred after approximately 3
seconds. The propellant was then ignited by an electric squib, Measurements of surface
temperature of the blender, internal pressure, and MOPIC were used to indicate whether
pneumatic rupture, fire brands, or mass detonation occurred.
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2.8 Instrumentation. Two chromel/alumel thermocouples were attached to the exterior
surface of the blender at two locations 180° apart near the base. The thermocouples were
connected to 8 Pace Model Number BRIW13A~24TT-1517 Thermocouple Reference Junction
via underground cabling to the test control center (TCC) where signals were recorded on a
Honeywell Model 1612 Visicorder Oscillograph operated at 1 inch per second. A single
: ; pressure transducer BLH Model Number 151~-HAC~134, 0 to 188 kPa (0 to 20 psig) was
20 mounted 144 cm (56. 5 inches) from the top of the blender and connected via underground
P cabling to a Dynamic Model Number 6457 DC amplifier prior to input to the Oscillograph,
N Temperature and pressure data were thus displayed in real time, Figure 1 shows the
Bl instrumentation setup. Photographic coverage consisted of stills, 24 frames per second

: 16 mm and a 20 frames per second 70 mm Hulcher camera,

*United Technology Corporation (UTC) 3001 propellant consisting of an intimate mixture of
ammonijum perchlorate, PBAN and aluminum,

_ ‘ . Test Pad Test Control Center
. Jet Air Model 12-35
- Cover  Mix Stmulator Dynamic
j-}":" : \ Press l Model 6457
3 Ignition Source ! Amplifier
i \h\o BLH ! o I
. Model 151-HAC-13 oneywe
. Mixing Prossure Gags 4 Model 1612
. ;f}_..( | Head " Visicorder
x| West Thermocouple ' 0 Oscillography
; (Chromel Alumel) 1
1 . To Accumulator <~ Y ] T2
X L Underground Cabling
b Mixing Control Valve Junction
' Box

o East Thermocouple
| (Chromel Alumel)

Pace Reference Junctlon
Model BJRW13A-24TT-15617

Figure 1. Typical Full-Scale Blending Test Setup
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3.0 RESULTS

3.1 Test Results. Data from the temperature and pressure measurements and visual

observations are shown in Tables 1 and 2 and Figure 2.

Table 1. Test Results of Thermal Ignition of 454 kg Violet Smoke Mix IV
During Dymamic (Maximum Pneumatic Dispersion) State
Maximum | Maximum
Test material Occurrence Total | ' surface internal Gross
and weight of Pneumatic burn temperature| pressure reaction
kg mass rupture time ° kPa rate
(pounds) detonation | of container | (sec) °F (psig) kg/sec
Violet smoke No No 175 333.9 8.27 2.23
mix IV (633) (1.2)
454
(1000)

3.2 Discussion, The sequence of events from motion picture analyses, shown in Table
2, indicated that high order deflagration occurred in air-suspended material that had been
ejected from the simulator after the cover blew off. Approximately 1/5 of the contents
appeared to be 80 ejected into a dust cloud, and some evidence of a low order detonation was
observed approximately 1. 5 seconds after the cover had relleved. The resulting fireball
completely engulfed the blender and attained a maximum diameter of about 10 meters.

After this external firebail had subsided, the main body of material still within the blender
was observed to burn for approximately 15 seconds. A gradually declining column of

smoke with no flame evident was emitted from the blender top for over 2 minutes after
these events,

A comparison between data obtained from this test and from the previous test using
thermal ignition with the material at rest is shown in Tables 3 and 4 and Figure 3. Signi-
ficant differences were obtained for maximum skin temperature, internal pressure and
overall reaction rate in the two tests. The temperature values for the dynamic test were
approximately twice that obtained for the static test, as a result of the large external fire-
ball. The internal pressure that was observed prior to the cover being removed and some-
what reduced from that of the static test, While this early pressure relief resulted in longer
total burn time, it also resulted in enhanced dust cloud formation around the perimeter of
the mixer.

Characteristics of the external dust deflagration are difficult to determine; however,
the evidence indicates fast reaction of the dispersed material in air, ignited by firebrands
thrown from the primary mass of burning material within the blender. A loud report was
observed during the height of the external fireball, although the blast pressure evidently
was extremely low and occasioned no physical damage to the inetrumental setup. Obser-
vation of the motion pictures shows that approximately 1-1/2 seconds of time would be
available for detection and quenchbing of the fire within the blender prior to the external
deflagration. A pressure relief system, ultraviolet detector and appropriate deluge ap-
paratus as vecommended previously (4), is thus considered desirable,
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: Table 2, Cnronology of Events for Thermal Ignition of Violet Smoke Mix IV
\ During Dynamic Pneumatic Dispersion
Time
| (sec) Event
| T, Ignition
| T +0.5 First visible smoke
| T+1,75 First firebrand detected
|
} T+ 2.6 Additional firebrands
i T+ 3.7 Fire and eruption of smoke from blender (top cover relieved)
} T+4.3 Initial dust explosion top of mixer
T+ 5,2 Dust explosion of unburned materials outside mixer
|
3 T+ 6.0 Maximum fireball diameter (16. 5 meters)
' T+11.4 Flame and black smoke erupting
T+14.5 Minor explosion above mixer
T+17.5 Black smoke (chugging)
T+ 53.0 Violet smoke
T+73.0 Minimum smoke
T+ 175.0 Reaction complete
Table 3, Comparison of Test Results of 454 kg (1000 pounds)
‘ Violet Smoke Mix IV Thermally Ignited in Static (At
Rest) and Dynamic (Pneumatic Dispersion) States
Test Total | Gross Maximum | Quasi-static
material | bum reaction | temperature pressure
kg time rate °C kPa
(pounds) | (sec) | kg/sec (°F) (psig)
Dynamic state
(pneumatic dispersive 454 175 2.23 333.9 8. 27
mixing) (1000) (633) (1. 2)
thermally ignited
Static state 454 110 4.13 164. 4 34,5
(at rest) (1000) (309, 9) (5)
thermally ignited
8
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- o= === = WEST SENSOR o
20 =
1 A | | k] ] L] L] ¥ | LS L ¥ L ‘, :"
5 15 25 36 46 56 65 " -
TIME IN SECONDS FROM IGNITION i
East | Went
Time %o °© . i
5 85.6 | 65,6 -
10 66,6 | 65,6
16 |118.1 | so.8 k.
20 110.8 | 324,2 4
25 | 106.4 | 3028 B
30 | 102.5 | 263.9 -
35 |100.6 | 2s8.5 I_‘.
40 96.6 | 213.5 (;
45 |sod.e | 308.7
50 | 316.4 | 318.3
85 | s22.2 | s28.1
60 |3aL.9 | 328.1
66 | 333.9 | as1.®
70 | 333.9 | 831.9 )
76 |333.9 | 3s1.8

Figure 2. Temperatirs Measurements of 454 kg (1000 Pounds) Violet Smoke IV
Thermally Ignited During Maximum Dispersive Mixing
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Table 4. Comparison of Chronology of Events for 454 kg (1000 pounds)
Violet Smoke Mix IV in the Jet Airmix Blender Thermally
Ignited During Static and Dynamic States

P,
PUB,

o

(RN

e

| St
| S

W';
St

X o
S A

P T S R S e Ve
L0054 o i 1 AT

Event dynamic pneumatic mixing Time Event static (at rest)
Ignition T, Ignition |
First visible smoke T+0.5

T +0.75 First visible smoke Vi
First fivebrand detected T +1.75 .
Additional firebrand detected T+2.6

T+ 2.75 Small fireball detected at

discharge valve P

T+ 3.1 Firebrand detected
Fire and eruption of smoke from T+3.7
top of blender (top cover relieved)
Initial dust explosion (top of mixer) T+ 4.8
Deflagration of suspended unburmed T + 5.2
material outside mixer
Maximum fireball diameter T+6.0 Total viewing area obscured
(16, 5 meters) (maximum smoke)
Flame and black smoke erupting T+11.4
Minor explosion above mixer T+ 14.5

T +16.0 Mixer visible again
Black smoke (chugging) T +17.5

T +36.0 Small fire detected 20 feet to

right at base of mixer

Violet smoke T + 53.0

T + 55.0 Minimum smoke
Minimum smoke T +73.0

T+ 175.0 Smoke turning black

T + 110 Reaction complete
Reaction complete T+1756.0
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3.

4.

CONCLUSIONS

Conclusions from this test are:

The reaction showed no tendency toward mass detonation when 454 kg (1000
pounds) of Violet Smoke Mix IV, Drawing Number B143-5-1, was subjected to
thermal initiation during maximum pneumatic dispersion in a full-scale Jet
Airmix configuration.,

Several minor and one larger dust deflagration occurred outside the mixer.
These reactions gave some evidence of a low-order detonation.

Gross reaction rate for this test was less than that of the static state test due
to vending of the reaction through the top.

Potential hazards associated with pneumatic dispersive mixing are thermal in

nature rather than that of mass detonation and will require detection and quench-
Ing apparatus for control of fires external to the blender.
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