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FOREWORD

Staff members of the Research and Engineering Departments who have
participated in directing and performing this work include Mssre. S. P,
Jones, Jr.. G. Whitnah, M. Sandgren, A. Anderson, V. W, Greene, R.
Lindquist, J. McGillicuddy, J. Upton, W. L. Torgescn, S. Steinberg, P,
Stroom, G. Morfitt, I. Hall, G, Beck, J. Walters, A. T. Bauman, T.
Petersen, D. Harrington, R, Ackroyd, B, Schmidt, G, Lunde, R, Dahlberg,
A. Kydd, E. Knutson, J. Ungs, D. Stender, H. Kuhlman, O. Fackler, G.
Granley, R. Hosking, and Miss M. Johnson.
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ABSTRACT

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

The progress in theoretical and experimental studies of the mechanics
of dry powders is reported. This work coatinues to produce basic iufor-
mation which is being applied in the design and development of an airborne

disseminator.

Operation of the aerophilometer, with aerosols of dry powders, for the
purpose of studying experimental techniques and determining oparating
parameters is discussed. This preliminary work is essential to carrying
out the proeram on stability properties of aerosols.

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

The tests at Fort Detrick using the GMI-3 fixture and wind tuanel to
generate aerosols in the 40-foot test sphere are described.

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 diss eminating
store is presented and described.

Succesaful flight tests of the liquid BW agent disseminating store on an
A4D-] airplane are discusged,
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EIGHTH QUARTERLY PROGRESS REPORT
ON
DISSEMINATION OF SOLID AND 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 emphasias of work
shifted almost entirely to areas relating to finely-divided solids. Conse-
quently most 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 Diesemina-
tion Coordination Meeting which was attended by representatives from Fort
Detrick, Army Chemical Center, Chemical Corps Research and Develop-
ment Command, Aerojet-General Corporation, Cornell Aeronautical Labo-
ratories and General Mills, Inc. Some of the material covered in this pro-
gress report was also presented at this meeting,

1-1
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2. THEORETICAL AND EXPERIMENTAL STUDIES OF THE MECHANICS
OF DRY POWDERS

Studies of the mechanical propertiea and behavior of dry powders were
continued during the period covered by this report. Experimental results
on the compaction characteristics, shear strength, and tensile strength of

various powders are presented.

2.1 Compaction Experiments with Particulate Media

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

2.1.1 Piston-Cylinder Compaction Experiments

As pointed out in the last quarterly report {seventh), the initial piston-
cylinder apparatus used in the compaction experiments was aubject to
several limitations and, consequently, an improved piece of apparatus
(Figure 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 equipped with strain gages is used to measure the stress.
Large-scale movement of the piston is measured by means of a Starratt
dial indicator; and emall-scale movement is measured by means of a sen-
sitive differeutial transformer. The output of the strain gages and the dif-
farential transformer is recorded on a Sanborn recorder.

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

* This is the same apparatus shown in the referenced report.

]A—“-{—lﬁ 3
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Improved Piston-Cylinder Compaction Apparatus

Figure 2.1
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arae plotted in Figure 2.2 for several different powders, Tha atress levels
for these tests were considerably higher than those of earlier tests. The
streas was {ncreased 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 ("= k(1/0)* can be used as a good fit to the data. The
constants of this equation are given below for the powders tested: °

Powder r k
Tale - 6.50 4.42 x 107
Saccharin - 7.70 2.21 x 107
Pcwdered Sugar -11.5 6.8 x10°
Powdered Milk -35.9 1.6 x10°
Cornstarch -20.8 1.67 x 108

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

1t ig interesting to note that vary little snergy is recovered as the
stress is reduced at high stress levels, but that most of the elastic re-
covery takes place at low astress levels. This implies that considerably
less elastic energy is stored ia the powder bed for a particular compaction
state than waa originally agsumed.

2-3
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Figure 2.3 Shape of Elastic Recovery versus Stress Curve

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

dency to flex, making precise measurementa of the elastic recovery of a
powder difficult to obtain, However, the basic nature of the elastic re-
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
apparatus to make it more rigid.’
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In the process of testing the variouas powders it was noticed that pow-
dered milk and cornstarch behaved in 2 unique manner during the compac-
tion process. As the loading piston was gradually advanced, the stress was
found to increase rapidly and then fall sharply to a lower level. in other
words the powder seemed to compact in a stick-slip fashion. Figure 2.4 is
a comparison of the recording traces showing the variation of stress as a
function of time for talc and powdered milk as the powders were grﬁdually
compacted,

Talc

T

Stress

Time -~

si,. ///////////////

Time =

Figure 2.4 Compaction Behavior of Talc and Powdered Milk
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The stick-slip phenomena observed with powderéd milk and cornstarch
diminishes at high stress levels. The stresaes plotted in Figure 2. 2 for
powdered milk and cornstarch were the values noted after the stress had
fallen from the peak value. The magnituda 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 pracess, will be investigated in future tests.

An expression for the compaction energy as a function of denajty can
be obtained from the stx'ess-d’ensih; curve (Figure 2.2) and is of the form
W= C,O“. However, from the previous discussion it is apparent that the
stress necessary to reach a given compaction state, 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 sivess is applied and released
several times in compacting a bed of pov.rder.' 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
procedurc was varied, the rusults have not been significantly different.
However, an investigation to precisely determine the effect of path on the
compaction energy is planned for future work.

2, 1.2 Hydrostatic Compaction Experiments

In the process of performing the piston-cylinder compaction experi-
ments, the question arose as to how much the results depended upon the
constraints 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 inserted in the pressure chamber with
the powder sample vented to the outside. The chamber was then filled with
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Figure 2.5 Hydrostatic Compaction Apparatus
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water to a certain level in the calibrated tube used for measuring volums
change. Then the pressure in the chamber was increased in small incre-
ments and the volume change was noted, It was intaresting 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 system
teached a state of squilibrium, the hydroatatic pressure was released and
the volume change caused by elastic recovery was noted. The shape of the
elastic recovery versus stress curves was essentially the same as that
shown in Figure 2, 3,

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

l 4
a"-'k(-—/?) .

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

tale: k =1.39x 106. r = ~7.6;

and

saccharint lk = 1,95 x 107, r = -6.24.

Values of the exponent r are in good agreement with those determined by
the piston-cylinder method. The coefficient k for saccharin is also in good
agreement with the results of earlier tests. However, the value of k for
tale differed appreciably from that determined by the piston-cylinder
method, This apparent discrepancy might be attributabla to differences in

e e e eh sl i b
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the compaction process, At the conclusion of one of the hydrostatic experi-
ments with tale, the stress was cycled 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 to 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 specifying 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, one
being expansion of the chamber under pressure. This expansion necessitated
calibration tests, resulting in a tare which has to be taken into account to
detarmine the true volume change of the powder sample for various pres-
sures. Some difficulty was also experienced in determining the exact
volume of the powder sample, 2 value needed in order to calculate the bulk
density. Nevertheless, it is believed that the results are meaningful and
are in accord with aur previous results.

In view of the fact that reaults from hydrostatic compaction tests seem
to Le in close agreement with the results obtained from the piston-cylinder
teats, future compaction tests will be conducted utilizing the piston-cylinder
arrangement becauss 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 first group are powders such as powdered milk and
corristarch which display the above -mentioned stick.slip phenomena and
compact very little aven when subjected to high compreswive stresses. In
the second group are powders such as talc and saccharin which compact
much more smoothly,

Future tests will be oriented to determine what factors are affecting
the compacting characteristics of a powder, Factors such as the history of
the powder, particle shape and size, electrostatic charge, and moisture
content would seem to be among the most important factora to consider.
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2.2 Powder Shear Strength Studies by the Triaxial Test Technique

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

2,2.1 Sample Preparation

For incompactable materials, which exhibit dilatancy in shear, the
preparation of homogenecus test samples is a straightforward matter.
However, in the case of compactable materials, it does not appear to be
possible to produce truly homogeneous, !sotropic samples. Since the test
sample has the form of a right circular cylinder, it is natural to compact
the sample to the degree necessary for handling by employing a piston-
cylinder apparatus. However, from prior study of tha compaction process
in & piston-cylinder device3. it is known that the compressive stresses
applied to the powder decay exponentially with distance from the loading
piston. Furthermore, the ratio of radial to axial stress appears to lis in
the range 0. 3 to 0.5 for most materials. From this it may be inferred that
the density of the sample will decrease with distance from the loading piston
and that the powder will compact non-isctropically. It i clear that the
latter effect is not objectionable since it is typical of the behavior of & com-
pactable powder, Non-uniform sample density 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 technique originally used was based upon the observation
that a region of nearly constant density exists in a column of powder which

4
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has been compacted in a vertically disposed piston-cylinder device. It was
thought that a test sample cbtained from thie region would be ideal for tri-
axial 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 gradieat 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 gradieat is essentially constant over the length of the compacted
powdet column.

This result led to a modification of our sample preparation technique
whereby a known mass of powder 18 compacted to a 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 samplea prepared in
this way.

Actually, this method of preparing test specimens is very similar to
the proposed technique described in the last quarterly report.z. At high
compaction stressea, however, it was found that external support was re-
quired for the aplit tube within which the powder sample is confined during
compaction. Another essential change was to roughen the inner surfaces of

the split 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-denasity end of the sample appears to be caused
by elastic relaxation effacts. (See Figure 2. 6 also.)
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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 density and applied atrauz‘ 3:

o= co™ (2. 1)

From the piston-~cylinder theory, we have:

_4xL (Z,
c(2) = a0)e D T (2. 2)

Eliminating the axial stress ¢*(Z), Equations (2,1) and (2. 2) lead to the re-
lationship:

. 4KL 2,
p(z) = p(0)e TD L (2.3)
In this equation the wall resistdnce 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) = 14. 6 x 106 dynen/cmz. m = 5, 46 (Reference 3} and for two values
of the wall resistance 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”) yields the maximum theoretical rate of decay of den-
sity. The smaliler value of K = 0, 200 was obtained from Figure 2.1.3,
Referencs 2, for the experimental valuas: f# = 40° (talc), O = 38° (talc on
aluminum). The theoretical curve for K = 0. 200 agrees rather well with
the experimental curve for ¢ (0) = 14.6 x 106 dynulcmz.
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2.2.3 Test Procedure and Typical Test Results

During initial work with the triaxial test technique, 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 & sudden collapse of the powder when
shear failure occurs, In an affort to increase the precision of the test and
to secnre 3 better indication of sample failure, the triaxial test apparatus
was adapted for use with an available Instron test machine. Through use of
the Instron, the following desirable features were achieved: 1) accurate
force measurement through use of a sensitive load cell, 2) precise and
adjustable rate of strain, and 3) accurate recording of applied axial load as
a function of aampie strain.

Figure 2.8 shows the triaxial test apparatus mounted in the Instron test
machina. The test procedure is as follows:
1) The test specimen, prepared in the manner described
above, is Installed in the pressurs chamber of the test

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

2) The test chamber i sealed and pressured to the desired
chamber pressure,

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

sample interior, the machine is started and run until shear
failure occurs.

In these tests, shear failure is avidenced by a sudden change 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 appaarance of the test specimens after
failure is shown in Figure 2, 10. It is apparent {rorm the photograph that
failure occurs by the formation of cracka in the compacted powdez;, although
the rubber membrane prevents collapse of the sample.
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The results shown in Figures 2.9 and 2. 10 are typical of runs carried
out for pressures in the ranga 0 to 2 psi, At higher pressures, however,
it was impossible to detect sample failure since the sample marely bulged
outward without a break in the load-strain curve. This behavior is illus-
trated by Figures 2.1} and 2.12. It is suspected that this behavior may be
caused by additional compaction during the test since the applied loads are
comparable to the loads used in preparing the sample. Of course, the effact
of the membrane in this case is to stabilize the powder as bulging occurs,
There ia 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 membranae,

The yield locus established from tests carried out at pressures of 0,
0.24, 0.50 and 2. 0 pai is plotted in Figure 2.13. The slope of the yisld
locus is about 35 degrees, which agrees quite well with the shear angle
determined from sliding disk meaaurementsz (@ = 40 degrees).

The experiments and test results 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 is restricted to samples which have been compacted to ’
high densities; also, no means have been found to produce samples of uni-
form density. Another serious problem is the constraining effect of the
rubber membrane, which prevents a ''natural' shear failure. It should be
noted, however, that the membrane is not required for tests at zero pres-
sure. A further difficulty with the triaxial technique is the difficulty of de-
fining the shear locus for small compressive stresses. Thus the strength

of the powder in pure shear cannot be obtained directly from this type of
tast,
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In spite of thess deficiencies, the triaxial test provides much worth-
while information on the behavior of dry powders. Also, it is quite possi-
ble that some of the apparent limitations of the triaxial test can be removed
through imprbvements in test techniques.

2.3 Bulk Tensile Strength of Compressed Powders

A new apparatus and technique for the measurement of bulk tensile
strength of compressed powders was described in the last quarterly reportz.

Work in recent months has been devoted to an exhaustive study to refine
techniques and to establish the most accurate and efflcient method for a |
comparative measure of bulk tensile strangth of various bulk powders, 1

214 41e bulk tensile strength of a compressed pow- ;

der is an exponential function of the distance from the compressive piston

According to theory

to the fracture plane:
g = aa e (2- 4)

where:

0" = bulk tensile strength of & column of compressed
powder at distance L from the piston

J, = bulk tensile strength of the compressed powder
immediately balow the piston i |

k = constant

L = distance from piston to fracture plane.

The method employed involves the compression of bulk powder in a
! vertical aegmented column. The design of the apparatus permits the powder
to be fractured by a measured vertical force at ssveral points down the

| 1" )
: ! column, permitting the bulk tensile atrength to be measured as a function of:
b 1)} bulk density, 2) distance from compressive force application to fracture
!’ plane, and 3) total column length,
[
i 2-24
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Although the bulk teunsile strength does vary with length of time of appli-
{ cation of compresaive load, our recent studies have led to. the adoption of a »
1-1/2 hour compression time. It is believed that this time period not only
is adequate for good reproducibility but also allows the operator to make
four efficient runs per working day. In addition to the adoption of 1-1/2
, ‘ hoxsu-s as a sta.nsdard time of com;:reuion. t!zu-ee compressive loads (5.85 =
" 107, 7.88 x 10, and 10.59 x 10~ dynes/cm") have been adopted as standard.
Although this test as described does not exhaustively cover all possibilities,
l we believe that it does offer an acceptable method for a comparative study
of a phyaical phenomena which is at best difficult to measure.

‘ Figures 2.14, 2.15 and 2.16 represent typical plots for zinc cadmium

sulfide at three compressive loads, The individual plots were made by the
‘ 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 T, is in
fact a function of total plug length L,. Figure 2.17 shows the relationship

l hetwaen @ and L, at the threa compressive loads. Since the values obtained i
’ for g are fora fairly narrow range of values for Lt we must extend this

, range before making valid generalizationa, The individual plots are how- '
ever intereatingly clese to being linear. ! i

z In the near future we plan to obtaln more data on the variation of c“o i :
with Lt {for zinc cadmium sulfide and to utilize our standard method to study

l the bulk tensile strength characteristics of such powders as talc, powdered ‘
gugar, powdered milk, saccharin, and cornstarch. , !

——

2.4 Frictional Forces Between Powders and Plated Metal Surfaces

A modification of a test method previously dascribeds was used to study
the frictional force batween talc and samples of cold rolled steel that had
baen electroplated with nickel, cadmium or zinc. In principle the method
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involves placing a powder on the metal surface and tilting the plate of metal
slowly until the powder begins to slide, The slide angle is related to the
coefficient of friction as follows:

A = tan Q

where:

n

coefficient of friction

/64
]

angle of alide

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

1) An aluminum ring of 3.5 cm ID was placed on a2 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 processed identically to Part (1) except that
after transfer to the plated surface, the talc was compacted
ditectly onto the plated surface by the 9-pound piston as-
sembly,
The tests were performed in a controlled humidity environment (15 to
18 percent relative humidity). Upon analysis of these data, Method (3) was
chosen 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 five independent runs:

2-30

P B

P SR A




v

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
1AW EQ 13626, Section 3.5

Late: JUL ‘9 20]3

PR

r~ -

Platlng
Method Nickel Cadmium  Zinc  Unplated '
Low Humidity i 40,17 42,6 42.5 43.0 ]
{15-18% RH) 2 36,0 37.6 37.8 39.7
3 41.9 43.4 43.1 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 coefficient 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 firat test performed on each surface gave values 50 to 75 per- ;
cent higher than the average. Theae values were not included in the tabu- '
lated data presented. Apparently either surface moisture and/or surface
oxidation changes the frictional characteristics of the surface in a way that

is removed by making a single test run.

Since there seems to be no obvious advantage in electroplating the
metal surfaces of a disseminator in order to reduce frictional forces, no

future work in this area is currently planned.

2.5 Bulk Density of Compressed Powders

To expand our knowladge of the variation of bulk density in a column of
compressed powder, a new apparatus (as shown in Figuree 2. 18, 2.19 and
2.20) has been designed and perfected. Saccharin has been used as a test
powder in our initial series of experiments with the new apparatus.
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Figure 2. 19 Bulk Deasity Apparatus Assembled for Compaction of Bulk Powders
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2.5.1 Apparatua and Technigue

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
{n 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 sleeve. The
piston assembly is then put into piace and the compreassive load applied for
a period of one-half hour. The compressive load, piston assembly, and
hold-down sleeve are then removed. The eantire 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~-gectional area,
By obtaining the weight of these segments, the bulk density may then be cal-
culated. To obtain further information a '"cookie -cutter'’ aesembly ia then
used to remove a circular portion', representing one-half the cross-sactional
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.

2.5.2 Discussion of Data

The results of an experiment using saccharin as a test powder are
ghown in Figure 2.21. The compactions wers made in order of increaaing
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 density, the 18.9 lb test was repeated using the
saccharin that had been used throughout several tests including the 354 b
compression,
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The two curves are shown for comparative purposes in Figure 2, 22,
It is interesting to note that the genaeral shapss of the plots are nearly identi-
cal. The bulk density of the virgin powder for the first 18.9 Ib test waa
0. 293 gmlcm3 compared with 0, 332 gm/cm3 for the previously compacted
saccharin used in the last 18.9 1b test. These experiments accentuate the
depeadence of bulk density upon the previous compaction history of the sam-
ple and the need for the use of virgin materiala for each test in order to
obtain reliable comparative results. With this hackground of experience
the experiment was then repeated using virgin saccharin for each run. The
results shown in Figure 2.23 indicate a linear relationship between the bulk
density and distance from compressive piston. The 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 along the radius of the plug. Since this variation
wag 8o uniform throughout each test, the data shown in Figure 2.24 are
presénted as typical of the variation found. In order to determine whether
or not the radial variation iu 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
apparatua was filled with saccharin in .a manner identical to previous ex-
periments and the bulk density measured without the application of a 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 the powder plug rigid enough
to obtain data on the inner and ocuter segments. It is very interesting to
note, howevar, that radial viariation in bulk density of the order of magnitude
observed with the compacted powder is also in evidence here. The radial
variation is 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 phenamena.
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Further examination of Figure 2, 25 shows a sharp rise in bulk density
near the bottom of the column of uncompacted powder. The deviation from
linearity in the plots shown in Figure 2.23 could be explained on this basis.

In attempting to explain the increased bulk density rear 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 electro=
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 powdsr along the walls is probably of lower bulk den-
sity since it is not supporting & mass of overlaying powder as is the
material at the bottom of the cylinder. A sketch of this concept, involviag

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 also plan to .extend our studies to
other powders such as talc, cornstarch, and powdered milk, There i8, of
course, a limitation in our selection of powders for study Lecause of the

relatively large volumes of powder required if virgin powders are used for
each test,

2,6 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 humidities have been ex-
tended to powdered sugar and powdered milk.

The techniques of measurement uged were idantical to those described
in a previous x'epor:t1 in which the powder, after exposure for at least 48
hours to a controlled humidity environment, is caused to shear while under

the influence of a compressive streas by applying a shearing force normal
to the compressive stregs,
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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 remaina relatively unchanged for both powders during the
increase in relative humidity from 2 to 32 percent. However at 46 percent
relative humidity and more noticeably at 69 percent relative humidity there
is a marked increass in shear strength with compressive stress. Also, the
relationship between shear strength and compreseive stress is no longer
linear for powdered milk.

Future work will include studies of powdered sugar and powdered milk
at higher compressive stresses. In particular it will be interegting to
determine if the shear strength is in fact reaching 2 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 auch as
cornstarch, talc, and saccharin.

&7 Future Areas for Study on the Characteristics of Powders

The emphanin in our work has baen devotcd to the development of reli~
able test methods based upon a sound theoretical background, In the future
we will concentrate upon coordination of information on specific powders in
order to completely characterize the powder, and to determine which teat
or tests yield the most reliable information concerning the compactibility
and dispersability of a powder, New areas of study which will be initiated
include:

2.7.1 Bulk Density of Loose Powdars

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

A study will be made of various methods of generating and removing
static charges, and of methods for qualitative and quantitative measure of
static chargs,

2.7.3 Particle Size and Shape

One of the most important characteristics determining the behavior of
powders in the 5-micron range is the magnitude and the character of the
total surface of the individual particle, A characteristic which can be
called "agurface roughness' should be of fundamental importance in predict-
ing the ease with which a powdar can be compacted and redispersed. This
characteristic can be evaluatsd by a summation of information obtained
from particle size distribution, particle shape, and total surface area.
Particle size distributions are now being determined via the Whitby centri-
fuge. Photomicrographs are now being utilized to study particle shape,
This study will be extended to the use of electron micrographs.

2,7, 4 Total Surface Araa

Measurement of tatal aurface area of powders in conjunction with the
particle size and shape anelysis should yield a clearer picture of the total
""surface roughness. !

There are several methods for measuring the specific surface arsa of
powders”, Of these, the two moat frequently used are the gas-~adsorption
(usually nitrogen) and air permeability methods.,

In the gas adsorption method, the quantity of gas necessary to form a
monomolecular layer on the surface is determined. By assuming 2 value for
the area occupiad by a single molecule, the area of surface covered by the
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adsorbed gas molecules is then calculated. The area measured by this
method depends on the size of the molecules adsorbed and the degree.to
which they are able to panetrate into any cracks or pores in the solid.

The 2ir permeability method is essentially a rheological method in
which the flow of a fluid (liquid or vapor) through a powder in a compactcé
bed is related to the surface area of & continuous solid. It is assumed in
this method that the bed of powder behaves a8 a bundle of capillaries. In
consequence, only the surface of the continucus paths through the material
will contribute to the measured specific surface area. This area is not the
same as that measured by adsorbing a gas on the surface of the powder,
because in the latter method all the surface accessible to gas molecules of
tha type used will contribute. In general, the area measured by the adsorp-
tion of a 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 "external" aurface of the
pawder because of the formation of blind pores during compaction of the
bed.

With very fine powders a further complication arises since it is very
difficult to compact a fine powder to glve a bed uf low-voids fractiony and
with a porous type of bed there may ba a serious lack of uniformity through-
out the compacted bed. From thess considerations it would appear that the
logical method to be used for powders currently under study would be the
gas adsorption method,
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3. AEROSOL STUDIES

The objective of this experimental program has been to perform a
study of the properties of aerosols, both intrinsic and extrinsic, which
have an effect on the aerosol's over-all stability. The degree of stability
can be measured by observing the net rate of disappearance of the particles
from the asrosol. Several factors, besides concentration, conceivably
have an effect on aerosol siability, Thase factors are:

1} Partizle size and shape

2) Particle type ’

3} Charge characteristics of particles and environment
4) Water content of particles

5) Absolute humidity of environment

6) Type of settling (turbulent or tranquil)

The instability of aercsols is obviously to be understood in terms of
only two distinct processan:
1) Particles may be removed from the aerosol by settling on

and adhering to the various surfaces to which the aerosol
is exposed.

2) Particles may be removed from the aerosol by colliding

with and adhering to other particles within the same aero-

sol resulting in a net decrease of independent particles

{coagulation).
Since the rates of these two processes completely spacify the stability of an
aerosol, the fruitfulness of any experimental method is to be judged pri-
marily on its capability for supplying actual numerical values for these
rates, Much of our work during thias period has been directed at this type

of evaluation of our light-instrumentnd asrosol chamber,
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3.1 Teminology and Definitions

A perusal of the literature of aerosols reveals a certain degree of in-
dependence among the various authors in regard to terminology. It is
neceseary, 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 aercsol. The term concentration will often be specialized to

mean the number of particles of a particular species, e.g., those with
dimension in the range (d, d + o’d) per unit aerosol volums,

The classification of aerosocl particles according to species warrants
some comment. Since the most important particle property with respect to
its behavior in an 2ercsocl is particle size, the primary claseification should
be made accordingly. In dealing with solid particles, however, it ia often
not obviocus how this classification should be put into practice because the
particles are often very irregulady shaped. In our work we shall generally
suppose that the particles may be considered spherical and characterizas
particle size by meane of the diameter Jd. Thus if N denotes the total num-
ber of particles under consideration, 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)
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The value dm of d for which N(dm) =1/2 N i8, of course, the median
diameter. The terms monodisperse and polydisperse are widely usged in
reference to the variety of particle sizes 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 conveniant to speak of the fractional number of particles in
a particular sample which have diameters less than d. Denoting this frac-
tion by n(d) we have as ite defining relation Nn(d) = N{4).

The derivative of N(d) has significance. The number of particles
having diameters in the small intezxval (d, d + §d) is N(d + §d) - N(d) =
Nd) 54 N'(d) 6d. Here the prime denotes the derivative. n'(d) is
similarly defined. N'(d) is commonly called the particle size distribution
while N(d) is often called the cumulative particle size distribution.

There are several explicit formulae for the particle size distribution,
each of which approximates a wide variaty 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. Inas-
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 felt that the data in
most cases are not precise enough to form a basis for choice of formula,
we 8imply take the most comman such formula which is compatible with the
conditions n(0) and n{ee) = 1, namely, the logarithmic-normal distribution:

log (d/d_)

n.(d) = arf ‘ —Iag-—q_—s»

1 1/2(%)2
ald) §d = - F (log a)
- c.egxp o T § (log
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Simple considerations show that d_ (the geometric mean diameter) in the
above formula is alao the median diameter mentioned earlier. The term
g-g. {the geometric standard deviation)is a measure 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 aerosol decay. For
this reason it will be useful to have a simple, yet pertinent, relation be-
tween these processes and the asrosol light-scattering behavior. Such a
relation is proposed in this section. '

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

follows: Consider a emall element of volume £V in the aerosol, this volume

being irradiated from above by a monochromatic light beam of intenaity 1.

8§
i) = ;v

The amount of light scattered into a cone of solid angle &) located at 90
degrees by a single particle of diameter d in éV is proporticnal to I and to

sf2:

= g(d). 1- S)

Icme particle
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The constant of proportionality g-is called the differential scattering cross-
section. Since the number of such particles in §V is C(d) - dV, the total
light scattered by particles of diameter d is:

a(d) - Cld) - 1. &V . &0)

The light scattered by all particles ia

I, =1 &V. ja'(d) . c(d) dd SSL
all d

This integral is to be evaluated under various conditions.

Let us first consider C(d). As 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) = P."_'é:‘l

where V is the volume of the chambear,

This initial concentration 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 is '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
chamber, h being given by:
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where v{d) ia the Stokes' settling velocity of a particle of diameter d, 0 is
the particle density, g is the gravitational constant, and 7} is the air vis-
cosity. The concentration as a function of time is therefore

Cld, t=0)forh>t . w(d)
Ci{d, 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<™ /%th- and value zero for larger d.

Ag an alternate mode of decay, suppose that the air in the chamber is
su turbulent that the particles move in an essentially random manner. For
this case it has been atated by various authora7‘ 8
maing uniform throughout the chamber, but that after time t the number of

particles of size d is reduced by the factor ’
Cp
e

where H is the total height of the chamber. Thus

that concentration re-

_ vid ¢
Cld,t) = C{d,0) + e

The remaining factor in the acattering integral, the differential
scattering cross-saction d°(d), is in general a very complicated function of
d as well as of the light wavelength and the index of refraction. However,
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 aufﬁceq. This approximation is:

2
T =
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The light-scattering problem thus leada to the two integrals:

For the tranquil case:

d max 2
1 1nd/dg
Ly, NI dv 40O f 2o IO gy

6T V2T In Tg

o

. _ . [T8EwW
with dmax = 7%,

For the turbulent case:

2
o0 djt 1 lnd/d
NISASV | 1 dze'ﬁnz"e‘z"r?“’n 5 Siina)
67TV -1(211'1:10'3

o]

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

- vl(d! t
e
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 qualitatively by the
following considerations.
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As a current of air approaches a wall it is turned back, with an atten-
dant centrifuging action. Thus, the particles experience an equivalent
gravitational force, and inertial impingement is actually quite similar to
gravitational impingement. The sifect on the decay rate is to add an
a.ppar:nt gravitational constant g' to the g which appears in the exponent of

v
e _hl ' . For further details on thia process, see fiefurence 8.

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

’ V(d)‘

t
2
2 ln—F-L———+41n g
d2e21n Wﬂ!l.erf{ )

g L 21in O'é
v(da)t

2
d2e21n U—s

In
g 1 - exf —-z-m—a-:s—-

whare:
2
d = dg eZ In c:"8

is the surface median diamcter. This function is linear if plotted in logarith-

'mic-normal form with log t as abscissa., The 84, 50 and 16 percent points

come at
2
h h h
- , 10
wd) og° wd)  vidy)
respectively.
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E The turbulent settling integral may be considared qualitatively by com-~ ) :_',
# ] ‘ parison io the tranquil expression. The two integrals differ in the modu-~ )
; lating factor in the integrand. Where the tranquil integrand has a factor

: I which drops from 1 to 0 sharply at 1/, _ 18 h1\ , the turbuleamt integrand

v, Bt
}' has a factor (e H ) which drops from 1 to 0 gradually, reaching 60.6

percent (the inflection point) at:

d 1, __fis®m,  H
R L7 s i

* Thus if N'{d} changes suifficiently slowly with d {the aerosol 18 sufficiently
‘ polydisperse} the turbulent settling curve should be very similar to the .
tranquil expression if, in the latter, h is taken equal to gz{- .

i As a check on the reasoning of the above paragraph, the turbulent
gettling integral was aubmitted to the computer group for numerical mte-

' gration. A few curves. thus obtained, are shown in Figure 3.1. /Od
with 2 in gm/cm . d, in microns and t in minutes, is used as the vm-iable

j It may be seen that the plots have considerable curvature for small values
of g, but approach linearity for larger values. The dashed line in Flguze

. 3.1 iz the plot of

; vid )

t . T’ .t

e '

which is the solution of the turbulent settling integralas ¢ —l. It will be
] noted that latter nearly coincides with the curve for ¢ =1.2, Al.l the
curves of Figurc 3.1 cross 50 perceat in the neighborhood of 0d t = 370,
| which may be compared with the value 286 obtained from

i vid) -t = h o« at 50%
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3.3 Experimental Work

The exparimental objectiveé, somewhat idealized, of this program
were stated earlier. As mentioned before, most of the work of the present
quarter was carried out with a view to seeing how nearly these objectives
could be accamplished in practice, Other areas of work were experimental
tachniques and determination of operating parameters.

Originally, it was considered desirable to restrici the scope of the
experimant to the stability properties of aerosols; that is, to the behavior
of aerosols subsequent to formation. This, however, requires the exis-
tence of a well-defined initial condition of the asrosol, a situation which ia
difficult to achieve in practice. Thus, while moast of the runs to be dia-
cussed are concerned with aerogol decay (for which runs the dispersing
process was assumed to be reasonably efficient), some work was directed

at evaluation of dispersing efficiency.

The powder dispersing system was described in an earlier report.
Briefly, it consists of a small chamber, containing the powder sample,
which is pressurized with dry nitrogen 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" plaatic made a suitable diaphragm material,
rupturing at 125 psi in cur configuration, This material was used 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

run, lntended for study of aerosol behavior under 'turbulent'
conditiona.

3-11
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It was found that stirring (Series (3) above) has a decided reguiu-izing
influence on the aerosol. In the ''fan on" situation the two light-acattering
signals were brought into coincidence almost instantaneoualy and stayed in
coincidence, both decreasing smoothly, throughout the entire run. The
Series (2) runs, on the other hand, often led to irregular (nonmonotonic)
decreasing light signals subsequent to the turning off of the fan. The
Series {3) runs will be discussed first.

Representative runs from Series (3) are shown plotted in logarithmic-
normal form in Figuree 3,2, 3.3 and 3,4, Note that thase plots are at
least approximately linear. For purposes of discussion, 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-

" gpectively®.

Table 3.1 presents a summary of the '"fan on'' runs. Note that {"/t'.
which according to Section 3.2 measures asrosol dispersity, is sensibly
congtant for a given powder while t*, which is an inverse measure of the
aerosol mean particle diameter, decreases with both amount of powder
dispersed and with stirring, It may also 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 A4, 2 and ¢_, where
/0 18 particle density in gm/cm » d, 18 the surface median diameter in
microns and ¢ is the geomaetric standard deviation, computed fromn t* and
t'"/tt., The relations used are:

* According to the tranquil settling expression of Section 3.2, the ratio
t'"/t', which measures the slope, has the value (0’3)4 This should remain
a.pproxlmately true for turbulent settling. An approximate relation for t*,
as discussed in Section 3.2, is

o \ . 20 _
H=2  vid)v; 0d%*= 286
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The values of ,Od.z. especially, may be viewed with suspicion since no i

Ad

P

effort has been made to take inertial impingement into quantitative account,
Since our purpcse is not aerosol assay as such, we do not intend to make

the correction.

Table 3.1 Experimental Data for ""Fan On" Runs

———" vmae. akak.

Powder Fan t* Od 2 Few
( Dispersed Condition {min) AN a £
1.'
200 mg tale Large blade, 8.2 17.5 45,1 2.04

J 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

30 mg talc Large blade, 10.0 35.3 37.0 2. 44
line voltage
i
! 1 gram Large blade, '0:59 28.6 62,7 2,31
pwd. milk line voltage
i 56 mg talc Small blade, 20.5 20. 4 18.1 2.13
50 volta
] 56 mg talc Small blade, 18.0 32.8 20.5 2.39
35 volts
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Other 'fan on' runs, counducted 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 ia approximately 2 microns.
For this powder the acattered light decreased exponentially, a8 may be
seen in Figure 3.5. This behavior is in accordance with the hypothesis of
Section 3.2, Furthef, the experimental decay constant 0, 033 compares
favorably with the expected value of

vid )

e : ol 0.037 .

With regard to Figure 3.5, however, a question may be raised concerning
the larger value of the slope during the first 5 or 10 minutas of each run.
It I8 believed that there are several posasible explanations for this rather

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

Interpretive remarks, in terins of the relutive roles played by agglo-
meration and by settling on surfaces, must remain rather hypothetical at
this time, It has heen stated that the light-scattering data for polydisperse
powders are fairly well represented by a straight line on a logarithmic-
normal plot. This would say that either the asrosols observed so far have
log-normal particle distributions and decay without agglomeration {as in the
model of Section 3, 2), or that agglomerative effacts balance out 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

*K 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, Minnesots,

B
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and slope may also dspend on the efficiency of the dispersing process. 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 erratic behavior of these aerosols,
it would be misleading to list quantitative results; rather, some significant
qualitative statements may be advanced.

The '"tranquil® decay ruans 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 gereral, the behavior was that the two light signals
were equal and dacreased smoothly until the fan was shut off. At this point
the rate of decrease of scattered light changed markedly to smaller values
and the two signals becamne unequal {the lower usually, but not always, ex-
ceeding the upper), hoth 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 aigni-
ficant point is that these clouds form spontaneously, since the light aignals

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

centration throughout the chamber. These effecta ‘g&%pf’pmicul;r,ly savere
for the larger powder charges (above 100 #§Y. There may be a "threshold
concentration'’, above which an aerosol is unatable and tends to form clouds,

One may speculate as to the mechanism of formation of the clouds.
Perhaps in the absence of stirring, soft eddy currents, which tend to trap
aerosol particles, are set up by convection effscts. Another possibility is
that 2 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'' runs is the lack of separa-
tion of the two light signals. According to Section 3. Z the lower signal
should lag the upper by a factor of two in time. This was not observed,
although in most cases the aerosols '"tried" to follow the rule for the first
half hour or sa. FEvidently there exist convection currents in the chamber
which impose a turbulent condition on the aerosol, at least late in the life
of the aeroscl when the larger particles have settled out.

Finally, some remarks on the dispersing system 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 inatant of firing. These spikes": which varied
from 2 to 4 times the equilibrium value at t = 0, were at first considered
unimportant, arising perhaps from the mechanical shock of firing. During
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 18 carried across the chamber and impacted on the floor opposite
the dispersing gun. ’

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

" that the aerosol was at first 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-
tion,

;E?hin behavior has been noticed in conneclion with ather 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 coun-
ditions and to test our understanding of the aerosol decay process. In re-
gard to the latter, it has been seen that the theoretical expreassions set
down in Section 3.2 have a considerable 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 effect of agglomeration in the
aerosol decay were known, Efforts will be made to take account, at least
qualitatively, of agglomeration.

The work of the past quarter has also turned up some unexpected poss-
ibilitias. For example the "jitter' or "noise' on the fan-on traces appears
to depend on the type of powder dispersed and in any case seems too large
to be accounted for by electronic noise, Thus, the possibility arises that
statistical fluctuations in the number of particles 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 invnlved in scattering. This possibility will be es-
plored during the next quarter.

The experimental program of the next quarter will alsc be concerned
with systematic studies of humidity effecta in aerosol decay. As a first
step several runs are planned under the two extrerne 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 review, While this

system does not work as planned, it is probably satisfactory for dispersing
amall charges of powder.

¥The same procedure was adopted by Tanner etal.. Bioclogical Laboratories
Interim Report 36, ''Design, Construction and Operation of the Aerophilo-
meter" Special Operations Division, Camp Detrick, June 1953, p, 6,
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4. VIABILITY STUDIES

4.1 Presence of Bg Contaminants in Sm Powder

The results of several trials designed to measure tho degree of heat
inactivation of _S_g_ powder aerosols were invariably heavily contaminated
with Bg colonies. Careful examination of our equipment and techniques
eliminaved these sources as potential causes, Hypothetical reasoning led
to the conclusion that the Sm powder itself contained Bg contaminants in the
ratio of 1:].06 to 1:107. This lavel of contamination would not be evident
during routine platings of the Sm powder which had a viable count of
1x loulgm. When dilutiona were made of this powder to yield countable
plates (30 to 300 colonies), tha plates would show only pure cultures of
Sm. On the other hand, analyses of samples in which 99. 9999% of the

vegetative Sm was destroyed by heat would yield plates in which Bg pre~
dominated.

This hypothesis was verifiad by preparing a liquid suspension of Sm
powdar in tryptose-phosphiale 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 a steady
diminution in Sm counts relative to exposure intensity, and a constant level
of Bg "contamination'. At the end of 30 minutes the predominant organism
on the plate was Bg.

This observation is significant only when considering circumstances

where a given treatment would have different influences on vegetative cells
compared to spores.

4.2 Effect of Agitation and Compaction on Viability of Sm Powder

A series of trials were performed to determine the effect of compac-
tion on Stn powder viability, with and without the addition of Cab-0O-8il.

The additive was incorporated into the powder either by mechanical stirring
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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
tisgsue homogenizer. These results are shown in Table 4. 1,

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

Viable Count/gram x 1()lo
Bulk Compacted Pellet

Agitation Additive Powder ~  Pellet Density
Untreated none 4,11 2. 84 0.617
Mechanical Stirring none 3,01 2.15 0.624

1% Cab-0-Sil 2,72 2.69 0. 629
Fluid Energy Mill none 3,13 3.39 0. 625
1% Cab-0-Sil 3,07 2,68 0.6l6

It is evident that neither coating with Cab-O-8il nor compaction to 0. 62
grams per cc density had any significant or deletsrious immediate effects
on Sm viability,
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5. DISSEMINATION AND DEAGGLOMERATION STUDIXS -
5.1 General

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

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

5,2 Evaluation of the General Mille, [nc. Tent Fixture Disseminatin
Dry 8m and Tried Pasteurella Tilarensis

At the present time statistical analyses of the results of the Fort
Detrick test program are not available. However, the procedure and

general results will be given in this report.

The over -all program was designed to test six operational treatments
with dried Sm and dried P. tularensis. These included the two wind tunnel
Mach numbers, 0.5 and 0.8, and three bulk densgitias: normal, approxi-
rmately 0,43 gramsper cc and 0.53grams per cc. In the Sm test four

¥ I'echnical Evaluation Division Test No. 62.TE-1602; MD Division No.
1921,
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replicates ware obtained per treatment, while in the P, tularensia series
mix 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 the resulting slugs into fine agglomer-
ates on the order of 2000 microns and less and basic particles. Approxi-
mately 0.8 grams of these samples were placed ia the GMI-3 fixture and
disseminated at a fead rata of 30 Ib/min. These apparatus are further

discussed in our previous reportlo.

A blowdown wind tunnel and auxiliary equipment such as air atorage
tanks and pumps were erected for these experiments adjacent to the test
sphere. The test section into which the organisms were dis seminated,
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.

Environmental conditions inside the sphere during these tests were
maintained at 75 degrees Fahrenheit temperature, sssentially atmospheric

pressure and 35 percent relative humidity.

Samples of the generated aerosols were obtained with ABP-30 samplers
filled with 20 milliliters of tryptose saline during Sm trials and 20 milli-
liters of gelatine peptone phosphate during PB. turlarensis runa. One
minute samples were taken at the midpoints of 4, 18, and 32-minute time
periods at a flow rate of 12. 5 liters per minute. Four sampling atations

were operated concurrently.

Single stage impactors {SSIs) with cutoffs of 3, 5, 7, and 9 microns
and a8 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-glase impinger preceded by a2 British pre-impinger.

5-2
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Wind Tunnel Test Section Located in Glove Box

of Spherical Test Chambher at Fort Detri

Figure 5.1
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The four ABP-30 samples taken during each time interval were pooled
while the SSIs and GP-20s ware assayed separately.

In the original P, turlarensis test program, it was planned that eight
Hartley strain 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 first 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

JROPFORS

only exposed on the final three days.

5.3 Preliminary Results ' , ‘

5.3.1 Sm Tests

In addition to determining the viability of generated aerocsols in the
sphere, control samples of the normal and compacted materials were taken‘
and assayed. By this method data were obtained on the effects of two fac-
tors which enter into thig evaluation program 1) the compaction of the
particulate material to denaities up to 0. 53 grams per <&, and 2) the aero-
dynamic breakup process during dissemination. Each factor can be analyzed
separately or the two can be combined to demonstrate the over-all perfor-

mance for any one treatment,

In studying the mean values of the control counts, there appears to be
little, if any, effect on viability due to compaction of Sm. Count values
ranging from 123.98 x 109 to 127.35 x 109 organiems per gram were ob-
tained at bulk densities 0.533 grams per cc and 0. 43 grama per cc, respec-
tively. At normal bulk density a value between these was obtained.

Mean values of the recovery factors at the 4-minute time period varied
randomly in a range from 2. 52 to 3.36 percent for the six treatments,
while for the AP #10 fixture the value was 3.50 percent. At the two wind
tunnel Mach numbers studied, there appears to be little difference in the
viability of the generated aerosol.
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At first glance these recovery factors may be deceiving and therefore
may appear quite low, Thus, it is necessary to explain that the recovery
factor is directly proportional to the quantity of fill which has a particle
size less than 5 microns. In this case the particle size distribution, based
on a Whitby centrifuge analysis, showed thatonly 6.5 percent by mass of the
material consisted of particles less than 5 microns in size. In addition,
the mass median diameter and geometric standard deviation of the material
was 16.6 microns and 1.95, respectively.

5.3.2 P. Tularensis Tests

Preliminary data similar to that pressnted above are also available for
the trials with P, tularensis. In the case of the control samples, the mean
values at each bulk density, based on five replicates, range from 13.52 x IO10
to 20,11 x 10%° organisms per gram for bulk densities ranging from the
normal condition to 0. 53 grams per cc, respectively. The results show an
increase in organism count with increase in compaction, an effect which is

unexplained at this time.

Mean recovery factors for this geries 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 density due to aerodynamic breakup; however,
for the combined effects of compaction and breakup, increasing recovery
factors were obtained with increasing bulk density. Again 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 sample material was 4.3 microna
while the geometric standard deviation was 1.38. Approximately 70 per-
cent by mass of the material was less than 5 microns in size,

5-5
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In spite of the fact that the particle size distribytion was fairly fine,
the recovery factor obtained in these tests is cousidered to be quite high
and exceaded our expectations.

A more complete presentation of the results from both the Sm and P,
tularensis tests will be made at a later date when the complete atatistical
analyses have Leen finished. At that time it should be possible to make
definite conclusions as to the operational characteristice .and effectiveness
of the GMI-3 fixture and wind tunnel combination. .
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6. CONTINUATION OF EXPERIMENTS WITH THE FULL-SCALE FEEDER
FOR COMPACTED DRY AGENT SIMULANT MATERIALS

6.1 Introduction

Experimental work with the full-scale feeder continued during this re-
porting period. The information obtained substantiates previously reported
conclusions that the design concept under study is quite feasible. Perfor-
mance was evaluated at powder flow rates ranging from 20 1b/min up to 49
1b/min. Air flow rates from three to nine scim were investigated. Parti-

il

cular attention was devoted to performance during the starting period and
various operating procedures were 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 Seveath Quarterly Progress Rsportlz. A few
modifications were made to the unit and an improved arrangement for col-

lecting the diacharged material was devised.

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 smallest diameter of 0. 375 iuch was
soon determined to be tco small. The 0.500 and 0,750 diameters were
both satisfactory but it was found that the gas pressure within the unit using
the 0. 750 diameter opening was significantly lower. Consequently, a deci-
sion was made to use the latter opening in all of the teat runs being reported
heremn and to tentatively establish this diameter as the one to use in the

alrborne disseminator.

For the tests reported in the Seventh Quarterly Progress Reportl3 the

motivating gas was admitted directly into the disaggregator section of the
unit through a hole near the top of the cylinder, For the tests reported
herein, the unit was modified in that an aerating ring was installed in the
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center of the cylinder as shown in Figure 6.1. This ring contains 32 orifii
each 0. 040 inch in dlameter which are positioned uniformly around the ring
on both sides. Four additional orifii are mounted 1. 75 inches directly above
the powder discharge opening. The objective in using the aerating ring is to
obtain better mixing of gas and powder. To accommodate this asrating ring
it was necessary to remove the wire wall scrapers and the 6=inch baffles
which wers mounted between 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 arrangement 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 the top of the 50-gallon drum. The
top of the drum was covered with a sheet of muslin to allow the gas to pasa
out of the drum without carrying out the powder. Since this technigue could
conceivably affect the powder flow at the point of discharge from the dis-
seminator, a new technique was devigsed in which the tubing was omitted
and the powder allowed to flow directly into a stand pipe six inches in di.
ameter mounted on the collection drum as shown in Figure 6.2, The end of
the stand pipe is placed four inches below the discharge tube on the dissemi-
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 ueing a vacuum cleaner. With this -
technique the powder has been observed to flow freely into the collection

drum in a weil-defined stream or jet.
6,3 Test Results
The results obtaincd with the full-scale feeder during this reporting

period are summarized below. This summary is followed by 2 more detailed

discussion of the data.

6-2
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A total quantity of approximately 2, 600 pounds of talc were
successfully loaded into and discharged from the feeder
under a variety of operation conditions.

The torque and power required to drive the feeder were
found to be well within the lnitial objectives. The torque
was usually less than 100 ft-lbs and the power lees than
0.5 hp.

A discharge opening of 0,75 inch in diameter gives good
performance over the feed rates investigated. .

Powder was discharged succesafully with gas flow rates
ranging from three to nine scim.

A ga@ flow rate of at least six scfm wus found to be neces-
sary in order to minimize the delay in attaining full powder
digcharge rate.

The delay in attaining full powder discharge rate was also
minimized by pre-pressurizing; i. e., the operating pres-
gure waa eatablished in the cylinder before starting to feed
powder.

The gas requirements were found to be compatible with the
space which will be available for storing gas within the air-
borne disseminator.

No significant difference in performance was observad for
operation where the gas flow wae started before feeding the
powder as rompared with operation where gas and powder
were started simultaneously.

The feeder operated satisfactorily for powder flow rates
ranging from 20 to 49 1b/min,

The gas pressure measured within the cylinder was found
to vary from approximately O. 3 40 1.1 psig depending upon
the powder and gas flow rates used.

~—— Date—
JUL 19 2m

The range of operating conditions

rimental feeder was operated successiully under various con-

covered im shown in Figure 6.3 by plotting each run as a point oh a family

gas flow rates. 'The highest powder feed rate obtained was 49 ib/min.

of curves showing air-to-powder ratios (by weight) for various powder and
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This is not 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 density of approximatsly 0,48 g/cc. Operation up to

‘ rates as high as 60 Ib/min are planned by compacting to higher density

during loading.

AT Ly ST Sinl i e

! Typical powder flow rate curves are presented in Figure 6.4. The f

_ plotted data were obtained by recording the time at which a certain amount

3 of powder had accumulated in the collection drum, In most cases time was ,
noted for each 5-1b increment. The curves were gelected from many such .

é curves which have been drawn to illustrats typical performance for a :
variety of operating conditions. The data for any given run produce a well-

{ defined straight line indicating that the flow from the faeder is very uniform.

The driving torque and speed were observed for ull test runs so that the
'{A " input power requirement could be determined. The torque was ohsarved to
vary over a range from 15 to 100 ft-1b with one exception where the torque
roge to 240 ft-lb, This excessive torque prompted an investigation which
revenled that the thread clecan-out feature which removes powder from the
1 feed screw was plugged. This deficiency was corrected and there was no
re-occurrence of an excessively high torque value.

The maximum 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.

o n

i‘ One series of tewt runs was conducted using aitrogen rather than air as
the motivating gas. As was expected, there was oo observable difference

in performance of the feeder when using nitrogen as compared to air,

The curves in Figure 6.3 can be used 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 nitrogen. When based on the maxi-~ i
mum payload capacity of 350 1b, this gives a ratioc of 2. 75 percent by weight !

Am——— Py
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6-7



DECLASSIFIED IN FULL
Authority: EO 13526
Chief, Records & Declass Div, WHS

Date: JUL 19 208

BT OT ML T T

(hi

.

LRy

[T

Material: "Mistron Vapor' Talc

Compaction Density: 0.45 to 0.48 gm/ce

50~
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Powder Discharged - Pounds

46 1b/min
(Run E-11)

-, 37 1b/min
(Run G-1)

30 1b/min

(Run C-4N 51 3 1b/min

(Run D-2)

] 1

0 20 40 60

Time - Seconds

[
Figure 6.4 Powder Discharge Rate
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of nitrogen-to-agent payload. The horizontal dashed line in Figure 6. 3 for
this ratio is well above ths conditions at which the feeder has heen demon-~

atrated to operate satisfactorily,

The gas is used most efficiently when the gas flow rate is reduced as
the powder feed rate is decreased. 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 ratlio. For example, if the gas flow
were set at six scfm the powder feed could range from 17 Ib/min up to 50
Ib/min or more. In order to stay within allowable limita, the gas 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
observed that there was a 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 ia drawn as a straight line extended back to intersect the
time-axias as shown in Figures 6.4 and 6.5 where time is measured from
the instant at which the unit is started. It is desirable to obtain perfor-
maunce such that full flow rate is established in the shortest possible time.

Up to this point the operating procedure was to establish the desired
gas flow before starting the drive system which feeds the powder, When
operating in this manner the pressure within the feeder is sssentially equal
to atmospheric pressure before the powder starts feeding, When feeding
starts the pressure increases to a value which depends upcn both the pow-
der flow rate and the gas flow rate, If the approximate operating pressure
exists in the cylinder before starting the powder feeding, the delay in reach-
ing full powder flow rate should be a minimum. Therefore, tests were
made in which this internal pressure was 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 feeding drive

wasé turned on.

6-9
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Matertal: ""Mistron Vapor" Talc
Compaction Density: 0.48 gm/cc
Cylindrical Pressure: 6.4 cm Hg
Air Flow: 4 ecfm

Powder Flow: 43 lb/min

30~ Pre-Pressurized

(Run F-6)

ZOL‘“

Powder Discharged - Pounds

10—

| | .

Not Pre-Pressurized
(Run ¥-10)

1
0 20 40 60
-4 6 I-- Time - Seconds

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 effective as shown in Figure
6.5. These flow rate curves were obtained with four scfm air flow and 43
Ib/min powder flow for both cases. The vertical separation of the two
curves respresents approximately five pounds of material. This indicates
that without pre-pressurizing about five pounds more talc was stored in the
disaggregator section of the feeder during the initial seven or eight seconds
of operation for the tast whers pre-pressurizing was not used.

When operating the feeder for a series of runs in which the sams pow-
der fced 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 he longer for the low gas
flow rates than for the high. During these runs the following data were

ocbtained:

1) Time from starting feeder drive to the instant when powder
began to flow from discharge opening.

2) Time from stopping feeder drive to termination of powder
flow, ‘

3) Amount of powder discharged after feeder drive was

stopped.

The results of these cbservations are presented in Figures 6.6 and 6.7
only to illustrate trends in performance characteristics; the amount of data
involved is insufficient to justify using these curves to obtain Alag ~times or
post powder-flow quantities for application in any related studies.

The time-lag data arepresentedin®figure 6,6. The lower curve shows
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 approximataly
one second. The delay in stopping, however, increased significantly as the
ga® flow decreased below five scfm. The dalay ohserved for eight scfm wan
approximately 2,25 scconds, It increased slightly to approximately 2. 75
seconds at five scfm, but rose sharply to about eight seconds at three scfm.
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Figure 6, 7 shows the amount of powder collected after stopping the
feeder as measured for various gas flow rates. The curve shows that the

air flow rate must be above five acfm if the amount of powder is to be
minimized.

Another factor which could conceivably influence 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 simultaneously, 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
no 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.

- -y

6.4 Plans for Future Work

‘ All of the experimental feeding experiments with the full-scale unit

' have beeu vonducted with talc compacted to a density of approximately 0. 45

,‘ g/cc. A hydraulic press is now being fabricated which will make it posai.
ble to compact to higher densities when filling the feeder. Tests will be

g performed at a density of 0.6 g/cc or higher when the press ia available,
This density will result in a powder flow rate of at least 60 lb/min when the

3 feeder drive is set for maximum speed.

A supply of powdered sugar has been obtained and planas are to run the
’ feader with powdered sugar to determine if performance varies with the
material being handled, Since powdered sugar is more hygroscopic, these
tests will not be conducted until the air dryer for humidity control is in~
3 stalled and operating. The dryer installation has been delayed because the
vendor 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-acale prototype of the inner tank
assembly 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 feasibility of feeding compacted dry powder materials,
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7. DESIGN STUDIES ON A DRY AGENT DISSEMINATING STORE

The deaign concept of an external aircraft store for digseminating dry
agent material from a compacted state was described in our Fifth Quarterly
Progreis Report“i Saction 6 of this current report contains a discussion

of the sxperimental 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 airborne disseminator
based on this concept were described in the Seventh Quarterly ‘Progress
Reportls. During this eighth reporting period progrecs was made toward
integrating these components into a well -designed disseminating store as
described in the following paragraphs.

7.1 General Arrangement for the Airborns Dry Agent Disseminating
Store

A preliminary general arrangement for the airzborne dry agent dis -
geminating store is shown in Figure 7.1 (GMI Dwg SK-29100-612)., The
basic structure is an aluminum shell that provides a mounting skeleton for
the inner tank assembly, the gas supply system, the turbine generator, the

actuator and the necessary control apparatus.

The external skin is a 180-inch long aerodynamically shaped tank that
has the same dimensions as defined for the 150-gallon Fletcher Aviation Co.
Store No. 21-150-6024. 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) consists of the for-
ward, the center and the aft sections which extend from stations 13. 0to
52.0, stations 52.0 to 109.62, and stations 109, 62 to 180, 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

7-1
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equipped with a bayonet-type joining feature. Ia separating or joining the
tank sections all that will ba required is the loosening of a locking acrew
and rotating the end section approximately 22, 5 degrecs. Gas line and cable
disconnects will be provided on the fore and aft sections from the ceater
section. Access doors are located in the nose and tail sections at positions
determined on the basis of nscessity and ease of manipulation of the various
system components and controls. Locations of various system components
were evaluated during this period on the bagis.of avallable space, system
operation 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 electrical components for power
distribution. The ram air turbine generator is mounted at station 13. 0.

Thae 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 ssction from stations 109. 62 to 180 containa the rotary actuator
assembly, the actuator control electronics (including 2 eontrol 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 operation.

7.1.1 Ram Air Turbine Generator

The ram air turbine generator is the same 4.5 kva, 115/200 volt, 400
c¢ps, 3-phase generator made by General Motors, Allisoun Divieion, which
ig used on the GMI liquid agent disseminating store. However, 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 generator is thoroughly
described in GMI Specification GiMS-29100-020, a copy of which was appended

7-3
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to our #ifth Quarterly Progress Reportm. - & new specification, GM§-29100-
611 has 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 store through the discharge tube into the
8lip stream. The nitrogen system schematic drawing is presented in Figure
7.2. The systemconsists ofa high-pressure 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
cumponents are supplemented by pressure gauges, relief valves, pressure
switches, etc. required for safe control of the system, Following isa des-
cription of the system as it will function in the disseminator.

Dry nitrogen is introduced into the pressure vessel through the charging
valve and stored at 3000 psi pressure, The manual shut-off valve is closed
during charging and storage to insure that no leakage will occur. 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 pressure regulator to be predetermined 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 nitrogen is flowing. A supply
of nitrogen is introduced ihto the checkout valve from an external supply,
passca through the pressure regulator, and is exhausted to the atmosphere
through the ground checkout discharge, This method of adjustment does not
bleed nitrogeu out of the system's pressure vessel and will not build up

pregssure in the inner tank assembly,
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When the nitrogen is released from the pressure vessel, isentropic
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 reasons 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 switch is mounted in the manifold upstream
of the critical flow orifice to show whether or not the solenoid valve is open
and sufficient pressure is available for proper flow.

The cylinder prasaure switches operata when the cylinder pressure
exceeds the normal operating level. This would happen if the orifice which
discharges the mixture of powder and nitrogen became plugged. The switches
will actuate a relay to shut off the gas solenoid valve,

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

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

The pressure equalizing lines allow flow from the mixing chamber to
the spaces behind the pistons so that the pistons will not 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/sec 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.

7-6
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The nitrogen pressure vessel can store a total of 12, 5 pounds or 175
scf of nitrogen at 3000 psi and 70°F., The amount available for mixing with
the powder is 9. 62 pounds {or 2.78 percent of the 350-pound powder capacity)
because of allowances which muat be made for changes of flow rate with
temperature change, errors in pressure measurement and regulation, and
a requirement for a residual preasure to be maintained in the vessel,

With the regulated preasure range of 30 to 100 psig on the fixed orifice,
the avallable range of flow rates 18 5.7 ecfm minimum to 14, 6 scfm maxi-
mum. Figure 7.3 shows how this range of nitrogen flow rate combines with
the powder feed 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
18 1b/min the maximum flow rate of 14. 6 acfm governs. The ratio then de-
creases until the minimum percent is 1. 76 at a feed rate of 60 1b/min.

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

A preliminary study of the standard practices employed in charging
high-pressure vessela 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 psi bottles directly into the pres-
sure vessel with a portable compressor. The second method is to order
6000 psi bottles and use theae to top ofif the vessel after filling part way with
the readily attainable 2200 psi bottles.

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

7-7
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7.1.3 Center Section

Date: -
1920

The center section of the atore 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 sections from the over-
all length because the ends of the inner tank assembly extend beyond the
stations where the nose and tail joints are made. The construction of this

center section will be similar to the liquid agent disseminating store in that
the space between the inner cylinder and the external shell will be filled
with a foamed-in-place rigid plastic. A strong-back and stiffening rings

will be used tosatisfy structural requirements. Nitrogen lines and alec-

trical conduits will be placed between the inner and outer shells,

The inner tank 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 acrew, and a disaggregator with cutters in
disks keyed to the drive screw 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 essential differences in the airborne model
as now envisioned will be that a one-plece cylinder with a removable ga‘s
manifold will be used to eliminate the center joint shown in the experimental
unit, and double O-ring seals will be used on the end plates and all other

attachments to the cylinder.

The ianer cylinder is 83. 25 inches long and 16.5 inches inside diameter.
A volume of 9,1 cubic feet is available within the cylinder for containing
compacted dry agent matertial.

The fluidized powder will be discharged through A short tube extending
from the bottom of the center section. An NACA study” 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
mechanism and, coasequently, a tapered eliptical shroud is considered to be

the bust compromise design.

Such a shroud i{s shown in Figure 7, 1.
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7. 1.4 Rotary Actuator Assembly

The requirements of the rotary actuator for driving the feeding mecha-~
nism, av outlined in the Seventh Quarterly Progress Reportlsand repeated
below, . were submitted to a number of potential vendors but none could fur~
nish a satisfactory itern without resorting to a deaign 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 personnel
proceed with the design and fabrication of the actuator.

The requirements of the actuator ares

1)

2}

3)
4)

5)

6)
7)
8)
9
10)
11)

12)

13)

Authority: EQ 13526 -
Chief, Records & Declass Div, WHS ™~

L 19

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

© mdm e e s

Output Torque. - 2500 pound-inches in either direction at
the above speeda.

Maximum Allowable Overhung Shaft Load, ~ 1500 pounds,

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

Maximum Allowable Outward Thrust Load on Shaft. - 2000
pounds,

Duty Cycle. - Continuous for periods up to 1/2 hour.
Life. ~ 200 hours.

Operating Temperatura. - 160°F to -65°F.

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

Vibration. - 5 to 500 cps at 0, 036-inch double amplitude or
110 g whichever is the lower valuas,

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

Connectors. - Water-tight connector at cable entrance to
actuator housing.
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" During this reporting period the design was essentially completed and
all major itemsa were released for fabrication or procurement, - As the de-
gign progressed, it was necessary to modify some of the characteristica so
that they now differ from the description presented in the Seventh Quarterly
Progress Reportl 8.

The electric motor which has been ordered from the Westinghouse
Elactric Corporation is a 400 cpe, 3-phase, 200-volt, 5600.rpm motor with
a rated torque capacity of 22 pound-inches, The speed-selector portion of
the actuator will still provide for five driving speeda as given in Item (1}
above. At all but the highest speed the speed-changing gearing will all pro-
vide some speed reduction. T.he highast ratio 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 1, giving an over-all reduction ratio of 135.375 to 1.
The input in each stage is at the sun gear and the nutput at tha planet carricer
oz it3 extension. The incoming torque is received through a safety clutch
which is designed to slip when the force exceceds 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 5 inchea, The weight has been calculated at 65 pounds.
The actuator assembly will have two mounting flanges for securing the unit
in the tail section of the store, The principal mounting of the actuator is at
the forward bulkhead of the motor housing and the secondary mounting 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 airborne 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 used thus far in this ;
phage of the program. The same basic. concepts will be employed but;: in ;
goneral, the experimental fseder design i{s not directly applicable to the ajr- :
borne store. Therefore, a second experimental model is being fabricated
to test the design to be employsed in the airborne store, This new experi- f
mental unit is shown in Figure 7.4 (GMI Dwg SK-29100-778). The mora "
important changes in this model as compared with the first experimental
fecddr are discussed below,

1) The cylinder dimensions are reduced to 83. 25 inches long
by 16.5 inches inside diameter. These dimensions are
those of the inner tank to be incorporated in the airborne
version. Stainless steel, type 304 ATSI, is utilized rather
than aluminum as in the first generation model,

2) The drive screw is machined a8 one plece rather than two
as on the first generation model. This eliminates the
problem of joining the two screws together when assem-
bling the unit. The disaggregator is keyed to the drive
acrew to permit easy rsmoval of the screw for cleaning
and maintenance.

3) Ball bearings for radial and thrust support are again used !

at the ends of the acrew hut additional bearings are mounted . ?

g at the center of the cylinder to support tha.disaggregator I
‘ and reduce friction at this point. The center support struc-

ture has besn incorporated in the aerating ring structure to

obtain a compact arrangement. x

[ 4) The orifice plates forming the sides of the aerating ring or
manifold have removable nozzles for directing the gas ~
which mixes with the powder and causes it to flow out of !

’ the unit. !

. 5) The piston hubs are elongated to provide better support on [

] the drive screw.

6) The experimental unit is designed for loading from the

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

o —— A
1 .
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Controls for the gas system are not shown in Figure 7.4 but.the follow=
ing itema will be installed on the experimental unit to test for performance:
1) Pressure switches to indicate abnormally high pressure

within the cylinder at ths center and at the ends behind the
pistons.

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

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

4) A pressure relief valve in this line.

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

B R o

6) A pressure regulator in the gas supply line,

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

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

Loading of the disseminator with compacted dry agent will require
auxiliary equipment to compress the 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 the
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, Fabrication of this equipment was atarted 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 is not suitabls for producing densities greater than approxi-
mately 0. 45 grams per cc. Since the objactive is to investigate dissemina-
tor performance with compaction densitiea up to 0. 6 grams per cg, ‘it will
be necessary to have a press capable of producing the total force assoclated
with this denaity. Consequently, a simple hydraulic praas is being fabri-
cated which will be capable of exerting a force of 8300 pounds. The com-
paction ram will be attached to a hydraulie cylinder having a 38-inch struke.
Hydraulic controls will be provided to enable the oparator to vary the rate
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 LUl truck will be used
to raise the filled loading tube and rotating it to a horizontal position in line
with the disseminator. The loading tube will then be attached to the end of
the inner tank of the disseminator and ths compacted material will be pushed
into the disseminator using air pressure to operate the loading tubse., The
loading fixturs will then be removed and the piston and end plate of the dis-
seminator will be installed,

Chief-Racords & Doclass DV, WHS [T
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8. TESTING OF THE LIQUID AGENT DISSEMINATING STORE

The liquid agent disseminating store, which was described in the Seventh
Quarterly Progress Reportlg. has baen eubjected to a series of structural
and functional tests in the laboratory and in the field. Laboratory structural

tests were conducted at Fletcher Aviation Company, E! Monts, California
using two test units which were fabricated for that purpose. The third unit, :
which is & complete developmental model, was tested in the laboratory at ;
General Mills, Ine, and, subsequently, flight teasted on an A4D-1 airplane
at the Naval Air Test Ceater, Patuxent River, Maryland, The disseminator
has met the requirements of the various tests with a ve ry high degree of
success. An assembly drawing showing the complste unit is included as
Appendix A of this report.

A report (see Appendix B) of the structural test program is included
with this progress report and is discussed briefly below. The results of
the teat work conducted at General Mills, Inc. will be presented in a final
engineering report which is being prapared. The Naval Air Teat Center is
submitting an official report on the flight tests, A short dascription of the
flight test project is presented in paragraph 8. 2 following.

8.1 Structural Te sting at Fletcher Aviation Company, El Monte,
ornia

Appendix B is Fletcher Aviation Company Report No. 43.286, "Qualifi-
cation Teste, General Mille Tank Assembly' covering the structural testing
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 tests were conducted in general accordance with Specification
MIL-7378A, '"Tanks, Fuel, Aircraft, External, Auxiliary, Removabls."
Following is a list of the test performed:
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1) Examination of product for conformance with drawings and
for quality of workmanship, :

2) Determination of weight and center of gravity locations.
3) Determination of tank .capacity.,

4) Slosh-and-vibration test,

5) Leakagse test.

¢) Ground ejection tast.

7) Static structural test,

The disseminator successfully met the requirements of the various
tests. In order to pasa 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 2dd reinforcement strips as described in pages 4.7
through 4. 12 of Appendix B. After this modification the tank succesafully
withstood an additional 25 hourg of slosh-and-vibration testing,

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

lying on the bottom of the tank. The lining and the bulkheads were removed
before the test was repeated.

When this Fiberglas tank was delivered to Fletcher for incorporation
into the assembly, it was known that the bond between 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 release of the tank from the
mold during fabrication and {s not required for structural or leakage pur-
poses, this fault was not considered to be important,
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8.2 Flight Tests of Liauid Agent Disseminating Store at NATC, . i
- Patuxent River, Maryland -7

i Through arrangements with the Bureau of Naval Weapons it became
possible to conduct flight tests with the liquid agent disseminator using an
! A4D airplane. The unit was shipped to the Naval Air Test Center, Patuxent

River, Maryland whcre a series of flight tests were conducted by the Weapon i
Syatems Test Division on 16, 17, 18 May, 1962. The WST Division was
directed to prepare a final report covering these tests. The following re- ,
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" were listed in Weptask No.
RMMO-33-015/201-1/F008-10-005 issued by the Bureau of Naval Weapons
3 for the flight test project. The unit successfully passed all phases of this
testing program.

’{ 1} Perform fit tests with the spray tank suspended from the
' Aero TA Bomb Rack of the A4D~1 aircraft.

2) Provision for appropriate electrical connectors in the air-
craft pylon, if required. :

é' 3) Perform static functional spray tests using water.

4) Perform flight tests to the maximum safe speeds not to ex-
ceed the limits of normal flying as set forth in BUWEPS
Instruction 3710, 0 of 19 October 1960.

w—— |

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

6) 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 scak, i

7) Perform 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.

e e e e T T

— -
.
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8) Provide for camera coverage of functional test items (3),
(6) arnd (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 disseminator mounted
on the Aero 7A bomb rack on the fuselage centerline station of the A4D-1
airplane. Electrical connections to the store were easily made by inastalling
a cable running from the pyloa to a junction box in the fuselage juat forward
of the pylon. The cockpit control panel was installed in a position uged for
such auxiliary equipment and required ho airplane modifications,

The static functional apray tasts 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 the disseminator. Figure 8.3 shows
water spraying from the booms during this tast,

The flight tests were 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
flight in which two auxiliary 300-gallon fuel tanks were installed at the wing
stations to obtain the desired flight duration. Two minimum-maximum
thermometers mounted in the aft section of the disseminator for this test
indicated a temperature range from 73°F to 80°F.

Maneuvers resulting in 5 ""g'' loading were performed on the third flight,
Following these maneuvers, several low-altitude dissemination runs ware
made within sight of an observation tower so that motion pictures could be
made with a telephoto lens. The dissemination process was visible to the
naked eye and the asrogol was observed to trail out from the boomas of the
disseminator in a clearly defined band that did not diffuse until it was well
aft of the airplane.

- e e e o s o
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Far each of the three flights the disseminator was filled with dyed
water to aid in photography and to provide a tracer for studying contamina-
tion of the aircraft. Both methylene blue and uranine {sodium fluorescein)
were uged at a concentration of approximately 0.25 percent each. The
methylene blue was planned to produce evidence of contamination visible
under 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 weére the booma, the boom wells, and the exterior sur-

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

Duricg this reporting period, significant work was accomplished in our
research and development program on the dissemination of solid and lquid

BW agents. Progrese in cach of seven areas of effort is summarized below i
with the pertinent section of this report indicated at the end of the paragraph. i

Data obtained with an improved piston-cylinder compaction apparatus
have resulted in an empirical formula of the form 6" = K (-}3-)r telating stress,
O, aod density, 0, of a compacted powder. Values for K and r were deter-
mined for talc, saccharin, powdered sugar, powdered milk and cornstarch,
Tests with the hydrostatic compaction apparatus yielded results in agree~
ment with the improved piston-cylinder compaction apparatus, but the hydro-
atatic apparatus proved to be difficult to use. Measurements at high streas
levels with the above powders indicate that considerably less slastic energy
is stored in a compacted powder bed than was first assumed. It haa been
found that very little elastic recovery occurs as stress is reduced at high
strees levels. The triaxial shear tests have thus far proven successful only
with relatively highly compacted samples and low (2 psi or less) radial pres-
sures. Additional data were obtained using the bulk tensile gtrength appara-
tus with zinc cadmium sulfide which indicates that total sample length and
length 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 sample compacted in a cylinder. Uaing the sliding disk method to
measure shear strength as a function of compressive stress it has been ob-
served that the relationship remains unchanged as humidity is increased
from 2 to 32 percent but marked changes were observed at 46 and 69 per-
cent {Section 2).

The aerophilometer has been operated while studying experimental
techniques and determining operating parameters esaential to carrying out
the program on stability properties of aerosols. A mathematical analysis
has produced thaoretical expressions which, as shown by experimaents,
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have a considerable degree of validity and have proven very useful in inter-
preting the light-scattering data, The dacrease 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 employed. Apparently, "clouds" form
in.the aerosol and drift randomly through the light-scattering area {Section 3),

An experiment has shown that Sm powder being used in triala designed
to measure the degree of heat inactivation were invariably contaminated with
Bg colonies. A series of tridls have demonstrated that naither coating with
Cab-0-8il nor compaction to 0, 62 grams per cc density has any significant
or deleterious immediate effacts 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 sphere to evaluate the General Mills GMI-3 fixture and wind
tunnel when used for generating aerosols of dry Sm and dry P. tularensis.
When the Technical Evaluation Division furnishes the statistical analysis of
data, it will be posaible to report on the affects of compaction and subse-~
quent aerodynamic breakup during dlgsemination on the viability of dry
agents. Preliminary examination of the data indicates that good recovery
factors were obtained (Section 5},

The full-scale experimental feeder for use with compacted dry agent
simulants has been operated successfully over material flow rates ranging
from 20 to 43 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 a8 3 scfmn, teats 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 airborne disseminator based on the basic principles
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
preliminary general arrangement has been prepared, The store will have
the same external shell as a standard 150~gallon auxiliary fuel tank and will
have provisions for both 14- and 30-inch aspacing of the mounting lugs. ‘The
agent will be contained within a tank assembly forming an integral part of
the center 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 tail,
Both nose and tail sections will be attached to the center section with bayonest-
type joints. The dry agant will he discharged threugh a tube projacting below
the store sufficiently far so that the material is injected into the slipstream
beyond the boundary layer. An exparimental version of the inner tank
assembly i8 being fabricated for use in laboratory tests of the engineering
design (Section 7).

The liquid agent disseminating store was flight tested on an A4D-1 air-
plane by the Weapons Syatem Tast Division at the Naval Air Test Center,
Patuxent River, Maryland. Dyed water waa successfully disseminated
under various conditions and uv Lrace of dye could be found on the airplane
after it returned to the ground. The pilot reported no unfavorable conditions
of flight and there was no damage to the store during maneuvers resulting
in 6 "g!' loading and speeds up to the maximum safe limits of normal flying
for the A4D-1 airplane {Section 8).
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INTRODUCTION

T™his report covers a portion of the qualification tests
conducted on General Mills (d.M.I.} special tank assemdly,

Part No. 8K29100-026. The tast assembliesm are identical to
the final assembly except that operational componants such aa
the ram air turbine, generator, pump, valves actuator, etc.,
ware models having the same weights and cantaer of gravity loca-
tions, PFurther qualification tssting will bde conducted by
G.A.I. to substantiats the operational capabilities of the
complate assembly.

This document presents the qualification testing conducted
in accordance with the requiraments of specification MIL-TP-
73718A.

Qualification teats described hersin were conducted at the
Fletcher Aviation Company test facility.

REPERENCES

Specification MIL-T-7378A - Tanks, fuel Aircraft,
External Auxiliary,

Removable
G.M.I. Specification - 8K29100-026
Drawing
G.M,X. Specification - Extsrnal Removadle Tank
GMS-29100-026 Aassy for G.M.I. Electronics
Group

F.A.C. Drawing 26-300-48031 - Tank Assembly, G.M.I.
Specification
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PURPOSE OF TEST: *

drawings.
MANUFACTURER:
Pletcher Aviation Company
MANUFACTURER ‘S MODEL iiQ:
26-300
ASBEMBLY DRANING:
26-300-48011
QUANTITY OF ITEMS,
One

SEC URITY CLASSIF1CATION:

None

TEST DATE:

1=30-82
TEST CONDUCTED ¥,
Wayns Callahan
DISPOSITION OF SPECTMI.:
Use for Waight Test

ABSTRACT:

in several areas.

MILIS

@ 3

To determine that the assembly conforms to the applicabls

The assembly successfully met all of the requirements
of the test, Rubbar liner of inner tank was aot tight

PAC o 1508
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S e e e e e M M e

Cuecean EXANIZATION OF PRODOCT ' Moosu

Moote 26300 |
GENERAL MILLS TANK ASSKNELY 43.286

ArpPROVID Reront Na.

Peranco | Ha uu____}.;.za;az Paes 1k
ne.e . .
|
I

FACTUAL DATA
REQUIRINENTS:

1. That the assembly and accessiblae components thereof
conform to their applicable engineering drawings.

2. That the assembly and all compongnts conform to
aircraft quality etandards for woxrkmanship.

IAST_EQUIPHENT:

1. standard inspection tools; linear scales, micro-
metexrs, calipers.

TEST PROCEDURE:

1. Inspect the complete assembly for general confor~
mance to P.A.C. drawing no, 26~300-48031.

2. Remove access doors and inspact all Conpartments
for metal chips, f£ilings, or other forsign material.

3. Inspect all mating components and access doors for
fit, gealing capabilities and general workmanship.

4. 1Inspect tank and inner compartment surfaces for
evidence of damage or undue abrasion. .

5. Inspect for loose bolts, rivets, or other fastening
devicas.

6. Inspect for parts not treatad for corrosion regisg-
tance.

7. Inspect for misalignment of mating components.,

8. Remove inner tank cover plate and inmpact inner tank
for general cleanliness, workmanship, and conformance
toc G.M.I. requizemants.

9. Generally inspect simulated components (G.M.X.
furnished} for fit and security of installation.

10. 1nstall doors and inspect entire tank contour for
surface irregularities.
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M 1 R 13 £ § :g | |:
CHECKED VXL._ e e I - _._.l ’n’wté:N*O" ,‘.‘9?_','4_%{%%
ArROVED GENERAL MILLS TANK ASSY Reron No.

RESULTS OF TEST:

Batisfactory
RECOMMENDAT]ONS :

PAC BNG'R 1 ) oo
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BURPOSE OF 'TEST:
TO det‘erml.ne the weight and location of the center of gravity.
MANUFACTURER :
Flatcher Aviation conpany
MANUFACTURER 'S MODEL, _1Q:
26=300
ASSEMBLY DRAWING:

26=300-48031

QUANTITY OF ITEMS:
Oone (1)

IRCURITY CLASSIFICATION!:

2«1-62
TEST CONDUCTFD NY:
Wayne Callahan
ISPOSITION OF SPECI:M:

A AL ALK B LI & P~

Use for Capacity Test

ABSTRACT s

The assembly successfully met all of the requiremsnts
of the tast.

PAC farm 1008

e

o : vt Na— T Tene, | Feas ‘
: t R FLETCHER AVIATION CORPORATION i ~ I
b Prerango jj, Callahan .1-4-62 N : lpacn] 3.0 i
‘. . — o e e e : -
P - WELGHT—TEST ; "
; < : : | MoosL 26w )
- MO . ee—meo - | GENERAL MILLS TANK ASSY veere 262300 :
b APPROYED : ! qusony No. .

. 3)

ADMIMISTRATIVE DATA i
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' l Pageansv | W, Callahan j1=5-62 “_I:EETC Paas
| TITLE
 Cntcxeo ' WEBIGHT TEST— | Mones 26=300
; Saa QENERAL MILLS TANK ASSY 43286
APPFROVED REPORY NO.
[ D)
FACTUAL DATA
] REQUIREMENT
1. To determine the total weight of the empty assembly.
’ 2. To determine tha centar of gravity laocations to
the requirements of the detail spacifications
] for the tank.
’ TEST 2QUIPMENT:
1. 17Two platform scales.
2., Tank cradla.
l 3, Rockar bar.
4, Vater meter.
i TEST PROCEDURE:
i, 1., The cradle is weighed.
2. The tank and cradle are woighed and the cradle
i weight is deducted from tha total weight.
3, The cradle is balancad on the rocker bar.
_' 4. The tanx is placed on the cradle in the "balance”
’ position. The c.g. station is recorded,
i 5. wWater is metersd into the tarnk to 1/4 of the rated
capacity.
3 6. The force and moment arm required to balance the tank
at a range of tank attitudes from 5* nose down up to
! and including 30° nose up.
7. Items 5 and 6 are repeated for the 1/2, 3/4 and full
| capacity.
t
4. The c.g. for each condition is doetermined from

the total weight and the balancing force.

FAC Py 1405
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: Nang oary ) TARe | PR, ]
| ensrases, ,Ca % Lanan i PLETCHER AVIATION coMPANY | T™ [ .
©s ] vITLE s ;
— CrEgHio T ; WEIGHT TEST moose. 26-300 !
; ; g | GENERAL MILLS TANK ASSY 43.286 ,
) APPRayRD | o | REpary No. . !
. j ,
{ D @R | |
3 IANK ATTITUDE YATER CONTERTS [+ 1% '
i Lavel Empty ‘ T.3. 113.0
: Level 1/4 rull 108,86 i
5°N.D. “ - 5.7 '
5°N.U. " " : 113.9
l 10°%.7. " " 118.9
30°N.U . " 123.5
! Level 1/2 rad 102.3
S"N.D.. oo 98.2
S”s'u. " " llo.l
l ' lO.N.U. " " 115.2
30°N. 1. " u 120.2
Lavel 3/4 Full) 100.2
l 5°N.D. " . 99,1
3°N.U. " . 108.7
10°N.U. " .- 108.1
f 30°%5.0. " " 110.1
Level rull 99.9 i
5°N.D. " " 100.1
' 5°N.U. “ 99.8
10°N.U. - 99.9 j
’ 30"N.U. “ 99.4 |
Weight of Empty assesbly 368 lbs,
i
| |
. f
-[ F.A.C. ENGR. -'/ 2 Pabdr B o ﬁJA\Q&Q.L’)‘ .
3 B
| ~{P.A.C. QUALITY CONTROL . ey
s . ;
‘ CUSTOMER . . ‘e ;
i |
|
! o
. i f
j ]
’ TAC term 1408 3 {
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, nave P FLETCHER AVIATION CORPORATION bl i |
Pruranso’ W, callahan | 1-5=62 | _ . Pz 3.0, {
: ' LT _cAPACITY TEST - [
IO I - Moom 26-300Q i
T s oo tes—m o GENERAL MILLS TANK ASSY 43,2868 , 4’
APPROVED ' ) | REPORT NO. B !

:

ADMINISTRATIVE DATA €)
PURPOSE OF TEST: :

To damonstrats the capacity of tha assambly

MANUPACTURER:

Flatcher Aviation Conpany
'S MODREL NO:
26-300

ASSEMBLY DRAWING:

26-300-48031

QUANTITY OF ITEMS:

One (1}

SECURITY CLASSIFICATION:

None

TEST DATE:
1-31-62
TEST_CONDUCTED BY:
Waynov Callahan

DISPOSITION OF SPECIMEN:

Use for Leakage Test

ABSTRAC:

The assambly successfully met all of the requirements
of the test.

SAC Pormn 1208
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TEST EQUIPMENT:

l. Bowmer Exactometer.
2, Suitable graduated containsr.

TXST PROCEDURZ:

position,

racorded.,

l. The tank shall be supported at 90° to normal ground
attitude with thae inner tank opening in the uppermosat

2. The tank shall be filled to the top and tha volume

; . LI nare i ' is { 1N TN
5 Prevareo) y, | 18- ﬁlr - -FtlTCH!l AVIATION COMPANY Prox 3.1 1
' Cwsowrn } CAPACITY TERS? Moom. 26300 _ ?
j , i 1 GENERAL MILLS TANK ASSY 43,286 ‘
APPROVED o RErORY No.
¢ FACTUAL DATA
/| TESY REQUIREMENTS:
— . To determine total volume of the foamed in place inner
q tank assembly. )

PAC Povm 1108
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' name ; oAre j i ORI 4
l e W Callaham d=5z62r. it o COMPANY {eael 3 !
|
. CAPACITY TRST :
Crgcxio I Mooyt -
’ T s mm=m o) GENERAL MILLS TANK ASSY ""‘"ﬁ‘_‘éﬁ“ .
ArpPROVED REPORY NO. v.
| €
' TRST RESULTS: .
The total tank volume is 191.0 gallons.
i
[
]
. ¢ ;
FP.A.C. ENGR.: 2 sl ( ’LS 'n.&u.a
, Y .
F.A.C. QUALITY CONTROL: > s D
|
) CUSTOMER : v RN R
1 :
! |
- !
1 .
4 PAC fum FIO4
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Paxeasso | W, Callahan | 1-5-6 FLETCHIER ON COMPA Paca 4.0l "
' I T 4‘1‘ -
| Cneckes SLOSH/VIBBATION TES? mosm 26-300 | ° |
r GENERAL NILLS TANK ASSY 43.286 i
lnnovuc RESORT No. 3
‘ 1
ADMINISTRATIVE DATA ) ;
RRFOSE OF TROT: :

To demonstrate the tank will withstand vibration
and pitching forces encountered in service.

JANUPACTURER,

Pletcher Aviation Company

MANUPACTURER'S NODEL NO,:

26-300
ASBENELY DRAWING,
26-300-48011
QUANTATY OF ITRMS:
One (1)
SECURITY CLASSIFICATION:
None
DATE:
2-5-62
TRST CONDUCTED BY:
Wayne Callahan
DISPOBITION OF SPECIMEN:
Use for Loakage Test
ABSTRACT 1.

The assembly succesafully mat all of the requirements
of the test.

FAC tarm 10018
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TITLR
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w—

o s

&

i
T T SLOSH/VIBRATION TEST
.‘F_-__.__..r ot 'r . -___....{

moose.  26-300

REQUI]

2.

GENERAL MILLS TANK A88Y 43,286
APFROVED . RepOAT NO.
(N
FACTUAL DATA ‘ A

S:

The complete tast specimen is mounted in the support
fixture on the slosh and vibration machine, 7The
centarline of the tank, so mounted, 18 a minimum

of twenty inches abovs the slosh axia, The tank
booms are in the retracted position.

The test gpecimen is filled two thirda full with
water at ambient temperature and is simultaneously
glosh and vibration tested in accordance with the
following conditions.

A. The virration displacement is & minimum double
amplitude of 0.032 average between the top and
bottom of the tank and at the supporting rings.
The averaga peak value, at the point of measguro-
ment during a thirty second interval, is the
value racorded.

B. The vibration frequency is 2000 :go C.P.M.

C. The tank is mounted with the major horizontal
axis at 90° to the axis of the shaft of the
rocker plutform.

D. The slosh angle is 130° total, appraoximately
15° on either side of the horizontal position.

E. The tank is pressurized to 15 P.S8.I.G.

F. The tank is sloghevibrated for 25 hours at 16
to 20 slosh C.P.M.

Pollowing the slosh and vibration test, the tank booms
are extended with the tank two-thirds full with water
at ambient temperature and is rimultaneously slosh
and vibration tested in accordance with the following
conditions: '

A. Repeat steps "A" through "E" of the previous test.

TAC ferm 1208

) -



e S PN SN
Page detarmined to be Unclassified

Reviewed Chiaf, RDD, WHS

JAW EO 13528, Saction 3.5

Late:  JUL
, t
o b % 1 LLETCHER AVIATION COMPANY il b 3
. Preeaneo_y, Callahan | 1-6-62 Pase 4
iz ; | TITLE . . . - b 3
= N omemn : | SLOSR/VIBRATION TEST | mosn 26-300
g ' R , ! GENERAL MILLS TANK ASSY 43.286 |
£ - | Armnoves, ! ! | Reron? Na. l{
v A . |
| O |
A DAT, N
1 ASQUIREMENTS (contd)

B. The tank is slosh-vibrated for 1% minutes at
I 16 to 20 slosh CPM.

3. The tank is filled with water and vibrated far 10

j : minutes at vidbration displacement specified in "A*
l of the previous test.

: TEST EQUIPMEWT:

‘ 1. Slosh and vibration machine.

2. 7Tank support fixturas.

| 3. Water meter.

4. Strobotac or equivalent. '

5. vVibration meter,

| 6. Vibration pickup, !
7. Pressure gage.

IEST FROCEDURE:

! 1. The tast asgembly is mountad on the slosh and vibration

machine by means of a support fixture. The conterline

of the assembly is a minimum of 20 inches above the
g slogh axis,

2. The tank is filled with water in the amount corresponding
, - to 2/3 of the rated capacity of the tank in gallons.

3. The tank is pressurized to 15 P.$.1.3.

—

tAC Ferm F)OLR
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4.

5.

9.

10.

11,

12.

13,

14,

15.

l6.

TEST PROCEDURE: [contad)

The slosh and vibration machine is put into cyclic
pitching of the longitudinal axis from 15° noss up
to 15 nose down.

The motor drive for the sccentric weights, produeing
vibration is activated and brought up to 2000 :go CoN.

Vibration readings ares taken and the uccénttic
weights adjusted to prodiuce the required values of
vibration displacement,

The slosh rate is checked t0 be 17 per min,

The rotation speed of the eccentric weights is
measuxred to be 2000 '_"_20 R.P.N,

The air pressure is chacked and adjusted if nacessary,
to 15 P.8.1.G.

Simultaneous slosh and vibration is continued Sor
25 hours.

The tank booms are extanded and the tank is simul-
taneous slosh vibrated for 15 minutes in the
oenfiguration described in steps I through 9.

Note the resonant vibration bchav-ior of the booma,

The tank is then depressurized, filled with water,
the booms retractad, and again prassurized to
15 P.8.1.4G.

The vibration mechanism is started and readings taken,
Adjustments are mads as neceasary to produce the
required vibration.

Rotation speed of the eccentric weights 1s adjusted

to 2000 *+9
-60

Vibration is stopped at the end of 10 minutas and

the tank is depressurirzed and drained.

o i nANE vary ’ Ty Tens, | poast §
: emtsanen| WoCallahan | 1-6-62 |  FLETCHIER AVIATION COMPANY | |
4 i TG .
3 Cuecxeo | SLOSH/VIBRATION TEST woom. _26-300f ||
1 T T GENERAL MILLS TANK ASSY 43.286]
a; Assroven | REBGAT Mo i
ORI
. FA DATA f

tAC Perm FR08
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& SLOSH/VIBRATION TEST —— | Memkt 26-300 |- R
4 l ’ GENERAL MILLS TANK ASSY 43,288 |
& ApprOVED Reromt No. H
c i
l TEST RESWTS: ®@ |
é' See page 4.7
] |
; TIONS:
|
1
{
1
‘{
{
i
|
!
| ) : -,
P.A.C. ENG'R.; I . (f,i Q ‘
: et e DT i s
' QUALITY CONTROLS - ‘o ¢
;. CUSTOMER : 7. S e [ ;
i , ;
) i
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oo FLETCHER AVIATION CORPORATION s 1
: ' | PrEpARED | M__lahan .4‘__-*6.:’6_2'__ Pach &, ;
e R HEREE— T SLOSH-VIBRATION TEST o — - ,_Af_.l- -
S L. GENERAL MILLS TANK ASSY Moom 26=309F -
I A 43.286 1
Aperoven i REront NoO.
TANK NO, WOOEL _ 26~300 '
l TEST CONDUCTED BY1 Wayne _Callahan DATE: _2-5-62
VIBRATION '
i
I TANK CAPACITY: __ 191 OALS . TEST: 127 GALS.
| OPERATING PRESSURE: _13 R.8.1.G. rReT PRESSURE: 15 P.8,1.G.
l TANK AT 90° TO SLOSII AXIS
NG SLOSH VIBRATION ME) N
15,70y ap | Speed | RATE | At Lugs Fwd, Ri t, Ring
‘ Wi, | Aft. | R.P.MIC,P.M, Pwdl Aft | Upper | Lowex x | lLower
1.2% |1.2% | 1985 17 |.o1% .018 .020 | .023 .018 .019

‘ 1.7% | 1,75 | 1985 17 j.017% .017% .022 .02) .020 .02}

2,23 | 2,25 | 1983 17 |.01d .0t .02% | .028 .039 .029

2.7% | 2.7% | 1983 17 {.02) .023{ .033 1.035 .037 .030
START OF RUN: DATE1 2-—5-62 g 4:43 p.m.

MWMM-L——

BND OF RUN: DATE? 2-6-62 rime: 8:20 a.m.

REASON: crack devel ppcd

r
] ‘ |
sal porm FIOE {
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POy

: mene © st T o ETCHER AVIATION CORPORATION | | o fos
[reraren; wocaAlARSR.. X=626R . . oo AT i Paes [4-5
i .

| Ty | Moo, 26300 |
promm =l --c—— GENBRAL MILLS TANK ASSY 1286
APPROVED | : 'L | REroaT Ho.
@
TANK NO. MODEL __26=300 .
TEST CONDUCTED BY: _Kayne Callahan ‘DATE: __2-8-62
VIBRATION
TANK CAPACITY: _ 191,0 GALS. TEST: _ 1270 GALS.
OPERATING PRESSURE: _ 15 P.8.1.G, TEST PRESSURE; 13 P.8.1.G.
TANK AT 90° TO SLOS!H AXIS
RCC. WT, SETTANG | suosi VIBRATION - -
In./Oyerlap | Speed | RATE | At Lugs | Fwd, g Aft. Ring

— ey ety ey eemes WM M O MEER O MEN MDA AN BN R N S

RTINSO 1) 3 Jawrm Fporp—
|

Pwd, | Aft, |R.P. M IC.P.M, | PwdlAft Qne_e_l'_r.ua:gr Upper | Lower
2.5 2.5 | 1990 17 {.027] .028{ .025 | ,045 .029 041

2,25 | 2,35} 1990. 17  |.021] ,023] .023 | ,038 .025 «037

START OF RUN: DATE: a~8~62 TIME: IQSQ Pty
10G: __R.P.M, and amplitude checked every 1/2 hour '

END OF RUN: DATE: __ 3-9-62 TIME: 2150 p.m.

REASON: End of 25 hour test

PO

FAC tem #1108
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- —

RESULTS OF TEST

After 17-1/2 tiurs of simultanecus zlosh and vibration

2 crack in the outer skin located immediately aft of the aft
hook was noted. The test was discontinued at this point and
the test assembly was removed from the fixture. Close
examination revealsd the crack to be approximately 13 inches
in circumferential length, 15° in both directions from tha
top centarline of the assembly. The crack appsared to have
started in the smallest radius of the band adjacent to the
"flat" for the aft mounting hook. (Ref. photo on page 4.10
of this report) . :

When the tank was dilaumbled and the inner fiberqlass tank
inspaected, the fqllowtng discrepancios were noted:

1. Inner rukber liner loose from tank, torn in several places.

2. Several layers of apparantly non-~impregnated £iberglaas
strands adhering to the loose rubber liner, also hanging
loose in the tank.

3. 8losh baffle bulkheads integral but locse and lying
on bottom of tank.

4. Circumferential ring to hold bulkheads still intact.

5. Small partial ring segments to retain bulkheads entirely
loose.

6. The exposed inside surfaces of the inner tank appeared
to ba gmooth.

The photograph on page 4,11 shows the condition of the inner
tank immediately after removal from test fixture.

The outer gkin of the tank was repaired in accordance with
the sketch on page 4.12. The slash bafflas and rubber liner
wers removed from the inner tank, and the agsembly was again
subjected to tha complete test. The tank than succassfully
complated the test in accordance with the procedure pre-
viously outlined.

14€ baem 1108
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————

amplitude at tips.

REBSULTS OF TEST (contd)

A displacement of .038 inches double amplitude at the tips

of the boums were noted during the 15 minutes of slosh-vikra-
tion with the booms extanded.
the booma were again extended and a scan for resonance was
made with the tollowing results: '

1. Raesonant frequency o0f booms - 1650 C.P.M.

2. Displacement at reacnant frequency - .35 inch double

At the conclusion of the test
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T SLOSH-VIBRATION TEST ——

“_“ | Crscres | - I BOOMS EXTRNDED 43,286
b U g | CENERAL MILLS TAMK AS8Y | .vonr no - -
- TANK NGO, . moonL, __ 36-300
TEST CONDUCTED RY: Nayne Callahan ' DATE: _ 2-9=-623
VIBRATION
TANK CAPACITY: 191 QALS . TRIT: 127 GALS.
OPERATING PRESSURE: __ 13 P.8,1.G.  TEST PRESSURE: 15.P.8.1.G.

. .

TANK AT 90° TO SLOSH AXIS
ECC, WD, SETTING ST.oSH | VIBRATION MEASUREMENT/IN,
1p./Qverlap | Speed | RATE | At Lugs | Fwd. Ring Aft, 3:5; ,
M_L_ﬁ_ Aftc Ropaﬂ- ClP-_HA M Ais gmr_,lg!i_wL_m_‘ L1
2,2% | 2.25 | 1990 17 .on .02¢ ,025 | .037 .Q30 .038

DU WSS GRS R

START OF RIM: DATE} 2-9~63 TIMR: 3:00 p.m,
[.0G:
END OF RUN: ) DATE: _ 2-9=63 TIME; 3113 p.m,

REASCH: ___ End of 15 minute test

FAC Fesm 1404

! naug H aave ¥ . : ‘ B
Prsminte W, Callahan | 2-3~62_ | _ PITCHER AVIATION CORPORATION | ,pee *E’

e ytp e

b ks bl



Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EQ 13526, Section 3.5

Date:
.oJue 19 a1

;'? —_ . . - e m em—— e — e . "o«—v —_—ﬂ)‘w.
. e P FLETCHER AVIATION CORPORATION e -'
‘ 1 P.‘”"D} x‘@llﬂh@'}. A-c 6.2. l..;..'-i.. U -“.' H 4?‘3 - ‘-;
: VIBRATION TEST 3
L 3 c"""°+v--—- m— -+ oo =i GENERAL MILLS TANK ASSY. &%g.'zée' 4
- Pr— N i Atrany Ne.

| 2

- 4 TANK NO, MODEL _26-3100 O

e

TEST CONDUCTED BY:

TANX CAPACITY: 191

Wayne Callahan  DATR: _2-9-52
VIBRATION ‘
GALS. TRST: 191 GALS,

OPERATING PRESSURE: _1% P.8.1.G. TEST PRESSURR: 1§ P.8.1.d.

TANK AT 90" TO SLOSH AXIS

T o st B

ECC, WT, SETTING VIBRATION MEASUNEMENT/IN,
In/Overlap Speed At Ludas Pwd. Ring ALt #;ng
Fwd Aft R.P.M Pwd | Aft Upper | Lowar | OUpper | Lower
3.00{ 3.00 1990 .023 «033 022 «0131
3.50] 3.50 1990 .029 .,038 .029 .033

START OF RUN: DATR: ____ 2-9-62 TIME: 33350 PR

10G:

END OF RUN3 DATE: 2-9-62 TIMB: 4100 p.a,

REASON: End of 10 minute run

1485 form FR0B

i mier AL 4




Page datarmined to be Unclassified

Reviewad Chief, RDD, WHS
JAW EO 13828, Sedtion 3.5

Date

N

JuL 19 21

PTEMP | PERw

ey

FLETCHER AYIATION CORP

ny oo

Avun yL




Page determined to be Unc\assiﬁed '
Reviewed Chiaf, RDD, WHS
JAW EO 13828, Seation 3.5

-

Daté:

Jur 19 2m
; Nawe nate
P
REPARLD G’E'__O_R_D - FLETCHER AVIATION CORP v
ewec Ty TiTes - Pace | &)\ ‘
bl S - c:f'SH B R AT D s ‘ -

LA SER B SR AN A § ooy Tt

AePmoyeo TEST M°°“’ ’7‘ N

. R:muétdoi &6




Page determinad to be Unclassified
Reviewed Chief, RDD, WHS
JAW EQ 13528, Section 3.5

Dﬂl&:‘ JUL 19 m

' TR y

4 SIS BAMICOUCTION 1S A PIEIITARY BORIIN AND e |
FOMAA, ANS 18 LOAMED WKLY 1O TN RS ¥4,
3 prt ity R AR A A S wHaLY . T A
: APPLICATION REVISIONS MR
4 -y
i NOIT ASEY. | UStD ON ! i) OESCRIPTION BATE | AR ] i
® |

! »

L ..

[Or20 NP0 (Oar-T( }

L'N'.
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__?_(rvn}

- Mbuos Cut-out(pes)

.-

S
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(¢ I'r?) .8
I+ Cepp oyt 10,30 arc fn mqfcﬁ /:rrfeﬂ
2- Clesm oul form lo 2 {rrn1 tar  of Ao/e.

,br/a‘ rnto />/4<e,

*‘i a1t re¢n?, .ffr;,b.s.

A weld 10 b

4 Foam Fill voiy bet inner tank & outer shell

{

TR PART NO. CHCRIPTION Yoy nzd WEUNEATION
MO, 11Q./ ALSY, List X MATERIAL
UNLESE OTHETWISE SPICIPIED NaAMg o2 FLAI R
S oL eon sarm_ | AT
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' nane i sare .‘ 7 TeuP. | ARy,
susrmn . Cabiahan 3-5-63 | PITCHIR AVIATION COMPANY | I !u

Jonuexen | ' LEAKAGS TBST Mooss. 26-300
T e GENERAL MILLS TANK ASSY |  43.286 |
APFROVED | : S ST Ravont No: - -1
ADMINISTRATIVE DATA
PURPOSE OP TEST:

To damonstrate that the tank will withatand the required
internal pressure without leakage.

MANUFACTURER:
Fletcher Aviation Campany

MANUFACTURER'S MODEL NO.:
26-300

ASSAMBLY DRAWING
26-300-48031
OF 1 H
One (1)
SECURITY CLASSIFICATION:
None
TEST DATE:
2-12-62
TEST CONDUCTED 8Y»
Wayne Callahan
DISPOSITION OF SPECIMEN:

Use for ejection test,

ABSTRACT:

The assembly successfully met all of the reqQuirements
of the test.

2AC Porm 1108
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D e e e e e et e

nans F%t U ELETCHER AVIATION COMPANY

Pramanes; W.Callahan | 1-5-62 : Pask

TRMP. | PERM.

- » 2,

——" L S,

{
Cryexes !
Necxes |

APPROVED |

P rne

{ LEAKAGE TEST Moo 26-300

T T T e e GENERAL MILLS TANK ASSY 43,286

! ! mesont No.
& .

1.

1.
2'
3.
4.

1.

FACTUAL, DATA

REQUIREMENTS :

The inner fiberglass tank with all openings
sealed is subjacted to an internal pressure of
20 P.8.1I.6. using Preon 12. The tank is then
checked for leakage using a General Rlactric B-1
tsster,

TEST EQUIPMENT:

Tank Bupport

Pressure Gage

Preon 12 container with requlator.
General Electric H-l tester.

PROCEDURE:

With the tank supported, a requlated Preon 12
supply line is connected to tha assembly.

A presgure gage is connected to the assembly.

Preon 12 preasure i{s admitted into the assembly
until the pressure gags indicates 20 P.8.1.G.

External surfaces of the assembly are checked for
leakage using the General Zlactric N~1 tester at a
sniffing rate of 1/2 inch par second,

Inapect the tank visually for evidence of failure
such as damage to the bulkheads or liner of the inner
tank or structural damage to the inner or outer

t‘ﬂl
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PAog

Pacanes | ¥, Galbaban | 3-5-62
L, . ]
Cuzcreo 1_

LEAKAGR TEST
GENERAL MILLS TANK ASSY

moore  26-300
43,286
Aaxront No.

©)

I

- B
|

: !

H
APPROVES |

IEST RESULTS:

During the leakage test it was dct‘ni_n.d that the
foaming procass used to install the foam betwveaen
the inner tank and outer shell contained halogen gas. ) 4
Since the Genaral Slectxic tester used in probing _ '
tor leaks is senaitive to this gas, thare was a con-
stant leakage indicatien during the tast.

s v et e S b il ...‘w
-~

The sensitivity of the instrument was adjustsd so that

it would not indicate leakage from the presence of

gas in the foam. It was then detsrminad that it .
would indicate leakage if any of the stronger mixture

from the inner tank escaped to atmosphere.

The test was concluded with the instrument adjusted

per the praceeding paragraph, and the test conducted
per the outlined procedure on page 3.1. There was no
evidence of leakags. No svidence of leakage when .
pressurized to 20 p.s.i.g. *

Ak ikt i

ot oy by  —— vy s,

P.A.C. ENGR.

P.A.C. QUALITY CONTROL:

CUSTOMER ; , e

Lo (060
- . A ~——
( »

. ¥ ' ‘r-r,'f'/ [
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Fletcher Aviation Company

MANUPACTURER'S NODEL, NO.
26-300

ASSEMELY DRAWING
26-300~48031

QUANTITY OF ITEMS
On2 (1)

SECURITY CIASSIFICATION
None .
DATE TEST COMPLETED
¢ 2-16-62
T CONDUCT.
Wayne Callahan
DISPOBITION OF SPRCIMEN

Hold at Plaetcher Aviation Company for sixty (60)
days for G.M.I. disposition.

ABSTRACT

The asacmbly successfully met all of the requirements
of the tesat.

14C Porm 1108
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| anan | L-g-62 ON COMPANY e 'I"‘ |
f I R ! FLITCHER AVIATI c N o }
: nn.s ' ‘ "
Crickeo GROUND EJECTION TRST moos. 26-300 %
l N ' ' GENERAL NILLS TANK ASSY 43.206] |
Appnaven ! ! REpony Ne. ;
! | 3 e
~ADMINISTRATIVE DATA
FURPOSE OF TEST
To determine sjection chulctuxatica.
MANUPACTURER
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| [ rcoanen ] .Co%1aba nl el 7m:u'rcun AVIATION COMPANY | 1

Ly CnecxEn : GROUND- BJECTION TEST | moom 26=300" ;

| , GENERAL MILLS TANK ASSY 43,286 :

: * AfPROVED ; REPORY NO. :
; , ‘
: EACTUAL DATA

RFQUIREMENTS *

> Sladimes,

That one (1) or more ejaction be made with a lightweight
tank and one (1) or more ejection be made with heavy-
weight tank 80 a8 to accurately determine the peak
torce, velocity, acceluration, and tank attitude at

“p— L E— — _—— R _— — — ——— ———— ——e—y -

e

end

axcegd 30,000 1lbs.

IEST SQUIPMENT

1.
2.
3.
4.
s.
6,
7.
8.
9.
10.
11,
12.
13.
14.

IEST PROCEDURR

l.

2'

3.

4.

of stroke. The peak ejaction force ahall not

Biection frame

Suspension fixture

Pylon

Lightweight 3tore
Heavywaight Store

28V D.C, powor supply
20,000 ohm/Volt Multimeter
Midwastern Ogcillograph
P.A.C. Force Transducer
Extensometer (Century Eng.)
Accelarometer

Amplifier (Miller)

High Speed Camera (Wollensak)
Goose Control

Install suspension fixture on ejection frame,
Install pylon on suspansion fixture.

Inatall lightweight store on pylon.

Apply 28V D.C. to the mechanism.

Measure voltaqe at firing pins,

Remove safety pin.

Maasure voltage at firing pins.

Disconnect power supply and install safety pin.

14 joomm 508
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M

!

NAWE AT

Prsranso I, Cal.

.
labap | 1-9-62 |

FLETCHER AVIATION COMPANY

nrLg

; GROGND_ RIECTION-TRS® |

* ——

N

{
APPROVERD |

[iu:m L1 li R

e GENERAL MILLS TARR ASSY

11,

12. )

13.
14.
15.
16.
17.
18.
19.

20.

EACTUNG DATA

TEST PROCEDURE (contd)

Install extsnaometar.

Install camera.

Chack instrumant and camera circuit,’
Install cartridges.

Remove safety pin.

;\ctlvat’e instrument and camera circuits.
Activata firing mechanisa.

Clean pylon ansembly and inspect.
Install heavywsiyht stoxre on pylom,

Repeat steps 4 through 17,

IAC Term tU02
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4

TamA | PO,

. Maug ¢ oAty f -
f— 4!‘ Callahan 1-8-62 | FLETCHER AVIATION COMPANY - 5.3
i Prine . .
Cugcusp | S GROUND EJSCTION TEST | Moon 26-300
-, { 1  GENERAL MILLS TANK ASSY 43,286
APPROVED * M i Rxwonr No.
©
125 _RESWLTS
Lightweight Heavyweight
Tank Tunk
Peak Zjection Force 15,600 ibe, ' 21,936 lba,
Peak Acceleration 27:.4 0's" __37.1 “@'s"
Peak Velocity —31.9 tt/sec. __17. .
Attitude at end of stroke Laval ¥
RECOMMENDATIONS
f
| i S
P.A.C. ENG'Ry [ R R <m/g‘€_'&g { ~
{ i
, QUALITY CONTROL: . e e
[ CUSTOMER s E - PPy
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Date:

JUL 19 21 f

o i l
; NAME [ 13¢3 . i
enarasen] . e lm:“'fﬂ*“ AVIATION COMPANY | | !7.0 !
Crmexso STRUCTURAL TEST Moom._26-300 |
t TTTOTTTT T TTTTTT] GENRRAL MILLS TANK ASSY T 43.1886 !
Apsmevan : Rxroat No. § '

NISTRATIV : ON

PURPOSE OF TEST:

To damonstrate the structural integrity of the tank.
m‘

Fletchex Avia.tion Campany
MANUPACTURRR'S MODJI, NO.

26-300
ASSHMBLY DRAWING:

26-300~

OoF IT ]

Ons (1)
SECURITY CLASSIPICATIONS

None
TEST DATE:

2-8-62 through 2-12-62
TRET CONDUCTED BYs

Wayne Callahan

TON O 3
Tield at P.A.C. for 50 days for Q.M.I. disposition.
ABSTRACT

The assexbly successfully mst all of the requiroments
of the test.

148 hren 1308
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TEST REQUIREMENT

JuL 19 0

o nane BATE TAND. ’nu.
Pmersssey. Callahan !1-5-52 PLETCHER AVIATION COMPANY | | [7.1

[ . THLE
eumo# ,‘/,f{ yo—- 1‘,/ SR — STRUCTURAL-TRAST | moom— 26~300

Pt GENERAL MILLS TANK A3SY 33.38
Approves | 1 Rapony Ma.

ercrins, oasa 0r

The tank is subjected to the following test conditions
and does support these conditions without failure.

A tank that haa not been used for other tests shall be
uged for this test. The static test tank shall ba a
complete astructurs, lass such non-structural elements
as turbine generator, booms, actuator, boom support
structure, fluid handling componants, and elactrical
components. Also, the innar fiberglass tank shall Dde
simulated by a suitable structure of the samc size and
configuration. The static test tank shall be of the
same quality workmanship as the f£light tank delivered
on the contract and shall be, except for the inner tank,
structurally identical to the flight tank as indicated
in the reporxts and drawings submitted.

The test techniques of the tank is as follows:

The tank support jig shall be constructed to duplicate
thae attach point locations of the Aerc 7A rack to pro-
duca the most critical hook and sway brace reactions.

Loads are introduced into the test tank by means of ten-
sion pads intarnal formers, and/or external straps,

0f these methods, tension pads are preferable in that
they allow 2 bettor lcad distribution and are less sus-
ceptable to local ovarloading difficulties. Care is
taken to insure that the load application devices do

not materially affect the strength of the tsst tank

by introducing artificial stiffness, etc.

ALl applied tost loads are suitadbly monitored by calie
brated oquipment (pressure gages, load dynamomaters,
etc.} so that acceptadle test accuracy is obtainaed.

Internal pressure, where applicable, is applied pnegu-
matically or hydraulically and the pressure suitably
monitored with calibrated measuring devices.

tAC tum 1108
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i T e e L AVIATION COMPANY ‘ "'“;T
E + PREPARED K.CQLLQI].QL!_LE._!I =§~6 : m'_fls?c"' Paes] 3 i
. 3 o R STRUCTURAL TEST mones 26-300 | |
;3 E— : | GENERAL MILLS TANK ASSY ~ 43.386 | |
: ApprOVED | ' ! AzronT No. §
i i
; b
FACTUAL DATA (contd) !

Tare weight of store and all losd application devices

is accounted for in all test loadings. PMurticular cars
{8 taken when dense fluids {(water, atc.) are uged for
introducing internal pressure 3o that true incrementsl
loads for all load components are obtained. Indepsndeant
application of combined load components (that is vertical,
side, and aft loads) are preferable over resultant load
application to facilitite maintaining correct relation~
ship of load components with each other for full range

of load from zero to ultimate.

PAS Perm #1080
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DAt .
JuL 19 201 ,
f'_' e - .-...:.. ;— ——--”;v-—-v-r-g?}.‘-‘wu ‘
| ' . |
E o N waue f e I T -y '
£ , . FLETCHER AVIA RPORATION
| . Pruesses, W,Callahan 1-6-62 ) (ol ot AVATION €O ror| 19,2 |
‘ A . T t
! : L + STRUCTURAL
‘ o Shacais _ AL TEST" | wopst 26 ;
. N i . CT T T ‘”‘“‘"{ GENERAL MILLS TANK ASSY 43,286 i
; : APOROVED i { ‘ ARROAT NO. '
i ‘
| 3 The test loads of the tank are as specifiad in comtract, '
,l “ S PNENT:
; 1. Static test frame.
) ‘ 2. Tank support fixture.
P ; 3. Loading pads, whiffle trees, etc., per applicable tast
N : conditions.
; 4. fliyxiraulic pumps.
' 5. 'iydraulic cylinders (jacks) with net areas as listed om
i test data sheets.
6. llydraullc test gages: as nocessary
i .
’ 7. Pour 24-inch 3tarrstt steel angine marked scales reading to
' .010 Lnch.
| 8. DBuiveyor's levul,
\ 'PESP _PROCEDURE :
All tpeat conditions are run with the test tank mounted in the
' horizontal position in the test jig. The test procedure is
‘ identical {n each case and consists of the following steps:
|
‘ 1. The systom of loading jacks and whiffle trees is installed,
checked functlionally, and inspected for proper locationm.
[
N 2. Readings of deflection at zero load is taken by means of a
serias of steel scales hung along the length of the tank, and
4 surveyor's level. Lateral deflsctions are msasured from
4 wire atretched alongside of the tank,
3. The load {8 then applied in increments of 25% of limit load,
and the deflection readings takem at 25, 50, 75, and 100%
., 4. The jack loads are then reduced to zero, and deflection - ,
: roadings taken to check possidble permanent set.
- 5. Load is again applied in 25% incremsnts up to 100% of limit
} load. ; §
1
v !
i \
« 2 3
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e eeemeep-——---—1  GENERAL MILLS TANK ASSY 41,286 ] |
Amowo' : ‘ Resoar NO. ¥
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6. The static load 1s increased to 123% of limit load.
7. Daflection readings are taken,
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3
: STRUCTURAL STATIC TRETS

A review of F.A.C. Report No, 43.284, "Loads and 3Stress
Analysis, General Milis Tank®, shows that there are three
design conditions critical for the tank and its attaching
structwe. Thase are conditions #10, 25, and 29. Condi-
tion #29 i3 an ejoction condition which will be adequately
covered by the actual tank full and empty ejections. (Ref.
pages 6.0 to 6.3 incl.) Test loads for Condition #10 and
25 are developed on the following pages.

As on page #2 of Report #43.264, the sign convention for the
teat loads is as follows:

2 = Upward acting

Y = Acting to the left

X o Aft acting

Positive moment vectors are in the

same direction using the left-hand ruls.

The unit loads shown on page 7.5 are revised to agres with
the latest weight data in Appendix "A" of Report #43.2084.

All load factors, loads and moments in this asction, are on
an nitimate basis. (1-1/2 x limit load) Tha tank itzelf
will be tested empty and unpressurizad.
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DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
(ATTN: WILLIAM B. BUSH) AUG 1 208
8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVIOR, VA 22060-6218
SUBJECT: OSD MDR Cases 12-M-3144 through 12-M-3156
At the request of ||| | BB < have conducted a Mandatory Declassification
Review of the documents in the above referenced cases on the attached Compact Disc (CD)
under the provisions of Executive Order 13526, section 3.5, for public release. We have
declassified the documents in full. We have attached a copy of our response to the requester. If

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov.

Robert Storer
Chief, Records and Declassification Division

Attachments:

1. MDR request w/ document list
2. OSD response letter

3. CD U)



April 26,2012

Department of Defense

Directorate for Freedom of Information and Security Review
Room 2C757

1155 Defense Pentagon

Washington, D.C. 20301-1155

Sir:

I am requesting under the Mandatory Declassification Review provisions of Executive Order
13291, copies of the following documents. I have tried several times to acquire them through
DTIC, but the sites stated they are not available.

I am conducting research into the previous methods used to disseminate biological agents. Many
source [ use to have access to have been deleted from the internet. On numerous occasions [
have been informed that formerly classified information that was declassified, have now become
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or
other changes to this question have not successful nor revealed a specific source. As such I
would appreciate any information you can shed on this question.

Documents requested.

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly j2-M-3144%
Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills

Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML

2745,|02 pages. Prepared for U.S. Army Biological Laboratories, Fort Detrick, Maryland.

Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408.

General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota.

AD 346751, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2.4~ 3) 45~
Progress Report Number 12, March 4 - June 4, 1963, G. R. Whitnah, July 1963, General Mills

Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML

2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills.

Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,
Minnesota. ,
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-#M-3/4k
Progress Report Number 13, 4 June - 4 Sept 1962, G.R. Whitnah, October 1963, General Mills

I2-M-3144



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML
2745. 19 pages (?)

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 22-#7-31¢7
Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R.Whitnah, February 1963,

General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number

DA 18064 CML 2745. 123 pages.

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly /2-4- 314 8
Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962,

General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number

DA 18064 CML 2745. 130 (or 150) pages.

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly | 2-M-3149
Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962,

General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number

DA 18064 CML 2745. 198 pages.

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ; 24- 3/ §d
Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264,
General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages.

Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research

and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota.

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-4/- 3157
Progress Report Number F ive, 4 June - 4 Sept 1961. by G.R.Whitnah, November 1961, General

Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064

CML 2745.

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ;2-m- 5152
Progress Report Number 4, 4 March - 4 June 1961, by J.E. Upton for G.R. Whitnah, Project

Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis,

MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept.,

2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages.

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress )2-44-3133
Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number
2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages

AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2#-3/ ks
Progress Report Number 2, for period 4 Sept - 4 Dec 1960, by G.R. Whitnah, February 1961,

General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number

DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research

Department, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota.




AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-#/-3/55
Progress Report, for period 4 Dec. 1960 - 4 March 1961, by G.R. Whitnah, May 1961, General
Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064
CML 2745. 95 pages.

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-#-3/6%
Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager,
Approved by S.P. Jones, Aerospace Research, February 1963. 247 pages.

Sincerely






