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FOREWORD

Staff members of the Aerospace Research Department and Engineering
Department who have participated in directing and performing the work re-
ported herein include Msars. S. P. Jones, Jr., G. Whitnah, M. Sandgren,
A. Anderson, R. Lindquist, J. McGillicuddy, J. Upton, C. Hagberg,

W. L. Torgeson, 8. Steinberg, P. Stroom, G. Morfitt, J. Walters, A. T.
Bauman, T. Petersen, D. Harrington, R. Ackroyd, D. Kedl, B. Schmidt,
G. Lunde, R. Dahlberg, R. Kendall, A. Kydd, E. Knutson, J. Ungs,

D. Stender, H. Kuhlman, G. Granley, J. Pilney, A. Johnson, and

Q. Fackler.
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ABSTRACT

This Ninth Quarterly Progress Report covers the period frem June 4,
1962 to September 4, 1962. Accomplishmants are reported in all phases of
the research and development program pertaining to the line-source dis-
semination of BW agents,

Theoretical and experimental results relative to the studies of the
mechanics of dry powders are presented for: 1) the applied streises and
energies required for the compaction of powders, 2) shear strength of com-
pacted powders, and 3) bulk tensile strength and bulk density of compacted
powders as a function of comprassive load and distance from the face of the
pieton.

Data on aerosol decay as affected by relative humidity are reported for
five powders. A statistical analysis of the behavior of asrosols is presented
to explain the phenomena observed in the aerophilometer.

Tests on dissemination and deagglomeration, using the wind tunnel, are
described which eatablish an upper limit of approximately 0.58 g/ cm> den-
sity for compacted Sm which can be aerosolized efficiently by the aerodyna-
mic breakup mechanism. A related discussion reports some preliminary
data on the effects of storage on the aerodynamic breakup of compacted Sm,

Wind tunnel evaluation of & shroud for the discharge tube of the airborne
dry ageat disseminator is discussed,

Work with the full-scale experimental equipment for feeding and meter-
ing both compacted and uncompacted powder is reported.

Progress is reported on the design and fabrication of the first-gensration
airborne dry BW agent disseminating store.

An apparatus is described which is used for inserting charges of com-
pacted powder into the experimental model of the dry agent disseminator.
Other techniques for filling the disseminator are discussed.

Successful flight tests of the General Mills, Inc. liquid agent dissemi-
nating store on F-105 and F-100D airplanes at Eglin Air Force Base are
reported.
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NINTH QUARTERLY PROGRESS REPORT
ON
DISSEMINATION OF SOLID AND LIQUID BW AGENTS

B e o rey~ 4

1. INTRODUCTION

This Ninth Quarterly Progress Report covers the work accomplished
during the three-month paricd ending approximately September 4, 1962.
This work was done at General Mills, Inc. (GMI) under Contract DA-18-
064-CML-2745 which is a comprehensive research and development pro-
gram on the dissemination of solid and liquid BW agents.

This report presents some more of the results of the theoretical and
experimental studies of the mechanics of dry powders. The objective of
this part of the program is to obtain basic information for application in the
engineering developmant of BW munitions and related support equipment.
Progress is also reported on the development of an airborne munition for
disseminating dry BW agent from & compacted state. This program has
reached the stage where fabrication of the first-generation airborne unit is
underway.

Also presented in this report is & brief summary of the results of flight
testing the GMI liquid agent disseminating store on the F-105 and F-100D
airplanes. These flight tests were conducted by the BW/CW Weapons Group
at Eglin Alr Force Base, Florida with GMI providing technical assistance.
A test report is being prepared by the BW/CW Weapons Group.
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- 2. THEORETICAL AND EXPERIMENTAL STUDIES OF THE MECHANICS
OF DRY POWDERS

One of the basic goals of our investigation of the mechanics of powders
is the development of means for measuring important physical properties of
powdered materials. There are two main areas of interest in regard to the
mechanical bebavior of powders: 1) the bulk properties and characteristica
. of powders, which are particularly important with respect to the compaction
) process, and 2) the aerosolisation behavior of compactible powders.

ey

o Considerable progress has been mads in doveloping devices and tach-

} niques for measurement of the bulk properties of powders, A newly de-
veloped technique for precise experimental evaluation of the compaction

J: characteristics.of powders is described below. Also, further studles of the

a shear strength, bulk tensile strength, and bulk density of powders are re-

' ported in subsequent sectione of this report.

Although the processes of breakup and aerosolisation of compactsd pow-
P ders must be closely related to bulk properties, considerable difficulty has
been experienced in astablishing the nature of this relationship, For this
Teason, several new concepts are heing studied in which pnesumatic or hydro-
dynamic stresses would be employed in experiments to define the mechanical
properties of powders. One such approach is discussed in Section 2.2 of
this report,

2.1 Expsrimental Compaction Studies

% 2,1.1 Apparatus

i ’ A study of the compaction characteristics of various powders has been
in progress during the past nine moaths as part of a comprehensive investi-
gation of the mechauical behavior of dry powders. In the course of thls
work, several devices have been developed for measuring the applied

stresses and energies required for compaction of powders; sach of these

2-1
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has been found to be deficient in one or more ways. An improved device for
experimertal study of the compaction characteristics of powders has been
; devaloped during the current report period and haa been found to be com-

» m———

pletely satisfactary. This device is shown in Figuze 2,1. It can be seen
from the figure that the piston.cylinder configuration utilized in previous

e
p——y

. l compaction devices hae been retained in the new design. However, the new
. ' compaction unit is much more rigid than earlier models and, thzough use
o of an anial-circulating ball bearing for the piston, is less subject to fric-

d tional effects.

; The material to be compacted 18 placed in a machined brass receptacle
that fits into a recess in the base of the compaction unit, thus insuring pro-
per alinement with the piston,

Tests are carried out by using the compaction unit shown in Figure 2.1
in conjunction with an Instron test machine. By utilizing the Instran machine
for control of the sample deformation rate and {or measurement and record-
| l'mg of the load applied to the powder, a very high degree of precision and
reproducibility can be achieved in compaction experiments.

Compaction tests under controlled humidity conditions may be carried
aut by enclosing the compaction unit in a3 sealed plastic bag after prior con-
ditioning of powder and apparatus in a dry box.

2.1.Z Experimental Results and Discussion

A number cf experiments have been carried out with the apparatus des-
cribed above. Because of the preliminary nature of these tests, which were
carried out primarily fcr the purpose of evaluating the new compaction de-
vice, no attempt was made to conirol humidity. {Future teats will be con-
ducted under controlled humidity conditions, as described above. )

A cumgplete load-strain curve for cornatarch, as recorded on the Instron
machine, is showr in Figure 2. 2. This curve 18 quite typical of results ob-
tained ln tests cf meveral powders. In this test, 0.72 grams of cornstarch

2-2 Page determined to be Unciassified
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Figure 2,1

Compaction Apparatus

2.3
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with an initial density of 0, 538 glcm3 were compacted at a rate of 0,02

in. /min until the 10ad reached 2000 pounds; then the cross-head direction
was roversed and the elastic recovery of the sample was determined. The
area under the compaction portion of the curve represents the total work
(or ensrgy) expended in an unidirsctional compaction process. The net
work absorbed by the powder is found by subtracting the area under the
right-hand portion of the curve, which corresponds to the elastic energy
stored in the compressed powder sample. In this case, the energy re-
covered was found to be about 55 percent of the total snergy absorbed by
the powder during compaction.

Compaction data for talc, saccharin, and cornstarch - as obtained with
the new apparatus - are plotted versus specific volume in Figure 2.3. The
data are in quite good agreement with previous results for these powders
over the range of densities attainable in the earlier tests (see Tadle 2.1).
It can be seen, however, that a considerable departure from the power -law
relationship found in past tests occurs under high stresses. It should be
emphasised that the high stresses applied to the samples in these tests are
well beyond the practicable compaction range for visble materials, It is
nevertheless desirable to establish the range of deasities for which the
empirical power-law relationship

C:k'om (1)

is a valid representation of the relationship between stress and density for
compactibla materials. The constants k and m i1n Equation (1), as deter-
mined with the new test technique, are presented in Table 2. 1, together with
constants from previous tests.

Praevious experiments with corastarch ard powdered milk indicate that
these powders exhibit a "stick-slip" beshavior wher compacted rapidly.
Some evidence of this behavior can be seen in Figure 2.2 (cornstarch) at a
load of about 200 pounds. For the most part, however, it is clear that the

2-5
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Tabple 2.1 Compaction Constants for Three Powders

Powder m¥* m x* k
Talc -6.50 - 6.78 4.42x 107 2.38x107
Saccharin - 7.70 - 6.50 2.21 x 107 1.72x 107

Cornstarch -20.8  -18.80 1,67 x 108 1.29 x 108

*Indicates previous results.

compiaction process for cornstarch is free of Irregularities at a compaction
rate of 0.02 in,/min. On the other hand, tests conducted at a compaction
rate of 0. 2 in./min for sight powders including cornstarch exhibited much
less regular behavior (see Figure 2. 4). In these tests, powdered milk and
saccharin as well as cornstarch displayed "stick-slip” behavior as can be
seen from the figures. These results are presented with reservations, how-
ever, since it is possible that the irregularities may in part be due to air
entrapment in the samples as a result of the high compaction rate, plus the
fact that the piston used in thess tests was not vented. Effects of compac-
tion rate will be investigated in future tests with suitable precautions to pre~
vent air entrapment.

2.2 Triaxial Shear Tests

Considerable progress has baen made in improving the triaxial tech-
niqus for determining the shear strength of a compacted powder. As pointed
out in the Eighth Quarterly Reportl. the conventional triaxial test method
leads to experimental difficulties with compactibla materials hecasuse the
membrane used to seal the powder sample prevents a natural shear failure
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of the sample. In order to sliminate this effect, a modified sample prepara~
tion procedure has been evolved that does not require use of a‘rubber mem-

e | fa—— fe—)

L e it it e LTI

brane. .

* |

i l An exploded view of the assembly used for sampls preparation is shown ‘
f in Figure 2. 5. The powder sample is compacted within a segmented cylin- o
: ” drical section, which is supported by means of an external housing as shown !

P in the exploded view. The center segmaent is split into three 120-degree ;
H sections to facilitate removal after compaction of the sample. The test
) spacimen is prepared by filling the cylinder with a known mass of powder
{ : which is then compacted by means of pistons forced into the cylindrical
' chamber from each end. Each piston is advanced at the same rate during
% compaction of the samrle to center the compacted matarial in the cylinds¥, -
H: The tinal average density of the sample is fixed by accurately defining the '
' distance between the pistoné at the completion of the compaction process.
i For locse powders, extonqio:iunlto are placed at each end of the assembly
shows in Figure 2. 5 to permit initial compaction of the powder into the cen-
i '. tral section of the-cylinder.

After compaction, the pistons are removed and threaded end plugs are
installed in sach ead cylindir to give support to the compacted powder
column., The entire assembly is then placed in tha Ingtron test machine and
a load of about 50 pounds is applied to the end plugs. {This load is not
applied to the powder, but is carried by the certral cylinder.) The housing
may now be removed, after which the load 5s gradually released. Because
of the elastic natuze of the compacted powder, a small gap will gensrally
appear between the center cylindrical segments and the upper-end cylinder,
thus simplifying removal of the segmented center cylinder. (The center
section 18 made of magnetic stainless steel; thus, the center-—section seg.

! ments can be readily removed with A week magnet. ) If this procedure ia
fcllowed carefully, the expoged pcwder will be free of cracks or other im-
Ve perfections. P

2.9 ,
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The shear atrength of saccharin compacted to an average density of
0.65 g/ cm3 by the above technique has been obtained by teats conducted in
the Instron test machkine. The load-strain diagram for a typical test is
shown in Figure 2.6. It is apparent that the sample failure is very well de-

fined, the load falling from about 6. 7 to 0.5 pounds as the sample fails in

shear. By stopping the machine at the inatant of failure, it is possible to
remove the fractured test sample intact. The typical appearance of &
sheared sample is illustrated by Figure 2.7. The shear planes are clearly
evident in the photograph.

Thia technique is currently being extended to permit triaxial tests in a
pressurized chamberl. A thin loose-fitting membrane, eunclosing the entire
sample assembly, will be used in these tests. By venting the interior of the
membrane to ambient pressurs, the desired lateral stress on the sample
will be achieved; however, the loose membrane will be free to deform as
the sample shears. It is believed that this modification of the sarlier test
techoique will resv't in clear-cut failure of the teat specimens.

In. order to fully define the shear strength of a compacted powder, it is
necetsary to examine the tensile shear strength of the powder aas well aa its
compressive shear strength. The reason for this is evident from a study of
Figure 2.8. Compressive shear tests are capable of establishing the portion
of the shear locve B-C on the figure. However, the pure shear strength of
the powder . cannot be determined by the compresasive trisxial techaique,
since a tensile stress must be applied to the sample in order to perform
tests in the region A-B of Figure 2.8. In principle, the triaxial test can be
performed in this region by applying s gradually increasing axial tension to
the sample while maintaining a constant chamber pressure as before.
Attempts to conduct such a test at zero chamber pressure have not suc-
ceeded, however, because sample failureinvariably occurs in the plane of
one of the end cylinders. Since sample failure in tensionshould occur as a
result of combined tension and shear, it is to be expected t'hat the sample
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Figure 2.6 Load-Strain Curve for Compactad Saccharia (p, = 0. 65 ;Icm’)

Figure 2. 7 Compacted Saccharin Failed in Compression (po = 0,68 i/cm’)
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' should fail in the manner typified by Figure 2.7 for the compressive case.
i | Presumably, the type of failure actially observed is dus in part at least to
. the constraining effect of the end cylinder.
' ’ 3 It is belisved that measurements of bulk tensile strength should, if
i » . posaible. be carried cut in such a way that fracture occurs in the cantral
‘ ’ region of the powder sample rather than at one end. A 'natural™ tensile

failure may be posasible if the test specimen is compactsd 80 that the center
i saction has a reduced cross-sectional area. Experiments with a reduced-

' area sample will be tried as soon as the modified center-section cylinder

’! can be fabricated.

A completely different means of evaluating the tensile strength of a
compacted powder is now undsr investigation. In the proposcd test, a com-
pacted powder sample is placed in a pressure chamber and the pressure in
T the chamber is gradually increased to a preselected value. After equilib-
rium is established, the chamber is depressurized at a controlled rate.

. The gas entrapped within the pores of the powder sample will flow toward

i the surface of the sample. The resulting viscous stresses at the powder
surface will tend to break the relatively weak bonds holding the particles to-
gether. If properly carried out, this test ahould permit detection of a
"threshold" condition at which erosicn of the powder surface begina. From
this information, it may be possible te compute the average strength of inter-
particle bonds.

This possible means of experimentally determining the tensile strength
of compacted powders is based on the following observations: 1) Experience
has shown that air entrapment occurs within a powder bed when compaction
takes place rapidly. This is because time ia required for the air contained
i in the void apaces to percolate through the powder. Also, experiments have
shown that compacted powder samples subjected to a pressurized gas en-
vironment expand significantly when the pressure !s suddenly released.

2) Even when compacted under high stresses most powders have void spacss
amounting to 30 to 50 percént of the total volume of a powder sample.
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Thus, it is clear that a very considerable mass of gas, capabls of supplying
a Lu-ge_ amount ¢f mechanical energy, can be stored in a powdsr sample at
pressures of several atmospheres.

it is apparert that this concept may 21s0 provide a means for aeroscli-
zation of compacted powdera. This possibility will be explored in the tests
ncw being planued.

2.3 Bulk Teczsile Strength of Compressed Powders

i~ the development of a method for the measurement of bulk tensile

L 2, we have previously counfined our study

strer.gths of compressed powders
to zinc cadmium sulfide. In order to determine the effectiveness of our
method in the measurement of the tensile strength of other powders, we

have extendad our study to include saccharin, cornstarch, powdered milk,
8m, anrd talc. Again we have confined our study to three compressive loado,
1484, 2130, and 2919 grams, and tu a compression time of 1-1/2 hours.

All measurements were made in a controlled eavironment of 15 percsnt rel.
aave humidity. The results obtained are presented in Figures 2.9 through
2.17. Diameter of the powder plug was 0. 75 inches. Although talc was in-
cluded in cur study, no valid measurements were obtained. It was found

that upon removal of the sprirg clips holding the column segments together,
the relesse cf alastic energy in the talc plug ciused the column segments to
spring apart fracturing the column of powder prior to measurament of the
termile strength, The present apparatus will have to be modified to over-
coms this preblem. Figure 2,18 is a presentatiorn. of the variation of tensile
stzengihs of various powders at the same compressive load. In this maaner
the powder-. can be cheracter:zed according to their relative tensiles strengths
fulfilling, in part, the purpose of the current study.

it :s seen that the data do not follow the simple exponential relationship

proposed earlier b 2:
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i where:

L et e s oma me

§ ’ ¢ = bulk tensile strength of a column of compressed
powdsr at a distance L from the piston

! ? v g, = bulk tensile strength of the compresaed powder im-
: mediately below the piston

: k = constant

L. = distance from piston to fracture plane

If this deviation from current proposed theory continues throughout sub-
sequent experimentation, it will be proposed that the bulk tensile strength
may follow the relationship:

¢ = aoe'k]" + °°.+kl..

indicating that the experimental values obtained are in reality the sum of

two exponentials, with equal slopes but opposite in sign. This would repre-
seat a buildup of tensile strength from the bottom of the column of com-
pressed powder as well as at the head of the compressive piston. Studies
including variations in total column length as well as bulk density determina-
tiona will help to elaborate upon this.

2.4 Shear Strength of Compressed Powders by the Sliding Disk Method

An extensive test program {s now in progress in which the shear strengths
of a number of powders are being determined as a function of comprassive
load over a wide range of relative humidity environments. For reasons.of
continuity the reporting of these results wil. be delayed pending the comple-
tion of this study.
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2.5 Bulk Density of Compressed Powders

During the previous quarterl, a study of the bulk demsity variation in a
cumpressed column of saccharin was made at various compressive loads.

This study has been extended, for comparative purposes, to talc. The

apparatus and techniques are identical to those previously deocribedl in
which the loose bulk powder is used to fill a segmented column $-3/32 inch
ID which, following compreasion of the powder, is then cut into one-inch

segments to determine the density variation throughout the ¢column. In the

apparatus described the total column length of uncompacted powder was

20 {nches. A few preliminary experiments indicatad that the talc was suffi-
ciently more compressible than saccharin to necesgitate a 5-inch extension
of the fill tube in order to obtain column lengths of the compresaed powdsr
comparable to those obtained for saccharin. With this revision in the
apparatus the column of uncompacted talc {a now 25 inches in length. The
data obtained are presented in Figures 2. 19 and 2.20. Figure 2, 19 shows
the effect of increasing the powder column length. The broken lines repre-
sent reeults obtained using a 20-inch column length prior to compaction,
whereas the solid lines represent results with a 25-inch column leagth.
Figure 2.20 represents the completed study for talc. The plot for each
compressive load representa the average of two independent determinations.

The behavior of talc differed {rom that of saccharin in two distinct ways:
1) the decreass in density down the column is significantly greater for talc

than for saccharin, and 2} talc displays a considerable releass of elastic

energy following the removal of the compressive force. This differsace was
also notad in the bulk tensile strength measurements discussed earlisr in i
this report. '

Qur continued study of the radial variation of the bulk density in a column
of compressed powder indicates that the differences in density previously
reportoc:l1 betwesn the inner core and the outar annular segment were dus to
experimental error. Refined experimental techniques show the absence of
significant variations in the radial distribution of bulk danaities of com-
pressed powders.
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3. AEROSOL STUDIES

The aerosol studies of the present quarter have proceaded along those
mentioned at the conclusion of the last reportl. A number of runs have
been made at three humidity counditions - less than 5 percent, about 50 per-
cent, and greater than 95 percent ~ for each of five different powders. The
possibility of obtaining more direct information on the aerosol condition by
analysis of the noise level on the light-scattering signals has been investi-
gated, with positive results. Some time was devoted to the problem of ob-
taining an initially well-dispersed aerosol, resulting in the development of
an alternate method of dispersing powders. Further work., chiefly involving
ion injection, i» outlined in the concluding section.

3.1 Study of the Effects of Environmental Humidity on Aerosol Decay

As a preliminary step in the study of humidity ef{fects on the decay of
aerosols, runs have been made at three humidity conditions. One series of
runs made use of normal room humidity conditions that were in the range of
45 to 50 percent during the period covered. In a second series of runs, a
low humidity condition was obtained by plicing a pan containing molecular
sieve desiccant on the floor of the chamber near the fan. After the chamber
was closed and the fan turned on, a check with an infrared hygrometer
showed that the humidity was reduced to less than 5 percent after 1-1/2
hours. A third series of runs was made with a pan of water in place of the
pan of desiccart. The hygrometer showed that the chamber humidity rose
to greater than 95 percent 1-1/2 hours after closing the chamber.

Five powders - tale, saccharin, cornstarch, powdered sugar. and
powdered milk - were run at each of the three humidity conditions. The
stirring faa, with the small (4-inch) blade, was operated at 35 volts through-~
out each run so that the decay observed was in each case "turbulent" decay.
The powder dispersing system was operated as described in the last report.
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No attempt was made-to precondition the powder samples prior to dispers-
ing. Only one of the two light-scattering units was used in this work, since
it was shown in the last report that the two signals were identical for the
stirred settling case.

The light-scattering data from the humidity runs are shown in Figures
3.1 through 3.5, The runs for talc and saccharin were repeated; these
showed generally good reproducibility. It will be noted that the five powders
fall {nto two categories as regards the effect ot aumidity on aerosol decay.

Saccharin is the prototype for the powders of the firat category. The
decay rate for saccharin was about the same in the 5 and 50 percent relative
humidity environments, but was somewhat larger at 95 percent relative
humidity. Cornstarch and powdered milk behaved similarly,

Powders of the second catsgory, talc and powdered sugar, exhibited a
differext behavior. For talc the decay rates were about equal for the two
extreme humidity conditions aad less for the intermediate humidity condi-
tion. In summary, the decay rate for puwders of the second category first

"decreased, then increased with increasing humidity; whereas powders of

the first category exhibited decay rates that increased monotonically with
incressing humidity.

The behavior of aerosols expoaed to variouvs humidities is difficult to
interpret in terms ¢f fundamental decay proceases. The behavior of pow-
ders of the first category seems quite reasonable, i. e., increased humidity
increasss either or both the agglomeration rate and rate of loss to walls.
However, the behavior of powders of the second category is more difficult
to expla;n. For the latter category, the eminent possibility would seem to
be that 1ncreasing humidity enhances one of the ratea and retards the other,
one rate dominating at one extreme bumidity condition with the other rate
dominating at the other extreme. Thus, if a hypothetical decay rate para-
meter A 18 comprised of two parts, X the observed

aettling + )‘agglomeration.
behavior could be accounted for as indicated in Figure 3,6, For the present,
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Figure 3.6 Proposed Mechanism for Anomalous Humidity Effect

we shall not speculate further on the mechanisms behind the humidity effects.
Certsin theoretical considerations that may be pertinent are forthcoming and
further experimental work is planned in this area,

3.2 Considerations on Light-8cattering Noise Levels

It wae noticed during the work of the last quarter that the noise levels
on the light-scattering records were consistently higher for talc aerosols
thar. for saccharin aerosols. Some of the work of this quarter was devoted
to irvestigating this phenomenon. Actual copies of typical records are
showr ir. Figure 3.7. The important point to be noted is that for a given

scattering signal, the noise level (breadth of trace) for talc is about twice
that for saccharin.

The roise observed may have one or more origins. Fluctuations may
arise from the light source, from the asrosol within the scattering volume,
from the photomultiplier tube, or from various points in the amplification
system. In order to study these points, two systems of illumination other
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v e

than the usual light scattered from an aeroaol were tried. The first made
use of 2 radicactive standard light eource that was taped inside the chamber
to the window facing the photomultiplier tube. Masks wers used to control
illuminat.on. The second method of illumination consisted of light scattered
from a bottle of distilled water placed in the chamber at the scattering
volume. Illumination was controlled by adjusting the voltage of the light
source. The noise resuiting from these two methods of illumination, to-
gother with noise levels from talc and saccharin aerosols, are shown in
Figure 3.8.

o e

Figure 3. 8 shows that the noise levels from the two auxiliary methods
of illumination, the radioactive light source and scattering from distilled
water, are very nearly equal up to about } mv eigral, Both aarosol noise
levels are somewhat higher. Since the fluctuations in the scattered light
are independent of those fluctuations operative without the asroscl®, we have

2 fluctuation Y2 intrinsic }%
(observed fluctuation)” = [due to aeto.ol) (ﬂucmntionl)

3.3 Mathematicsl Analysis of Fluctuations in the Light-Scattering Signal

The experimentally discovered phenomena of fluctuations in the light-
scattering signal have motivated further theoretical analysis which will be
presented in this section. In the process we shall rephrase certain parts of
the work presented in the last quarterly reportl and extend certain defini-
tions given there.

“ The fact that the two auxiliary methods of illumination yield the same noise
level indicatas that this "intrinsic noise'’ arises in the photomultiplier tube
or the subesequert electronics. A simple calculation based on the theory of
the shot effect indicates that the origin is in fact shot noise in the photo-
multiplier tube,

Page determined to be Unclassifiec
Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5

Lete: 96 APR 2013




1)

€102 ¥¥ 9 2
$°C UONDeE ‘92GE1L O3 MV

SHM ‘00N 'JOND pemsre)
PoyisseRUN oq 0} peujuuslep efey

11-¢

Bresdth of Signal Trace (mv)

0.02 B

0.0t |~

0. 009
0. 008

1

0.006
0.0051

0. 004}

0.003}—

0. 001

Q — Scattering from Distilled Water

Q -~ Radiocactive Source

© =~ Saccharin Aerosol

& ~ Talc Aerosol - ‘A O

1 1 LLlil;L A 1 2

0.01

0.02 0.03 0.05 0.07 0.1 0.2 0.3
Signal {mv)

Figure 3.8 Noise Levels for Varicus Scatteriug Agencies

R e TR,




Let N(t) be the number of particles in the aerosol at time t. The cor-
respounding cummlative particle sime distribution N{d,t) and particle size
dlstribution N'(d, t) are defined as before’, as are the fractional dstribu-
tions n{d, t) and n'(d, t).

The analysis that follows will emphasize the randomness assnciated
with asrosols, a point of view which in light of sxperience is more in accord
with facts than an analysis emphssising the regularities of aerosols. We
assume that at any particular instant t, the N(t) particles are distributed
randomly throughout the ch.;mbor, the distribution being in a constant state
of flux bacause of air curreats. At any particular time t cortain particles
find themselves in the light-scattering voluma4 8V, while at some later time
other particles are so located. We assume that this constant exchange of
light-scattering samples is equivalent to random sampling of the aercsol.
The following analysis also requires that many samples be taken over an
interval of time during which N(t} is approximately constant. An oscillo-
scope study has shown that this requirement is probably satisfied for the
aerosols under study.

Under the assumptions just made, the aerosol sampling process obeys
Pojsson statistics®, wherein the probability p(m) that exactly m particles
are located in a sample of volume 8V picked at random is

plm) = {N(t) ] exp [-N(t)%}'- . (2)

U many independent samples of size 5V are taken, the expected average m
of mis

™ s ) mp{m) = N(t)-%’— ) {3)

m=0

*See, for example, the discussion of Poisson's distribution in Feller, An
introduction to the theory of probability and its application, Vol. I, 2nd
edition, John Wiley & Soans.
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while the expected mean #quare fluctuation (m - m)” ie

o~ e
-

i im-72 2 m?-m2 2 T mPpm) - me o’
! m=0
- (@+@) - WM =W .

The light scattered may now be calculated on a statistical basis®, Suppose

that at time t it is known that there are exactly m particles in 8V, The light
scatterad hé

. m

Co Gy) =t 8 - Zl a(d) (s)

-

where d& is the diameter of the ith particle and atdi) is the corresponding

scattering cross-section. The d;, however, must be predicted by statistics.
If the im of the m particles iy regarded aa picked at random, the probability
that its diamaeter is in the range (4, 4 + Mi) is just n‘(di. t). The average

value (—I;Tm of (1) m i8 found by averaging {Ig),, over all possidble values of
each dj. Thus

)

m =] seene [ (L) - nMdthndyt) ... ndd_.t)8d, 8d, ... Bd,

m integrals

m
= 18ff... ] [i; a(di) } n‘(dl.t) n‘(dz.t) .en n'(dm.t) o, M, ... 8d,,

¥The analysis given here is modeled on the analywsis of the shot effect by
§. O. Rice, Mathematical analysis of noise, Bell System Technical Journal,

"1, 23 & 24; The reaacning is further elucidated in Lindsey and Margonau,
Foundations of physics, Dover Press.
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= 18q - i; [Ia(dl) n'(di.t)ﬁd‘] . i:.x'(c.'ll.tlbdx eee n‘(dm.t) ade

oy e maew

o

it integral missing

o cmvtmat
.

m
"1t ) Jold)nid;, s, .

(6)
j’ho latter step makes use of
fn'(dl.t) adl = jn'(dz. t) 8, = ... = L
Similarly, the m integrals in the sum differ only in integration variable, so
that .
g, = m[0(d)a'd,t) 0a
smyg , (7)

where use bas been made of the definition of the average croes-section 7,

At this point the restriction to m particles may be lifted. The average
scattered light f: is given by

a—— . ——
o= L oEm o 0,
= 180 ¢ z mp(m})
m=0
= I18am g . (8)
3-14
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The calculation scheme used is somewhat overnowerful for this problem,
the result of which could have been seea directly. The same method, how-
ever, may be used for the more subtle problem of calculating the fluctuation
of I_.

]

The fluctuation of I g s found by calculating I'z and making use of the
identity:

a, -T)? . 1212 . (9)

The expression for Iaz for the case where m particles are assumed is

2 m

m
A0, = )y [I&oif;lc(di)]- [m’z‘ old, ] (10

Averaging over the variety of particle sizes gives:

m m

Ay, = uw?y Ly A1 T sta) ot atay, 0 ez .

iz}

nd,.t}od, 8d,... 84 . | (11)

The double sum contains two distinct types of terms, as seen in

an—

1=

+i1%)? :): ;2 [ otap nta 124 ] - [f atap) may v ). a2
ik}
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There are m terms of the first type, whereas the remaining mz - m terms

! : ara of the second type. Thug
3'. “-z)m = (100 )% m o® 4 (188 )% m(m-1) 3 . (13)

i Again lifting the restriction to m particles:

- — L N,

2 - o 2
1" = m§o p{m) (I‘ )

= (18)2 42 Y mpm) + (INI)Z 7 Y m(m - 1) pim)
mso msao

%

= (1%80)° [E{ o 4+ m? ] : (14)

The meaa square fluctuation (I, -T )z is therefore

8
, -1)% = (186)2 5 o2 , (15)

and the fractional root mean square fluctuation is

i .
L [ a, ._f.,z] . o E , (16)
1, )

This completes the calculation of the fluctuation. It is to be noted that
in the case of a monodisperse aerosol, '32 % 0" ao that the fluctuation pro-
vides a direct measure of

v
?n— = N‘t) -v- . (17,
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If the D‘OIOIOI is polydisperse, we have az 2 ?z 80 that polydispersity in-
cierse- the fluctuation, as one might expect. The formula shows the form
of the dependence,

The formula for the fluctuation is general in that the distribution
n'{d,t) from which it is derived has been left quite arbitrary. More specific
results are available if a specific form for n'(d,t) is assumed. Before taking
the full step, assuming n'(d, t=o) is logarithmic normal, we digress slightly

to arrive at an unexpected result. It will now be assumed” that
a®
o(d) = o= (18)
and that '
N'(a,t) = N'd,0) - exp[ - !ﬁ’l t] . | (19}
In consequence
Nit) = [ N'(d. t)sd
= [ N'(d, o) exp [ - Yﬁ’—’ l] 34, (20)
and
n'(d,t) = y—é&',ﬂ

N'td,o) - °"p[“ lg). '] (21) :
I N'(d,o) - exp [- !S‘-’t Fa
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: The axpression for the average scattered light, Equation (8), is :
N _
- I, = 18 @75 = Iag N(t) %’- fa(d) n'(d, t) ad
|
.g = 10 Jod) N4 (22)
\ The rate of change of I . is
a1, &V 3
FI]{ = 1W® o~y Jo(d) & N'(dt)sa . (23)
Now,
St a0 - Wl [ 501
+ N Yl [ 48]
' Zg.) * N'(d,4) . (24)
It may be noted, however, that
|
d a? R da(d) (28) |
o fn - BR- L - Wl o
3-.18
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ar 508 3y 2
= - np ey / (o(d) 1" N'(d,1) 8d ’

8

= - 2k 35 M) [1 ota) 12 nk(a, ¢) 8d

= Jof molia . (26)
n
But (180 )2 m :Z is the mean square fluctuation. Thus
dI ——
1 . (27)
’3'!" = i%ﬁ res &, -T)

In other words, the rate of change of the light scattering is proportional te
the fluctuation. The remarkable point is that the expression is quite in~
dependent of the initial particle size distribution N'(d, 0). This relation may
afford a means of directly checking the degree of validity of the assumed

relations:
2
o) =
and
N'(dnt) = N.(dno) ¢ exp [' !&dl t] . (28)

It may also be notad that, under the hypotheses introduced:
— .
d a
inT - ﬁ — 29)
3? 8 = 0 3 A (
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which may help to clarify the significance of the logarithmic derivative. It
: t is independent of m as, of course, it should be for nonagglomerative dacay.

4 11 18 assumed that the initial particle size distribution is logarithmic
: ' normal, it may be seen that the various expressions take on the form of the
turbulent settling integral discusaed in the last report. This point will be
reported on at a later date.

3.4 A Swirl Powder Disperyer

It was mentioned pnvimuly6 that the present method of dispersing
powders in the aerosol dacay chamber leaves something to be desired.
During the present report period, a new dispersing system was designed.
The new dispersing system differs from the old system in that 1) it is in-
tended to introduce the powdar over a period of ssveral seconds rather than
in a sudden burst as did the old disperser; and 2) the new disperser {s de-
signed to partially asroscliza the powder before injection.

The swirl disperser, shown schematically in Figure 3.9, consists of a
shallow cylindrical chamber which is mounted sdgewise on the aerosol cham-
ber wall. Dry nitrogen is admitted into the cylindrical disperser chamber
{which is two inches in diameter and about one-half inch deap) through two
tangential jets (711 microns in diameter) in such a way that the powder is
made to swirl. Thers are two exit ports, each 1016 microns in diameter,
that form a 45.degree angle with the tangent to the powder chamber.
Therefore, powder particles muast negotiate a sharp 45.degree turn in order
to leave the disperser. The ratio of outlst port area to inlet port area is
about 2:1; therefore, at equilibrium flow conditions, the pressure in the
dispersing chamber is one-half the supply pressure. Both inlet and exit
flow are sonic, provided the supply pressure is greater than 45 psi. Flow

rate s of the order of Liters of free gas per second.

An experimeatal model of the new disperaer-produced aarosols that in
general were considerably more stable than those produced by the old dis-
perser. The major drawback of the swirl disperser s that a powder residue
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Figure 3.9 Swirl Powder Disperser
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coats, or in the case of some powders, actually cakes up the inside of the
disperser. A carefully made model with polished internal surfsces may
alleviate these difficulties. While the swirl disperser may not be the ulti-
mate dispersing system, it at least provides an alternative method of
dispersing powders.

3.5 Conclusions and Plans for Future Work

The experimental work of this quarter has revealed same pronounced
eifects of humidity on the stability of aerosols. One surprising feature is
that for some powders the decay rate does not vary monotonically for In-
creasing humidity. Some of the humidity runs will be repeated using the
new dispersing technique described in Section 4,

Investigations up to this point have involved injecting particles into an
atmosphere coutaining a background level of about 10 tons/ ¢m3. Future
work is planned where this ion concentration may be pushed up to 106/ cm’
by means of & Whitby-type ion generator. This device produces either posi-
tive, negative, or squal amounts of positive and negative ions.

One may expact that work with different ion concentrations will add
considerably to our knowledge of aerosol stability, [on injection may prove
a useful experimental tool in determining the relative importance of decay
processas, since injection of ions of one sign only will clearly favor aerosol
decay by precipitation on walls, whereas injection of ions of both signs
would favor agglomeration. The literature on charged aerosols is rather
extensive and should prove helpful in interpreting experimental results.

3.22




ey

[T
[

4. DISSEMINATION AND DEAGGLOMERATION STUDIES

4.1 Ganeral

| P B ——ryp WO APV RO T T
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During this period the blow-down wind tunnel waa utilized in three
separate investigations related to the dissemination of dry, finely-divided
materials. Major emphasis was devoted to defining the maximum bulk den-
sity of Sm which could be efficiently aerosolized by the aerodynamic break-
i up mechanism. For these teats the concentration of the fine asrosol cloud

was determined over a range of bulk densities. When used in conjunction
with our other methods of nssessing the aeroscl, i.e., filter and impactor
samples for observation of small and large agglomerates respectively, this
method serves to establish the point where dissemination bscomes inefficient
as bulk density is increased. Secondly, an investigation was conducted to
determine the aerodynamic performance of the ejector shroud component of
the prototype dry agent disseminator, so as to minimize the contamination
of the store. Thirdly, a study was made of the effect of storing Sm in a
compacted state,

4.2 Aerosol Concentration Measurements

In studying the performance of the GMI-3 disseminatoz in the wind
tunnel at a flow rate of 30 1b/min by use of the full-flow impactor, it was
found that the quantity of Sm in the form of large agglomeratss (100 to 500
microns) increased rapidly when the bulk density was increased abave 0, 60
g/ cm". However, at these high densitiea it was impossible to determine
directly the quantity of material comprising these agglomerates, since many
of them were impacted on the tunnel wall opposite the point of sjection.
Therefore, it was found advantageous to sample tha flne aeroscl, which was
asseatially deagglomerated, to determine its change in concentration.

n—
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Impactor tests have shown that the large agglomerates wers heavily
concentrated in the top half of the tunnel, opposite the point of dissemina -
tion. Also, it was found that the fine deagglomerated nerosol cloud was
located along the bottom wall, In order to sample the fine aerosol, the high-
velocity sampling probe was located at 0.5 inch from the bottom wall and
samples wers collected on Miuipo& filtera. The quantity of Sm collected
was determined by measuring the turbidity of the samplas with a calibrated
Bausch and Lomb spsctrophotometer (light extinction method).

In Figure 4.1 the results of this work are given for {ree stream Mach
numbars 0.5 and 0. 8, The measurements indicate that the concentration of
the fine, deagglomerated aerosol is essentially independent of the bulk den-
gity in the range 0.33 to 0,57 g/cms. However, above this range the quan-
tity of material in the fine aerosol cloud decreases with increasing bulk
density. Counvergely, the results indicate that as the bulk density exceeds
0.57 g/cms. a greater quantity of the material is comprised of large ag-
glomerates which do not readily break up.

Notice that the two curves break at approximately the same bulk density.
This was a rather unexpected result since the maximum aerodynamic force
exerted on agglomeratcs during dissemination is proportional to the square
of the free stream velocity. At Mach number 0. 8 the deagglomeration force
is about 2.5 times that at Mach number 0.5, An explanation for this behavior
is that the strength of the large agglomerates increases rapidly with bulk
densily in the region of the break point. Figure 4.2 shows the force required
to compact this lot of Sm to bulk densities up to 0.61 glcms. The curve is

an exponential that increases rapidly with increasing bulk densities above the
0.55 glcm3 level,

The experimental technique employed in this study, measurement of the
deagglomerated aeroscl concentration, derends on the classification of
material into large agglomerates and a fine aerosol. In order to determine
whether the samplea collected were representative of the fine aerosocl con-
centration and to determine the effect of sampling probe position, the
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concentration gradient within the fine aerosol cloud was measured for the
two bulk densities 0. 33 and 0.57 g/cma. The results are shown in Figure
4.3, The cancentration of the agrosol cloud was essentially the same for
the two cases, indicating that the quantity of material that was deaggiom-
erated during dissemination was similar. There appears to be some differ-~
ence in the gradient at the 0. 75-inch distance; howsver, this should have
oaly a small effect on the whole fine aercsol cloud. The difference in the
absolute values shown in Figures 4. 1 and 4. 3 is due to an essentially ays-
tematic error in the data of Figure 4. 1. Since this study is concerned with
relative changes in concentration, such an error does not affact the inter-
pretation of the data.
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- It can be concluded from this study that the maximum Sm bulk density
which is feasible for dissemiaation is about 0.58 g/cm>. It is important to

. realize that the Sm simulant was not stored in the compacted state for this

i work. Recent data indicate that storage of the compacted material will
somewhat reduce this value {see Section 4, 5).

4.3 Shroud Investigation - Protot‘ypc Dry Agent Disseminator

In planning the prototype dry agent disseminator, it was decided that the
agent should be injected into the air stream at a substantial distance outward
from the disseminator store to prevant excessive contamination of the uait.

- Wind tunnel studies have shown that the agent asrosol cloud will flow along
I the skin of the atore if the orifice is positioned flush with the surfacs.

The original shroud design is shown in our previous roport7. It pro-

i jucts outward five inches from the store. Becauss the requirements that

the shroud must contain a valve mechaniem and that the cord length could
; not exceed ten inches, an slliptical cylinder configuration was chosen. This
shape is not the moat satisfactory from the asrcdynamic standpoint. and
thersfore, a plate was designed for the end of the shroud which would pre-
vent the agrosol from [lowing into the low-pressure up;ruttim region along
the trailing edge.
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Figure 4.3 Concentration Profile of Fine Aerosol Cloud Generated in
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Very little information on such an application is available in the liter-
ature. Consequently, it was necessary to investigate ita performance in
the blow-down wind tunnel. A model of the shroud was constructed to a
scale.of one-fifth the actual sizse. The cross-sectional area of the model
was approximately 11 percent of that of the tunnel, allowing a free stream
Mach number of 0, 65 to be investigated without choking the flow at the model.
To simulate the prototype unit, the ratio of the wall b'oundary-uyor thick-
ness to model length was made, similar to the actual case. The boundary-
layer thickness was measursd ‘and found to be in agreement with our pre-
viously calculated values. The Reynolds number of the shroud is another
important parameter. Howsver, it was impossible to simulate the prototype
in this respect. The Reynolds number based on the length of the shroud
from the leading sdge will be about 36.7 x 10° far the prototype unit, while
the maximum we could obtain from tha model was 2.1 x 10", Since flow
separation is retarded with increased Reynolds number, the results from the
wind tunnel study can ba considered conservative, i.e., the prototype should
porform better than the model.

- The investigation was primarily based on photographic observations of
the asrosol flow pattern and powder dedosits on the tunnel wall and modal,
Aerosols wers generated from four materials: tale, zinc cadmium sulfide,
iron oxide pigment, and Sm. The pigment was most helpful when studying
the powder deposits; while Sm and talc were especially suitable for observe
ing the aerosol flow pattern during the tests. ’

Ths {irat runs were conducted without the end plate mounted on the
shroud. The resulting flow pattern was unsatisfactory as a portion of the
aerosol flowed downward along the back of the shroud before moving in the
downstream direction. Thers was a large amount of powder daposited on
the tunnel wall with this configuration.

By adding the end plate to the shroud the amount of material deposited
on the back aof the model and tunnel was significantly reduced, although this
arrangement was still considered unsatisfactory. Figure 4.4 shows the
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Figure 4. 4 Deposition of Iron Oxide on Trailing
Edge of Shroud and on Tunnel Wall
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model and tunnel wall deposits. Note that on the wall there appears to be
two deposit areas, One is located at the back of the shroud while the second
begins about three inches downgtream of the shroud and continues downward
along the tunnel. The explanation for this pattern is that the material was
collected on the model because a portion of the asrosol flowed directly into
the separation region along the back of the shroud, while the wall deposit re-
sulted from turbulent mixing downstream of the shroud.

Madifications wers made to the original model to reduce the effect of
flow separation. Roughness elements such as fine emory cloth and wires
were secured to the forward surface of the model to generate a turbulent
boundary layer on the model and thereby retard the separation point on the
model. However when these tests were made, much more material was
deposited on the base wall. In actuality these turbulence geaerators caused
more severe separation because they were too thick for the existing boundary
layer.

In ancther case, air was injected into the separation region behind the
shroud to increase the pressure. These tests showed that by this technique
all material deposits on back of the shroud and on the wall directly behind
the shroud could be eliminated. However. the only solution for reducing
the downstream wall deposit was to add a faring to the back of the shroud
which would reduce turbulent mixing.

Figure 4.5 shows the model faring modification that was teated. The
length was increased by 50 percent, Obgarvations and motion pictures such
as shown in Figure 4. 6 indicated this configuration was a substantial im-
provement over the original one.

As a result of this wind tunnel study, the shroud design for the prototype
unit was modified. The dimensions for the new shroud are given in GMI
drawing SK 29100-795 in Appendix A,

To estimate the amount of material that might collect on the dissemina-
tor store using the improved shroud deuign, a known quantity of viable Sm
was injected into the wind tunnel. Three areas of the tunnel were washed
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down and the samples wers assayed vsing standard techniques, Figure 4.7
ﬂ shows the concentration of viable organisms on the wall as a function of dis-

tance from the injection point. The contamination increase, beginning about
, ‘ nine inches downstream of the ejection point, indicates that turbulent mixing
|
|

becomes important in this region. If the scale model had been made with a
I portion of the under side of the store, the tapered tail section would begin at
about six inches downstream of the point of dissemination. Since tha store
: begine to taper well ahead of the region where contamination increase was
s observed, it ia believed that the condition will be much more favorable on
. the prototype unit. The total organism count on the tunnel wall over the 0
]l to 8.inch length was found to be 5 x 103 organisma when the wind tunnel was
l

e et s mre—

operated at Mach numbar 0, 5. Since 15.1 x 10“ organisme were aero-

solized during this run, abhout 3.3 x 10”7 percent of the material dissemi-

nated may collect on the store, It should be smphasized that this is only a
’ rough prediction of the contamination that could be expected on the actual

store. It is extremely difficult to simulate the actual flow conditions arourd

W such & store with a ssaled-down model. However, we believe that if any

' } difference exists betwesn the prototype and the model, the prototype store

will have the better performance.

4.4 Wind Tunnel Boundary Laysr

in the above shroud investigation it was pointed out that the ratio of
i ; bouundary-layer thickness to shroud length was important in scaling the
i o model. Therefore, ths boundary-layer profile was measured at Mach num-
" ‘ bers 0.5 and 0. 8 and comp&rede\vlth a theoretical calculation similar to that
discussed in our earlier report .

'; 1, The velacity profile was determined by measuring the stagnation pres-
. sure at numerous points in the air stream and the static presaure at the
tunnel wall. The temperature within the boundary layer was assumed con-
stant. A double impact probe was made from 0. 032-inch outside diameter
P tubing such that for each run two stagnation pressures were measured, one
in the free stream and the other within the boundary layer.

« i =4
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The reaulting boundary-layer profiles are shown in Figures 4.8 and 4.9
for fres stream Mach numbers 0.5 and 0. 8, respectively. The velocity,
plotted on the abscissa, is normalised to the fres stream velocity. Notice

.that the measured boundary-layer thickness is similar to the calculated

valus iz hoth cases and that the free stream velocity is quite uniform.

Within the boundary layer, a difference betwsen the theoretical and mes-
sured profile may be due to stagnation probe arrors or the fact that the
houndary layer is in transition from the laminar to the turbulent boundary
condition. Correction factors were calculated to determine the probe error,
which was found negligible. Using the Reynolds number bassd on tunnel
length (Reynolds number = 1. 77 x 10° for Mach numbez 0. 5; Reynolds num-
ber = 2.82 x 10° for Mach cumber 0, 8) as the criterion for judgment, it is
thought that the boundary layer is in traasition between the purely laminar
and turbulent conditions.

4.3 8Sm Storage Test

The influence of storage on the physical properties of compacted pow-
ders is considered an important parameter in dissemination. In the case of
noncompacted Sm, storage periods on the order of one year have very little
detrimeatal effect on the asrosolization of the material. In our dissemina-
tion teata, only samall amounts of atrong agglomsrates have baen observed
in material that has been stored at a temperature of 0°F for long periods.

A study was conducted to determine whether storage of 8m in the com-
pacted form would reduce the aerosolization efficiency during dissemination.
Therefore Sm was compacted todensities ranging from 0,32 to 0. 60 g/c:m3
in & dry box and stored in a deep freese. After ten weeks the material was
disseminated with the GMI-3 fixture at s flow rate of about 30 Ib/min iato
the wind tunnel at Mach number 0. 5.

Our standard methods of assessing the aerosol were used which included
the full-flow impactor and the sampling probe. There was a definite change
in the characteristics of the material - over ths full deasity range covered

4-14
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thers was an increase in agglomsratu presant in the aerosols. - ‘Muatarial
stored at density 0. 60 glcm did not aerosolise satistfactorily. An exces-
sive amount of large agglomerates {100 to 500 microns) were observed on
the impactor plate. Runna with this particular material were similar to
those obtained at 0. 65 g/ em? when the material was not stored in the com-
pacted condition,

Material stored at 0, 34 g/ cm aerosolized utis!‘actorily In aaalysing
the filters for amall scale agglomeration {5 to 20 micrans), it was found
that because of agglomeration in the 5 to 20-micron range an estimated 14
percent of the useful 1 to 5-micron material was loct9.

Based on these storage investigations, it appears that the maximum
bulk density that can be stored for relatively long periuds and subsequently
disseminated satisfactorily is about 0. 55 g/ cm3 Thus, the effect of storage
will tend to reduce the maximum density that can be feasibly disseminated
as shown in Figure 4.1,

A larger and more detailed study of the effects of etorage on the charac-
teristics of compacted Sm has been planned for the future. It will continue
for a year so as to provide data for a relatively long -storage period. [n the
inveltigation, information will also be obtained on the viability of the stored
Sm. :
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5., CONTINUATION OF EXPERIMENTS WITH THE FULL-SCALE FEEDER
FOR COMPACTED DRY AGENT SIMULANT MATERIALS

5.1 Tests at 0.65 glcms Density

During the period covered by this report, the full-scale experimantal
feedsr waa operated successfully with a load of talc compacted to a density
of 0.65 g/cma. The schedule permitted only one series of runs to be made
at this density. The feeder was then removed from the test stand so prepa-
:uﬁ'nn_i c¢ould be made for testing the second experimental unhl 0. which is
similar in design to the first-generation airborue dry agent disseminator,

The arrangement used in conducting this series of runs at 0,65 g/ cm?®

density was the same as was used in the work that has been reported pre-
viounlyu’lz.. In a series of 16 runs with the feeder driven at 24 rpm, the:
average feed rate was detsrmined to be 53 lb/min. Approximately 320
pounds of talc were fed during these runs. Alr was supplied to the feeder
at rates ranging from 4 to 10 std cfm. The pressure as measured inside
the fesader varied from 3 cm Hg at 4 std ¢fm air rate to 8 cm Hg at 10 atd
cfm.

The driving torque was observed to vary between 18°and 27 ft-ib, Ata-
speed of 24 rpm, the 27 ft-1b torque requirement results in an input of
0. 12 hp to drive the feeder.

5.2 Wind-Tunnel Dissemination of Talc Discharged from Feeder

This series of runs was also used to‘prov'ide a sample of talc that was
disseminated in the high-speed wind tunnel to obsarve subsequent Lireakup
into basic particles. Virgin talc at an initial compacted density of 0.5
g/.cm3 was desired for this sample, whereas 2 higher density was to be
Qled for ths actual test runs. The virgin material was loaded so as to dis-
charge first when the feeder was operated.
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The matsrial sampled from the feeder discharge was disseminated in
the wind tunnel using the GMI-3 diaseminator and standard techniques. The
tuannel wae operated at Mach 0, 5, and asroscl samples were obtained with
the full-discharge impactor on one run and the high velocity sampling probe
on the other,

The impactor has a cutoff point at about 6 microns. Essentially no large
agglomerated material was found on the impactor, indicating that the talc
was deagglomerated very well. The material collected on the filter in the
sampling probs was examined under the microscope. There was no signifi-
cant agglomeration. A majority of the material was collected in the form
of basic particles, and the agglomerates that were observed coasisted
mainly of doublets and triplats,

5.3 Operation with Uncompacted Talc

Because of the emphagis which has been placed on disseminating com-
pacted agents, all of the experiments with the first full-scale experimental
feeder were conducted with compacted powder. When the second experimen-
tal feeder was completed, a few days were devoted to operating the unit
with uucompacted lalc, The loose bulk powder was loaded into the dis-
seminator with the unit standing on end. It was possible to put 150 pounds
of talc into the unit for each of two test series. The average density was
calculated to be approximately 0. 25 g/cms.

The observations made during these tests with uncompacted talc are
not sufficient to justify detailed discussion of the results, However, the
uznit was capable of feeding the powder in a fairly uniform manner and for
this reason the data are presented here to document the tests.

The results are summarized in Table 5.1 and in Figures 5.1 and 5. 2.
Only the first run with the first loading is documented because the remain-
der of the material was expended in miscellaneous 2xperimental operation
of the unit. Attempts to get high powder flow rates by operating at 37 rpm

5-¢
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Material: '"Miatron Vapor' Talc

Deasity: 0.25 g/cm> (uncompacted)

Alr Flow: 5.7 std cfm

50+
Run No. 1.1
22 1b/min
40~
8
® 304
00
..g
a8
é 20 ..
10
14 1b/min
0 T T T T
0 40 80 120 160
Time (sec)
Figure 5.1 Powder Flow Rate Curve for Second Experimental Unit
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Material: "Miastron Vapor" Talc
Deunsity: 0, 25 g/cm3 (uncompacted)
50 - Run Nos. as labeled

Powder Discharged {Ib)

Time (sec)

Figurs 5.2 Powder Flow Rate Curves for Second Experimental Unit
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in runs 2-1 and 2.2 were not succeasful; the drive belt used to drive the

disseminator slipped on the input pulley to the gear reductlon unit in the

test stand. Operation at 25 rpm resulted in a fairly uniform discharge rate

t for run 1-2 and identical rates for runs 2-3 and 2-4., ‘The rate of 23 1b/min
: for runs 2-3 and 2-4 agreed well with the rate at the end of run 1-1.

i The maximum torque cbserved during these trials was approximately
: 30 ft-1b,

Table 5.1 Summary of Data Obtained While Operating the
Second Experimental Unit with Uncompacted Talc

Run No. Q Spead {rpm) Rate (1b/min)
1.1 5.7 25 14-22
2-1 31 37* 8.5-34.5
| 2-2 4.0 37" 10-19.5
i 2-3 3,5 28 23
2-4 3.1 25 23

* The FPm was not constant because of belt slippage on drive pulley.
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6. DESIGN AND FABRICATION OF THE FIRST -GENERATION PROTO-
TYPE DRY AGENT DISSEMINATING STORE

The general configuration for the first~generation airborne dry agent
disseminating store was described in the Eighth Quarterly Progress Report“.
During the period covered by this report, work has progressed on the design,
fabrication, ard procurement of all parts of the disseminator,

6.1 Store Structurs

During the reporting peiiod, a purchase order was placed with Fletcher

Aviation Company of El Monte, California for fabrication of the outer and
inner tank structures. Parts being fabricated by Fletcher include:

1)
2)
3)
4)
5)

The outer tank skin

The strong back casting
Tank reinforcement rings
Bayonet attachment rings

Inner tank

Fletcher Aviation Company will also install the foam insulation between the
inner and outer tank.

Figures 6.1 through 6. 4 show fabrication in process at Fletcher Aviation
Company. In Figure 6.1, an end ring 1a being welded on an outer tank center
section. The four holes in the tank section are for the lug attachments.
Figure 6. 2 shows an outer tank center section and a strong back casting.
Bayonet rings on tank center and tail sections can be seen in Figure 6, 3.

Figure 6. 4 shows an end ring being welded on an inner tank.

Three store structures have been ordered -~ one for the airborne store
for flight tests, and two for laboratory structural tests. The structural tests
are scheduled for the latter part of October, 1962.
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6.2 Rotary Actuator Assembly

During the reporting period, the deaign of the rotary actuator was com-=
pleted and all parts were released for fabrication. At.the close of the period
about 75 percent of the designed parts had been fabricated and all of the pur-
chased items, including the drive motor, had been receivad.

[ ]
= —

A method of mounting the motor lsada within the actuator housing was
developed. This permits the motor shkell and support to rotate with respect
to the outer shell during the change of gears for speed selection. .

During the shifting of drive speeds, the motor pinion becomes complately
disengaged from one driven gear before engaging the next. Since all gears
? are in a completely random rotational position, there is a poseibility of inter-
: ference when attempting a new gear mesh. To overcome the problem, if it

[ [y
€ 12K

should occur, a system was developed to "jog" the motor armature (and
shaft ard gear) wher in the disengaged positicn. By means of a switch and

. set of relays, a short electrical impulse is delivered to the drive motor pro-
, ducing the joi,.

T S e S T AT G W A T SR I
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Two types of dry lubricants have been tested on the motor pinion and
gears in the speed change unit. Teflon coating provided adequate lubrica-
tion but tended to flake off during operation. A mixture composed of moly-~
bdenum disulfide and graphite 1n a resin binder also provided adequate lubri-
cation.

| Special effort has gone into the design of the coupling required between
the actuator output and the drive screw of the tank faed mechaniem. The
. | coupling must be very compact because of the limited space and must have
{ ' a relatively large tcrque and horsepower capacity. The evolved design is a
I segmerted typa couplirg with elastomeric inserts and permits some angular
and radial misalinement as well as axial motion.
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6.3 Cockpit Control Panel J

Since the solid agent disseminator functions in a manner quite differently
from the liquid ageat unit, it has been necessary to design a new coutrol
panel for the airplane cockpit. An ansembly drawing of this control box is
presented in Appendix B. The pansl contains two toggle switches and three
indicator lights, )

When operated, the master awitch connects 28 volt d-¢ airplane power
to the disseminator electrical system. This is accomplished by energising
3 relay with the switch action; the closing of the relay contacts connects the
generator output to the system. The relay and generator are in the dis-
seminator store. The second toggle switch, the arming switch, is provided
with a guard. It is impassible to disseminate until this switch is operated.
In addition to arming the circuit, cloaing this switch also fires the squibs
that blow out the safety seal in the discharge tube through which the agent
is disseminated. The arming switch is wired in series with the master
switch,

The top indicator light becomes illuminated when the store generator
malfunctions. The center indicator light shows when the discharge valve is
open, and the bottom indicator light comes on when dissemination occurs.
These indicators are the "push-to-test” type and can be tested after the
master switch is closed.

The control boxis alsc used as a junction box through which the dis-
seminator is connected to the armament circuit used to initiate dissemina-
tion. The ""pickle’ switch on the control stick is used for dissemination.

At the end of the reporting period, approximately 50 percent of the
components for the control box had been received.
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6.4 Aft Actuator Cbntrol Panel

This control panel is located within the store just aft of the actuator
assembly and is reached through an access door. Its purpose is to provide
extra-cockpit control of the actuator and tank drive mechaniam positions
duriag servicing. The unit containe & toggle switch to cut out the normal
automatic oparation of the drive system and permit local manual control.
Two pushbutton awitches initiate the inward and outward motions of the
drive pistons ~ essentially forward and reverse controls. Two indicator
lights signal when the pistons have reached sither extreme position. A
separate pushbutton switch is used to stop the actuator. Provision is also
made for the switch to jog the motor armature for gear meshing if this fea-
ture proves to be necessary.

6.5 Dry Nitrogen SBystem

The dry nitrogen system was described in the Eighth Quarterly Pro-
grese Raport“. During the past quarter, effort was devoted to fabrication
and procurement of the various components in the gas system. An order
was placed with Tavco, Inc. of Santa Monica, California to furnish the
pressure vesassl with slectrical heater and an integral valve and pressure
regulator assembly containing the following: high-pressure relief valve.
charging valve, manual shutoff valve, solenocid valve, ground checkout valve,
presgure regulator, low-pressure relief valve, ground checkout discharge
port, and high and low-pressure gages.

Two methoda of filling the system with high-pressure nitrogea were
fnvestigated: 1) using a compressor to pump nitrogen from 2200 or 2400-
pai cylindgu into the pressure vessel, and 2) using 6000-pei cylinders to
top off after partial filling with standard cylinders. The method of cascading
high-pressure nitrogen vessels into the system vessel was coneidered most
practical for filling the first.generation {lying model. Two ground carts will
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- be smployed, oae cart carrying three manifolded 2400-psi bottles, and the
other transporting a 6000-psi bottle. The 2400-pai bottles will be used to
fill the systern vessel part way and to check out the system. The 6000-psi |
bottle will be used to top off the systern vessel. The combination of the |
‘thres 2400-psi bottles and the 6000-psi bottle will fully charge three sys-

tem vessels to 3000 pai, whila allowing one minute {low for calibration and

checkout of the system.
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7. FILLING THE DRY AGENT DISSEMINATING STORE

st il

7.1 Introduction

Ever since the conception of an airborne store for disseminating dry
agent material from a compacted state, it has been recognised that filling

_such a disseminator would present problems quite different from those
-assoclated with filling a material that could be handled in a fluid state. As

work has progressed on the development of ths disseminator itself, a con-
current effort has been devoted to developing a suitable filling procedure.
Early in the program it was evident that & method employing an auxiliary
loading tube would very likely work. Consequently, a suitable device was
designed and fabrication of this loader was completed during this reporting
period. Effort has also been expended in an attempt to devise a suitable
method of encapsulating the compacted dry agent in 3 maaner that would
permit manual loading of the disseminator without requiring the use of
auxiliary loading equipment,

4

At 3 meeting at Fort Detrick on June 20-21, 1962, the subject of filling
the dry agent disseminator was discussed with personnel from the Process
Development Division. These peopls felt that the disseminator design was
compatible with the general requirements for filling dry agents. However,
they sxpressed the view that the use of the auxiliary loading device, which
was described for them by the GMI angineers, would require rather slabo-
rate plant loading facilities. They recommended compacting the ageat in
sealed packages that could be loaded into the disseminator by one man. The
use of sealed packages would eliminate the need for decoantaminating the
unit after filling. They already have experience with filling similar packages
for other applications. Consequently, an increased effort has been devoted
to the search for a packaging material that will provide a sealed container
and yat will break up and pass through the disseminator along with the agent
without clogging the disaggregator or plugging the discharge orifice.
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7.2 Loading Fixture

The loading tube, which hae been fabricated for the purpose of placing
a charge of compacted dry powder material in the dry agent disseminating »
atore, is shown schematically in Figure 7.1. A photograph of the complete
loading fixture comprised of the loading tube, pneumatic controls, and port-
able, adjustable mounat is shown in Figure 7.2. The loading fixture is des-
cribed in the following paragraphs.

The basic components of the loading device are the cuter tube, the
inner tube, the piston, and the gas supply system. The piston and the
charge of compacted powder are contained within the innsr tube. This tube,
in turn, ie contained by the outer tube. Meana are provided for admitting

gas under pressure to either the space behind the piston or the space behind
the inner tube,

Outer Tube
Inner Tube
Piston

/Poéer/ /
L2 L

Stors Inner Tank

Figure 7.1 Loading Tube Assembly
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In operation the loading tube assembly is alined with the store, and
the outer tube of the loader is attached to the flange of the store inner tank
(Figure 7.1). The inner tube, with powder charge and piston, is pushed
into the store by applying gas pressure in space "A" (Figure 7.1). The
small central tube is fastenad to the inner tube and serves to guide the stors
drive screw as the powder charge is inserted. The inner tube hits a stop

block when the powder face comes within i/8 inch of the disaggregator

blades. - Space "A" is then vented to the atmosphere and space "B" is pres~
surized. Pressure in space "B' forces the piston and consequently the
powder charge out of the inner tubs, but since the powder face is against
the disaggregator disk the powder cannot move and the inner tube retracts
into the outer tube leaving the powder charge in the store inner tank.

The tubes and piston are made entirely of aluminum. The outer sur-
faces of the inner tube, central tubs, and piston are Teflon-coated to pre-
vent aluminum from rubbing against aluminum.

Seals are tncorporated to prevent gas leakage past the inner tube and
the piston. In order to obtain a seal with the required flexibility, rubber
tubing of 35 durometar hardness was used in making the large diameter
seals. Conventional O-rings are used in the piston to seal on the central
tubs. Since less than ) psi pressure is required to move the inner tube into
the store, a single seal has proven adequate on the inner tube. However,
the 35 psi pressure required to force the powder out of the inner tube neces-
sitsted using two seals on the piston. The piston is shown in Figure 7. 3.
The flat on the piston matches a corresponding surface on the inner tube
and provides clearance for a guide mounted on the inside wall of the store.

The pressure line to feed the space behind the piston is a flexible coil
of 3/8 inch nylon tubing. The connaction inside the cuter tube is a ewivel
so the tubing can swing from a tangeatial to an axial direction as the inner
tube is forced out of the outer tuba. The othar end of the nylon tube is
attached to the back of the inner tube by a quick connsct coupling, This
coupling is readily accessibla when the innar tube is completely withdrawn
{rom the outer tube for the purpose of changing inner tubes.
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Figure 7.2 Loading Fixture for Use with rototyps
Dry Agent Disseminating Store
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A Colson C/U Half-Toa Lifter was purchased and modified to provide &
mount for the loading tubs and pneumatic coatrols., The loadiag tube is sup- ;
ported in a gimbal riag (see Figure 7.2) that can be translated laterally by
means of a hand crank. Theae features facilitate alining the loading tube i
with the store. :

The gimbal is mounteqd in the liftar arms in such a way that the loading
tube can be easily removed as shown in Figure 7. 4. This is done 80 the
tube can be positioned vertically for filling, and then the lifter can be moved
out of the way.

A pressure regulator, pressurs gage, and three-position four-way
valve are located on the loading fixture as shown in Figure 7.5. Gas for
operating the loader can be supplied to the pressure regulator from either
an air compressor or high pressure gas cylinders, . The use of dry nitrogen
is recommanded for use with agéntl which must be kept dry.

The pressure regulator is required since the two major operations that
must be performed require substantially different pressures. The regulator
also allows control uf the speed of the two operations. Pressure control is
most important 1n the zccond operation of retracting the inner tube which
requires about 6, 000 1b force or about 30 psi. As the powder charge moves
out of the inner tube, the required force duminishes, and during the course
of this operation it 18 necessary to continually decrease the pressure to
maintain a reasonable retracting speed.

7.3 Multiple Sealed Packages

The concept of falling the disaserninator with six or eight sealed packages
of compacted agent offers maay advantages as compared to the use of an
suxiliary loading device. Some of these advantages are:

1} The amount of support equipment required would be re-
duced significantly.

2) The loading plant facilities would be less claborate,

7-5
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3) It would be easier to make the filling opsrations safe for
operating personnel.

4) The {filling operation could probably be parformed quicker.

Unfortunatsly, the requirement that the package or container must provide

a biclogical seal and yet be capable of being broken up and fed through the
disseminator along with the agent presents a formidable problem. Never-
theless, the advantages are attractive enough to warrant the effort that is
being sxpended in an attempt to develop a package meeting the requiremaents.

In search for a suitable packaging technique three general sncapsulating
methods are being considered.

The first method is to form a suitable skin by applying the proper sub-
stance to the exterior surfaces of a compacted charge of agent. The second
is to compact the agent in a container previously prepared from a rigid
{foam plastic material of the required propertiés. The third is to compact
the agent in a bag made from a plastic film thst can be caused to undergo
chemical or physical changes inside of the disseminator 8o the film dis«
integrates or disperses befors the disseminator is operated,

With reference to the first method of encapsulation, two techniques
have been tried. One is t0 spray or paint the substance being investigated
directly onto the compacted powder after removing ths slug of powder from
the mold. The other technique is to apply the encapsulating substance to the
interior surface of the mold before introducing the powder and then cause
the substance to transfer to the powder after compaction, This latter tech-
nique has been accomplished with wax that has been transferred by heating
the mold. To date, neither of these techniques has produced a satisfactory
ancapsulation. '

The foam plastic approach uses the blades of the disaggregator within
the disseminator to shave off the foam container and the compactad powder
simultaneously. The container must be broken into small pieces that will
flow through the discharge opening without plugging the hole. To obtain a
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gas-tight container, the unicellular typs foam was selected. A foam con-
tainar was fabricated and ioaded with compacted talc and then tested in the .
Second Experimental (dissern inator) Unit, The test demonstrated that the
unit is capable of digesting a type of foam plastic, but that it will ba neces-
sary to incorporate a featurs in the disseminator to prevent relatively large
pleces of foam from pluggiag the orifice. The effort on this approach has
been toward producing a foam matsrial that was suffictently strong yet ade-
quately {riable. Fortunately, the Chemical Activity of General Mills Cen-
tral Research Laboratory has had considerable experisnce in the develop-

. maeat of foam plastics. With their cooperation in this particular investiga-
L tion, ws believe some progress was made toward developing a suitable
encapsulating material,

1
= -
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| “ ? The plastic film approach to encapaulation considered the use of a film
P that would have poor resistance to certain environmental conditions. For
' { inatance, if a quantity of agent were compacted into a bag made of film,

sealed, and placed in the disseminator, which in turn was sealed, a change
S of temperature or a change of gas within the disseminator might deteriorats
o the film so it would ¢rumble or va.porilin. Accordingly, a survey of possible
l : filme was conducted. The consensus pointed to polypropylene film brought
| to low temperature (-20°F) at which time the film should become brittle
' enough to {racture into small pleces. However, samples of polypropylene
film which were subjected to cold box tests down to -50°F and -109°F (dry
ice temperatura) did not react as desired. Other possibilities in this area

of disintegrating films are currently being investigated.
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8. FLICHT TESTING OF LIQUID AGENT DISSEMINATING STORE

During the period from August 13 to 29, 1962, GMI provided technical
assistance in connection with flight testing of the GMI liquid agent dissemi.
nating atore by the BW/CW Weapons Group at Eglin Air Force Base,
Florida. These tests warc conducted (v investigate the airworthiness of the
store and to evaluate performance of the F'-105 and F-100D airplanes with
the OMI disseminating store attached. A report covering this test project is
being prepared by the BW/CW Weapons Group., On the basis of the verbal
reports of the test pilots and the personal observations of GMI representa-
tives. it can be said that the store functioned entirely satisfactorily and the
airplanes performed normally with the store attached,

pong
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In order to establish the maximum performance conditions for the ¥-105
airplane to be used in the flight tests, the GMI store was shipped to the
‘ ’ Republic Aviation Corporation at Farmingdale, Long lsland, New York.
' Here the store was mouated on an F-10% and flutter and vibration analysis
. and static stiffness measurements were made. These data were then used to
' compute the allowable flight conditions for the F'-105 airplane with the GMI
store attached. This work was accomplished in late July and early August.
Upon completion of the measurements at Farmingdals, the GMI store was
shipped to Eglin Air Force Base for flight testing.

Two flights were made with the disseminator on the F-108 airplane,
For the first flight the unit was mounted at the left inboard wing station.
The centerline station was used on the second flight. The airplane was flown
at 400 knots indicated air speed and manuevered at altitudes of 5, 000 and
X 30, 000 fest. The disseminator was filled with dyed water that was dissemi-
nated at 200 feet. The dissemination was photographed from an F-100D
{ chase plane. Personnsl in the chase plane reported that the asrosol atream

was separated from the bottom aft of the airplane by a space of approxi-
mately one foot.
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One flight was made with the digseminator mounted on the inboard wing
station of an F+100D ajrplane. This al:plane was flown at 300 knots indi-
cated air speed and maneuvered at altitudes of 5, 000 aand 30, 000 feet. Dis-
semination was made at 200 feat. This flight was also covered by photo.

- graphy from a chase plane.

The disseminator was filled with water containing methylene blue dye
50 the airplanes could be examined for contamination after each flight. The
F-108 was found to be free of contamination after the first flight, but on the
second flight a small amount of dye was found on the lower ventril (fin). No

‘contamination was found upon examining the F-100D after operating the dis-

seminator oo this airplane.
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9. SUMMARY AND CONCLUSIONS

Work has progressed on ocur broad program of research and develop-
. ment on the dissemination of solid and liquid BW agents. Each area of
“work which is summarised in the following paragraphs is discussed in detail
in' the section referenced at the end of the paragraph. '

- T/| ==

peiper

l Applied stresses and energies required for compaction of powders have

i been successfully measured using an improved piston-cylinder device in an

L Instron tast machine. Values for the constants k and m in the aquation
I Gak. pm have been determined for talc, saccharin, and cornstarch, :
§ i Previously reported difficulties with the triaxial shear test have been over- :
: . come by using a sample preparation procedure that does not require the use
t J of the rubber membraune which prevented natural shear failure of the sample.
: Effort has been directed toward determination of the tensile shear strength
i of powders as well as compressive shear strength using the triaxial tech

aique. The bulk tensile strangth of saccharin, corustarch, powdered milk,
Sm, and talc has been measured as a function of compressive load and dis-
tance from the piston to the fracture plane. The bulk density of tale
(Mistron Vapor) has been determined as a function of compressive load and
distance from the piston (Section 2).

Aerosol decay has beean inveastigated for three humidity conditions -
less than 5 percant, approximately 50 percant, and greater than 9% percent ~
for five powders. Saccharin, cornstarch, and powdered milk exhibited
decay rates that incressed monotonically with increasing humidity; whereas,
talc and powdered sugar exhibited decay rates that were higher for the two

| axtreme humidity conditions tham for the intermediate condition. It has been
' demonstrated experimentally that high frequency fluctuations on the light-

! scattering records have significance and are not meraly system noise. A
formula for the fluctuation has been derived mathsmatically, A vew swirl
dispersisr has been used to introduce powders into the aerosol decay cham-
ber, and the asrosols thus produced were found to be more stable than those
obtained with the rupturing-diaphram disperssr (Section 3).

—

——
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The high-speed wind tunnel dissemnination studies have shown that the
maximum bulk density to which Sm can be compacted and yet be asrosoclised
efficiently by the aerodynamic breakup mechanism is about 0,58 g/ cms.
This limiting density was the same for both Mach numbers 0.5 and 0.8, It
is believed that any dependence upon Mach number is far overshadowed by
the rapidly increasing strength of the compacted Sm as the bulk density is
raised above this value. Tests of compacted 3m which had been stored at a
low temperaturs for ten weeks indicate that when compacted material is to
be stored for long periods, ths maximum allowable density will be lowered
to about 0. 55 g/cms. In makiag this determination 2 new tachnique was used
wherein the change in concentration of the fine portion of the aerosol waa
measured. A wind tunnel study of the ejection tube shroud using a scale
model has produced a design which is expected to eliminste contamination
of the store (Section 4).

A powder flow rate of 53 1b/min has been achieved with the full-scale
experimental feeder using talc compacted to a density of 0. 65 glcms. The
second exparimental unit, which is a prototype of ths airborne disseminator,
has been completed and this unit has been operated with uncompacted talc.

A sample of talc initially compacted to 0.58 g/ cm3 has been collected from

the discharge of the full-scale feeder and subsequently disseminated satis-

factorily in the high-speed wind tunnel at Mach number 0.5 using the GMI-3
fixture (Saction 5).

Design and fabrication of the first-generation dry agent disseminating
store progressed from the design study stage to actual fabrication and pro-
curement of the various components. An order has been placed with the
Fletcher Aviation Company of El Monte, California for fabrication of the
main structural parts of the store. The speed-selection portion of the
rotary actuator assembly has been tested. A cockpit control panel has been
designed. The high-pressure vessel and associated valves and pressure
regulator for the dry nitrogen system have been ordered from Tavco, Inc.
of Santa Monica, California, who are specialists in this type of equipment,
The cascading method, using 6000-psi nitrogen <ylinders for "topping-off",
has been selected for filling the nitrogen system (Section 6).
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A loading fixture has been fabricated for the purpose of inserting !
charges of compacted powder into the dry agent disseminating store. The !
material is first compacted into a cylindrical tube in the loading fixture and
is then transferred to the store. As an alternate method of loading, an in- !
vestigation has been started with the objective of perfecting a method of
encapsulating quantities of compacted agent amall encugh to parmit loading
the stors without the aid of spscial equipment. The problem is to find an
encapsulating material which can be digested by the disseminator (Section 7).

s

In August the GM1 liquid agent disgeminating store was successfully
flight tested on an F-105 and an F-100D airplane at Eglin Air Force Base.
These tests were conducted by the BW/CW Weapons Group at Eglin to deter-

. mine airworthiness of the store. The tests also demonstirated that there is

no contamination of the airplanes when the store is mounted at a wing station,
There was minor contamination of the lower ventril of the F-105 when the
store was mounted on the centerline atation (Section 8).
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" ABSTRACT

This Eighth Quarterly Progress Report covers the work accomplished
during the last reporting period on research and development relatsd to the
digsemination of BW agents.

The progress in theoretical and experimental studies of the mechanica
of dry powders is reported. This work continues to produce baslc iafor-
mation which is being applied in the design and development of an airborne
disseminator.

Operation of the aerophilometer, with aerosols of dry powders, {or the
purpose of studying experimental techniques and determining operating
parameters ig discussed. This preliminary work is essential to carrying
out the prooram on stability propertiss of aerosols.

Data on the effects of compaction and additives on the viability of Sm
powder are pregented.

The teats at Fort Detrick using the GMI-3 fixture and wind tunnel to
genarate aerosols in the 40-foot test sphere are deacribed.

Results with the full-scale experimental equipment for feeding and
metering compacted dry powders are reported.

The preliminary design of an airborne dry BW agent disseminating
store is presented and described.

Succeasaful flight tests of the liquid BW sgent disseminating store on an
A4D-1 airplane are discussed,
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EIGHTH QUARTERLY PROGRESS REPORT
DISSEMINATION OF SOLID A.ND LIQUID BW AGENTS

1. INTRODUCTION

This is the Eighth Quarterly Progress Report on work accomplished on
Contract Number DA-18-064-CML.-2745. Under this contract, General
Mills, Inc. is conducting a comprehensive research and development pro-
gram on the dissemination of solid and liquid BW agents.

With the completion of the developmental model of the liquid agent dis-
seminating store In April of this reporting period, the emphasis of work
shifted almost entirely to areas relating to finely -divided solids. Conse-
quently moat of this report deals with progress in these areas, However,
Section 8 does present some of the results of laboratory and field testing of
the liquid agent disseminator.

On 22, 23 May, General Mills, Inc. was host to the Third Dissemina-
tion Coordination Maeeting which was attended by representatives from Fort
Detrick, Army Chemical Center, Chemical Corps Resesarch and Develop-
ment Command, Aerojet-General Corporation, Cornell Asronautical Labo-~
ratories and General Mills, Inc. Some of the material covered in this pro-
gress report was alsc presented at this meeting,

1-1




Page determined ta be Unclassified
Reviewed Chief, RDD, WHS
1AW EO 13626, Section 3.5

Late:

- 2. THEORETICAL AND EXPERIMENTAL STUDIES OF THE MECHANICS
- OF DRY POWDERS

Studies of the mechanical properties and behavior of dry powders were
continued during the period covered by this report. Experimental resuits
on the compaction characteristics, shear strength, and teusile strength of i
various powders are presented.

2.1 Compaction Experiments with Particulate Media

Results obtained with an improved version of tha piston-cylinder com-
paction apparatus and a hydrostatic compaction device ar~ discusaed and
compared in the following sections.

2.1,1 Piston-Cylinder Compaction Experiments

As pointed out in the last quarterly report (seventh), the initial piston-

l‘ cylinder apparatus used in the compaction experiments was subject to
several limitations and, consequently, an improved piece of apparatus
} (Flgure 2. 1¥) was fabricated. Powder is placed in the cylinder at the base

of the apparatus. A surface stress is applied to the powder by a piston

which is lowered by turning the crank at the top of the apparatus. An

aluminum ring squipped with strain gages is used to measure the stress.

Large-~scale movement of the piston is measured by means of a Starrett

dial indicator, and small-scale movement is measured by means of 2 sen-

sitive diffsreutial transformer. The output of the strain gages and the dii-
! ferential transformer is recorded on a Sanborn recorder.

Using the experimental results obtained from the tests employing this
! piece of apparatus, a relationship between the bulk density of the powder
and the stress necegsary to obtain this density was obtained, These results

* This is the same apparatus shown in the referenced report, |

2.1
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are plotted in Figure 2.2 for several different powders. The atress levels
for these tests were considerably higher than those of sarlier tests. The
stress was increased monotonically during the tests.

A plot of the stress versus raciprocal density is a straight line on log-
log paper which is in agreement with the previous results. An empirical
formula of the form 0" = k(1/0)" can be used as a good fit to the data. The
constanta of this equation are given balow for the powders tested: -

Powder r k
Talc - 6,50 4.42x107
Saccharin -7.70 2.21x10'
Powderad Sugar -11. 58 6.8 x 106
Powdered Milk -3%,9 1.6 x 109
Cornatarch -20.8 1,67 x l()a

At each compaction state a certain amount of energy is stored in the
powder bed in the form of elastic energy as poiated out in an earlier reportl.
In the initial tests it was sassumed that the material had linear slastic
characteristics. It 18 now necessary to revise thia assumption on the basis
of more accurate measurements carried out with the improved apparatus,
The general sahape of the elastic recovery versus stress curve for powders
such as talc., saccharin, and powdered sugar is shown in Figure 2, 3.

It ia interesting to note that very little energy is recovered as the
stress is reduced at high stress levels, but that most of the elastic re-
covery takes place at low atress levels, This implies that considerably
less elastic energy is stored in the powdar bed for a particular compaction
state than was originally assumed.

2-3
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i

a Some difficulty was experienced in obtaining precise measurements of
the elastic behavior of powder due to insufficient rigidity of the new com-
i paction energy apparatus. At high stresa levels the apparatus had a ten-

dency to flex, making precise measurements of the elastic recovery of a
powder difficult to obtain. However, the basic nature of the elastic re-
a covery, illustrated in Figure 2. 3, seems to be definitely established, In
order to obtain more precise data, it will be necessary to modify the
j apparatus {0 make it more rigid.
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In the process of testing the varicus powders it was noticed that pow-

l dered milk and cornstarch behaved in a unique manner during the compac-
tion process. As the loading piston was gradually advanced, the-stress was

‘ found w increase rapidly and thea fall sharply to a lower lavel. in other
words the powder seemed to compact in a stick-slip fashion. Figure 2.41s

l a comparison of the recording traces showing the variation of stress as 2

|

{

ey g i e ——p =

function of time for talc and powdered milk as the powders were gradually
compacted, ‘

Talc

:1 T g

Stress

& e e e

Time -~

l

i |

o !
|

Powdered Milk

Stress //////////////

\ I'e Time ———u

Figure 2.4 Compaction Behavior of Talc and Powdered Milk
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The stick---lip phenomena abserved with powderad milk and cornstarch
diminishes at high atress levels, The strasses plotted in Figure 2.2 for
powdered milk and corunstarch wesre the values noted after the strese had
fallan from the peak value, The magnituds of the stress peaks was in-
{luenced by the rate at which a force was applied. If the force was applied
rapidly the peaks were quite small. This phenomenon, indicating that the
rate at which surface stresses are applied may be an important factor in
the compaction process, will be investigated in future tests.

An expression for the compaction energy as & function of density can
be obtained from the stress-density curve (Figure 2.2) and is of the form
W = C". However, from the previous discussion it is apparent that the
stress necessary to reach a given compaction stats, and hence the energy
involved in the process, may depend on the path taken to reach that com-
paction state., For example, if a certain siivess is applied and released
several times in compacting a bed of po\;dnt.‘ the energy of compaction
might be different than if the stress were applied monotonically to reach
the same compaction state, In those tests made to date in which the test
proccdurc was varied, the results have not been significantly different.
However. an investigation to precisely determine the effect of path on the
compaction enargy is planned for future work.

2.1.2 Hydrostatic Compaction Experiments

In tha process of parforming the piston-cylinder compaction experi-~
ments, the question arose as to how much the results depended upon the
counstraints and loading conditions imposed by the apparatus. In order to
answer this question a hydrostatic compaction experiment was devised in
which the constraints imposed by the apparatus were minimized. The
apparatus is shown in Figure 2. 5.

A sample of powder was put into a polyethylene bag which was then
hermetically sealed. The bag was Insertud in the pressure chamber with
the powder sample veated to the outside. The chamber was then filled with

2-7
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water to a certain level in the calibrated tube used for measuring velume
change. Then the preasure in the chamber was increased in small incre-
mente and the volume change was noted, It was interesting to note that
considerable time was required for the system to come to equilibrium after
the pressure was increased. Evidently the stress distribution in a powder
bed undergoes a change during the compaction process. Aftsr the aystem
reached a state of equilibrium, the hydrostatic pressure was released and
the volume change caused hy elastic recovery was noted, The shape of the

elastic recovery versus stress curves was essentially the aame as that
shown ju Figure 2, 3,

AR
<

v T

From the data, a curve of stress versus the reciprocal density was
plotted for the two powders tested (talc and saccharin) and a straight lineon
log-lag paper was obtained, Thus, both the hydrostatic and piston-cylinder :
compaction tests yleld a stress -density relationship which is described by
the empirical formula:

y T
d‘ﬂk(—,a-) .

& - A

The constants for this equation for the two powders tested in the hydrostatic ;
compaction apparatus are:

6

tale: k =1.39x 10, r = ~7.6;

e 1 aEm— . -2l el

and

saccharint k= 1,95« 107. r=-6,24,

Values of the exponent r are in good agresment with thoss determined by
the piston-cylinder method. The cosfficient k for saccharin ia slsa in good
agreoment with the reaults of earlier tests, However, the value of k for
talc differed appreciably from that determined by the piston-cylinder
method, This apparent discrepancy might be attributable to differences in
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the compaction process. At the conclusion of one of the hydrostatic experi-
maents with talc, the stress was cyclad ssveral times. The result of this
cycling caused the bulk density to increase with each succeeding cycle until
a point was reached where the density did not seem ta increase further.
From this one can see that it {s somewhat ambiguous to speak of the stress
necessary to reach a certain compaction state without speciiying the com-
paction process, at least for a powder’like talc. Other powders may re-
spond differently to the cycling process.

The hydrostatic compaction apparatus has several drawbacks, ons
being expansion of the chamber under pressure. This expansion necessitated
calibration tests, resulting in a tare which has to be taken into account to
determine the true volume change of the powder aample for various pres-
sures. Some difficulty was also experienced in determining the exact
volurne of the powdsr sample, a value needed in order to calculate the bulk
density. Nevertheless, it is beliaved that the results are meaningful and
are in accord with aur previous results.

In view of the fact that reasults from hydrostatic compaction tests seem
to Lu in close agreement with the results obtained from the piston-cylinder
tests, future compaction tests will be conducted utilising the piston-cylinder
arrangement because of the relative sase of conducting these tests.

The powders that have been investigated thus far seem to fall into two
major groups. In the {irst group are powdsrs such as powdered milk and
corrstarch which display the above -mentioned stick«slip phenomena and
compact very little even when aubjected to high compressive stresses, Ia
the second group are powders such as talc and saccharin which compact
much more smoothly.

Future tests will be oriented to determins what factors are affecting
the compacting characteristica of a powder. Factors such as the history of
the powder, particle shaps and size. electrostatic charge, and moilsture
conteat would seem to be among the most immportant factors to consider.
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2.2 Powder Shear Strength Studiea by the Triaxial Test Technique

Preliminary tests with the triaxial test apparatus described in a pre-
vious x-apm-t3 revealed deficiencies in the originally proposed test tech-
nique, which produced excessive scatter of the experimental data. To im-
prove the reliability and reproducibility of the triaxial shear test, moadifi-
cations were made in the method of sample preparation and in the means
used to apply stresaes to the test sample,

2.2.1 Sample Preparation

[y

For incompactable matarials, which exhibit dilatancy in shear, the
praparation of homogeneous test samples is a straightforward matter.
However, in the case of compactable materials, it does not appear to be
possible to produce truly homogeneous, isotropic samples. Since the test
sample has the form of a right circular cylinder, it is natural to compact
the sample to the dagrse necessary for handling by employing a piston-
ecylinder apparatus. However, from prior study of the compaction process
in a piston-cylinder devices. it is known that the compressive strassas
applied to the powder decay exponentially with distance from the loading
piston. Furthermore, the ratio of radial to axial stress appears to lie in
the range 0, 3 to 0.5 for most materials. From this it may be inferred that |
the density of the samples will decrease with distance from the loading piston
and that the powder will compact non-isotropically. It is clear that the
latter effect is not objectionable since it is typical of the behavior of a com-
pactable powder, Non-uniform sample deneity is undesirable, however,
since the shear strength of a powder will, in general, depend on the density.

Several techniques have been used to prepare samples for the triaxial
shear test. The tachnique originally used was based upon the observation
that a region of nearly constant density exists in & column of powder which
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has been compacted in a vertically disposed pllton-cynnder device. It was
thought that a test sample obtained from this region would be ideal for tri-
axisl testing. However, it was found to be impossible to obtain a sufficient
degree of compaction in this region to permit the minimal handling required
for preparation of the test specimen. Thus, it became evident that a den-
sity gradient in the sample would have to be accepted for samples compacted
in the piston-cylinder device. A series of experiments were carried out to
determine the density variation along a powder column for loads sufficiently
high to cause compaction to occur along the entire column. Typical results
for talc are shown in Figure 2. 6 for two applied loads. It is apparent that

the density gradient is essentially constant over the length of the compacted
powder column.

This result led to a modification of our sample preparation technique
whereby a known mass of powder is compacted to 8 preselected final length,
thus precisely defining the mean sample density. This technique has been
found to yield improved control over sample uniformity, as judged by the
reproducibility of shear test results obtained by using samples prepared in
this way.

Actually, this method of preparing test specimens is very similar to
the proposed technique described in the lanst quarterly report?'. At high
compaction stresaes, however, it was found that external support was re~
quired for the split tube within which the powder sample is confined during
compaction. Another essential change was to roughen the inner surfaces of
the aplit tube to prevent stretching of the rubber membrane during com-
paction, »

The variation of density with axial distance from the loading piston for
the modified sample preparation technique is shown in Figure 2.7. The
drop in density near the high-density end of the sample appears to be caused
by elastic relaxation effscts. (See Figure 2.6 also.)

2-12
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Figure 2.7 Test Specimen Density Distribution {(Talc)




2.2.2 Theoretical Density Variation

The density variation in a powder sample which has been compacted in
a piston-cylinder device may be determined analytically by combining re-
sults from the piston-cylinder theory3 with the empirical relationship be-
tween denaity and applied strauz' 3:

o= cp™ 2.1

From the piston-cylinder theory, we have:

(4KL 2,
c(z) = cfo)e © T (2.2)

Eliminating the axial stress g'(Z), Equations (2.1) and (2, 2) lead to the re=
lationship:

PlZ) = pl0)e

AKL ,2
=D ‘{ (2. 3)

In this equation the wall reahtl.hce parameter K depends on the shear angle
# of the powder and the wall friction angle 0, while m is an empirically
determined powder parameter,

Computed values of 0(Z) from Equation (2. 3) are shown in Figure 2. 6
for 0"(0) = 14,6 x 10 dynellcmz. m = 5, 46 (Reference 3) and for two values
of the wall resiatance parameter: K = 0.358 and X = 0, 200. The value
K = 0. 358 (corresponding to the maximum theoretical value of the wall re-
sistance parameter”) ylelds the maximum theoretical rate of decay of den-
sity. Tha smaller value of K = 0, 200 was obtained from Figure 2. 1.3,
Reference 2, for the experimental valuas: f# = 40° {talc), 0 = 35° (talc on
aluminum). The theoretical curve for K = 0.200 agrees rather well with
the experimental curve for ¢-(0) = 14,6 x 10° dynulcmz.
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2.2,3 Test Procedure and Typical Test Results

During initial work with the triaxial test tachnique, it was found that
the stress at which yielding of the sample occurred was difficult to define,
The principal reason for this appears to be the constraining effect of the
rubber membrane, which prevents a sudden collapse of the powder when
shear failure occurs, In an sffort to increase the precision of the test and
to secure a better indication of sample failure, the triaxial test apparstus
was adapted for use with an available Instron test machine. Through use of
the Instron, the following desirable featuras were achieved: 1) accurate
force measurement through use of a sensitive load cell, 2) precise and
adjustabla rate of strain, and 3) accurate recording of applied axial load as
a function of umpio strain.

- Figure 2.8 shows the triaxial test apparatus mounted in the Instron test
machine. The test procedure is as follows:
1) The test spscimen, prepared in the manner described
above, is installed in the pressure chamber of the test

apparatus and properly centered (locating pine are pro-
vided for this purpose in the samplo end fittings).

2) The test chamber s sealed and pressured to the desired
chamber pressura,

3) After checking to make sure thers is no leakage to the

ssmple interior, the machine is started and run until shear
fatiure occurs.

In these tasts, shear failure is svidenced by a sudden changs in the
slope of the load-strain curve. This is illustrated by Figure 2.9 showing a
series of load-strain curves for a mean sample density of 0. 650 g/cc and a
chamber pressure of 1 psl, The appearance of the tast specimens after
failure is shown in Figure 2,10, It is apparent f{rom the photograph that
failure occurs by the formation of cracks in the compacted powder, although
the rubber membrane preveais collapse of the sample,
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Figure 2.9 Typical Load-Strain Curves for Talc ( AO=0.65; p = 1 pai)
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The results shown in Figures 2.9 and 2. 10 ars typical of runs carried
out for preasures ia the range 0 to 2 pei. At higher pressures, howaver,
it was impossibls to datect sample failure since the sample merely bulged
outward without a break in the load-strain curve. This behavior is illus-
trated by Figures 2.1l and 2. 12, It is suspected that this behayior may be
caugsed by additional compaction during the test since the applied loads are
comparable to the loads used in preparing the sample. Of course, the effect
of the membrane in this case is to stabilize the powdar as bulging occurs,
There is little reason to doubt that the high loads shown in Figure 2. 11 for
a chamber pressure of 6 psi are attainable only because of the stabilizing
effect of the membrane.
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The yield locus established from tests carried out at pressures of 0,
0.24, 0.50 and 2,0 pa! is plotted in Figure 2.13. Tha slope of the ylald
locus ie about 35 degrees, which agrees quite well with the shear angle
' determined from sliding diek rmnurcmennz {® = 40 degrees).

sy,

The experiments and test resuita reported herein have been primarily
| concerned with the development of techniques for application of the triaxial
test to compactable powders, Additional tests are planned for future work
in which powders other than talc will be tested and the effects of such factors
as moistura content will be investigated.

! Our studies of the triaxial test have disclosed several limitations of
this method of conducting shear tests. The most serious limitation is that :
the test technique ie restricted to samples which have been compacted to
high densities; also, no means have been found to produce samples of uni-
form density. Another ssrious problem is the constraining effect of the
rubber membrane, which prevents a2 "natural' shear failure. It should be
noted, however, that the membrane is not required for tests at zero pres-
i sure, A further difficulty with the triaxial technique is the difficulty of de-
fining the shear locus for small compressive stresses. Thus the strength
A l of the powder in pure shear cannot be obtained directly from this type of
tast.

)
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In spite of these deficiencles. tha triaxial test provides mueh worth-
while information on the behavior of dry powders. Also, it is quite possi-
ble that some of the appareat limitations of the triaxial test can be removed
through improvements in tsst techniques.

2.3 Bulk Tensile Strength of Compressed Powders

A new apparatus and technique for the measurement of bulk tensile
strangth of compressed powders was describad in the last quarterly raportz.
Work in recent months has been devoted to an exhaustive study to refine
techniques and to establish the moat accurate and efficient mathed for a
comparative measure of bulk tensile strength of various bulk powders. ]
2,

According to theory 4 the bulk tensile strength of a compressed pow- !
der is an exponential function of the distance from the compressive piston :
to the fracture plane:

T=oe -kL (2. 4)

where:

@ = bulk tensile streagth of & column of compressed
powder at distance L from the piston

dy ° bulk tensile strength of the compressed powder i

immediately below the piston !
k = constant ;
L. = distance from piston to {racture plane.

The method employed invalvas the compression of bulk powder in a
vertical aegmented column. The deeign of the apparatus permits the powder
to be fractured by 8 measured vertical force at several points down the
column, permitting the bulk tensile strength to be measured as a function of:
1) bulk density, 2) distance from compressive force application to fracture
plane, and 3) total column length,
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Although the bulk tensile strength does vary with length of time of appli-
cation of compressive load, our recent studies have led to the adoption of a '
1-1/2 bour compression tims. It is believed that this time period not only
is adequate for good reproducibility but also allows the aparator to maks
four efficient runs per working day. Ia addition to the adoption of 1-1/2
: l houra as a standard time of compression, three compressive loads {5.55 x

105, 7.88 x 10%, and 10.59 x 10® dynes/em?) have been adopted as standard.
Although this test as deacribed does not exhaustively cover all possibilities,
l we believe that it does offar an acceptable methaod for a comparative study
of a physical phenomena which is at best difficult to measure.

-

| Figures 2.14, 2.15 and 2, 16 represent typical plots for ainc cadmium
sulfide at three compressive loads, The individual plots were made by the
i method of least squares. Individual points were omitted to afford greater
_ease of visual comparison of the various plots.

‘ These data show as indicated in the last quarterly reportz that a, is in ,
fact a function of total plug length L,. Figure2. 17 shows the relationship :

| hatwasn a, and L, at the three compressive 10ads. Since the values obtained i

. for g, are for a fairly narrow range of values for Lt we must extend this

, range before making valid generalisations. The individual plots are how- i
ever intersatingly close to being linear, ]

' In the near future we plan to obtain more data on the variation of %% i
with Lt {or zinc cadmium sulfide and to utilize our standard method to study

’ the bulk tensile strength characteristics of such powders as talc, powdared
sugar, powdered milk, saccharin, and cornstarch.

———

2.4 Fricticnal Forces Bstween Powders and Plated Metal Surfacas

A modification of a test method previously dncrtb’ads was used to study f
the {frictional force betwaen talc and samples of cold rolled ateel that had
been elactroplated with nickel, cadmium or szinc. In principle the method

—
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involves placing a powder on the matal surface and tilting the plats of metal
slowly until the powder begins to slide, The slide angle is related to the
coefficient of friction as follows;

/4 = tan Q

where:
A4 = coefficient of friction
8 = angle of slide

To make a comprehensive study of this problem, the following three -
methods were used to place the tal¢c upon the metal surface:

1} Ao aluminum ring of 3.5 cm ID was placed on a mechanical
vibrator and filled with 1.5 g talc. After a standard 3-
minute vibration to assure uniformity of packing, the sample
was transferred to the plated metal surface on the tilting
table.

2) The talc was processed identically to Part (1) except that
prior to transfer to the plated surface, the talc was com-
pacted into a plug by the use of a piston assembly with a
9-pound compressive load.

3) The talc was proceased identically to Part (}) except that
after transfer to the plated surface, tha talc was compacted
directly onto the plated suriace by the 9-pound piston as~
senmbly.
The tests wers performed in & coatrollad humidity environment {15 to
18 parcent relative humidity). Upon analysis of these data, Method (3) was
chogen for further study at a higher ( > 60% RH) humidity. The following is
a tabulation of values of angle of slide; each value reported is an average of
at least {ive independent runs:
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Lol UL 19 am
Ph.tln‘
Meathod Nickel Cadmium Zinc Unplated
5.
i
Low Humidity 1 40. 17 42.6 42.5 43.0 ;
(15-18% RH) 2 36, 7.6 37.8 39,7 :
3 41.9 43. 4 43.17 44.2 ]
High Humidity 3 39.8 40,0 42.9 42.0
(> 60% RH)

Although Method (2] tends to yield a lower slide angle than Methods (1)
or (3), the data indicate only very minor differences in the frictional forces
between the talc powder and the various electroplated surfaces. It is
interesting to note, however, that regardless of the method utilized, the
nickel plate gave consistently the lowest coefficiant of friction and the un-
plated material consistently the highest. It should also be mentioned that
in every case when the metal surface had been exposed for some time prior
to test, the first test performed on each surface gave values 50 to 75 per-
cent higher than the average. These values were not includod in the tabu-
lated data presented. Apparently sither suriace moisture and/or surface
oxidation changes the frictional characteristics of the surface in a way that
is removed by making a single test rua,

Since there seems to be no obvious advantage in slectroplating the
motal surfaces of a diaseminator in order to reduce frictional forces, no
future work in this area is currently planned.

2.5 Bulk Density of Compressed Powders

To sxpand our knowladge of the variation of bulk density in a column of
compressed powder, a new apparatus (as shown ln Figures 2. 18, 2.19 and
. 20) has been designed and perfected. Saccharin has been used as a test
powder in our initial geries of experiments with ths new apparatus.
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~ Ring Hold Down Sleeve
5. 0 inches long

Supporting Tube
17-1/2" x 8-11/32" 1. D.

Piston Assembly

ne Fifteen 1, O-inch
' - Compaction Rings,
(¥ 5-3/32" 1. D,
’ Compacted Powder : -
' Ring Supporting Pistoa
; [ Figure 2.19 Bulk Density Apparatus Assembled for Compaction of Bulk Powders
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Figure 2,20 Bulk Density Apparatus Assembled for
Cutting of lndividua) Powder Segments
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2.5.1 Apparatus and Techniquae

In an actual experiment the apparatus is assembled as shown in Figure
2,19 but with the sifter replacing the piston assembly {Figure 2. 18), The
sifter with a mechanical, doorbell-type vibrator attached is intended to aid
in uniformity of packing., The powder under study is added slowly through
the sifter until the column is filled to the top of the hold-down sleave. The
piston assembly is then put into placs and the compressive lcad applied for
a period of one-halfl hour. The compressive load, piston assembly, and
hold-down sleeve are then removed. The entire column of compacted pow-
der plus the compaction rings are moved upward with the aid of the lab jack
and ring -supporting piston, exposing the metal rings containing the com-
pacted powder.

The cutting assembly (Figure 2. 20) is then used to divide the plug of
compressed powder into one-inch segments of known cross-sectional area.
By obtaining tho weight of these segments, the bulk density may then be cal-
culated. To obtain further information a "cockie -cutter'' assembdly is then
used to remove a circular port{cn', reapresenting one-half the ‘croaa-eectionﬂ
area, from the center of each segment. This affords a gross comparison
of the variation of bulk density along the radius of the column of compressed
powder,

2.8.2 Discusasion of Data

The results of an experiment using saccharin as a test powder are
shown in Figure 2.21. The compactions were made in order of increasing
compressive load with no special attention given to using virgin saccharin
each time. To study the possible effects of previous history of compaction
of a powder upon bulk deneity, the 18.9 lb test was repeated using the
saccharin that had been used throughout several tests including the 354 ib
compresgion,
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Figure 2.21 Bulk Density of Precompacted Sacchatinasa Function of
Distance from Piston at Various Compressive Loads

2-36

1" A R



iR -
]

Page determined to be Unclassified
Reviewed Chief, ROD, WHS
JAW EO 13826, Section 3.6

Datei Jut 19 m

oty

R

RS GSTR O

o, e, ey

~e—— v « ovon—— J—— el
. . f .

The two curves are shown for comparative purposes in Figure 2, 22,
It is interesting to note that the general shapss of the plots are nearly identi-
cal. The bulk denaity of ths virgin powder for the first 18.9 b test was
0. 293 gm/ cm3 compared with 0. 332 gm/ t:m3 for the previously compacted
saccharin used in the last 18,9 lb test. These experiments accentuate the
dependence of bulk deasity upon the previous compaction history of the sam-
ple and the need for the use of virgin materials for each test in order to
obtain reliable comparative results. With this hackground of experience
the experiment was then repeated using virgin saccharin for sach run. The
results shown in Figure 2.23 indicate a linear relationship between the bulk
density and distance from compressive piston. Tha deviation from linearity
at greater distances from the piston will be included in the discussion of
Figure 2, 25. )

As stated earlier in this report, data were obtained concerning the
variation in bulk density aloeng the radius of the plug. Since this variation
was 20 uniform throughout each test, the dats shown in Figure 2. 24 are
presented 2s typical of the variation found. In order to determine whether
or not the radial variation in bulk density is due to the effects of the applied
compressive load or to the method of filling the apparatus, an experiment
was just completed at the writing of this report in which the bulk density
apparatus was filled with saccharin in t manner identical to previous ex-
periments and the bulk density measured without the application of 2 com-
pressive load. The results are shown in Figure 2. 25. Although the appara-
tus permitted accurate measurement of the average bulk density of the seg-
ments, only near the bottom of the column was thes powder plug rigid enough
to obtain data on the inner and outer segments. It is very interesting to
nots, however, that radial viriation in bulk density of the order of magnitude
observed with the compacted powder is alsc in evidence here. The radial
variation ie thus affected to s considerable extent by the method of filling
the column. It is believed, however, that the vertical variation of bulk den-
sity should be relatively unaffected by this phenomens.

2-37

pin

UEE

TTRERIRP Y =Y R

i i-me"'&i‘t; K A%

- = =
s 2 et



LTS

HRaESREST B 2y - ar rararemntt
d
P S,
YRR N S

ot AR

J‘ 4z

Bulk Density (gxm/ cma)

Figure 2. 22

Sy

o 64r-

0. 60 p—

0.56 f—

0. 52—

0,480

0.44p—

0. 40

C. 36

0. 32 e

0.28

Page determined to be Unclassified
Reviewsd Chief, RDD, WHS
IAW EQ 13628, Section 3.5

b L ﬁb ?‘ii—“ l‘ti lf"j" v :. -

P s T

&0 i

ch s il ¢

18.91b (previously com-
pacted saccharin)

18.91b (virgin
~—= saccharin)

Bulk Density of Saccharin as a Function of Distance from Piston
gin saccharin with previously compacted

(A comparison of vir
saccharin. )

e famai . el Gubbmain s ottt Bl - -

L LT P



A Wt oty - ]

Page determined to be Unclassified
! Reviewed Chlef, RDD, WHS
' IAW EQ 13526, Section 3.5
1 Date:
o | JuL 1928
B 0. 64
&)
o
3

T

g
[

) s, -'ﬂi:1
) .

0. 60

0. 56

0.52

0.48

Bulk Density lgm/cm3)

0. 44

0. 40

0, 36

0.32

Figure 2.23 Bulk Density of Virgin Saccharin as a Function of Distance

L (inches)

from Piston at Various Compressive Loads

2-39

4
'3
5




i
'
¢

L
(-' g Page determined to be Unclassified
: D Reviewed Chief, ROD, WHS
¥ | IAW EO 13826, Seaton 3.5
) Date: ' -2
2 L JuL 19 2m =
: - ;T
—F ‘ E
' : f 0.64 Ho3
; % . 307 1b Compressive Load H =
¥ | |
\
! 0. 60 !
. { ;
o' 56' re—— =
i— 3
. i _
3 o
s ‘ S [
i L
. - g 0.52}—
' K./
Z
| d 2
: 0, 48—
] A
: a
‘ m
{ 0. 44f—
:, c
| 0'4"4_ A - Bulk density of inner core ‘
' B - Bulk density of antire segment
,I 0. 36}~ C « Bulk density of outer annular segment '
0.32 | i N | ] |

.,. _4

L {inches}

Figure 2.24 Variatioa in Bulk Density of Compacted Saccharin
along the Radius of the Plug

iy sy

2-40

_\.
e . L s A AN i mne .,

|




Page determined to be Unclassified
Reviewed Chisf, RDD, WHS
IAW EO 13526, Section 3.6

ate: gy 19 208

i s

Bulk Density (gm/cm>)

00 52 o
Curve A - Bulk density of inner core
0.48p— B - Bulk density of entire segment
C - Bulk deasity of cuter annular segment
0.44p—
0.40f
0.36
A
0,32
B
0. 28 r— c
0. 24—
S T T T O O

0 2 4 6 8 100~ 12 14
L (inches)
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Further examination of Figure 2. 25 shows a sharp rise in bulk density
near the bottom of the column of uncompactad powder, The deviation from
lineazity in the plots shown in Figure 2. 23 could be explained on this basie.

In attempting to explain the increased bulk density near the center of
the compressed plug, one might suspect that during the filling process the
powder tends to ''pile up" in the center. Visual observations made during
the filling process indicate that this is probably not the case. The pheno-
menon that is observed is a buildup of powder, apparently due to eleciro-
static charge on the particles, along the walls of the apparatus as shown in
Figure 2,26. Not only could this lead to partial segregation according to
particle size, but the powder along the walls is probably of lower bulk den-
sity since it is not supporting a mass of overlaying powdir as is the
material at the bottom of the cylinder. A aketch of this concept. involving
a dense core surrounded by less dense material, is presented in Figure 2. 26.

Future work will certainly include continued investigation in this area
of proper packing of the column. We alsc plan to .extend our studies to
other powders such as talc, corastarch, and powdered milk. There ie, of
course, a limitation in our selection of powders for study because of the
relatively large volumes of powder required if virgin powders are used for
each test.

2.5 Shear Strength of Powders by Sliding Disk Method

During the present quarter our studies of the variation of shear strength
of powders with compressive stress at various hurnidities have been ex-
tended to powdered sugar and powdered milk.

The techniques of measuremsnt used were identical to those deacribed
in & previous t-epm-i:1 in which the powder, after exposure for at least 48
hours to a controlled humidity snvironment, is caused to shear while under
the influence of a compressive stress by applying a shearing force normal
ta the compressive atress.
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Figure 2.26 Sketch of a Probable Filling Mechanism
in the Bulk Deasity Apparatus
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The results are tabulated in Figures 2, 27 through 2,31, It should be
noted from the graphs that the relationship between shear strength and com-
Pressive stress ramaina relatively unchanged for both powders during the
increase in relative humidity from 2 to 32 parcent. However at 46 percent
relative humidity and mors noticeably at 69 percent relative hurmnidity there
is a marked increase in shear strength with compressive stress. Also, the
relationship between shear strength and compresaive stress is no longer
linear for powdered milk.

Future work will include studies of powdered sugar and powdered milk
at higher compressive streases, In particular it will be interesting to
determine if the shear strength is in fact reaching a maximum value for
powdered milk at 69 percent relative humidity as indicated by the plot in
Figure 2.31. We also plan to extend our studies to other powders such as
cornstarch, talc, and saccharin.

2,7 Future Areas for Study on the Characteristics of Powders

The emphanis in our work has been devoted to the development of reli-
able test methods based upon a sound theoretical backgrouand. In the future
we will concentrate upon coordination of information on specific powders in
order to completely characterize the powder, and to determine which test
or tests yield the most reliable information concerning the compactibility
and dispersabllity of a powder, New areas of astudy which will ba {nitiated
include:

2.7.1 Bulk Density of L.oose Powders

An apparatus is being constructed in which powders will ba allowed to
fall a fixed distance through vibrating screens into a unit cube. It ig be-
lieved that this will afford a simple, rapid, and accurste method for mea-
surement of the bulk density of a variety of loose powdsrs.
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2,7.2 Measurement of Static Charge of Particulate Materials

A study will be made of various methods of generating and removing
static charges, and of methods for qualitative and quantitative measuzre of
static charge.

2.7.3 Particle Sizs and Shape

One of the most important characteristics detarmining the behavior of
powders in the S-micron range is the magnitude and the character of the
total surface of the individual particle, A characteristic which can be
called "surface roughness' should be of fundamental importance ia predict-
ing the ease with which a powder can be compactsad and redispersad. This
charactaristic can be evaluated by a summation of information obtained
from particle size distribution, particle shape, and total surface area.
Particle sixe distributions are now being determined via the Whitby centri~
fuge. Fhotomicrographs are now being utilized to study particle shape.
This study will be extended to the use of electron micrographs.

2.7.4 Total Buriace Area

Measurement of total surface area of powders in conjunction with the

particle size and shape analysis should yield a clearet picture of the total
"surface roughness. '

There are several methads for measuring the specific surface area of
powders . Of these, the two most frequently used are the gas-adsorption
(usually nitragen) and air psrmeability methods.

In the gas adsorption method, the quantity of gas nscessary to forma
monomolecular layer on the surface is determined. By assuming a value for
the area occupisd by a single molecule, the area of surface covared by the
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adscrbed gas molecules is then calculated. The area measured by this
method dapends on the sizse of the molecules adsorbed and the degree.to
which they are able to penetrate into any cracks or pores in the solid.

The air permaability method iz asseatially a rheological method in
which the flow of a fluid (liquid or vapor) through a powder in s compncu'a
bed is relatad to the surface area of & continuous solld. It is sagumed in
this method that the bed of powder behaves as a bundle of capillariss. In
consequence, only the surface of the continuous paths through the material
will contribute to the measuresd specific surface area. This area is not the
same a9 that measured by adsorbing a gas on the surface of the powder,
because in the latter method all the surface accessible toc gas molecules of
the type used will contribute. In general, the araa measured by the adsorp-
tion of & gas will be larger than that obtained by & permeability method.
This difference may be accentuated if the powder has appreciable "internal'’
surface due to cracks, internal pores, and other irregularities. In addition,
the permeability method may not measure the full 'extarnal’ surface of the
powder because of the formation of blind pores during compaction of the
bed.

With very fine powdars a further complication arises sincs it is very
difficult to compact 2 fine powder to give a bed uf low-voids fraction; and
with a porous type of bed there may bs a serious lack of uniformity through~
out the compacted bed. From these considerations it would appear that the
legical msthod to be used for pawders currently under study would be the
gas adsorption method.

2-51
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3. AEROSOL STUDIES

g e

—— e

Ths objective of this experimantal program has been to perform a
study of the properties of asrosols, both intrinsic and extrinsic, which
have an effect on the asrosol’s over-all stability. The degree of atability
can be measured by observing the net rats of disappearance of the particles
from the aerosol. Several factors, besides concentration, conceivably

NG,

have an effect on aerosol siahility. These factors are:
1) Partizle size and shape
2) Particle type '
3) Charge characteristics of particles and environment

4) Water content of particles

PR TR

5) Absolute humidity of environment

‘ 6) Type of settling (turbulent or tranquil)
4 The instability of aerosols is obvicusly to be understood in terms of
only two distinct procasaans:
{ 1) Particles may be removed from the aerosol by settling on
1 and adhering to the various surfaces to which the aerosol
is exposed.
’ 2) Particles may be removed from the aerasol by colliding

with and adhering to other particles within the same asro- !
80l resulting in a net decrease of independent particles

' (coagulation),
Since the rates of these two processes completely specify the stability of an
t aerosol, the fruitfulness of any experimental method is to be judged pri-
marily on its capability for supplying actual numerical values for these
| ratss. Much of our work during this period has been directed at this type

of evaluation of our light-instrumentsd asrosol chamber.

3.1
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31 'rorminologz aud Deflnitions

A perusal of the literature of asrcsols reveals a certain degree of in-
dependence among the various authors in regard to terminology. It is
uécessary, therefore, to define those terms used in this section which
would conceivably conflict with the literature,

The number of particles per unit volume will be termed the concentra-

‘tion of the aerosol. The term concentration will often be specialized to

meaan the number of particles of a particular species, o. g.. those with
dimension in the range (d, d + ¢ d) per unit asrosol volume,

The classification of aerosol particles according to specias warrants
gome commeat. Since the most important particle property with respect to
its behavior ia an aerosocl is particle sizs, the primary classification should
be made accordingly. In dealing with solid particles, hawevear, it ia often
not obvious how this classification should be put into practics bacause the
particles are often very irregulady shaped. In our work we shall generally
suppose that the particles may be considersd spherical and characterize
particle size by meang of the diameter d. Thus if N denotes the total nuwm -
ber of particles under congideration, we denote the number of particles
with diameter less than d by N{(d). Clearly N(0) = % and N{d) approaches N
as d becomes infinite, so that a plot of N(d) against d is qualitatively as
shown in the sketch below.

N

N{d)

3-2
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The value dm of d for which N(dm) =1/2 N is, of course, the median
diameter. The terms monodisparse and polydisperse are widely used in
reference to the variety of particle sines present in a sample, a practice
that we shall follow by saying that the dispersity is measured by the slope '
of the N(d) curve. )

It is often convenisnt to apeak of the fractional number of particles in
a particular samplo which have diameters lesa than d. Denoting this frace.
tion by n{d) we have as ite defining relation Nn(d) = N(d).

The derivative of N(d} has significance. The number of particles
having diameters in the amail interval (d, d + Sd) ie N{d + &d) - N(d) =
_N;%)_ 3d = N'(d) 4. Here the prime denotes the derivative. n'(d) is
similarly dafined. N'(d) is commonly called the particle size distribution
while N(d) is oftsn called the cumulative particle size distribution.

There are several explicit formulae for the particle size distribution,
each of which approximates a wide variety of distributions actually encoun-
tered in practice, Each of these formulae contain two or more parameters
which are supposedly capable of accounting for practical variations. lnas~
much as it is often convenient to have such a formula available for discus-
sion, we have chosen one for that purpose. Since it is fslt that the data in
mast cases are not pracise enough to form a basis for choice of formulas,
we simply take the most common such formula which is compatible with the
conditions n(0) and n{ee) = 1, namely, the logarithmic-normal distribution:

log {d/d )

n(d) = Grf‘—wﬁ_-l)
g

. U“los (d/d ))z
n{d)gd = pd Tog G~ {log d})
(zm”zxogcf: ¢ % § llog
3.3
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Simple considerations show that d‘ (the geometric mean diameater) in the
above formuls is alao the median diametar mentioned earlisr. The term
a-s. (the geometric standard deviation) is a measurs of the dispersity.

“3.2 A Theoretical Calculation for Non-Agglomerative Aerosol Decay

It is expected that the information provided by scattered light will be
rather subtly related to the fundamantal processes of aarosol decay. For
this reagon it will be useful to have a simple, yet pertinent, relation ba-
tween these processes and the aerosol light-scattering behavior Such a
relation ig proposed in this section.

The light-scattering problem for an acrosol may be formulated as

follows: Considar a amall element of volume SV in the aeroaol, this volume

being irradiated from above by a monochromatic light beam of intenaity I.

8L
i) =3 v

The amount of light scattered into a cone of solid angle S{1 located at 90
degrees by a single particle of diameter d in 4V is proportional to I and to

s

1 = o(d). 1. L0

one particle

3-4
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The conatant of proportionality g-is called the differential scattering cross-
section. Since the number of such particles in SV is C(d) - §V, the total
light acattered by particles of diameter d is:

a(d) - cd) - 1. §v . &)

The light scattered by all particles is

I, =1+ &v. fa-(d). c(d) 8d 1)
all d

This integral is to be evaluated under various conditions.

Let us first consider C{d). Aa has been explained in Section 3.1, the
particle size distribution will be assumed logarithmic - normal. We further
agsume that at some initial time t = 0 the concentration is uniform through.
out the chamber. Thus:

Cld, t=0) = E‘;ﬁl

where V is the volume of the chambar.

This initial cancentration may be modified with passing time. We con-
sider two idealized modes in which the modification may come about.

First, suppose that the atmosphers in the chamber !s "tranquil®, i.e.,
sufficiently free of currents so that all particles settle vertically downward.
In this case all particles of diameter d will fall as a unit, with the result
that after time t, no particles of size d (or larger) will be present above a
certain horizontal plane. This plane lies a distance h from the top of the
chambar, h being given by:

D

h:t-v(d):t.-—sg-
187,
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where v(d) ia the Stokes' settling velocity of a particle of diameter d, Lis
the particle density, g is the gravitational constant, and 7] is the air via-
cosity. The concentration as a function of time is therefore

Cld, t=0)forh>t . v(d)
cla, h,t) = !
Oforh<t . v(d)

that is, C(d, t = 0) {s to be multiplied by a function which has value 1 for

0<d<L -:385-%1 and valuve zero for larger d. '

As an alternate mode of decay, suppose that the air in the chamber is
8o turbulent that the particles move in an essentially random manner. For
this cane it has been stated by various au:hor.7‘ 8 that concentration re-
mains uniform throughout the chamber, but that after time t the pumber of
particles of size d is reduced by the factor

where H is the total height of the chamber. Thus

. vid
Cld,t} = C(d,0) « e

t

The remaining factor in the scattering integral, the differential
scattering cross-section 0°(d), is in general a very complicated function of
d as well as of the light wavelength and the index of refraction. Howsver,
the ratio of particle diameter to light wavelength to be encountered in the
present experiment is probably large snough so that a simple approximation
from classical optics may sufﬂceq. This approximation is:

2
o(d) = 69"7?
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The light-scattering problem thus lsads to the two integrals:

For the tranquil case:

d max
1- NI Qv 60 f z‘lru-y'e"

___;". S(ln d)
6T V42T In J%
o
. ~ 18 .
withd ax = -,bfip"
For the turbulent case:
ln d/d
N14QSV | 1 ﬂn‘— 5(1uu

6TV fﬁln g
o

It is to be noted that the present considerations take no account of
agglomeration. Another inadequacy, which may be partially corracted, is
that the turbulent decay expraession:

-‘_'_g_l,

takes into account only ''gravitational impingement’ on the floor and neglects
"inertial impingement' on other surfaces of the chamber. The effect of
aerosol decay by inertial impingement may be seen gualitatively by the
following considerations.

3.7
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As a current of air approaches a wall it is turned back, with an atten-
] daat centrifuging action. Thum, the particles experience an equivalent

gravitational force, and inertial impingement is actually quite similar to

[ graviutiodal Impingement. The effect on the decay rate is to add an
I
!
|

[,

appareat gravitational constant g' to the g which appears in the exponent of

vid!
- t .
° . For further details on this process, see Refsrence 8.

The integral for the tranquil settling case may be solved analytically. i
The result is:

” V(d.) -t 2
2 In + 41n” (%
g 22 o—g‘}x_uf{ TL— s]

Z1n
| “ L Kk
' . v(ds)t
2 2" S TS
a d%e g J1 -erf -ma_s——
whare:

2
d = dgezm G"'

' ®

: is the surface median diamcter. This function is linear if plotted in logafith-
i ‘mic-normal form with log t ao abacissa. The 84, 50 and 16 psrcent points l
’ come at
2
h h h g
’ t i

Wa) o8’ v wa,)

respectively,
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The turbulent settling integral may be considered qualitatively by com-

Parigon io the tranquil expression. The two integrals differ in the modu-~
lating factor in the integrand. Where the tranquil integrand has a factor
which drope from 1 to 0 sharply at a = 181N , the turbulent integrand
., '

) which drops from 1 to 0 gradually, reaching 60.6
percent (the inflection point) at:

#2:%;4: ;sﬁ.%

has a factor (e

" Thus if N*'(d} changes sufficiently slowly with d {the aerosol s sufficiently

polydisperse) the turbuleat gettling curve should be very similar to the
tranquil expression if, in the latter, h is taken equal to g- .

As a check on the reasoning of the above paragraph, the turbylent
settling integral was submitted to the computer group for numerical intn-
gration. A few curvn. thus obtained, are shown in Figure 3.1, /Od

with 2 in gmlcm d, in microns and t in minutes, is used as the vm-!ablc

It m3y be seen that the plots have considerable curvature for small values

of 0". but approach linearity for larger values. The dashed line in Figure
3.1 ia the plot of

- ndy) .t
e L '
which is the solution of the turbulent settling integral as a"g -2, It will be
noted that latter nearly coincides with the curve for g~ = 1.2, All the
curves of Figure 3.1 cross 50 percent in the neighborhood ol,od.zt = 370,
which may be compared with the value 286 obtained from

vid) -t = ha% at 50%

o
[N
i L0 oo
- e o i e
"
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Figure 3.1 Theoretical Curves for Turbulent Settling
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3.3 Experimental Work

The exparimental objectives, someswhat ldealised, of this program
were stated earlier, As mentioned before, most of the work of the present
guarter was carried out with a view to seeing how nearly these objectives
could be accomplished in practice. Other areas of work were experimental
techniques and determination of operating parameteras.

Originally, it was considered desirable to restrici the scope of the
experimant to the stabllity properties of aeroscls; that is, to the behavior
of asrosols subsequent to formation. This, however, requires the exis-
tence of a well-definad initial condition of the asrosol, a situation which is
difficult to achieve in practice. Thus, while most of the runs to be dis-
cussed are concarned with aerosol decay (for which ruas the dispersing
process was assumed to be reasonably efficient), some work was dirscted
at evaluation of dispersing efficiency.

The powder dispersing system was described in an earlier report.
Briefly, it consists of a small chamber, containing the powdar sample,
which is pressurized with dry aitrogen gas. A diaphragm ruptures, due
either to the pressure differential or to mechanical puncturing, suddenly

‘releasing the prussure. A dispersing action is attendant. It was found that

a 2-mil film of "phenoxy 8" plastic made a suitable diaphragm material,
rupturing at 125 pst in our configuration, This material was uaed almost
exclusively.

There were, broadly speaking, three series of runs:

1} Runs in which the fan was not used at all; these were in-
tended for the study of the dispersing process.

2) Runs for which the fan was used only for a short initial
period, intended for study of aerosol behavior under
"tranquil" conditiona,

3} Runs for which the fan was left on throughout the entire

rua, Intended for study of serosal behavior under "turbulent"
conditiona,

3-11
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It was found that stirring (Series {3) above) has & decided reguhridng
influence on the aerosol. In the ''fan on" situation the two light-scattering
signals were brought into coincidance almost instantaneously and stayed in
coincidence, both decreasing smoothly, throughout the entire run. The
Series (2) runs, on the other hand, oftea lad to irregular (nonmonotonic)
decreasing light signals subsequent to the turning off of the fan. The
Series (3) runa will bs discussed firet.

Representative runs from Series (3) are shown plotted in logarithmic-
normal form in Figuree 3.2, 3.3 and 3.4, Note that these plots are at
least approximately linsar, For purposes of discuasion, we identify three
abscissae, t', t*, t'", on this line {(see Figure 3.2). These are the inter-
cepts of the line with 84, 50 and 15 percent scattered light intensity, re-

" spectively®.

Table 3.1 presents a summary of the ''fan on" runs. Note that i"/t'.
which according to Section 3.2 measures aerosol dispersity, is sensibly
constant for a given powder while t*, which is an inverse measure of the
aerosol mean particle diameter, decreases with both amount of powder
dispersed aud with wiirring. It may alac be significant that the curves for
the lower fan speeds differ more from linearity than the other figures.
This point bears further checking. .
The last two columns of the table show values of ,Od e and ¢, where
/2 is particle density in gm/cm , d is the surface median diamaeter in
microns and g is ths geometric -tandnrd deviation, computed from t* and

t"'/t'. The relations used are:

#*According to the tranquil settling expression of Section 3.2, the ratio
t''/t', which measures the slope, has the valua (0 Y2, This should remain
a.pproximately true for turbulent settling. An approximata relation for t»,
an discussed in Section 3.2, is

2
H=2 vid)te; 045" = 286
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2 _ 370
s ™

O"! = 4’ t"/t'

Th_e values of ,Od.z. especially, may be viewed with suspicion since no
effort has been made to take inertial impingement into quantitative accouat.
Since our purpose is not aerosol assay as such, we do not intend to make

Ad

the correction.

Table 3,1 Experimental Data for ""Fao On!' Ruus

Powder Fan t 04 2 P

Dispersed Condition {min) £ /¢! a £

200 mg talc Large blade, 8.2 17.58 45.1 2.04
line voltage

50 mg talc Large blade, 12,2 21.5 30.3 2,13
line voltage

20 mg talc Large blade, 19,0 20. 7 19.5 2.13
line voltage

50 mg talc Large blade, 10.0 38,3 37.0 2. 44
line voltage

1 gram Large blade, 0. 59 28.6 62,7 2.31

pwd. milk line voltage

56 mg talc Small blade, 20.5 20.4 18.1 2.13
50 volts

56 mg talc Small blade, 18.0 32.8 20,5 2.39
35 volts
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Other "fan on'' Tuns, conducted with yet a different powder. turned up
an appreciably different type of light-scattering signal. The powder used
here was "K farric oxide"”, a very nearly monodispersed material of rea-
sonably spherical particles. Particle diameter is approximately 2 microns.
For this powder the scattered light decreased exponentially, as may be
aeen in Figure 3.5. This behavior is in accordance with the hypothesis of
Section 3.2, Furthe?,the experimental decay conatant 0. 035 compares i
' favorably with the expected value uf

rme A

wd,)
“r— " 0.037 .

the larger value of the slope during the first 5 or 10 minutes of sach run.

It is believed that there are several possible explanations for this rather

minor deviation, none of which contradict the hypothesis advanced in Sec~
[ tion 3. 2,

l . With regard to Figure 3.5, howevsr, a question may be raised concerning

Interprctive remarks, in terins of Lhe relutive roles played by agglo-

l meration and by settling on aurfaces, must remain rather hypothetical at
this time. It has been stated that the light-acattering data for polydisperse
powders are fairly well represented by a straight line on a logarithmic-

l aormal plot. This would say that either the asrcsols observed so far have

log-normal particle distributions and decay without agglomeration (as in the

model of Section 3. 2), or that agglomerative effects balance cut the devia-
tions from log-normality. It is also conceivable that the agglomeration has

the simple effect of tiiting or displacing the line on the log-normal plot, a

behavior which was indeed observed. On the other hand, the line position

~hmih e, —asieis

. rI( ferric oxide was at one time produced and marketed as a pigment under

the trade name "KROX" by Minnesota Mining and Manufacturing Co.,
St. Paul, Minnesota,
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and slope may also depend ou the efficiency of the dispersing procass. All
these possibilities will have to be studied further before more definite
statements as to the relative roles of agglomeration and settling may be
made.

Several runs have been made under ''tranquil” conditions (Series (2}
above)., In view of the sometimes very arratic behavior of these aerosols,
it would bs misleading to liet quantitative results; rather, some significant
qualitative statements may be advanced.

The '"tranquil' decay runs were made with the fan in operation from
several minutes before to a few minutes (usually 3 or 6) after the firing of
the powder charge. In general, the behavior was that the two light signals
were squal and decreased smaothly until the fan was shut off. At this point
the rate of decrease of scattered light changed markedly to smallex values
and the two signals becams unequal {the lower u'ﬁﬁ;l‘lhy‘;-ﬁ'but ‘not always, ex-
ceeding the upper), both decreasing in a nonmonotonic way. Signal excur-
sions of 20 to 30 percent above and below the median line, lasting several
minutes, were common.

The implication of the erratic behavior is clear: ''clouds' form in the
aerosol and drift at random through the light-scattering area. The signi-
flcant point is that these clouds form spontaneously, since the light signails

‘decrease smoothly during the time the fan is on, indicating a uniform con-

ceatration throughout the chamber. These effecta v{&u«pmicul;rly severe
for the larger powder charges (above 100 #§)." There may be a "threshold
concentration'', above which an aerosol 13 unatable and tends to form clouds,

One may epeculate as to the mechanism of formation of the clouds.
Perhaps in the absence of stirring, soft sddy currents, which tend to trap
aerosol particles, are set up by convaction effects. Another poseibility is
that a highly charged particle attracts others which, howaver, do not
actually collapse on this nucleus to form an agglomerate.
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Another significant result of the "tranquil'' rune is the lack of separa-
tion of the two light signals., According to Section 3. Z the lowesr signal
should lag the upper by a factor of two in time, This was not observed,
although in most cases the asrosols ''triad" to follow tha ruls for the firat
half hour or sa. Evidently there exist convection currents in the chamber
which impose a turbulent condition on the aerosol, at least late in the life
of the aerosol when the larger particles have settled out.

Finally, some remarks on the dispersing syatem are in order. A
general feature of all runs to date has been the presence of a "'spike' on the
light-scattering record at the instant of firing. These apikel"; which varied
from 2 to 4 times the equilibrium value at t = 0, ware at first considered
unimportant, arising perhaps from the mechanical shock of firing. Duridg
the course of the work, however, the speculation arose that spikes were
due to a dense cloud passing the light-scattering region at high velocity.
These high velocities, if present, are undesirable since it is likely that the
powder ls carried across the chamber and impacted on the floor opposite
the disperaing gun. '

Several runs were made without the fan (Series (1) above), incorporating
various nozzles and other devices in an effort to alow down the disperaing
gas stream. These runs gensrally tended to confirm the suspicion of a
high velocity cloud since the relative amplitudes of the signals indicated

‘ that the aerosol was at flrst concentrated near the bottom of the chamber
- and "billowed up' from there during the course of the next half hour. None

of the measures tried gave a really satisfactory improvement of the situa.
tiom.

i'r¥hil behavior has been noticed in conneclion with other instruments - see
Final Report, Vol. 4, Material Evaluation, GMI Contract No. DA-18-064-
CM-2336, p. 26.
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3.4 Conclusions and Plans for Immediate Future Work

The work accomplished thus far has served to establish operating con-
ditions and to test our understanding of the aerosol decay process. In re-
gard to the latter, it has been seen that the theoretical expressions set
down in Section 3.2 have a conaidarable degree of validity, and they have
been found very useful in interpreting the light-scattering data. Their use-
fulness would, however, be enhanced if the effact of agglomearation in the
aerosol decay were known. Efforts will be made to take account, at least
quaiitatively, of agglomeration.

The work of the past quarter has alsa turned up some unexpected poss-
ibilities. For example the "jitter' or ''nolse' on the fan-on traces appears
to depend on the type of powder dispersed and in uny case seems too large
to be accounted for by electronic noisq, Thus, the possibility arises that
statistical fluctuations in the number of particies involved in scattering are
being observed. It is conceivable that statistical methods may be applied
to extract certain information from the 'jitter"” values, namely, actual
numbers of particles invnalved in scattering. This po3sibility will be ea-
plored during the next quarter.

The experimental program of the next quarter will also be concerned
with systematic studies of humidity effects in aerosol decay. As a first
step several runs are planned under the two extreme humidity conditions,
both of which should be relatively easy to establish. In these runs, as in
others planned, we shall generally use stirring throughout the run, with the
fan operating at speed sufficient to overcome convection currents”.

The powder dispersing system will be kept under reviaw. While this
system does not work as planned, it is probeably satisfactory for dispereing
amall charges of powder.

¥FThe same procedure was adopted by Tanner etal., Blological Laboratories
Intarim Report 36, "Design, Construction and Operation of the Aerophilo-
maeter’ Special Operations Diviaion, Camp Detrick, June 1953, p, 6.
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4. VIABILITY STUDIES

4.1 Presence of Bg Contaminsants in Sm Powder

The results of saveral trials designed to measure tha degree of heat
inactivation of Sm powder aerosols were invariably heavily contaminated
with By colonies. Careful examination of our equipment and techniques
eliminaved these sources as potential casuses, Hypothetical reasoning led
to the conclusion that the Sm powder itself contained Bg contaminants in the
ratio of 1: 106 to 1: 10 This level of contamination would not be evident
during rout!ne Platings of the Sm powder which had a viable count of
1x 10 /gm When dilutions were made of this powder to yleld countable
plates (30 to 300 colonien), the plates would show only pure cultures of
Sm. On the other hand, analyses of samples in which 99. 9999% of the
vegetative Sm was destréyed by heat would yield plates in which Bg pre-
dominated.

This hypothesis was verifiad by preparing a liquid suspension of Sm
powdor in tryptose-phosphale bruth which was immersed in a water bath at
75°C. Aliquots were removed at 5-minute intervals and plated in the appro-
priate dilutions to yield countable plates. The results showed & steady
diminution in Sm counts relative to exposure intensity, and a constant level
of By 'contamination'. At the end of 30 minutes the predominant organism
on the plate was Bg.

- This observation is significant cnly when considering circumstances
where a given treatment would have different influences on vagetative cells
compared to spores.

4.2 Effect of Agitation and Compaction on Viability of Sm Powder

A series of trials wers performed to determine the effect of compac-
tion on Sm powder viability, with and without the addition of Cab-O-8il.
The additive wae incorporated into the powder either by mechanical stirring

i
*
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or in & fluid energy mill. Immediately after compaction, plate counts were
run both on the original bulk samples and on pellets disintegrated in a
tissue homogenizer. These regults are shown in Table 4, 1.

Table 4.1 Effect of Agitation and Compaction
upoun Viable Count of Sm Powders

Visble Count/gram x 1017
Bulk Compacted  Pellet

Agitation Additive Powdsr ° Pallet Denesity
Untreated nvne 4.11 2, 84 0,617
Mechanical Stirring none 3,01 2.15 0, 624

1% Cab-O-5il 2,72 2. 69 0. 629
Fluid Energy Mill none 3,13 3.39 0, 628
1% Cab-0-8il 3,07 2. 68 0.616

It is evident that neither coating with Cab-O-8il nor compaction to 0. 62
grams per cc density had any significant or deleterious immediate effects
on Sm viability.

4-2
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5. DISSEMINATION AND DEAGGLOMERATION STUDIZES -
5.1 General

During this period major emphasis was placed on wind tuanel experi-
ments at Fort Detrick employing the 40-foot diameter test sphere. The
objective of this program was to svaluate the General Mills GMI-3 fixture
with Sm and P. tularensis, under environmental oparational conditions
which simulate actual operation of the prototype unit for dissemination of
dry BW agents. In the avaluation such parameters as recovery factor,
source strength, decay rate, VMMD, slopes with 95 percent confidencs
limits, LDSO' probit slope and its 95 percent confidence limits will be
determined. The Sm test series was conducted on April 4, 5, 6 and 9,
1962, while the P, tularensis series was conducted on May 4, 7, 8, 9, 10
and 11, 1962%.

In preparation for the above activity, effort was aleo devoted during
the period to developing the test fixture in our laboratory.

5.2 Ewvaluation of the General Mills, [nc. Test Fixture Disseminatin

At the present time statistical analyses of the results of the Fort
Detrick teat program are not available. Howsver, the procedure and
general results will be given in this report.

The over -all program was designed to test six operational treatmeats
with dried Sm and dried P. tularensis. These included the two wind tunnel
Mach mumbers, 0.5 and 0,8, and three bulk deneities: normal, approxt-
mately 0,43 gramsper cc and 0.53grams per cc. In the Sm test four

¥ Technical Evaluation Division Test No. 62-TE-1602; MD Division No.
1927,
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replicates were obtained per treatment. while in the P. tularensis series
»ix replicates were determined per treatment. In all of the tests, each
treatment was run daily,

Apparatus for these tests included, in addition to the GMI-3 fixture,
related equipment used for compacting powders to the required bulk densi-
ties and mechanically breaking down ths resulting slugs into finea agglomer- n
ates on the order of 2000 microns and less and basic particles. Appro:d-
mately 0.8 grama of these samples were placed in the GMI-3 fixture and
disseminated at a feed rate of 30 Ib/min. These apparatus are further

discussed in our previous reportm.

TN

. . . f H RS, ‘
i

—

A blowdown wind tunnel and auxiliary equipment such as air storage
tanks and pumps were erected for these experiments adjacent to the test
sphere. The test section inte which the organiams were disseminated,
shown in Figure 5.1, has a 2-inch by 4-1/2-inch cross-section. Actual
ejection of the material into the air stream was achieved during a four-
millisecond period.

" .

2 :“b. e kY

Environmental conditions inside the sphere during these tests wers

{ maintained at 79 degrees Fahrenheit temperature, assentially atmospheric

i presgure and 35 percent relative humidity.

. Samples of the generated aerosols were obtained with ABP-30 eamplers™

2 filled with 20 milliliters of tryptose saline during Sm trials and 20 milli-

‘ liters of gelatine peptone phosphats during P. turlarensis runa. One

i minute samples were taken at the midpointa of 4, 18, and 32.minute time
periods at a flow rate of 12.5 litars per minute. Four eampling stations

’ were operated concurrently,

Single stage impactors (85Is) with cutoffs of 3, 5, 7, and 9 microns
‘ and a GP-20 total collector wers used with 25 milliliters of sampling fluid.
This group of samplers were operated only at the 4-minute time period.

*All-glass impinger preceded by a British pre-impinger.

A
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»
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The four ABP-30 spamples takan during each time interval were pooled
while the 8SIs and GP-20s were assayed separately.

In the original P, turlarensis test program, it was planned that eight
Hartley atrain guinea pigs in the we"ight range, 250 to 370 grams, would be
exposed at each of three time periods for each trial after the firet day,
However, because of the high recovery factors during the initial experi-
meats, a new test plan for the animals was required. As & result they were
only exposad on the final three days.

5.3 Preliminary Results

5.3.1 Sm Tests

In addition to determining the viability of generated asrcosols in the
sphere, control samples of the normal and compacted materials were taken
and assayed. By this method data were obtained on the sffacts of two fac-
tors which enter into this evaluation program, 1} the compaction of the
particulate material to denaities up to 0, 53 grama per ce, and 2) the aero-
dynamic breakup process during dissemination., Each factor can be analyzed
separately or the two can bs combined to demonstrate the over-.all perfor-
mance for any one treatment. ‘

In studying the mean values of thé control counts, there appears ta bs
little, if any, effect on viability due to compaction of Sm. Count values
ranging from 123,98 x 109 to 127,38 x 109 organiems per gram were ob-
tained at bulk densities 0.53 gramas per cc and (.43 grams per cc, respec-
tively. At normal bulk density a value between these was obtained.

Mean values of the recavery factors at the 4-minute time period varied
randomly in a range from 2. 52 to 3. 36 percent for the six treatmenta,
while for the AP #10 fixture the value was 3.50 percent. At the two wind
tunnel Mach numbers studied, Lthere appears to be little difference in the
viability of the generated asrosol.
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At first glance thess recovery factors may bhe dcciiving and therefore
may appear quite low, Thus, it is necessary to explain that tha recovery
factor is directly proportional to the quantity of fill which has a particle
size less than 5 microns. In this case ths particle size distribution, based
on a Whitby centrifuge analyeis, showed that only 6. 5 percent by mass.of the
material consisted of particles lese than 5 microns in siae. In addition,
the mass median diametez and geometric standard deviation of the material
was 16.6 microns and 1.95, respactively.

8.3.2 P. Tularensis Tests

Preliminary data similar to that presented above are also aveilable for
the triale with P, tularensis. Inthe casa of the control samples, the mean
values at each bulk density, bssed on five replicates, rangs from 13.52x 10
to 20. 11 x t0}? organisms per gram for bulk densities ranging from the
normal condition to 0. 533 grams per cc, respectively. The results show an
increase in organism count with increase in compaction, an effect which is
unexplained at this time. -

10

Mean recovery factors for this series of tests based on six replicates
range from 28.59 to 35.77 percent. There is an indication that recovery
decreases at the higher bulk deansity due to aerodynamic breakup; however,
for the combined effects of compcctidn and breakup. increasing recovery
factors were obtained with increasing bulk density. Agsin in this case,
wind tunnel Mach number appears to have no relative effect on recovery,

The mean recovery factor obtalned with the AP #10 reference fixture
was 28. 44 percent.

The mass median diameter of the eample material was 4.3 microna
while the geomstric standard deviation was L. 38. Approximately 70 per-
cent by mass of the material waa less than 5 microns in size.

5-5%
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. In spite of the fact that the particle size distribution was fairly fine,
1 ; the recovery factor obtained in these tests is considered to be quite high

J [ W

and exceaded our expectations.

, j A more complete presentation of the results from both the Sm and B,
tularensis tests will be made at a later date when the complete statistical {
l analyses have bLeen finished., At that tirne it should be possible to make ;
. definite conclusions as to the operational characteristics.and effectiveness :
| of the GMI-3 fixture and wind tunnel combination. . :
| ,
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! t 6. CONTINUATION OF EXPERIMENTS WITH THE FULL-SCALE FEEDER 1
E FOR COMPACTED DRY AGENT SIMULANT MATERIALS §
i
3
[ 6.1 Introduction k
l Experimental work with the full-scale feedar coantinued during this re-
porting period. The information obtained substantiates previously reportad“

conclusions that the design coacept under study is quite feasible. Pexfor-

]

‘ mance was evaluated at powder flow rates ranging from 20 Ib/min up to 49
Ib/min. Air flow rates from three to aine scfm were investigated. Parti-

’ cular attsntion was devoted to performance during the starting period and

various operating procedures werse tried in an effort to minimize the delay
! in reaching full feeding rates,

In general, the procedures employed in conducting these test runs are
’ the same as described in the Seventh Quarterly Progress Reportlz. A few
modifications were made to the unit and an improved arrangement for col~

’ lecting the diacharged material was deviged.

| 6.2 Equipment Modifications
{ .

{ The original plan was to try three diameters for the discharge opening -
! 0.375, 0.500 and 0. 750 inches. The umalleat dlameter of 0. 375 tuch was
soon determined to be too small. The C.500 and 0, 750 diameters were

both satisfactory but it was found that the gas pregsure within the unit using
the 0. 750 diameter opening wase significantly lower. Consequently, a deci~
wion was made to use the latter opening in all of the test runs being reported
herein and to tentatively establish this diameter as the ona to use in the

——

airborne disseminator.

3

For the tests reported in the Seventh Quarterly Progress Rapm.-t1 the

) . motivating gas was admitted directly into the disaggregator section of the i
unit through a hole near the top of the cylinder. For the tests reported f
I herein, the unit was modified in that an aerating ring was installed in the l

A —
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center of the cylinder as shown in Figure 6.1. This ring contains 32 orifii
each 0. 040 inch in diameter which are positioned uniformly arcund the ring
on both sides. Four additional orifii are mounted 1. 78 inches directly abave
the powder discharge opening. The objective in using the aerating ring is to
obtain better mixing of gas and powder. To accommodate thia aerating ring ,
it was necassary to remove the wire wall scrapers and the 6«inch baffles j; ‘

which were mounted batween the disaggregator disks. The scrapers were
eliminated but the four long baffles were replaced by eight 1. 25 x 2-inch !
baffles, four being mounted on each disk,

The initial arrangemasnt for collecting powder for weighing was to use
a short length (approximately 24 inches) of 1.25-inch inside diameter tubing
between the discharge on the unit and ths top of the 50-gallon drum. The
top of the drum was covered with a sheet of muslin to allow the gas to pass
‘ out of the drumn without carrying out the powder. Since this technique could
1 caonceivably affect the powder flow at the point of discharge from the dis«
‘ seminator, a new technique was devised in which the tubing was omitted
J and the powder allowed to flow directly into a stand pipe six inches in di- i
!

(RN - SORRE

-

ameter mounted on the collection drum as shown in Figure 6.2, The end of
the stand pipe is placed four inches below the dilg:harge tube on the disgomi-
nator. The cover of the drum is well ventilated by many holes and the muslin

’ filter cloth is placed on top of this cover. A chamber is formed above the |

) cover by means of plastic sheeting so that the gas can be withdrawn from ,
between the plastic and the filter cloth using a vacuum cleansr. With this -

’ technique the powder has been observed to flow freely into the collection

drum in a well-defined stream or jet.
6.3 Test Results

The results obtaincd with the full-scale faeder during this reporting
} l period are summarized below. This summary is followed by a more detailed

o ke

discussion of the data.

—
ERC O
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Figure 6.2 Arrangement for Collecting Powder without Direct
I Connection between Collection Drum and Discharge Tube
’
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1) A total quantity of approximately 2, 600 pounds of talc were
successfully loaded into and discharged {rom the feeder
uander & variety of operation conditions,

i sty ok

2) The torque and power required to drive the feeder were i ;
found to be well within the Ilnitial objectives. The torque : \
was usually less than 100 ft-lba and the power less than 5
0.5 hp. -

3) A discharge opening of 0,75 inch in diameter gives good ,
performance over the feed rates inveastigated, {

[

4) Powder was discharged successfully with gas flow rates
1' ranging {rom thres to nine scim.

5) A gase flow rate of at leaat six scfm wus found to be neces-
' sary in order to minimisze the delay in attaining full powder
discharge rate. ‘

Py N

6) The delay in attaining full powder discharge rate was also
g minimired by pre-pressurizing; i. e., the operating pres- ,
f‘ sures was established in the cylindsr before starting to feed . |
powder. |

1 7) The gas requirements were found to be compatible with the ‘ 1
space which will be available for storing gas withiu the air- i
borne disseminator.

! 8) No significant difference in performance was observed for
operation where the gas flow was started before {seding the
l powder as compared with operation where gas and powder
were started simultaneously. !

9) The feeder operated satisfactorily for powder flow rates
ranging from 20 to 491b/min,

-

. 10) The gas pressure measured within the cylinder was found
' to vary from approximately 0.3 to 1.1 psig depending upon
the powder and gas flow rates used.
The experimental feeder was operated successfully under various con-
ditions of powder and gas flow rates. The range of operating conditions

) covered is shown in Figure 6.3 by plotting sach run as a point on a family
; i of curves showing air-to-powder ratios {by weight) for various powder and
i gas flow rates. The highest powder feed rate obtained was 49 lb/min.
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This {s ot the maximum capacity of the feeder but it is the highest rate
attainable with the present variable speed drive when the feeder is loaded
with material at a denaity of approximately 0. 48 g/cc. Operation up to
rates &8 high as 60 1b/min are planned by compacting to higher density
during loading.

. :_,_‘- ét-ﬁuiifligi‘

Typical powder flow rate curves are presented in Figure 6.4, The !
plotted data were obtained by recording the time at which a certain amount :
of powder had accumulated in the collection drum. In most cases time was ,
noted for each 5-1b increment. The curves were selected from many such :
curves which have been drawn to illustrats typical performance for a . !
variety of operating conditions, The data for any given run produce & well-
defined straight line indicating that the flow from the feeder is very uniform.

The driving torque and spsed were observed for all test runs so that the
input power requirement could be determined. The torque was observed to
vary over a range from 15 to 100 ft-1b with one exception where the torque
rose to 240 ft-lb. This excessive torque prompted an investigation which
ravealed that the thread clcan-out feature which removes powder from the
feed screw was plugged. This deficlency was corrected and there was no
re-cccurrence of an excessively high torque value.

The masimum driving speed used on any test was 24 rpm. The horse-
power requirement based upon 24 rpm and 100 ft-lb is 0,46 hp.

One series of test runs was conducted using nitrogen rather than air as
the motivating gas. As was expected, there was no observable differencs
in performance of the feeder when using nitrogen as compared to air,

The curves in Figure 6. 3 can be usad to show how the motivating gas
flow employed in laboratory tests compares with the allowable flow when the
gas supply is limited as it will be in the airborne disseminator. The design
study has shown that it will be feasible to carry a gas storage bottle capable
of supplying 113 standard cubic feet of nitrzogen. When based on the maxi- i
mum payload capacity of 350 1b, this gives a ratio of 2. 75 percent by weight ]

6-7
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of nitrogen-to-agent payload. The horizontal dashed line in Figure 6.3 for
this ratio is well above the conditions at which the feeder has bsen demon-
atrated to operate satiafactorily,

The gas is used most efficiently when the gas flow rate is reduced as
the powder feed rate is decreasad. However, it is possible to operate the
feeder over a wide range of powder flow rates with a fixed gas flow rate
without exceeding the 2. 75 percent ratio. For example, if the gas flow
were set at six scfm the powder feed could range from 17 Ib/min up to 50
1b/min or more. In ordser to stay within allowable limita, the gaa flow rate
must be quite low when the powder feed rate reaches 10 lb/min. Anticipa-
ting a problem, the feeder performance was tested at the low gas flow
rates,

In switching to the lower gas flow rates (three and four scfm) it was
obaerved that there was & delay in reaching the full powder flow rate at
which the unit was being operated. To obtain a measure of this delay, the
flow rate curve is drawn as a straight line extended back to intersect the
time-axis as shown in Figures 6.4 and 6.5 where time is measured from
the instant at which the unit is atarted. It is desirable to obtain perfor-
maauce such that full flow rate is astablished in the shortest poasible time.

Up to thia point the operating procedure was to establish the desirad
gas flow before starting the drive system which feeds the powder, When
operating in this manner the pressure within the feeder ip essentially equal
to atmospheric pressure before the powder starts feeding. When feeding
starts the pressure increases to a value which depends upon both the pow-
der flow rate and the gas flow rate. If the approximate operating pressure
exists !n the cylinder before starting the powder feeding, the delay in reach-
ing full powder flow rate should be 2 minimum. Thersfors, tasts were
made in which this internal pressure wae established prior to feeding pow-
der by restricting the air flow just below the discharge opening of the feeder.
The restriction was removed at the same time that the powder feading drive
was turned on.

6-9
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Figure 6.5 The Effect of Pre-Pressurizing on the Time
Required to Establish Uniform Flow
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‘ The pre-pressurizing technique proved effactive as shown in Figure
6.5, These flow rate curves were obtained with four scfm air flow and 43
' ‘ 1b/min powder flow for both cases. The vertical separation of the two

v s TN TR AR T
!
}

curves represents approximately five pounds of material. This indicates

that without pre-pressurizing about five pounds more talc was stored in the
disaggregator soction of the feeder during the initial seven or eight seconds !
of operation for the test where pre-pressurizing was not used. :

f When operating the feeder for a saries of runs in which the same pow-
der feed rate was used for each run while the gas flow rate was varied, it
, was observed that the delay in attaining full powder flow rate, as deter- : ,!
mined from plotted flow rate curves, tends to be longer for the low gas
‘ flow rates than for the high. During these runs the following data were
f obtained:

i 1} Time from atarting feedsr drive to the instant when puwder
began to flow from discharge opening. f

’ 2) Time from stopping feeder drive to termination of powde:- |
flow. |

. 3) Amount of powder discharged aftar feader drive was
’ ' . stopped.
The results of these cbservations are presented in Figures 6,6 and 6.7
! only to illustrate trends in performance characteristice; the amount of data
involved is insufficient to justify using these curves to obtain ‘lag-timea or
} post powder-flow quantities for application in any related studies.

The time-lag data arepresentedinfigure 6, 6. The lower curve shaws

i how the observed time from start of feeder to start of powder flow was al-
most independent of the rate of gas flow used. The delay was approximately
l one second. The delay in stopping, however, increased significantly as the .

gae flow decreased below five scfm. The delay observed for eight scfm wan .

J approximately 2,25 scconds, It increased slightly to approximately 2. 75 .
/ secands At five scfm, but rose sharply to about eight seconds at three scfm. i
| |
¢ \
i ;
)
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Figure 6, 7 shows the amount of powdesr collected after stopping the
feeder as measured for various gas flow rates. The curve shows that the
alr ﬂpw rate must be above five scfm If the amount of powdez is to he
minimized.

Ancther factor which could conceivably influance the initial delay is the
relative timing of the start of gas and powder flow. This aspect of the
problam was studied by making two types of runs, the first with the gas
flow established prior to feeding powder, and the second with gas and pow-~
der flow started simultaneocusly. Data from both types of runs were used
in plotting the curves in Figures 6.6 and 6. 7. The data show that there was
0o significant difference in performance for the two methods of operation.
This was also true when performance was evaluated on the basis of flow
rate curves drawn for. the runs.

6.4 Plans for Future Work

All of the experimental feeding experiments with the full-scale unit
have besu cunducted with talc compacted to a density of approximately 0. 45
g/cc. A hydraulic press is now being fabricated which will make it possi-
ble to compact to higher densities when filling the feeder. Tests will be
performed at a density of 0.6 g/cc or higher when the press is available.
This density will result in a powder flow rate of at least 60 1b/min when the
feeder drive is set for maximum speed.

A supply of powdered sugar has baen obtained and plans are to run the
feeder with powdered sugar to determine if performance varies with the
material being handled, Since powdered sugar is more hygroscopic, these
tests will not be conductad until the air dryer for humidity control is in-
stalled and operating. The dryer installation has been delayed because the
veador failed to meet his quoted delivery date.
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Some of the future feeding experiments will be performed with the
laboratory model of the disseminator which the Engineering Department is
now fabricating. This unit is to be a full-scale prototype of the inner tank
assémbly of the airborne disseminator and will operate on the same basic
principles employed in the unit which has been thus far used to demonstrate
the feaaibility of fesding compacted dry powder materials.
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7. DESIGN STUDIES ON A DRY AGENT DISSEMINATING STORE

The design concept of an external aircraft store for diseeminating dry
agent material from a compacted state was described in our Fifth Quarterly
Progress Report“. Section 6 of this current report containa a discussion
of the experimental evaluation of the basic concept using a full-scale model. i
This experimental program has demonstrated that the proposed concept is
feasible. Some of the principal components of an dirborne disseminator
based ou this concept were described in the Seventh Quartsrly Progress
Reportw- During this eighth reporting period progrecs was made toward
integrating these components into a well-designed dissemicating store as
described in the following paragraphs.

7.1 gener&l Arrangement for the Airborne Dry Agent Disseminating
ore

A preliminary general arrangement for the airborne dry agent die-
seminating store is shown in Figure 7.1 (GMI Dwg SK-29100-612), The
basic structure is an aluminum shell that provides a mounting akeleton for
the inner tank aseembly, the gas supply system, the turbine generator, the
actuator and the necessary control apparatus.

The external skin is a2 180-inch long aerodynamically shaped tank that
kas the same dimensions as defined for the 150-gallon Fletcher Aviation Co. {
Store No, 21-130-6024. This is a store that utilizes both 14- and 30-inch ' ‘
lug spacing for aircraft mounting. Two Rorizontal fins are mounted on the
aft section to augment tank stability during flight.

The store (exclusive of turbine generator assembly) coneists of the for-
ward, the center and the aft sections which extend from stations 13.0 to
52,0, stations 52,0 to 109, 62, and stations 109, 62 to 130, respectively.
This particular sectioning of the tank was required to provide access to
both ends of the inner tank for charging with the compacted dry agent, To
minimize assembly time, the joints at stations 52. 0 and 109, 62 will be

7= Bl
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equipped with a bayonet-type joining feature. Ia separating or joining the
tank sectione all that will be requiced is the loceening of a locking acrew
and rotating the end section approximately 22, 5 dogrecs. Gas lins and cable
disconnects. will be provided on the fore and aft sections from tha center
section, Access doors are located i{n the nose and tail sections at positions
detormined on the basis of necessity and ease of manipulation of the various
system components and controls. Locations of various system componente
were evaluated during this period on the basis. of available space, system |
aperation and over-~all effect on the store center of gravity.

The forward section from stations 13. 0 to 52, 0 contains the primary !
gas system hardware and the necessary elactrical components for power
distribution. The ram air turbine generator is mountsd at station 13. 0.

L o—————~ - o——

The center section, with section joints at stations 52,0 and 109, 62,
will provide the primary support structure and will house the inner tank
assembly which contains the agent payload and the feeding mechanism.

The aft section from stations 109. 62 to 180 contains the rotary actuator
assembly, the actustor control electronics (including a control panel), and
the ground and generator power distribution system electronics. Gas sys-
tem control electronics are also included in this section. A special coupling

is required between the actuator and the drive screw for easy separation
‘ when the aft section is removed for the dry agent loading cperation.

—— . asm

' 7.1.1 Ram Air Turbine Gunerator

” The ram air turbine generator is the same 4. 5 kvs, 1158/200 volt, 400
¢ps, 3-phase generator made by General Motors, Allison Division, which

' is used on the GMI {iquid agent disseminating store. Howsver, it will be

necessary to modify the exterior of the generator housing to make it con-
form to the shape of the dry agent disseminator. The ganerator is thoroughly
described in GMI Specification (GM8-29100-020, a copy of which was appsnded
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to our rifth Quarterly Progress Rsportm. - A new specification, GM§-29100-
611 hag been issued for the generator ta go into the dry agent disseminator
because of the modified exterior,

7.1.2 'Dry Nitrogen System

Dry nitrogen is used in the disseminator to fluidize the disaggregated
powder and tranaport it out of the stors through the discharge tube into the
slip stream. The nilrogen system schematic drawing is presented in Figure
7.2, The system conasists ofa high-presaure storage veasel, manual and
solenoid shut-off valves, a pressure regulator, a critical flow orifice, a
manifold check valve and a manifold with high velocity jets. These basic
components are supplemented by pressure gauges, relief valves, pressure
switches, etc. required for safe control of the system, Following is a des-
cription of the system as it will function in the disseminator.

Dry nitrogen is introduced into the pressure vesssl through the charging
valve and stored at 3000 pai preasure, The manual shut-off valve is closed
during charging and storage to insure that no leakage will cccur, During
pre-flight preparation of the disseminator the manual valve is opened and
the solenoid valve is used to stop and start the flow of nitrogen during opera-
tion of the disseminator.

The rate of flow of nitrogen to be used during operation is determined
by adjusting the pressura regulator to be predetarmined pressure before
take-off. This controlled pressure in conjunction with the critical flow
orifice will give a constant rate of mass flow which is independent of the
downstream pressure,

The pressure regulator is adjusted while nitrogea is flowing. A supply
of nitrogen is introduced into the checkout valve from an external supply,
paasea through the pressure reguiator, and is exhausted to the atmosphere
through the ground checkout discharge, This method of adfustment does not
bleed nitrogeu out of the system’s pressure vessel and will not build up
pressure in the inner tank assembly,

7-4
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When the nitrogen is released from the pressure vesasl, isentrapic
expansion will cause significant cooling. Under certain conceivable condi-
tions this temperature drop could cause variations of mass flow rate of
from 10 to 20 percent. If this problem should arise it can be corrected by
adding heat to the gas. For these reazons a heater jacket, laced to the
pressure vessel, has been added to the system. If actual test experience
shows that the heater is unnecessary it can easily be removed from the sys-

tem,

A flow indication pressure awitch is mounted in the manifold upstream
of the critical flow orifice to show wheather or not the solenoid valve is open
and sufficient pressure is available for proper flow.

The cylinder pressure switches operats when the cylinder pressure
exceeds the normal operating level. This would happen if the arifice which
discharges the mixture of powder and nitrogen became plugged, The switches
will actuate a relay to ahut off the gas solenaid valvs,

The line pressure switch is used as a safety back-up for the cylinder
presasure awitches. Its actuation point will be set beslow the relief valve
setting. '

The manifold check valve allows free flow of nitrogen into the cylinder
but pravents back flow so that the nitrogen system will not become con-
taminated by agent eatering through the manifold.

The presaure equalizing lines allow flaw from the mixing chamber to
the spaces behind the pistons 80 that the pistons will nct work against a gas
pressure differential,

The nitrogen flows through the manifold and out into the mixing cham-
ber via the high velocity jets. The jets will give a velocity of from 150 to
350 ft/aec depending on the flows and the size of the jets used. This velo- .
city will cause swirls in the mixing chamber and will tend to cause good '
mixing of powder and gas as the powder comes off the disaggregator cutters,
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The nitrogen pressure vessel can store a total of 12, 65 pounds or 17§
scf of nitrogen at 3000 pai and 70°F, The amouat available for mixing with
the powder is 9. 62 pounds {or 2. 75 percent of the 330-pound powder capacity)
becauae of allowances which must be made for changes of flow rate with
temperaturs change, errors in pressure measurement and regulstion, and

L o

B ¢
- pon—n; —_— M ]

a requirement for a residual pressure to ba maintained in the vessel.

With the regulated preasure range of 30 to 100 psig on the fixed orifice,
the available range of flow rates 15 5. 7 scfm minimum to 14, 6 scfrn maxi-
mum, Figure 7.3 shows how this range of nitrogen flow rate combines with
the powder faed rate to give various ratios of nitrogen to powder flow. The
ratio can be kept at 2. 75 percent up to powder feed rates of 38 1b/min by
. ' increasing the gas flow as the powder flow is increased. At feed rates above

38 1b/min the maximum flow rate of 14. 6 scfm governs. The ratio then de.
l creases until the minimum percent is 1. 76 at a feed rate of 60 1b/min.

—— amsema—

if the gas-to-powder ratio is allowed to vary from 2,75 down to one
I percent, only two nitrogen flow rates are needed, 5.7 and 14, 6 scfm,

A preliminary study of the standard practices employed in charging
l high-pressure veseels indicates that there are two practical methods of
charging the pressure vessel with dry nitrogen for this application. One is
, - to compress the gas from standard 2200 pai bottles directly into the pres-
sure vesael with a portable compressor. The second method is to order f
6000 psi bottles and use these to top off the veseel after filling part way with
‘ the readily attainable 2200 psi bottles,

The relative merits of these methods are now being investigated and
l the necessary facilities will be made available for laboratory and field
operation of the nitrogen system.
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7.1.3 Center Section

The center section of the atores is the basic disseminator. It extends
from atation 35,5 to station 131,75, It is actually somewhat longer than

the length arrived at by subtracting the nose and tail sactions from the over-

all length because the ends of the inner tank assembly extend beyond the
atations where the nose and tail joints are made, The construction of this
center gsection will be aimilar to the liquid agent disseminating store in that
the space betwesn the inner cylindezr and the external shell will be filled
with a foamed-in-place rigid plastic, - A strong-back and stiffening rings
will be used 1o satisfy structural requirements. Nitrogen linas and alec-
trical conduits will be placed between the inner and outer shells.

The inner tani assembly consists of a cylinder with removable end
plates, a drive screw running the length of the cylinder, two pistons with
threaded huba riding the drive screw, and a disaggregator with cutters in
disks keyed to the drive acrew at the center, The design of this assembly
will be similar to the second experimental model shown in Figure 7.4 and
described in Section 7. 2. The essantial differencas in ths airborne model
as now eavisioned will be that a odo-pieco cylinder with a removable gas

manifold will be used to eliminate the center joint shown in the experimental

unit, and double O-ring seala will be used on the end plates and all other
attachments to the cylinder.

The inner cylinder is 83. 25 iaches long and 16. 5 inches inside diameter.

A volume of 9.1 cubic feet in available within the cylinder for containing
compected dry agent material.

The fluidized powdar will be discharged through a short tube extending
from the bottom of the center section. An NACA ltudy” of discharge tubes
of this type showed that in order to obtain good separation of the discharge
flow from the boundary layer of the store, the tube should be housed by an
air foil capped with an air-flow control plate, In the case of the dissemina-
tor it is necessary that the tube shroud be large enough to house the valve
mechaanisra and, consequently, a tapered eliptical shroud is considered to be
the bust compromiae design. Such a shroud is shown in Figure 7,1,
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7. 1. 4 Rotary Actuator Assembly

The requirements of the rxotary actuator for driving the feeding mecha-
nism, as outlined in the Seventh Quarterly Progress Reportwmdupoated
below, . were submitted to a number of potential vendors but none-could fur-
nish a satisfactory item without resorting to a design and development pro-
gram. Since General Mills, Inc. has had considerable experience in de« 1
veloping equipment of this type, a decision was made to have our persoannel
proceed with the design and fabrication of the actuator.

The requirements of the actuator are:

1)  Output Speeds. - 12, 18, 24, 36 and 48 rpm in either direc-
tion. (These speeds are changed from those given in the
referenced report. ) ‘

© il e .

2) Output Torque. - 2500 pound-inches in either direction at
the above speeds.

3) Maximum Allowable Overhung Shaft Load, - 1500 pounds,

4) Maximum Allowable Inward Thrust Load on Shaft. - 2000
pounds,

5) Maximum Allowable Outward Thruat Load on Shaft, - 2000
pounds,

6) Duty Cycle, - Continuoua for periods up to 1/2 hour.
7)  Life. -~ 200 hours.

8) Operating Temperature. - L60°F to -65°F.

9} Operating Altitude. ~ Sea level to 15, 000 feet.
10}  Acceleration. ~ 10 g's in any direction.

11) Vibration. . 5 to 500 cps at 0. 036-inch double amplitude or
+10 g whichever is the lower value.

12} Input Electrical Characteristics. - 400 cycle, 200 volt, 3
phase, ac.

13) Connectors. - Water-tight conuector at cable entrance to
actuator housing.
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 During this reporting period the design was essantially completed and
all major itema were released for fabrication or procurement. - As the de-
sign progressed, it was necessary to modify some of the characteristics so
that they now differ from the description presented in the Seventh Quartexly
Progress Ropoz:t:l 8.

The electric motor which has been ordersd from the Westinghousa
Elactric Corporation is a2 400 cps, 3~-phase, 200-volt, 5600-rpm motor with
a rated torque capacity of 22 pound-inches, Tha speed-aelector purtion of

the actuator will still provide for five driving speeds as given in Item (1) *

above. At all but the highest spsed the spead-changing gearing will all pro-
vide gome #peed reduction. The highast ratic is actually a step-up to about
117 percent of input speed.

The major speed reduction still occurs in the fixed~ratio speed-reducing
part of the actuator which is a series three-stage planetary gear unit. The
reduction ratio of the first and second stages is 4.75 to 1 each, and that of
the third stage is 6 to I, giving an over-all reduction ratio of 135.375 to 1.
The input in each stage is at the sun gear and the output at the planet carricr
or it3 extension. The incoming torque is received through a safety clutch
which is designed to slip when the force exceeds a given amount.

The approximate size of the actuator package is now 12 inches maximum
diameter and 21 inches length. Slightly more than half of the unit has a
diameter of about 8 inches, The weight has been calculated at 63 pounds.
The actuator ussembly will have two mounting flanges for securing the unit
in the tail section of the stors. The principal mounting of the actuator is at
the forward bulkhead of the motor housing and the secondary mouating is the
flange portion of the housing at the forward or output end of the planetary
speed-reducing unit.
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7.2 Fabrication of the Second Experimental Unit

The design for the airborns dry agent disseminating store which is
evolving from design studies and laboratory experiments will differ in some
respects from the full-scale feeder which has been usad thus far in this
phase of the program. The same basic. concepts will be employed. buts: in
general, the exparimental feader design is not directly applicable to the ajr-
borne store. Therefore, a second experimental model is being fabricated
to test the design to be employed in the airborne store. This new experi-
mental unit is shown in Figure 7.4 (GMI Dwg 8K-29100-778). The more
important changes in this model as compared with the first expsrimental
feaddr are discussed below,

1) The cylinder dimensions are reduced to 83. 25 inches long
by 16,5 inches inside diameter. Those dimensions ire
those of the inner tank to be incorporated in the alrborns
version. 8tainless steel, type 304 ATSL, is utilized rather
than aluminum as in the first generation model,

2) The drive screw is machined as ons piece rathar than two
as on tha first geueration model. This eliminates the
problem of joining the two screws together when sssem-~
bling the unit. The disaggregator is keyed to the drive
scraw to permit easy removal of the screw for cleaning
and maintenaace.

3) Ball bearings for radial and thrust support are again used
at the ends of the acrew but additional bearings are mounted
at the center of the cylinder to support tha.disaggregator
and reduce friction at this point. The center support struc-
ture has been incorporated in the aszating ring structurs to
obtain 3 compact arrangement.

4) The orifice plates forming the sides of the aerating ring or
manifold have removable nossles for directing the gas

which mixas with the powder and causes it to flow out of
the unit.

5) The piston hubs are olongated to provide better support on
the drive screw.

6) The exparimantal unit is designed for loading from the

ends, using a special loading tube, as is planned for the
airborne version.

7-13
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£ Controls for the gas system are not shown in Figure 7.4 but.the follow-
[

ing items will be installed on the experimental unit to test for performance:

k]

1) Pressure awitches to indicate abnormally high pressurs
;Mu the cylinder at the center and at the ends behind the
stons,

2) A check valve at the entrance to tha aerating ring to pre-
vent back flew.

3) A pressure awitch to indicate abnormally high pressure in
the gas line entering the aerating ring.

4) A pressurs relief valve in this line.

5) A fixed critical flow orifice ahead of the pressure rellef
valve,

1
4
|
¥
i
{
¥
]

6) A pressure regulator in the gas supply line,

This experimental unit will bs tested with the same facilities which
have been used to obtain data with the first experimental unit.

7.3 Fabrication of Loading Equipment for Use With the Secoud Experi-
mental Unit

Loading of the disseminator with compacted dry agent will require
auxiliary equipment to compress tha finely-divided bulk solids into cylindri~
cal packagea of the required length, diametar and density. Special equip-
ment may also be necessary to transfer the compacted powder from thas
press to the disseminator. In order to study this aspect of the program, a
hydraulic press and a loading fixture have been designed for use with the
second experimental unit., Fabricetion of this squipment was started during
this reporting period.
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7. 3.1 Hydraulic Press

‘The hand press employed in loading the full-scale feeder with com-
pacted powder s not suitable for producing densities greater than approxi-
mately 0. 45 (rumn per cc. Since the objective is to investigats dissemina-
tor performance with compaction densitied up to 0.6 grama per ¢, ‘it will
be necessary to have a press capable of producing the total force associated
with this denaity. Consequently, a simple hydraulic prass ia being fabri-
cated which will be capable of exerting a force of 8300 pounds, The com-
paction ram will be attached to a hydraulic cylinder having a 38-inch stroke.
Hydraulic controls will be provided to enable the oparstor to vary the rats
of piston travel and to adjust the piston forca.

7.3.2 Loading Fixture

A loading fixture is being fabricated which consists of a loading tube
and a manual lift truck. The loading tube will be positioned in the hydraulic
press for filling and compacting of the powder. The LU truck will be used
to raise the filled loading tube and rotating it to a horisontal position in line
with the disseminator. Thae loading tubs will then be attached to the end of
the inner tank of the disseminator and the compacted matarial will be pushed
into the disseminator uaing air pressure to operate the loading tube. The
loading fixture will then be removed and the pistoa and end plate of the dis~
seminator will be installed,
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8. TESTING OF THE LIQUID AGENT DISSEMINATING STORE T

|

The liquid agent disseminating store, which was described in ths Seventh }
Quarterly Progress Raportm. has baen subjected to & series of atructural ’
and functional tests in the laboratory and in the field. Laboratory structural !
tests ware conducted at Fletcher Aviation Company, E! Monte, California {
}

|

[}

|

|

using two test units which were fabricated for that purpose. The third unit,

which is a complete developmental modal, was tested in the laboratory at - !

General Mills, Inc. and, subsequently, flight tested on an A4D-1 airplane

j at the Naval Air Test Center, Patuxent River, Maryland. The disseminator
has met the requirements of the various tests with a very high degree of : :

success. An assembly drawing showing the complete unit is included as ;

Appendix A of this report.

- ———

- im m——

(

‘ A report (see Appendix B) of the structural test program is included
with this progress report and is digcussed briefly below, The resuits of

. the test work conducted at General Mills, Inc. will be presented in a final

I engineering report which is being prapared. The Naval Air Teat Center is
submitting an official report on the flight tasts, A short description of the

’ flight test project is presented in paragraph 8. 2 foliowing.

: ; 8.1 Structural Testing at Fletcher Aviation Company, El Monte,

ornia

! Appendix B is Fletcher Aviation Company Report No. 43.286, "Qualifi-

’ cation Tests, General Mille Tank Assembly" covering the structural teasting

'j conducted by Fletcher on two units fabricated for this purpcse. The test

‘ models were structurally similar to the delivered unit with the exception

" that components such as the turbine, pump, actuator, etc., were simulated
by means of dummy units having the same weight, center of gravity, and

} attachment provisions.

The teats were conducted in gensral accordance with Specification
I MIL-7378A, ""Tanks, Puel, Aircraft, External, Auxiliary, Rernovable."
Following is a list of the test performed:

mver e — o —————— e = e =
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for quality of workmanship, -
2) Determination of weight and center of gravity locations.
3) Determination of tank.capacity.
4) Slosh-and-vibration test.

5) Leakage test. !
6) Ground sjection test. ' :

7} Static structural teat,

The disseminator successfully met the requirements of the various
tests. In order to paas the slosh-and-vibration test it was necessary to ]
stop the test after it had been in progress for 17-1/2 hours and repair a [
crack in the skin and add reinforcement strips as described in pages 4.7 i
through 4. 12 of Appendix B. After this modification the tank successfully ,
withstood an additional 25 hours of slosh-and-vibration testing, i

During the repair, the inner tank was inspacted. It was discavered that
the buna rubber lining of the inner Fiberglas tank had separated from the
tank and was torn in several places (see page 4. 11 of Appendix A), In addi-
tion, the two anti-slosh baffles were intact but had broken fres and were

: I lying on the bottom of the tank, The lining and the bulkheads were removed
t

l
:: 1) Examination of product for conformance with drawings and
I
|
|
!
f
5
|
5

before the test was repeated.

When this Fibarglas tank was delivered to ¥Fletcher for incorporation
into the assambly, it was known that the bond batween the liner and the tank

’ proper was inferior. The liner was already separated from the tank in
places. Since this liner was used to facilitate releass of the tank from the
' mold during fabrication and 1s not required for structural or leakage pur-

E poses, thia fault was not considered to be important,

8-2
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Flight Tests of Llauld ﬁent Disseminating Store at NATC,
: tuxen ¥er, Ty

Through arrangements with the Bureau of Naval Weapons it became
possible to conduct flight tests with the liquid agent disseminator using an
AA4D airplane. The unit was shipped to the Naval Air Test Center, Patuxent
River, Maryland whore a seriss of flight tests were conducted by the Weapon
Systerns Teet Division on 16, 17, 18 May, 1962. The WST Division was
directed to prepare a final report covering these tests, The following ra-
marks concerning the flight tests are based on observations made by General
Mills. Inc. personnel who participated In the tests and on preliminary verbal

reports made by Lt. H. Turk, the test pilot.

The following "detailed Requirements' ware listed {n Weptask No,
RMMO-33-015/201-1/F008-10-005 issued by the Bureau of Naval Weapons
for the flight test project. The unit successfully passed all phases of this

testing program.

1)

2)

3)
4)

)

6}

7)

Perform /it tests with the spray tank suspended from the
Aero 7A Bomb Hack of the A4D-1 aircraft.

Provision for appropriate slectrical connectors in the air
craft pylon, if required. :

Perform static functional spray tests using water,

Perform flight teats to the maximum safe apeeds not to ex-
ceed the lmits of normal flying as set forth in BUWEPS
Instruction 3710, 0 of 19 October 1960.

Pilot to observe and report unfavorable conditions during
taxiing, take-offs, landings, and maneuverability tests
(high and low altitude, high and low spead).

Perform high altitude, low temperature soak followed by
functional test with dyed water. Upon landing make a
visual check of aircraft and report areas covered with dye.
Report temperature and duration of cold soak,

Parform low altitude (300 to 500 feet) high-speed functional

test with dyed water. Upon landing make a visual check of
the aircraft and report areas covered with dye.

8-3
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8) Provide for camera coverage of functional test items {3),
{6) and (7) above. )

9) Furnish twelve photographic copies of the GMI spray tank }

and aircraft installation to BUWEPS.[Code RMMO-334).

The photographs in Figures 8.1 and 8.2 show the diaseminator mounted
on the Aero 7A bomb rack on the fuselage ceuterline station of the A4D-1
airplane, Electrical connections to the stors were easily made by installing
a cable running from the pyloa to & junction box in the fuselage just forward
of the pylon. The cockpit control panel was installed in & position used for i
such auxiliary equipment and required no afrplane modifications.

The static functional apray tests were conducted with the unit mounted
on a bomb rack hanging from a steel frame provided by the Navy. A ground
power source was used to operate ths disseminator., Figure 8.3 shows
water spraying {rom the booms during this test,

The flight tests wers conducted in three flights, The pilot reported no
unfavorable conditions due to the disseminator during these flights and

found the control panel to be entirely satisfactory. The unit functioned
properly at all times.

The high-altitude, low-temperature test was conducted on the second i
flight in which two auxiliary 300-gallon fuel tanks were installed at the wing ‘l
stations to obtain the desired flight duration. Two minimum-maximum
tharmometers mounted in the aft section of the disseminator for this test ‘
I indicated s temperature range from 73°F to 80°F.

Maneuvers resulting in § ""g' loading were performed on the third flight.
Following these maneuvers, several low-altitude dissemination runs were
made within aight of an observation tower so that motion pictures could be
made with a telephoto lens. The dissemination procass was visible to the
naked eye and the aerosol was observed to trail out from the booms of the

disaeminator in a clearly defined band that did not diffuse until it was well
aft of the airplane,

—— At ———
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For each of the three flights the disseminator was fllled with dyed
water to ald in photography and to provide a tracer for studying contamina-

-tion of the aircraft. Both methylene blue and uranine {sodium fluorescein)

were used at a concentration of approximately 0,25 percent each. The
methylene blue was planned to produce evidence of contamination visible
uader normal light and the uranine under ultraviolet. A very careful
examination of the airplane was made after each flight and no evidence of
contamination was found. In fact, the only areas on the store itself which
were contaminated wére the booms, the bcom wells, and the exterior sur-

faces immediately adjacent to the boom wells.
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9. SUMMARY AND CONCLUSIONS

During this reporting period, significant work was accomplished in our
ressarch and development program on the dissemination of solid and liquid
BW agants. Progrese in each of seven areas of effort is summarized below
with the pertinent section of this report indicated at the end of the paragraph.

Data obtained with an improved piston-cylinder compaction apparatus
have resulted in an empirical formula of the form 6°= K (%-)r relating stress,
T, and density, 0, of a compacted powder. Values for K and r ware deter-
mined for talc, saccharin, powdered sugar, powdered milk and cornstarch,
Tests with the hydrostatic compaction apparatus yielded results in agree-
ruent with the improved piston-cylinder compaction apparatus, but the hydro-
static apparatus proved to be difficult to use. Measurements at high streds
levels with the above powders indicate that considerably less elastic energy
is stored in a compacted powder bed than was first assumed. It has been
found that very little elastic recovery occurs as stress is reduced at high
atress levels. The triaxial shear tests have thus far proven succeasful only
with relatively highly compacted samples and low (2 psi or leas) radial pres-
gures. Additional data were obtained using the bulk tensils strength appara-
tus with zinc cadmium sulfide which indicates that total sample length and
langth of time of application of compressive load when preparing the sample
are important considerations. Bulk density investigations have produced
data showing a decrease in density with increased radial distance from the
axis of a sampls compacted in a cylinder. Uasing the sliding diak method to
measure shear strength as a function of compressive stress it has been ob-
served that the relationship remains unchanged as humidity ia increased
from 2 to 32 percent but marked changes were observed at 46 and 69 per-
cent (Section 2).

The aerophilometer has bsen oparated while studying experimental
techniques and determining operating parameters sssential to carrying out
the program on stability properties of asrosols. A mathamatical analysis
has produced theoretical axpressions which, as shown by experiments,

9-1
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have a considerable degree of validity and have proven very useful in inter-
preting the light-scattering data. The decrease in scattered light with time
has been recorded for aerosols of talc, saccharin, powdered milk and K-
ferric oxide using the fan to produce turbulence. Erratic behavior was ob-
served when tranquil conditions were smployed. Apparently, "clouds form
in the aerosol and drift randomly through the light-scattering area (Section 3).

t,,,_,...,.,.ﬁ,,,

An experiment has shown that Sm powder being used in triale designed
to measure tha dagree of heat inactivation were invariably contaminated with
Bg colaoies. A series of tridls huve demonstrated that neither coating with '
Cab-0Q-8il nor compaction to 0, 62 grams par cc density has any significant
or deleterious immediate effecte on viability of Sm (Section 4).

—

’ A program was conducted at Fort Detrick under Technical Evaluation

' Division Test No. 62-TE-1602; MD Division No, 1927, using the 40-foot

, diameter test sphare to evaluate the General Mille GMI-3 fixture and wind
tunnel when used for generating aerosols of dry Sm and dry P._tularcusis.
When the Technical Evaluation Division furnishes the statistical analysis of

, data, it will be posaible to report on the sffects of compaction and subse-

, quent aerodynamic breakup during dissemination on the viability of dry

l agents. Preliminary examination of the data indicates that good recovery
factors were obtained {Baction 5).

’ The full-scale experirnental feeder for use with compacted dry agent
simulants has been operated successfully over material flow rates ranging

} from 20 to 49 1b/min. It has been demonstrated that reasonably low gas
flows are sufficient to fluidize the powder and carry it out through a dis-

{ charge tube. Although the feeder has been operated satisfactorily with gas
flow as low as 3 scfm, tests have shown that best performance has resulted

, when the rate was approximately 6 scfm. Torque and power required to
drive the feeder have both been well below the limits established in the
design studies for an eirborne disseminator based on the basic prinéiples

[ employed in the full-scale feeder {(Section 6).

—,

—————
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The design studics vn a dry BW agent disseminating store have pro-
gressed to the stage where major components are now well defined and a
prelimivary general arrangement has been prepared, The store will have
the samae external shell as a standard 150-gallon auxiliary fuel tank and will
have provisions for both 14- and 30-inch spacing of the mounting lugs. The
agent will be contained within a tank assembly forming an integral part of
the centar section of the store. The air turbine generator and the gas supply
vessel will be housed in the nose section, and the rotary actuator in the tall.
Both nose and tail sections will be attached to the center section with bayonet-
type joints. The dry agant will he discharged thrcugh a tube projacting below
the store sufficiently far so that the material is injected into the slipstream
beyond the boundary layer. An experimental version of the inner tank
assembly is being fabricated for use in laboratory tests of the angineering
design {Section 7),

The liquid agent disseminating store was flight tested on an Aé4D-1 air.
plane by the Weapons Systam Tast Division at the Naval Air Test Center,
Patuxent River, Maryland. Dyed water was successfully disseminated
under various conditions and uv trace of dye could be found on the airplane
after it returned to ths ground, The pilot reported no unfavorable conditions
of flight and there was no damage to the store during maneuvers resulting
in 5 g! loading and speads up to the maximum safe limits of normal flying
for the A4D-1 airplane (Section 8).

9-3
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MODEL  26-300
REFERENCE

COPY NO.
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i N FLETCHER AVIATION COMPANY e
Prsreaso W . Callahan ! 1-8-62 | Pacs
L ! rne . .
{ Cwscuwo ! QUALIFICATION TESTS | oo 26
4 ‘ GENERAL MILLS TANK ASSEMNALY 43.286
APPROVESD : : | Axeont No.

e

— M@

This report covers a portion of the qualification tests
conducted on General Mills (d.M.1.) special tank assemdly,

Part No. SK19100-026. The test assembliam are identical to
the final asseambly except that cperational compohents such as
the ram air turbine, genarator, pump, valves actuator, ate,,
ware models having the same weights and center of gravity loca-
tions, Purther qualification tasting will de conducted by
G.M.I. to substantiata the operational capabilities of the
complete assembdly.

This document presents the qualification teating conducted
in accordance with the requiraments of specification MIL-T-
7378A.

Qualification tests described herein were conducted at the
Fletcher Aviation Company test facility.

Specification MIL-T=-7378A Tanks, Puel Aircraft,

Extexnal Auxiliary,

Removable
G.M.I, Specification - 8X29100--026
Drawing
G.M.X. Specification - External Removable Tank
GMS-29100-026 Aasy for G.M.X. Electron
Group

F.A.C. Drawing 26-300-48031

Tank Assembly, G.M.I.
Specification
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OUALIPICATION TESTS Mossr. 26-300
GENERAL MILLS TAMK ASSY 43.286
REronv No.

INTRODUCTION . . « .
TABLZ OF CONTRNTS . .
REVISIONS . .. P
Examination of Product
Weight Test

Capacity Test

|
I
|
|
l
]
|
*l
|

Slosh & vibration Test
Leakage Test , . . . .
Ground Bjection Test .

8tructural Test

Rage jo.
ceceece B
v e e e e 1.0
e e s e e 2.0

c e e e s o a 3.0
e o 4 o 0 4 & 4.0
s s o a0 ¢ S5.0
e s s s s o s 8.0

¢« o ® =z s = » 7.0
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LU O O LAY _{f QUALIFICATION TROTS Moon. 26~300
. 43.286
N : i GENERMAL MILLS TANK ASSY e 8
REVISIORS
0L, RAVESED PAGES DATR
1 A, 2.1, 2.2, 4.1, 4.2, 1-17-62
4.3, 7.1,
7.8, 7.9, 7.10, 7.11
AROED PAGES
7.8.1, 7.8.2, 7.9.1,
7.9.2, 7.1.1
. m,"lt’ﬂ), 2//(.,[';.,‘
i 1-22-62
A, 2.1, 2.2
APPROVED: 0‘/ A ‘n'L,L,,"
-3 REVISRD PAGRS
1.0, 1.2, 2.0, 2.2,
3.0, 3.2, 4.0, 4.4,
4.5, 4.6, 5.0, 5.2,
6.0, 6.3, 7.0, 7.10
7.1 [ ]
ADDED PAGERS
2.3, 1.3, 4.7, 4.7.1,
4.8, 4.9, 4.10, 4.1,
4.12, 4.13, 4.14, 4.158,
5.3, 6.4, 6.3, 7.12,
7.13, 7.14, 7.1% ,
APPROVED s -
. -
1.0, 2,2, 4.5, 4.6, 4.8,
4.9, 7.1, 4,12
2.2’1. ‘.3-1' J ..-A’
/) .
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! wawe 1 BATL

‘ i
.!!2!5%-':elit.htnrfi!i!tii'h“

Cmennn | ' - NIEATEOS OF

FLETCHER AVIATION CORPORATION _ |

. -

er————as g a e e

Assmoven | ¢ GRENERAL MILLS TAMK ASSY  muronr No.

@B
L1

ZURPOSH OF TEST: j

R )

To determine that the adssembly conforms tq the applicable
drawinys.

MANUFACTURER:

Fletcher Aviation Company

26-300
ASSEMLLY DBANING:
26-300-48031
QUANTITY OF LIEMS,
One

SECURITY CILASSIFICATION:

None

TEST DATE:

|
|
|
|
|
|
1
I
I
l
|
!

1-30-62

g TEST CONDUCTED KY:

Wayne Callahan

g BISPOSITION OF SPECTMEL:

i! Use for Waight Test

ARJGTRACT:

; ’ The assambly successfully mst all of the requirements

of the test, Rubber liner of inner tank was ot tight
: ’ in several areas.

| -1
L == 3
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| naue | oaTe L T PANY Thar m :‘ I
recoanes =™ .| PLETCHER AVIATION COMPA ' e
nr.s . . :
| Cugcuso EXANIZATION OF PRODUCY | Mooss : !
GENBRAL MILLS TAMNK ASSEMBLY 43,286
AprrOVED e Resont Ne. ,
SACTUNL DATA
REQUIRIIGRITE

1. 7That the assembly and accessible components thersof
conform to their applicable sngineering drswings,

2. That the assembly and all components conform to
aircraft quality standards for woxkmenship.

TRT. BQUIPMENT:

1. 8tandard inspaction tools; linear scsles, micro-
meters, calipers.

TEST PROCEDURE:

1. Inspect the complete azsembly f£or general confor=-
( mance to P.A.C. drawing no, 26-300-48031,

2. Remove access doors and inspect all compartments
for metal chips. filings, or other foresign material.

3. Inspect all mating compocents and access doors for
fit, sealing capabilities and gsneral workmanghip.

4. Inspect tank and inner compartment surfaces for
svidence of damage Or undue abrasion. .

5. Inspect for loose Dolts, rivets, or other fastening
deavices.

6. Inspect for parts not treated for corxosion regis-
j tance.

7. Inspect for misalignment of mmting components,

! 8. Remove inner tank cover plate and inapect inner tank
for genexal cleanliness, workmanship, and conformance
| to G.N.I. rsquizements.

9. Generally inspect similated components (G.M.I.
furnished) for fit and security of installation.

10. Install doors and inspsct entire tank contour for l
surface irrogularities.
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FLETCHER AVIATION CORPORATION
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—

Paerases W.Callahan 1-83-62 ' U U Paes j
: ' I EXAMINATION-OF y
Comewre | el Wooee 26=30G 1
) } R | ’Rm ‘3-2“ :
PR ; . GENERAL MILLS TANR ASSY Ruvont No. i
&Y i
RESULTS OP T H
Satisfactory
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RECOMMENDATIONS :
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" ‘ WEIGHT TEST | T
3 c : . Mooel 26w .
;, M e e h L GENERAL MILLS TANK ASSY L --—-§§;§§2~— 4
* APPROVED ' qupony No. i
.3

‘el

PURPOLE OF TRST:

i

|

l A
To determine the weiqht and location of the cemter of gravity,
' MANUFACTURER :

I Fletcher Aviation company
MANUPACTURER'S MODEL, 0:

l 26-300

{ ASSEMBLY DRAWING: .

l 26-300-48031

QUANTITY OF ITEMS:

| One (1)

AECURITY CLASSIFICATION:
None |

’ TEST DATE: ‘ . !

: , 2-1-62

TERT CONDUCTFD RY:

> ) Wayne Callahan

DISPOSITION OF SPECI:H}!:
Uss for Capacity Test

b | ansmeacr

| The assembly auccessfully met all of the requiremsnts
) Of the test.

PAC foren JOGE
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! ma :

CHEGKED ! WBIGHT -TRST —
j T GENBRAL MILLS TANK ASSY

APPROVED
f
{ FACTUAL DATA

REQUIRBMENT

- X "

_——

_1. To determine the total weight of the ampty assembly.

2. 7o daetermine the cantar of gravity J.oenuoni to
the requirements of tha detail specifications
for the tank.

IEAT_BQUI PUENT:

1. 7wo platfora scales.
2. Tank cradle.
3, Rockar bax.
4, Wvater meter.

JEST PROCEDURR:
1., Thae cradle is weighed.

2. Tha tank and cradle are woighed and the cradle
weight is deducted from thas total weight.

3., The cradle 1is balancsd on the rocker bar.

4. The tank is placed on the cradle in the "balance”
position. The c¢.g., station ig recorded,

5. Watar is matered into the tank to 1/4 of the rated
capacity.

6. The foxce and momont arm requirad to balance the tank
at a range of tank attitudes from 5° nose down up to
and tncluding 30° nose up.

7. Itema 5 and 6 are repeated for the 1/2, 3/4 and full
capucity.

8. The c.g. for each condition is determined from
the total weight and the balancing force.

TAC Jwwm 1308
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< l 8 MAnE oare rRNS. | ranm. )
| ensraren] M, Ca L1 _j. fcHer aviarion courany | T 1]
L YThE < ] 5
S Cneckso WEIGHT TROY Moo 26-300 :
s j } GRNERAL MILLS TANK ASSY 43.206 : :
- APANOVED | { fRarory No. : |
C o 4 i
8 SEEN R
. TEST _RRIULTS @
i Level Bupty T.3. 1l13.0
Level 1/4 rul 10%.6
5°8.D. " " 25.7
5°8.0. : ] " 113.9
l IOOUou. " " 11‘.’
30"N.0 L L 123.6
] Lave) 1/2 ral 102.3
$°N.D.. « om 98.2
5"%.U. .. 110.1
l ’ 10‘”.". " " 116.2
, 30°N.1U. n " 120.2
Laval 3/4 rall 100.2
l 5'N.D. " " 99.1
$“N.0. " . 10%.7
10"8.0. " - 108.1
I 30°n.0. " . 110.1
' Level rull 9.9 !
s“a'n‘ b N x“.l
’ 3°N.U. " 99,8
! IO.N.U. bt 9"9 '
30"3.!!. " ”“ ?
’ Weight of Enpty assesbly 368 1bs,
l |
|
[ i
. F.A.C. ENGR.
[ | rA-C- QUALITY cowTRGL 3 PRI
% -~ s - -
) CUSTOMER . R |
r :
! !
?
; |
’ 1AC farm $108 '-i
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M oM CLETCHER AVIATION CORPORATION bl by
Paszanen; ,Callahan . 1-5-62 | _ . Pass "l : r—
v ' o CAPRCITY TEST U
Cnacneo - ] N Mmoo 26-300 1
FESS b oo —oeboosmim—j GENERAL MILLS TANK ASSY 43.788)
Avmvu! L { Rasont No. ;
i
ADXINISTRATIVE DATA @
PURPOSE OF TEST: |

’ ———— — %

To demonstrate the capacity of tha assembly

| masuracTuRER:
flatcher Aviation Company
MANUFACTURER' S MODEL MO:
26=300
ASSEMRLY DRAWING:
26-300-48031 !
OF IT t
One (1)
SECURITY CLASSIPICATIONS
None - {
TEST DATE: |
1-31-62
TEST CONDUCTED BYt
ﬁlyn.l Callahan
DISPOSITION OF SPECIMEN:
Use for Leakaga Test
ABSTRACT: »

The assambly successfully met all of ths requirements
of ths test.

P05 Pom 1300

T e e
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¢ Cuscwen | s CAPACITY TEST | Moom. 26300 : !

1 P e 1  GENERAL NILLS TANK ASSY 43,286 |

APPROVED H ) RRpOSY No.

i

‘ FAGTUAL DATA

5 ZIEST REQUIREMENTS:

— . To determino total volums of the foamed in place inner
1 tank asgsembly. ’
ZEAT EQUIPMENT:

l. Bowser Exactometer.
4. Suitadble graduated container.

IXST PROCEDURE:
1. The tank shall be supported at 90° to normal ground

attitude with the tnner tank opening in the uppermost
position,

b —

2. Tha tank shall be fillod to the top and the volume :
racorded.

. . -

-
v,

tAC teem 23018
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The total tank volume is _191.0 gallons.

’ e. (7 [
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4 - , T
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oy i ™mE M :
= Cwscran SLOSR/VIBEATION TRSY Mosm. 26-300 | |
% l GENERAL NILLS TAMK ASSY 43,286 ;
¥ Aspmoven AxsonY No. [
: l. 3 ) E
g ADINIPTAATIVE DATA S j
{ RIOSR OF TRET: '
_ To damonstrats the tank will withstand vibration
j and pitching forces encountered in service.
INORPACTURER:

Pletcher Aviation Company

4 b 2630048031 -
STAFTXTY OF ITRNG:
One (1)
: SECURITY CLASSIFICATION:
None
TBET DATE:
2-5=62
TEST CONDUCTED BY
Wayne Callahan
| DISPOSITION OF SPECIIE:
Use for Leakage Test

ABSTRACK:.

[- The assembly successfully met all of the requirements
of the teat.

A8 farm 1002
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;u:eamlmcaumn.j 1-6262 |. Pass A1 )

12N,  FRAMG

aus Lo "™ | FLETCHERMVIATION COMPANY

, T
—r

R T r T SN

L. _

e

ABPPAOVERO |

Sracsso .

SLO8H/VIBRATION TRET moon.  26-300

et GmeERAL MILLS TAVK ABSY 43.286

! Rgron? No.

1.

2.

FACTUAL DATA _ ('\

REQUIREMENTS:

The complete tast specimen is mounted in the support
fixture on the slosh and vibration machine. The
centarline of the tank, so mounted, is a ninimum

of twanty inches above the slosh axis, The tank
booms are in the rotracted position.

The test specimen is filled two thirds full with
water at ambisnt temperature and is simultaneously
alosh and vibration tested in accordance with the
following conditions.

A. The vibration displacgment is a minimm double
amplitude of 0.032 average betwesn the top and
bottom of the tank and at the supporting rings.
The average pezk value, at the point of meaguro-
ment during 2 thirty second interval, 48 the
value racorded.

B. The vibration frequency is 2000 :go Cc.P.M.

C. The tank ia mounted with tha major horizontal
axis at 90° to the axis of the shaft of the
rocker platform.

D. The slosh angle is 10° total, approximately
15° an either side of the horigontal position.

B. The tank ia pressurized to 15 pP.8.I.G.

P. The tank is slosh~vibrated for 25 hours at 16
to 20 slosh C.P.M.

Pollowing the slosh and vibration test, the tank hooms
are extendsad with the tank two-thirds full with water
at ambient temperature and is :imultaneously slosh
and vibration tested in accordance with the following
conditions: ’

A. Repeat stsps "A" through "R° of the previous tese.

VAC farm 108
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R —

3.

1.
3.
ey
4.
3.
&,

7.

1,

2.

3.

EACTURL DATA

RBQUIREMENTS (contd)

B. The tank is sloash-vibrated for 1% minutes at
16 to 20 slosh CPM.

The tank is filled with water and vibrated for 10
minutes at vibration displacement specifiasd in "A*
of the previous test.

TEST PQUIIMENT:

8losh and vibration machine.
Tank support fixture.

Water meter.

Strobotac or equivalent.
Vibration meter,

Vibration pickup.

Preasura gage.

IE8T PROCEDURR:

The test assembly is mounted on the slosh and vibration
machine by means of a support fixture. The conterline
of ths assembly is a minimum Of 20 inches above the
slogh axis.

The tank is filled with water in the amount corresponding
to 2/3 of the rated capacity of the tank in gallons.

The tank is pressurized to 1% P.8.I.3.

14C form 1904
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: naws save -

“ mutsanes | W.Callanan | 1-6-62 | FUSTCHER AVIATION COMPANY

— & TITRg ‘.
3 Crecago SLOSE/VIBRATION TEST woosr 26-300) |

3 . QENERAL MILLB TANK ASSY 43.286 ;

g Apracves | Rusony No. 4

,‘ ) z

2 {1 '3§

F DAT. i

!

PROCEDURE: (contd)

4. The slosh and vibration machine is put into cyclic
pitching of the longitudinal axis from 15° nose up
to 15 nose down.

5. The motor drive for the eccentric weights, producing
vibration is activated and brought up to 2000 :go CEN.

6. Vibration readings ara taken and the Mtric
weights adjusted to produce the required values of
vibzation displacement.

7. The slosh rates is checked to be 17 par min,

8. The rotation speed of the eccentric waights is
moasured to be 2000 tgo R.P.N.

vy  emmee GEEm; MY W ERR NS WEEN ARG | SO

9. The air pressure is chacked and adjusted if necemssary,
to 15 P.8.1.G.

-

10, Simultaneocus elosh and vidbration is continued ‘or
25 hours.

1l. The tank Looms are extanded and the tank 18 simygl-
. taneous slosh vibrated for 15 minutes in the
i oonfiquration described in asteps 1 throwgh 9,

12. Note the resonant vibration bohavior of the booma,

13, The tank is then depressurized, filled with water,
the booms ratractad, and again pressurigzed to
} 15 P.S.I.G-

14. The vidbration machanism is started apd readings taken,
' Adjustments are made as nacessary to produce the
required vibration. '

[ 15. Rotation spesed of the eccentric weights is adjusted
to 2000 *0
-60
| 16. Vvibration is stopped at tha and of 10 minutas and
' the tank is depressurized and drained.

T U R

TR

TAC Perm #1002
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RETCHER AVIATION CORPORATION

g

T, L1 11 XTI AR

PO

Cuscxen

Arproven ‘

L.

SIO8SH/VIBRATION TRIY | Woms
GENERAL MILLS TANK ASSY

XEST_RESILTS:

See page 4.7

P.A.C. RNG'R.:
QUALITY CONTROL:

CUSFTOMER :

PAC Pam 7008
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Datet
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. -~ I
nane oave TEne ™ ;
: l [— iahan |1-6.62 AETCHER AVIATION CORPORATION race . ;
gl 1ahs N SLOSH-VIBAATION TEST e=300 |
Cwscnen | 4. GENERAL MILLS TANK Asgy (Voo 26-3001 -
; : 43.286 i
. APonsvEd i REPORY Ne. _ :
YR
l TANK NO. NODEL _ 26-300 ) Q
| TEST CONDUCTED BY: __Wayne CAAMAMAR. . ... DATE: _2-3-62
VIBRATION '
{
I TANK CAPACITY: __ 191 GALS. TEST: 127 GALS.
' OPERATING PRESSURE: _13 P.8.1.G. TEST PRESSURE: 15 P.8,1.G.
l TANK AT 90° TO SLOSH AXIS
M_am__‘. SLOSH VIBRATION MEASURBMENT/IN,
: 1n./0yqrlap | Speed | RATE | At Lu vd. Ring ﬁALE.a.rMm__
| Bwd, | Aft, 1R.P.M.jC P M, [ Pwdlaft | Upper | Lower | Upper | Lower

1.25 [1.28 | 1983 17 |.01d4 019 .020 | .023 | .ota | .o19

l 1.7 |1.75 | 1985 17 l.017 .01% .022 | .023 .020 .021

2.7% | 2.7% | 1988 17  }.03) .023[.033 +038 .037 .030

START OF RUMN; DATE: 2-5~62 g, 3:43 p.a.

LoGs Qrack devaloped in outer akin.. Ase DAge 4.7..4.80.4.9

BEND OF RUN: DATB: 2-6-62 TIME: 8120 a.m.

REASON s Crack dwcxpggd

[ 1
] 14C tow FWDE ' i
-
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Date:
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Ty el
T e “% | FLETCHER AVIATION CORPORATION |
|preranen, mmnm-. A=6-62 . . o e m e e 2008 |
| Guecunn l | Mosw. 26-300 =
; e e GENERAL NILLS TANK ASSY -~ oo -7
~_ Arpnoveo ' 'L { Ruroat No. * f
< . . i
. TANK NO. MODEL __ 26300 - 1
TEST CONDUCTED BY: _Wayne Callahan ‘parm; ___3-8-62
VIBRATION
TANK CAPACITY: __191,0 GALS . TeSTY __122,0 GALS .
OPERATING PRESSURE: _ 15 P.8.I.G. TEST PRESSURE; 13 P.8.1.0.

TANK AT 90° TO SLOS! AXIS8

ECC, W, SETTANG ] sLosi VIBRATION -
aglap | Speed | rate [At Lugs | Pwd. Rigg £t
e it

v, | Aft, I R.P, —MT“&T Upper | Lower | Upper

2.8 2.5 | 1990 17 {,0271.028] .025 | .043 .029 041

2,25 | 2.3%| 1990 17 |.021f.023] .023 | .038 .023 .037

START OF RIU/Ns DATE: g-g-g; TINE: 115 L]

10G: _R.P.M, and amplitude checked every 1/3 hour  _

END OF RUN: DATE: __3-9-62 TIME: __32:150 p.m,

RBASON: Engd of 25 hour test
!
i

- AL Jam 4008 1

1
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:“:-: ) naus oare toun | s3iu.
; Pessansa|y. callahan| 2-8-62 FLETCHAR AVIATION CO_M'A,N\' Paee et .
ek N 3
Gecxio SLOSH & VIBRATION TEST  |mcom 26~300) ;i °
B ! , GENERAL MILLS TANK ASSY 43,286} -
e Arproveo | REsenY No. J i
j

After 17-1/2 Liurs of simultaneous slosh and vibration

a crack in the outar skin located immadiately aft of the aft '
hook was noted. Tha test was discontinued at this point and ‘
the test assembly was removed from the fixture. Close
axanination revealed the crack to be approximately 18 inches
in circumfarential length, 13° in both directions from tha
top centerline of the assembly. The crack Appeared to have
started in the smallest radius of the bend adjacent to the
“flat” for the aft mounting hook. (Ref. photo on page 4.10 . '
of this report) , .

When the tank was duauu-blnd and the inner £iberglass tank
inspected, the !qllawing discrepancies were noted:

-~

" 1. Inner rubber liner loose from tank, torn in asveral places.

2. Several layers of apparently non~impregnated fZibergylass
; strands adhering to the loose rubbar liner, also hanging
loose in the tank. '

i 3. 8losh baffle dbulkheads integral but loose and lying
! on bottom of tank.

‘ ' 4. Circumferential ring to hald hulkheads atill intact.

5. Small partial ring segments to retain bulkheads entirely
' ' 1o0se.

6. The sxposed inside gurfaces of the inner tank appeared
! toc ba amooth.

The photograph on page 4.11 shows the condition of the inner
' tank immediately after removal from test fixture.

4 The outer skin of thes tank was repaired in accordance with

[ the sketch on page 4.12. The slash bafflas and rubber liner
: wers removed from the innsr tank, and the assembly was again
subjected to the complste test. The tank than succassfully
comploted the test in accordance with the procedure pre-
vioualy cutlined,

o«

PIESTIIVE TV )

1AC toom FUOS
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ST FLETCHER AVIATION COMPANY {
L Pasrarsoll, Callahan . 2=8-62 | . __ E
z Gweenso ;o SLOSH & VIBRATION TEST  |Meom 26-300 | { ‘
z P "] GENERAL MILLS TANK ASSY 43.286 |
_3_ APOROVRD ; . Reroay No ’
- 1

RESULTS OF TEST (contd)

A displacement of .038 inches double amplitude at the tips
of the booms were noted during the 15 minutes of slosh-vikra-
tion with the booms extended. At the conclusion of the test
the booma were again extended and a scan for resonance was
made with the tollowing resulta: '

1. Resonant frequency of booms -~ 16450 C.P.M.

2. Displacement at raesonant frequency - .35 inch double
amplitude at tips.

'
i :
& dornaa, L] YUBE MpEE aewm e —

————

fac fem HiOS
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L4

o : wang i nave vouh |-
U onssanss W, ALl ahan | 3-8-63_ | ' TCHER AVATION COmORATON  |,..| 4l |-

‘ TS SLOSH-VEBRNTION TRET — —3
- BOOMS EXTENDED 43.288 1 ]
GENEML NILLS TAMK AS8Y |pppqmene . - | |

@D | 1

CHeRgo
et o emes -

ASPROVID | i

TANK NO. ~ MODRL, 26-300

TEST CONDWTED BY: Naynae Gallshan ’ DATE: _2-9=63
VIBRATION )

TANK CAPACITY: 19_1 GALS, *RIT: 127 GALS.

__TANK AT 90° TO SLOSH AXIS
BCC, WI_ SETTING | StosH VIBRATIO N
1n./Oveclap | Speed | RATE [ At Lugs | Fwd. Rin Aft. Ring .
w.h_agu,.jgaﬁwh#m | poer [ rover
.028 .02¢4 ,025 | .037 «030 035

2,25 | 2.25 | 1950 17

- ———

|

|

I

l

i OPERATING PRESSURE: __ 13 P.8.1.0. TEST pREsstmEs _13.P.8.1.0.
' .

f

1

st e e e ¢ e W

‘ START OF RN DATES 2-9-62 INN: 3100 pena,
1.0Gs
END OF RUN: ) DATE: _ 2-9=63  7IME: _3:18 p.m,

{ REASCH: ___ End of 13 minute test

PRSI
DR PSS VER - 9%

1€ Fam 1800
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L e W T L {ICHER AVIATION CORPORATION ;
l ’.‘.z-.eae!.-.j M.Callahan, 'J"g"él-'i'mi e el 1854 1l ]
L | N ee— -4 - -] GENERAL MILLS TAMK ASSY. —"3'-'9—}:’—3-2%1 ;
- Arsmovea ' . H REPOAY N...‘ I
T - !
4 TANK NO. MODEL _26-300 ® N "
{ TEST COMDUCTED BY: _ Wayne Callshan _  DAYE: _2:-9-62 A
VIBRATION ' . : j
fi TANK CAPACITY: 191 GALS . TRSTs 191 GALS . : y

OPERATING PRESSURE: _18 p.R.1.G. TEST PRESSURE: 1S P.A.1.4.

,,..._

TANK AT 90° 70 SLO8H AXXS : i

| ECC, Wr, SECTING VIBRATION MEASURDWRNT/IN,

, Pwd | ALt | R.P.M | Pwd | Aft x | Lowez | Upper | Lowex

] 3.00| 3.00 | 1990 ~ .023 | ,033 .022 031

} 3.%0] 3.50 | 1990 .029 | ,038 .029 | .033

‘ START OF RUN3 DATE: 2-9-62 TINEs 3,50 p.m,

' 10G; : , }
END OF RUN: DATE: 2-9=62 TIME: 4100 p.m,

.Q REASON: End of 10 minute run

1AL fom FO0B

i
Kodins bt 0o
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j NOT ASSY. | UStD ON ™, DESCRIPTION S v i
| @ !
*—-EM’——J P 8
| A o
! \ \ ‘_Lrvr.)
Y e A --- :} (rya)
-t \
1 ' —
. ‘ r- ewade & o —
JR S— 20 /o . ‘ s.w [ I SIS S
i N
N ' il v gy e e et
. Vo . Aft /mh./ " NDoo, Cut -ot(RES)
} . ,ﬂ ,P’ - ] e
' ‘ J B IR Rt o
I ,"I / ,L/.Zs..l.u/l{
' o/ S O S reg)
{ | \< JOx 2o NP0 O6/ -Tc} ( 1
- e re?) -8
i
: I Tt out 10,20 arc fa mqfc/‘ ,bnfeﬁ
i 2- Clern oul form lo 2 frem eday of Aole,
3 Bul weld p I'/c.‘ into place , & ‘add recn?, strips.
Al weld toc 7a
‘ ' Y- Foam Ffill vory het inner +ank L/ cuter shell
[ LM 1R PAST NO. ORICRIPTION ] siad WACINCATION
INO. 20Q./ALSY, List ar MAISRIA)
' UNLESS OTHEIWISE SMCITED NA MY oare FLAIR
e °" ; owawn | 12100 41,/ 127 RELPAIR SKETEH ?(‘;‘I"AI'JPH\": '5
2 @ [ low 4l Lol eewi mMius TANK| [ FEwee |
' T una o AVIATION '
10UGNNESS P18
ML31D.10 m el - g 77 CORPORATION
MUK tHATP CORNSRS el b udn] | werowe assor :
‘ o ' CODE 10INT_ NO. iﬁﬁ__—_ tommias, caurowma |
<ALt , y“ s'oze 36‘300 ~6064 X :.;
' weort,  ____ - _-i
oY, / o ! |
TOM 1414 s.00v. 1.0 “
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Fletcher Aviation Company
'8 MODEL. NO.:
26~-300
ASSRMELY DRAWING
26-300-48031
QUANTITY OF 1TENS:
One (1)
SECURITY CLASSIFICATION:
Nona
IET DAIE:
2-12-62
TRET C , BY»
Nayne Callahan
DISPOSITION OF SPECIMEN:
Use for ejection test,

ABJTRACT:

The assembly successfully met all of the requirsments
of the test.

2L Pom 1198

Date:
: JUL 19 2p
g, T — T T T T X
by . . nang sate A " '
i ratsanee W, Collonan] 3-5-6a | _Torreriun AVIATIONCOMPANY | saee
, ; A s
R fomacren | b . LEAKAGS TS8T | Mosms 2§-_§QQ ;
) : o GENBRAL MILLS TANK ASSY . 43.286 ) !
2 APRRGVED " : PR : | nevony Noc - ¥
' . |
% - |

_ ADNINISTRATIVE DATA 3
¢ 20RPOSE OF TEGT:

To demonstrate that the tank will withstand the required j

internal pressure without leakage. ,

MANUFACTURER:
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A boo™® ' FLETCHER AVIATION COMPANY

Pagpame’ W.Callahan | 1-5-62 |

. o-—

ements |

APPROVED |,

-~

T Trme

{ LEAKAGE TEST Mossa 26-1300

o -

VT e e GENERAL MILLS TANK ASSY 43.286

! ! Raroar No.

1.

1.
a.
3.
‘I

ll

N 4 -

LACTUAL DATA

REQUINENENTS «

The inner fiderglass tank with all openings
sealed iy subjected to an internma) pressure of
20 P.8.1.0. using Freon 12. T™he tank is then
checkad for leakage using a Genersl Rlectric N-1
tastex,

TRIT._BQUIPMENT:

Tank support

Presaure Gage

Preon 12 container with regulator.
@eneral Elactric H~l taster.

With the tank supported, a regulated Freon 12
supply line iz connected to tha assembly.

A presigure gage ia connected to the sssembly.

rreon 12 pressure is admitted into the assambly
until the pressure gage indicatss 20 P.8.1.G.

External surfaces of the assembly ars checked far
leakage using the General Rlectric Hel tester at a
sniffing rzate of 1/2 inch per seconmd.

Inspact the tank visually for evidence of faflure
such as damage to the bulkheads or liner of the inner
tank or structural damage to the inner or outer

t.m.

PAC Jom 208

e b el 4 Nl cb b
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| 15 PLUTCHER AVIATION COMPANY || ||

LBAKAGR TES? Moots 26-108
T e T GENERAL MILLS TANK ASSY 43,286
: i AzrONY NO.

TEST RESULTS:

F.A.C, ENGR.

7.A.C. QUALITY CONTROL:

. 2 ; j
CUSTOMER ; , AR Y

®

During the leakage teat it was determined that the
foaning procass used to inatall the foam between

the inner tank and outer shell contained halogen gas.
8ince the Gensral Blactric tester used in probing
for leaks is senaitive to this gas, there was a con-
stant leakage indication during the test.

The sensitivity Of the instrument was adjusted so that
it would not indicats leakage from the presence of
gas in the foam. It was then determinad that it
would indicates leakags if any of the stronger mixture
from the inner tank escaped to atmosphere.

The test was concluded with the instrument adjusted
per the preceeding paragraph, and the test conducted
per the outlined procedure on page 3.1. There was no
avidence of lsakage. Mo svidence of leakage wvhen
pressurized to 20 p.s.i.g.

l - ("(_) ! !E . S.,
.' A ’ .:.-/;-/ v,

PAC Parm 1000

LR
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i




E ————— e

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EO 13828, Section 3.5

Late: JuL 19 a8

| P P S FLETCHER AVIATION CORP. | '™ ==

’ { { e I 13 IV ]  Faoe L

i ! d i
ARALEN O v T MLt
l ! | F R
ALPRONED

Fow e ¥

' R i




Page determinad to be Unclassified
Reviewed Chist, RDD, WHS

IAW £0 13828, Section 3.5

Date:
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l waun | oave FLITCHER AVIATION COMPANY ‘ I
- Presanes jA-g-62 | " , raos| 620} |
TMe 5 s
[yw——" CROUSD BYECTION YREY [ moos. 26-300 i
l ' ‘ GRNERAL MILLS TANK ASSY T 43.208) |
APprnovan ! ' REpory No. ‘
‘ ’ : M) by
SADGNISTRATIVE DATA ' i
' YURIOSE OF TEGT ' .
' To destermins sjection cmm,cuzuﬂ'.a. ‘
MANUFACTURER '
l Flatcher Aviation Company’
MANUPACTURSR'S NODEL, 1O. |
56-300
ASSEMBLY DRAWING
26-300-48031
QUANTITY OF ITEMB
‘ One (1) '
{
J SBCURITY CLASSIFICATION ;
. None . !
: ’! DATR TEST COMPLETED f
I . 2-16-62
IEST CONDUCTED BY
Wayne Callahan
) DLSPOSITION OF SFECIMEN
; Hold at Platcher Aviation Company f0r sixty (60)
i days for G.M.I. diaposition.
ABETRACT
1 The asaombly successfully met all of the requizements
, of the test.
t
|

14< furen 1008 h
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F— “’LL L FLETCHIR AVIATION COMPANY

nrg

AROND- RIECTION TEST Moo 3

1
] | GENERAL MILLS TANK ASSY CERFTN
ArPROVIO \ ReroRY No. ]
5 PACTUAL DATA
{ REQUIREMENTS .
That one (L} or mors ejaction be made with a lightweight
! tank and one (1) or more ejaction be mide with heavy-

wveight tank 50 as to accurately determine ths peak

force, velocity, accsloration, and tank attitude at
j end of stroke. The peak ejaection force shall not
axcesd 30,000 1bs.

IBST BQUIPMENT

1. Bjection frame
] 2. BSuspension fixturs
3. Pylon
4. Lightweight 3tore
| 5. Heavyweight Store
6. 28v D.C, powor supply
7. 20,000 ohm/Volt Multimeter
l 8. Midwestern Oscillograph
9. FP.A.C. Force rr‘h“m
10. Extensomster (Century Bng.)
l 11. Accelerometer
12, Amplifier (Miller)
13. High Speed Camera (Wollensakx)
' 14. Goowse Control
| TR o
1. 1Install suspansion fixture on ejection frame.
' 2. 1Install pylon on suspension fixture.
' 3. 1Install lightweight store on pyloen.
4. Apply 28V D.C. toO the mechanimm.
' 5. Memsure voltaqe at firing pins.
l 6. Remove safety pin.
7. Measure voltage at firing pins.

8. Disconnect po\nx supply and install safety pin.

1A jwes FRIOQ
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1.
12.
13.
14.
15.
16,
17.
Y
19.

20.

L mw em T cUETCHER AVIATION COMPANY
Pru :
__E_'z."_';i!!s.mm;_ﬂ:il_ e
N N H GROUND- RIRCTION TRST
- GENERAL NILLS TANR ASSY
APPROYERD .
TACTUAL DATA

TEST PROCEDUNE (contd)

Install extensometer.

- Install cameza.

Check instrument and camera circuit.’
Install cartridges.

Retiove safety pin.

Activate instrumsent and camara ¢ircuits.
Activats firing mechanisa.

Clean pylon ansembly and inspect.
Install heavyweight stors on pylom