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ABSTRACT

This Twelfth Quarterly Progress Report presents the results of work
conducted at General Millg, Inc. under Contract DA-18-064-CML-2745,
"Dissemination of Solid and Liguid BW Agcnts'’ during the period from
Mazrch 4 to June 4, 1963.

In reporting on the continuing study of the mechanics of dry powders,
data are presented which were obtained with the improved multipurpose
test unit in which shear strength, tensile strength and bulk density are
measured within the confines of a single isnlator lab. Initial findings
are discussed for an investigation of three supposedly identical Sm
samples which exhibit diatinctly different compaction characteristics.
Particle-size distributions (Whitby) are included, which show a smaller
MMD for saccharin after compaction to a compressive strees of 2. 84 x
o? dynea/cmz‘ Tests showing that the addition of Cab-o0-8il tc powders

increases the stress required to produce a given bulk density are desgcribed.

Experiments with beds of fluidized powders are discussed in which
bed depth, degree of agglomeration, armount of segregation or attrition,

and amount of carry-over were investigated.

A specific surface area of 1,53 mz/g 47 percent and a rugosity of
2.2 are reported for saccharin from measurements made by the BET gae
adsorption method.

Results are given ‘rom experiments in which the effect of positive
ions on aerowsol decay was investigated in the aerosol chamber.

An investigation of the effectiveness of graphite in reducing side-
wall friction of compacted powders sliding in cylinders is reported. A
S50-percect reduction in the force required to eject the compacted powder
has been observed when graphite is used as compared to the force required

using a bare aluminum surface.
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Wind-tunnel st\xdie; are discussed for two areas of investigation,
Simulant Sm was efficiently deagglomerated at an air velocity of Mach
number 0.3 and at bulk densities ranging from 0.33 to 0.52 g/ cm3.
Storage of compacted S_m_ at -2 C or -23 C for pericds up to 30 days
has no significant detrimental affect on deagglomeration efficiency or
viability.

Progress on the fabrication of the second E-41 spray tank is dis~
cussed. Minor design changes in the E-41 are described. Plans to
flight test the E-41 at Eglin AFB on the F-100D and the F-105 are
mentioned.

The status of planning and preparing for flight testing the E-41
spray tank on the AQ-1 Mohawk airplane is reported.
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TWELFTH QUARTERLY PROGRESS REPORT
ON
DISSEMINATION OF SOLID AND LIQUID BW AGENTS

1. INTRODUCTION

This is the twelfth of a series of quarterly progress reports which
have been submitted to the Biological l.aboratories as documentation of the
work being performed bv,: General Mills, Inc. under Contract DA-18-064-
CML-2745. This work pertaina to the dissemination of solid and liquid
BW agents, and ranges from experimental and theoretical studies of the
properties of {inely-divided solids to the fabrication and field testing of
full-scale disseminators. Much of the work is of a continuing nature,
and reference to previous quarterly progress reports is necessary to pro-
vide the complete coverage of the subject.

A primary objective was to develop a spray tank to be carried as an
external store for line-source disgemination of dry BW agents from air-
craft flying at high subsonic speeds. The E-41 spray tank was developed
to satisfy this objective, and flight trials have demonstrated that the tank
performs very well at a speed of Mach 0,7. Tests are now planned in
which the E-41 will be flown on the AO-1 Mchawk aircraft at a speed of
200 knots (Mach 0.3). Dissemination and deagglomeration studies con-
conducted in the blow-down wind tunnel during the past quarter have
demonstrated that compacted 8m can be efficiently aerosolized at this
low flight speed if its bulk density does not exceed 0. 52 g/cm3.
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2. STUDIES OF THE MECHANICS OF DRY POWDERS

A program of study is underway to characterize the behavior of powders
in the uncompacted state, their behavior during compaction, and their behavior
in the compacted state. Such a study should yield information ralative to the
manufacture, handling, compaction, and dissemination of bulk powders. During
the current quarter, we have utilized our improved multipurpose test unit and
the energy-of-compaction apparatus to obtain fundamental information on a
number of powders. In addition, we are looking very closely at three “similar"
Sm samples to determine what characteristics are responsible for their different
compaction properties. Studies are alsao underway to determine whether powder
particles are fractured during compaction and to determine the effect of the
addition of small amounts of Cab-0-Sil upon the compaction characteristica of
powders. Fluid-bed experiments were conducted to determine the length of
time required for a fluid bed to equilibrate, the extent of product loss during
fluidization, and whether particle-size segregation results during the fluidiza-
tion process,

2.1 Behavior of Powders in the Compacted State

Our completed muitipurpose test unit is shown in Figures 2.1, 2.2, 2.3,
and 2. 4. This unit is used to measure shear strength, tensile strength, and
bulk densgity within the confines of a single isolator lab. The newest addition,
the improved sliding-disk shear-strength unit (Figure 2.4) is being used to
obtain data reported in the following sections.

2.1.1 Shear Strength of Compacted Powders

To measure shear strength in the compacted state utilizing the sliding-
disk method, the powder must first be compacted at a given compressive load
and then sheared at some lighter load. Tho mechanics of this process of weight
changing were sufficiently complicated to make it difficult to obtain reproducible
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Figure 2.2 Close-up of Multipurpose Test Unit Components
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Figure 2.4 Close-up of Improved Shear Strength Apparatus
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(1)
data at the lower stress levels, The improved shear-atrength unit

{Figure 2. 4) has been completad to eliminate these difficulties, as illustrated
in Figures 2.5 through 2.9. Each point plotted represents the average value
for three determinations. For purposes of comparison, data for four repre-
sentative powders are presented in Figure 2. 9 by the method of least squares,

2.1.2 Tensile Strength of Compacted Powders

Tensile strength remains the one powder property most difficult to
measure. The determination of the tensile strength is, however, of such
significance to the total development of the technology of powders that the
time and effort spent on its determination is well justified. We are currently
investigating the segmented column and Instron triaxial tensile methods.

2.1.2,1 Segmented Column Msthad

The recent addition of a low-speed synchronous motor to replace the hand
crank mechanism permits tensile failure of the compacted powder to take place
at a more uniform rate. Because of the accuracy possible with this change in
apparatus design, we feel that the data obtained are thebest available from this
method. Representative graphs are shown in Figures 2.10 and 2.11. Future
work will include powders with diameters in the 5-micron range, such as
ground egg albumin, ground powdered sugar, and Sm.

2,1.2.2 Triaxial Tensile Method

A continuing effort has been made to improve the triaxial tensile test
technique that can be carried out in the Instron test machine. "’ Difficulties
in sample preparation have retarded attempts to carry out a programmed
series of tensile tests, However, several tests were conducted using powdered
sugar with average densities from 0.85 to 1.02 g/cm;’. Failure was found to
occur iu the center section where the cross-sectional area is smallest,

2-6
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Figure 2. 6 Shear Strength of Ground Saccharin
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Sample-preparation procedure was varied to find the best method. "Rulon
liquid", a slip and antistick agent, and graphite were separately tested for use
on the inner wall of the apparatus. Both the graphite and Rulon allowed the
flared trisection to be removed without damage to the powdered-sugar specimen.
In addition to this, an increase in the tensile strength of powdered sugar at a
given density was found when graphite was used.

The accepted method of sample preparation finally adopted was to place this
powder sample into the graphite-coated apparatus andto compress the powder
simultaneously from both ends by means of two 1.2-inch diameter pistions to
which equal Ioads are applied. The density was found to be highest in the end
cylinders and lowest in the center section. The density of the centsr section
increased with time of compaction. Density and tensile tests on powdered
sugar revealed that an eighteen-hour period of compaction was sufficient to
produce a state of equilibrium in the powdered-sugar specimen.

The procedure followed for testing the specimen in the Instron machine
during this quarter was the same as that previously reported.

The densities of the powdered sugar specimens in the region of failure
were determined by carefully dissecting them after failure ( Figure 2. 12).
Preliminary results by this method yielded tensile strengths which lie between
0.9t0 1.6 x 104 dynoo/cmz for densities of 0, 85 to 1. 02 g/cm3 using Rulon.
However, when graphite was used, tensile strengths as high as 5.6 x 104
dynes/ cm? were obtained for the same density range. This range of bulk-
tensile strengths was approximately the same as that determined by the
segmented-column tensile test for powdered sugar (see Figure 2.23,

Ref, 1).

It would appear that many problems can be eliminated by increasing the
diameter of the 2. 5-in. long 'nacked-down' center sections.
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2,1.3 Compaction Characteristics of 3 Sm Samples

Three Sm samples (S1-SM-342, 352, and Pool #7) currently under investi-
gation display distinctly different compaction characteristics. Because these
samples are supposed to be identical, it is of (undamental importance to
determine what property and/or properties contribute to this difference. We
should ultimately be able to trace the difference to variations in methods of
munufacture and/or difference in proceasing of the samples since manufacture,

Samples of each were taken from a deecp freeze in sealed jars and placed
in a dry box with a relative humidity less than 2 percent, After allowing
sufficient time for the samples to reach room temperature, the compaction
unit was carefully filled with each powder, sealed into a 2-mil polyethylene
bag, and removed from the dry box for testing in the Instron unit. At no
time prior to the filling of the compaction unit were the sealed jars opened.

The piston of the compaction unit was then advanced at 2 constant rate of
0.02 in. /min until a load of 2000 1b was reached for each test with Sm. After
each tegt, the compaction unit was removed from its polyethylene bag and re-
turned to the dry tox.

Compaction force is plotted against density in Figure 2. 13 for all three
samples of Sm. Each sample was tested in duplicate with good agreement.
"But although the compaction curves for the three samples have approximarely
the same slope, the individual curves are offset with respect to one another,
indicating a scale shift. This means that the stress required to compact each
of the three samples to a given density is quite different.

Several tests have been initiated to explain the scale shift for the three Sm
samples. These are tests for particle-size distribution. particle density, and
moisture content. Moisture contents of the three samples, determined by a
standard technique, (19) are indicated on Figure 2.13. As can readily be seen
fram this information, moisture content alone does not explain the relative
positions of the curves. Previous work with egg albumin(n has shown a shift
to.the right with increasing particle size, And we therefore expect that particle-
size distributione and particle-density tests {not yet completed) will shed some
light on this scale shift.
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To eliminate differences due to adsorbed moisture, the threc Sm samples
were dried by the same¢ technique as that used for the moisture determinations.
Compaction curves were again determined for the three dried samples, and
results are presented in Figure 2. 14, During these tests, no attempt was
made to break up aggiomerates produced by drying.

Compaction curves for the dried Sm samples §1-SM-342 and 352 are (for
all practical purposes) the same and are nearly coincident with the ¢compaction
curve for S1-SM-342 at 2. 78 percent moisture (Figure 2.13). The compaction
curve for the dried Pool #7 sample lies to the right of ita curve at 4.4}
percent moisture,

It is thus evident that changes in moisture content alone do not account for
scale shift. In addition to work already underway, studies of deagglomeration
and changes in viability will be included to further explore this problem.

2. 1.4 Fracture of Particles during Compaction

A study i currently underway to determine the extent of particle fraciure
represented by changes in particle-size distribution that occur during the com-
paction of a powder sample. Wa are determining experimentally the changes in
Whitby particle-size diatributions of a saccharin sample under a compressive
stress of 2. 84 dynea/cmz.

Considering the transmission of applied stress through a bed of powder by
means of interparticle contacts, the interparticle contact area in a plane normal
to the compressive stress is iess than the total cross-sectional area. and the
stress in the bed would therefore be larger than the applied stress. If this
stress in the bed is sufficient to cause failure, then the size distriburion will
be changed.

Saccharin with an MMD of 6. 9 microns and a standard deviaticn of 1. 48
was compressed in the compaction apparatus (3} by the Instron test machine to
a compressive stress of 2. 84 x 104 dy’neslcmz. Saccharin samples of approxi-
mately a milligram quantity were then withdrawn from the 2 1/2-1n, diameter
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powder receptacle, and its position from the center was recorded. Size
analyses of the samples wsre performed, typical results of which are pre-
sented in Figure 2,15. It is evident that a change in particle-size distribation
has occurred. Admittedly, this test was performed at a high stress level,
which may exaggerate the effect. But it should be informative to make a quick
check through a wider range of compressive stresses and with different powders
to determinc whether significant changes in size distribution result from the com-
paction process. Particular attention should be paid to powders with compaction
curves whose slopes decrease at their upper portions (see Figure 2.16). This
deviation from a straight line on the log-log plot of compaction stress versus
density might indicate that particle failure is occurring, thus allowing density

to increase more rapidly with stress. Sm would be a good sample for this test,
See the campaction curves for Sm (Figures 2. 13 and 2, 14) in this report and
note the changes in slope in the vicinity of ¢ = 2,8 dynen/cmz.

log of compressive stress

log of density

Figure 2. 16 IHlustration of Deviations from Log-Log Plot of
Compressive Stress versus Density
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2.1.5 Effect of Cab-0-3il on Energy of Compaction

A number of fundamental studies carried out in this laboratory(” have
shown that Cab-o0-Sil type additives can be used to meanure flgwability and dis-
persibility of powdered materials. These experijnents were carried out on
uncompacted powders. Although the use of additives with BW materials is
not currently being stressed, we felt that the possibility of these principles
being applied to dissimination of compacted powders warranted investigation.

Powder samples were mixed with 0. 25 to 5.0 percent Cab-o0-Sil by weight
by processing through a modified fluid-energy mill. Energy-of-compaction
data obtained from these samples indicated that much greater stresses were
requirad to compact the Cab-0-8il altered samples than to compact the un-
altered powders to the same bulk densities. We have thus made a preliminary
observation that the desirable properties which result from the addition of
Cab-0-8il will be obtained at the expanse of greater difficulty in compacting
the sample.

2.1.6 Wall-Stress Distribution

We are designing and building a piston-cylinder appara‘as that will be
capable of measuring stress at the cylinder wall created by the powder under-
going compaction. The measurement will be made as a function of a number
of variables including type of powder, applied stress, and wall friction. This
information will be of both theoretical and practical value, Details of this
study will be presented in our next quarterly report.

A sketch of the piston-cylinder unit of the apparatus appears in Figure 2.17.
The thin brass sleeve was rigidized by the outer heavy-walled aluminum sleeve.
Holes drilled through the aluminum sleeve permit strain gauges to be placed
upon diaphragm-like segmentsof the inner brass sleeve. Preliminary tests
show that these gauged areas are very sensitive to changes in wall stress.
The sy-iem of strain gauges is currently being connected to an automatic
switching and recording system to permit efficient and accurate data collections.
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2.2 Behavior of Powdén in the Uncompacted State

Our current objective in this area of study is to determine the behavior
of fine powders undergoing fluidization. Studies are being made to determine
the length of time required for equilibration of the fluid bed, the percentage of
mass lost by a powder undergoing fluidization, and the extent of particle-size

segregation during fluidization.

2.2.1 The Fluidization Process

A fluidized bed is a fluid-solid system in which a bed of finely divided
solid particles is lifted by a stream of fluid.

When a fluid is passed through a bed of solid granular material, one of
two things can occur. If particulate fluidization takes place, there will be a
uniform expansion of the bed, in which the increasing spaces between particles
allow greatcr easé uf passage of the fluid. If uggregative fluidization takes
place, there will be a bed expansion accompanied by the formation of large
bubbles that is analagous to the upward flow of gas through a column of liquid.
Whether a fluid-solid system will exhibit particulate or aggregative fluidization
depends on the ratio of particle density to fluid dens:ty. angd ‘to a lesser extent}
on particle size. Particulate fluidization generally occurs when the fluid is a
liquid, and aggregative fluidization most often occurs when the fluid is a gas.

Consider a bed of particles resting on a fine mesh screen,  As the fluid
velocity through the bed is increased, the pressure drop across the bed in-
creases until it equals the weight of the bed per unit area of the grid plate.
This is the point of incipient fluidization, which 1s defined as the lowest super-
ficial fluid velocity at which the pressure drop across the bed [at its lowest
density) equals the weight of the bed charge. 4

When the point of incipient fluidization is reached, continued increase of
fluid velocity produces no further increase in pressure drop, but results in
an expansion of the bed, in which the void spaces between the particles are
increased, and the individual particles rest more upon a cushion of the fluid

than directly upun each other,
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Slugging and channeling are the two major problems encountered in fluidized
bed experiments. 1If either is present, it must be eliminated before meaningful
results can be obtained.

Channeling is a condition in which fluid passes through a bed of particles
along a preferred path, Once started, channeling tends to grow worse until
almost all the fluid is passing through the channel instead of being distributed
evenly throughout the bed, One of the causes of channeling is a poor distribu-
tion of the solid material in the bed before fluidization. If the initial packing
is such that a partial channel existe, the fluid will tend to follow this path of
least resistance. It is also very important for the fluid to be well distributed
over the entire area of the bed by the grid plate. A large number of small
holes are preferred to a few large ones.

Slugging results when a buhbble increases in size until its diameter equals
that of the tube. It then carries a slug of powder with it as it rises, Fluid
velocity is an important factor in the rate of bubble growth, For a given rate
of bubble growth, slugging can be eliminated by using a tube with s length-to-
diameter ratio that allows the bubble to escape before ataining the diameter of
the tube,

2.2.2 Apparatus

Having completed a preliminary study on the problems of fluidization of
fine powders (described in the previous report), a more permanent and exact-
ing experimental system was designed and constructed. This system is pre-
sented in Figure 2,18,

The fluidization chamber is composed of a glass tube and nylon base. The
length of the glass tube will vary depending on the wark being done, but its mean
inside diametar is 2. 59 em. The base, machined from a solid nylon rod, is
conatructed in three sections for ease in cleaning and assembly, The grid plate
used for the prasent series of tests is a fine screen with openings of about

169 microns.
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Figure 2.18 Fluidized Bed Apparatus

An oil manometer measures the pressure drop across the powder bed and
grid plate through a pressure tap on the side of the base. Silicone oil with a
density of 1. 066 g/r:m3 is used in the manometer.

The fluidizing media {air is currently being used) enters the base just
below the grid plate, The flow rate is measured by a rotameter and is con-
trolled by a 0-2 1b/in. 2 pressure regulator. Fine adjustments in {low rate
can be made with a 20-turn needle valve.

In discussing flow ratés in connection with fluidized heds, it is con-
vanient to use fluid velocity because this takes tube diameter into account.
Velocities up to about 20 cm/sec are possible with the present apparatus.
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2.2.3 Experimental Procedure and Results

A series of experimental studies using granulated sugar was carried out
using the new experimental arrangement, The pressure drop (Ap) was studied
as a function of fluid velocity {v) for bed depths of 6, 15, and 25 cm.

A set of typical results is shown in Figure 2.19. It is seen that in each
case there is a peak before the curve levels off. This is a result of the con-
dition of the bed before fluidization. If 2 bed has maximum void volume, ln 4p
will increase linearly with ln v until incipient fluidization velocity is reached,
and will then level off, Any other packing will result in the peak displayed here,

Within experimental error, the incipient fiuidization velocities of the three
bed depths agree quite well, as do their slopes before incipient fluidization:

Bed Dapth Incipient Fluidization Velocity Slope
6 cm 2,55 cm/sec 3.81

18 cm 3.10 cm/sec 3.65
25 cm 2.60 cm/sec 3.78

2.2,3,1 Fluidized Bed Tests - Talc

In the fluidized bed tests reported in the 1lth quarterly report, we noted {
that talc tends to agglomerate quite badly when it is fluidized. This eifect
has been observed before with small particles of high material density.(”

As a resuit of this agglomeration, the bed's depth does not remain constant,

but steadily decreases with time even though the fluid's velocity remains con-
stant. The present series of tests was conducted to determine how much time
the bed requires to reach equilibrium. ’

Channeling problems during the tests were corrected by the addition of a !
small vibrator to the glass tube. With 22 g of talc, it was then possible to
obtain fairly good fluidization, Seventy-flve minute fluidization studies were
made under fluid velocities of 4, 8, and 12 cm/sec. These will be referred
to as samples 1, 2, and 3.
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After the bed was prepared, a pressure regulator was adjusted to give the
desired fluid velocity, and a timer was started. Minor random corrections were
necessary to maintain proper fluid flow. Periodic measurements of bed depth
and pressure drop were made and recorded, Three runa were made at each
of the three fluid velocities, using fresh powder asamples each time. Repro-
ducibility of results was satisfactory.

One run at each of the flow rates is presented in Figure 2.20. Bed depth is
plotted against time for a bed fluidized at 4, 8, and 12 cm/sec. At the end of the
75 .minute run, the bed depth at 4 cm/sec is 28.7; at 8 cm/sec it is 24.5; and at
12 cm/sec it is 22,0, This might be taken as an indication that the lower flow
rate actually fluidizes the bed better than the higher. This results from the
fact that the higher flow rates agglomerate the powder more, resulting in a
lower bed depth after flow is stopped. The following table Jlustrates the

point,
' Percent of Expansion
Bed Depth, Bed Depth, by Fluidization at
Sample No Flow Fluidized Prescribed Flow Rates
1 27. 4 28.1 4.8
2 20.3 24.5 20. 1
3 17.9 22.0 22.9

Sample | was fluidized at 4 cm/sec for 75 minutes. At the end of this
time, the bed depth was 28.7 cm. When fluid velocity was reduced to zero
the bed depth was 27.4. This means it was expanded 4.8 percént when
fluidized. The same reasoning on Sample 2 {8 em/sec’ and Sample 3 (12 cm/sec)
reveals that the higher velocities do expand the bed by 8. greater percentage than

the lower velocities,

In the 1lth quarterly report, it was noted that when a bed of talc was
fluidized, the slope of the curve for bed depth vs fluid velocity decrcased with
each successive expansion. This was due to the fact that the powder was still
agglomerating each time the bed was fluidized. During the recent tests,
powder was fluidized for a 75-minute period. After each of these tests,
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four successive expansions were made without otherwise disturbing the bed.
It was found that for all four expansions the curve of bed depth v fluid velo-
city followed the same path (within experimental error) for both the 8 and
12 cm/sec treated samples. The 4 cm/sec sample did show some deviations,
particularly at velocities above 4 ecm/sec,

One would expect the agglomerates in the 12 cm/sec sample to be largest,
and the 4 cm/sec sample to be smallest, This was confirmed by the incipient

fluidi zaticn velocity for the three samples,

Sample Incipient Fluidization Velocity
1 0.6 cm/sec
2 1.2 em/sec
3 4,0 cm/sec

At fluid velocities of 8 and 12 cm/sec, goad aggregative fluidization was
obtained throughout the bed, But at 4 cm/sec, we found that fluidization took
place in the upper portion of the bed while the lower portion was not fluidized.
This effect has been observed before for heavy-particle systems, and results
from the expansion of the fluid as it passes from the bottomn to the top of the
bed.

2.2.3.2 Powder Lost by Entrainment

Because the velocities used exceed the terminal velocities for many of
the particles, it is obvious that a certain amount of the material will be carried
out of the bed and be lost by entrainment. At 4 cm/sec there was no noticeable
loss. Al 8 crn/gec and 12 cm/sec, loss was visually detectable, This rate of
loss decreased as the powder agglomerated. Measured losses are given below,

Fluid Velocity Powder Lost
4 cm/sec No measurable loss
8 cm/sec 0.6 gor 2.8 percent
12 cm/sec 1.2 g or 5.6 percent
- 2-31
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2,2.3.3 Particle Segretation and Particle Attrition

After a bed had been fluidized during a 75-minute run, samples were taken
} from the top and bottom of the bed. The samples were subjected to size analyses
by the Whitby technique. There were six samples (top and bottom for 4, 8, and
‘ 12 cm/sec runs), and all wers found to have identical size distributions. The
values obtained also agreed with thase for unfluidized talc. It appears that

’ : there has been little, if any, segregation or attrition during the current
experiments.

) 2. 2.4 Conclusions and Future Work

’ We have shown that under properly controlled conditions, powders with

diameters in the S-micron range can be satisfactorily fluidized with only :
l limited loss of product from the bed. Agglomeration does occur but without
particle-size segregation within the bed,

i Future work will include the fluidization of other types of powders, and

attempts will be made to conduct ''viscosity’ measurements in the fluid bed,
, In addition, experiments will be performed in beds of bulk powder to deter- ‘
: mine interparticle resistance to flow and resistance to flow imposed by 1
} various geometric shapes. : ‘
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3, PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE POWDER
PARTICLE ’

Behavior of particulate material is fundamentally determined by the nature
of the intermolecular forces {physical and chemical) existing at the contact arcas
between particles, The number and character of these contacts is directly re-
lated to the nature of the surfaces of the powder particles. To study this pro-
blem, we are comparing the experimentally determined external surface of 3
particle with a calculated theoretically spherical particle surface to obtaina
measure of the roughnees of an external surface. The use of electron and light
microacopy is providing excellent supplementary particle-shape information.
The problem of measuring the strengths of agglomerates and the problem of
powder-to-metal friction are currently haing investigated.

3.1 Total Surface Area

The BET gas adsorption method (named for Brunauer, Emmett, and Teller,
its developers) is being used to determine the total surface area of various
powders, By this method, the quantity of gas necessary to form a monomole -
cular layer on the surface of the particle is determined. By assuming a value
for the arca covered by a single molecule, we are able 1o calculate the area
covered by the adsorbed gas. During the preceding quarter, the total surface
area of talc was determined, Talc particles are jagged. 1rregular. porous
platelats (see electron micrographs in section 3.2) whereas saccharin has s
relatively smooth, nonporous surface, We investigated the surface structure
of saccharin for comparison during this quarter.

3.1.1 Total Surface Area of Saccharin

Tha total surface area of saccharin samples has been measured, and a
procedure has been developed to cope with the problem of sublimation or other
types of decompasition. A significant difference between the total surface
areas of saccharin and talc w.s observed. Uncertainties in total surface
mecasurements were analyzaed in an eryor analysis of the BET method as
applied to the gravimecric system.

3-1

Page determined 10 be Unclassiied
Reviewed Ctvet, ROD, WHS
AW EO 13826, Section 3.5

Daie: PR 122013

TR SR

T TN




In the application of surface-area measurements to powdera (e.g., cata-
lytic materials) there is no doubt about the stability of the powder under test
conditions. The only concern is the remoaval of adsorbed contaminaats, and
degassing conditions are controlled by the nature of the contaminant,

However, in the case of saccharin, the atability of the powder is the con-
trolling factor for degassing conditions. Saccharin sublimes readily at

temperatures about 50 F above room temperature at pressures of approxi-

mately 5 x 10'5 mm Hg. At room temperature, its sublimation rate is
negligible, permitting degassing at this temperature.

A degassing procedure of evacuation at a pressure less than 5 x 10'5

mm Hg at 76 F for 2 days will provide the "degassed state’’. The degassed
state is defined as the state where further degassing will not produce any

increase in surface area. If there are any contaminants remaining, they may
be in one sense considered part of the structure, since to remove them one
would bave to decompose the powder. In this case, decomposition means
sublimation,

The degassing temperature was decreased until sublimation occurred at
a negligible rate. At high temperature (160 F) saccharin was cbsexved to
condense above the heating zone. At lower temperatures (96 F) saccharin !
was shown to be subliming by the fact that surface area increased with time
of evacuation {Figure 3.1 and 3.2). Figure 3. 2 shows the isotherms as the ‘
surface area increased from 0.8 mz/g to 2,32 m2 /g and as temperature and
degassing time were increased for the same sample. Figure 3.3 and Figure 3.1

show isotherms for degassing at room temperature. The surfice areas of two
samples are reproducible for much different evacuation timaes, and for the ‘
same powder the area does not increase with evacuation time. Measurement 1
of the total surface area under conditions of powder stability haa thus been !
accomplished, &

Applying the BET equationtd the adsorption da.ta,“” we obtain a specific
surface for saccharin of 1.53 mzlg % 7 percent. The gpecific surface from
the surface mean diameter, calculated from the MMD of 6. 9 microns, is
0.71 mz/g. The rugosity defined as

BET Surface Aresa .
urface area irom TWhitby is 2,2,
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Figure 3,1 Saccharin Behavior
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Run Deg;uing&mdmom
Temperature Time (hr) Pressure (mm Hg) Area (mz/ g) Comment
1 76 F 16 <5x10°3 0.8 Runs 1-4 are
the same sample.
2 96 F +26 <85x103 1.28
-5 Plus time
3 96 F +16 <5x10 1,89 is that in addition
to previous run,
4 85 F +19 <5x1073 2.32
5 76 F 113 <5x10"2 1,53
6 76 F 18 1x10°2 1.32  Runs 6-8 are
the same sample.
7 76 F +30 <s5x10°° 1.59
Plus time is that
5 in addition to
8 76 F +19 <5x10° 1.42 previous run.
3.3
page detarmined to be Unclassified

et et eas e a

1

2



L | 4 L T

O 74 F for 16 hr Run 1
0 Additional 26 hr at 96 F Run 2

A Additional 16 hr at 96 F Run 3 -
X Additional 19 hr at 83 FF Run 4
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e
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e
-

Volume Adsorbed cm3(S’1'P)I g Saccharin
o a
™ o

Figure 3.2 N, Adsorption on Saccharin as a Function
oiz Degassing Condition
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0.1 0 Additional 30 kr at 76 F Run 7
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O 113 hr Evacuationat 76 F Run 5 -

A 18hratlxl10">mmHg Runé

X Additional 18 hr at 76 F Run 8

r
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Figure 3.3 N Adsorption by Saccharin after Various
Degassing Conditions at Room Temperature
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From the complete isotherm (Figure 3. 4), we see that saccharin exhibits
no hysteresis. This indicates that saccharin has little or no internal surface
or pore structure. This is in marked contrast to talc,m which gxhibita definfite
hysteresis. The rugosity of 2.2 indicates that a emall amount of internal surface
exidts. This can be seen by comparing to one ''roughness factor'' defined as

BET Surface Area
Blectron-microscope Area '

Numerous powders exhibited roughness factors of 1 to 1. 5. n Surface areas
based on MMD by the Whitby method are usually a little larger than those based
on electron-microscope determinations. (8) Therefore, the rugosity factar will
be somewhat less than the roughness factor for a given powder,

3.1, 2 Analysis of Experimental Errors in the Gravimetric BET Method
of Measuring Surlace Areas

The BET equation used to determine surface areas by adsorption is

P/Po

.1 C-1
(3 74 A VT + V;'C' P/P, (1
where
V = Volume adsorbed (STP) at pressure P
Po = Vapor pressure of gas at adsorption temper‘atuu
C = Constant

Vm = Volume required to form monolayer

From a plot of

P/P, P -
VIT=PiFy " §

-}

the slope 8 and Intercept I are calculated, and are in turn used to calculate
Vm by the equation

\'m=m. (3’
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T I | ]
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0.4 -
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Figure 3. 4 N2 Adsorption Isotherm on Saccharin
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Experimental errors or uncertainties effect the quantities

P/Po
Fl = m , and (4)
F,=P/P, . (5)

The errors in Fl and FZ are composed of the errars in each of the elements
P, P, and V.

The errors in Fl and F2 are related to the errors in P, Po. and V by the

equation
. 2 2 2)1/z
4F -d-p-ap‘ dP o7, & 6
1 = + ‘a-Fo—dP 4+ v dv ( )
2 2| 172
A4F, = 3%, ar| + F2 dp n
2 3F '3?: °

In other words, the square of the error is equal to the sum of the squares of
errore contributed by each element.

Substituting Equations (4) into {6) and (5) into (7), we obtain

2 ]1/2

e . PR, (@P/P 4 (@P /P )? [,y
S | .
1" VIT=F/F ) (1 - p/P)° v

2 1aP_\2}1/2
= dP o]
d FZ = P/p° (..F.).’. (T

o
Converting to percent of error,

ified
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1/2

2 2 2
i;_l_ _ (d P/P)" +(d P[P ) . av -
1 (- P/P)° v
1/2
d F, (dP )z (d Po)z (@
=NWT T

In the outline below, we determine individually by the technique above the
uncertainty due to each slement.

3.1.2.1 Errorin P and Po

The error in P and P, is due to reading error:

dP = (error in reading each manometer leg)‘\/-z_ (10}

3.1.2.2 Error in Volume Adsorbed

The volume of gas adsorbed is obtained from the weight adsorbed, by
the ideal gas law:

V_waRT
D B

The percent of error in V is

F = (11)

where W_ = weight adsorbed.

W, is related to experimental data for gravimetric methods by
w

Weo + Vit
wa=—.£w-——.
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The percent of error in W‘ due to error in each component is

1/2
aw_ Jaw (v faw )2
A _ sp Bf . [ (12)
w_ = w2 ' l
a (ng + B{) ]
where
W’p = weight change recorded by spring ¥
wa = buoyant force
W, = weight of sample. ]
¢
3.1.2.2.1 Error in Weight Change ?1
Error in weight change as measured by spring displacement W'P is
determined by the equation
p = Df/K. K
The percent of error is \
12 '
aw ap, \? 2 '
w2 (5| ¢ 1% (13) |
sp 4 {
where
Df = displacement read by filar eye piece '
K = sensitivity of spring, filar units/unit weight.
The error in Dt is
dD‘ = (error in making each ready)'\/? (14)

The error in K is due to calibration errors and uncertainty of spring
temperature. The sensitivity is determined by the calibration equation,

D

K= feal
cal . |
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and the percent of error is

2 2 1/2

dK d ch:.l d Mcal

X B Yiwm (15)
fcal cal

where

chal = displacement read by filar eye piece in calibration

Mczl = weight used to calibrate the eye piece,

Error in K for quarts springs due to temperature uncertainty is given by,(“’

3%‘15- -1.23x1074

(16)

%—I,f.d'h - 1.23 x 10”4 RaT

where
T = temperature of spring
dT = temperature uncertainty

The percent of error in K due to temperature and calibration uncertainty is

2 2 1/2
dD dM
9{,& Df“l + ‘ M“‘ +{1.23 x107% a)? (17)
fcal | cal

Percent of eryor in Ws due to each experimental error is found by
substituting Equation (17} into Equation (13):

dw,, | fap, 2+ 4D, 2+ aM_, 2+ (1.23 x 10°% a1} Ve (18)
A P rf rfcal mcal
3.1.2.2.2 Error in Buoyant Force
Buoyant forces are calculated by
Wae= Vr Py
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~  where

¢ er——— — ——— It

and percent of error by

dw dv. 12 jdap |2 Lz
Bf _ Tl (2% (19)

VT = total volume of sample plus quartz bucket and fiber
a‘ = gas density,
The total volumo is given by
VT = Vq +V .

and the percent of error by

2 2 1/2
d V,r . {d Vq) +(d vy (20)
Vr (Vg vy
where
Vq = volume of quartz
Vs = volume of sample.
The psrcent of error for the quartz volume is
dv aw \2 fae 2|
==
where
wq = weight of quartz
P q° density of quarta
3.12
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and the percent of error for the sample volume is

1/2
av aw 12 jae
--v—’= 'W’!' + -3-2- (22)
s 8
where /
d W, =

. °g from least squares line for relating spring deflection to

weight
W’a = sample weight
» 2 sample density.

The density of the vapor was calculated by the Biethelot equation (12)
P
RT 9 "R )
V= vt -2 (23)
F [ T;( TR ”
where
V = molal volume
R = gas constant
’I‘R = reduced temperature at temperature T
Pp = reduced press at pressure P
T = temperature of adsorption

P = pressure of adsorption,

If we assume that the Birthelot equation gives exact results, the percent

of error in the gas denaity Dg is given by,

( 2 2\1/2
2, 81 Pr| far
4o {d P/P) 1+ 6?"7 ar
8 J (29
1+ 133 9 _Pr {1 )
1 8 Ta ;-'z
\ i IR
3-13 -
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The temperature was determined by interpclating between values of vapor
pressure versus temperature by‘

log g = (0.08113) (T - T ), and
o
the percent of error in temperature is.

a P
_ 2.303 o
T = SR P (25)

Q

3.1.3 A Typical Error Analysis to Determine Controlling Errors

3,1.3.1 Errorin P and Po

The uncertainty is due to the uncertainty in reading the manometer leg
with the cathetometer which is 0.1 mm Hg. Therefore,

dP=dP_=0,1Vz (26)
3.1.3.2 ErrorinV

3.1.3,2.1 Ezrrorin Weight

Error in weight is given by Equation (18):

*
From critical tables, the equation relating vapor pressure to temperature is

log Pmm = —‘&"'T‘-’—”—" +7.5777-{0.00476) T

By taking ratios at the adsorption temperature and the normal boiling point
and if the adsorption temperature is close to the normal boiling point, the
working equation can be derived,
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1/2

M.

2 2

aM

+ ( “1) + (1.23x 1074 am?
(o8

: 2
{: dw : d D, . d D,
( i sp £ chal
The uncertainty in reading the filar eye piece is one unit, The uncertainty
i . d D, = 1'Y2 since the displacement is the difference between two readings. In
the calibration, a 10.02 # 0. 0! mg weight was used and produced a spring dis-

* placement of 821 filar eye-piece units.

) 4D
’: 2 ‘.ng =1.73x10"3

ical
d M
{ and cal A 0.01 _ 1 x 10-3.
| cal )
i The uncertainty in the temperature of the column water was measured
at0.05 C,
| 1.23 % 1074 (0, 08) = 6,15 x 1075,

.. Because spring deflectionsof 821 filar eye-piece units never occur, and because
} most deflections are usually an order of magnitude less, the controlling error in
weight change as measured by the spring is the error due to reading the eye piece

| dW,, _dD
-

) sp {

}. (27)
d D{

' or d wnp X

This means that the error in W.p is constant for any given spring.

3.1.3.2.2 Error in Buoyant Force

Errors in total volume are given by Equation (20):

l. 2 2 1/2
‘ dVy JV)T+(dV)
Vr z
+ Vv
‘. T (vq ‘) i1s
,' .
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The usual case is that the volume of the sample is 10 times as large as the

volume of quarts., Therefore, errors in the sample volume would predominate:

: 4V, av,
i ~ (28)
T ]
‘ ‘ Errors in volume of the sample are determined by Equation (22):
. 1/2
P av, [faw\? jas \?
~ v citw! i
s s s
} From least squares analysis,
dw_ =09 =0,36.
| P
The arror in the true density is approximately 2 percent:
dp
| -2t - 0.02
| -
, av 2 1/2
i 5 0. 36 0.02 2
| v, T\ |Eon| *10-02)
l From this we ave that the error in density of the Bample predominates, or ¢
t
dav, do,
. T- ~ (29)
’ ' L] °s
. The error in the density of gas is provided by Equations (24} and (25):
1 ( 2 2)1/2
@pip?s |14 8L R 2.303 4P
] dp [ S 1 P T
l _ﬁ_x.é Ty ° )
g a3 R 6 |1
! 25T, 2
! R Tr
At the normal b:)iling point of nitrogen, PR =6.5x 10'3 and TR. = 0. 6; and
! substituting above we get
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i

2 dP_\2

dr (gg_’_) ”'°5‘P"?1')‘ :
0

5 .98 '

The percent of error in Po is always much less than F'; and dividing by T,
the temperature of adsorption, makes

dpP
dP o1l
-p—>>1.05—p-° -*

Therefore,
da
a.sp o
8

The error in the buoyant force is given by Equation (19):

2
dw dvVv de
Bf T £
w = - +
Substitute Equation (28), (29), and (30} into Equation (9), and we obtain
2 2
d Wge 4°.1", [ap
-

2|1/2

1/2

Since d P = 0, 1Y 2 mm Hg and P is always greater than 50 mm Hg,

dop
—-6-2‘ <<d P .
s
Therefore,
d W dp

Bf s
W, AL (31)

Bf Py
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The error in the volume adsorbed is determined by Equations (11) and {32):

1/2

2 2 2
av . (d W) +(dWp™ (dw')
]

= s -~
(W, + W

Because the error in the density of the sample was shown to gbscure the error
due to weighing the sample (see the analysis of errors in the buoyant force),
derivation of Equation {29) is

2 2|}/
av, | Wgp
s

2
(wsp + wBi,

Subsetituting Equation (31) and Equation {27) into the above equations provides

1/2
(d nf)z [w 4 T
< * Bf ——
dv_ Py )
¥

(wsp M wa)

{32)
The error in the funciion

Rl arrived at through Equation (8):

1/2

-+ '

[4 2 2
ax, |appts @PJIR)” sy
! 0 -PIP)"

Because the error due to the density of the sample obscured the error due to
pressure in the bucyant-force error analysis, derivation of Equation {31) can
approximate the error in Fl by

and substituting Equation (32), we get

3-138
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1, /2
aD,|* ae |?
£} + | Wnr ot
dF, < 5,
= 33)
> {
¥ (W, + Wp

For the same reason, we can say that the error in F, is much greater

1
than the errar in Fz and that in plots only the error in Fl need be considered.

1,1.4 Application of the Error Analysis

In Figure 3.5, the results of the error analysis are applied to the saccharin
cata, with the uncertainty of each'goint plotted as an "“error tar". The solid
line is the average line depicting the area for saccharinof 1. 53 mz/g. The
dashed lines are the envelopes of the most probable slopes drawn through any
set of data. They were drawn to include 2/3 of the error bars in each runm. (5)
The areas calculated from these envelopes represent an uncertainty of
7 percent. The envelope include about 2/3 of the,point s, giving credance
to the concept that 1. 53 is the most probable value, with 7 percent being the

standazd deviation.

3.2 Particle Shape

Electron and light microscopes have been used to obtain very useful
particle-shape information on many of the powders currently under study.
Figures 3.6 through 3. 16 contain micrographs of talc, saccharin, egg
albumin, powdered milk, Sm, powdered sugar, and cornstarch. Although
the micrographs "'speak {or themselves'', it is interesting to note tha unique,
jagged, plate-like structure of talc because compacted talc displays much
greater elagticity than any of the other powders under study. The micrographs
indicate a complete range of shape characteristics from the irregular structure
of, talc to the smooth, nearly spherical structure of cornstarch. Figure 3.13
dramatizes the wide rang'e of particle sizes found typically in Sm samples.
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Figure 3.6

Powder Graund Talce MMD (Whitby) 1.75 microns

Method of Dispersion_:12rosol cloud formed by hand syringe.

Gravitational settling of powders upon a specimen grid.

Magnification_30, 000X (microscope}. 2. 5X (enlargement); 75, 000X total

Micrograph No. _03-2-71
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Powder_Ground Talc : MMD (Whitby) 1.75 microns

Method of Dispersion__Gravitational settling in an aerosol chamber upon a

specimen grid. Aerosol iormed by hang s, siiige -

Magnification 30,000X {microscope): 2. 5X (enlargement): 73, 000X :otal

Micrograph No. 63-4-5
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Figure 3.8

Powder Ground Talc MMD (Whitby} [.75 micraons

Method of Dispersion Particles dispersed in liquid naphtha. Suspension

liquid sprayea ca specimen grid with raascu Type v Airorusa.

Maguaification 10,000X (microscope); 2. 5X (enlargemert); 25, 000X total

Micrograph No. __63-4-43

) (specimen grid shadow cast with chromiuwm at a 3 to 3
height to length ratio)

3-23
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Figure 3.9

Powder Ground Talc MMD (Whitby} l.75 microns

Method of Dispersion_N2phtha dispersed suspension sprayed on specimen

grid with Pagsen Type VL Aitbrush (12 ... 20 10 osi).

Magnification 10,000X (microscone); 2. 5X (enlargement); 23,000X tosal

Micrograph No. _63-4-44
{Specimen grid shadow cast with chromium at a 3 :0 3 heigh

to length ratio. )
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Figure 3.10

Powder_ Groupnd Saccharin MMD (Whitby) 6.9 microns

Method of Dispersion__Dispersed in naphtha; sprayed on grid with 2

o T

Paasche Type VL Al.orush (I2:in. ano (2 o=

Magnification 10 000X (microscope); 2.5X (enlargement); 25, 000X total

Micrograph No. 63-4-52
{Specimmer. grid shadow cast with chromium at 2 3 to 5 keight

to length ratio.)
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Figure 3.11

Powder Ground Egg Albumin MMD (Whitbhy) 4.8 microns

Method of Dispersion_DTy powder dispersed on specimen grid with a

Paasche Tvpe V7, rurvrush (15 in  and 40 pai).

Magnification 10, 000X [microscope); 2. 5X (enlargemaent}); 25, 000X total

Micrograph No. 63-4-48
{Specimen grid shadow cast with chromium at a 3 to 5 heigat

to length ratio.)
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Figure 3.12

Powder Ground Powdered Milk MMD (Whitby) 7.0 microns

Methoed of Dispersion Dispersed in naphtha; sprayed on grid with a Paasche

Type Vi Aicorush (15 in. anu 0 poar.

Magnification 10,000X {microacope}; 2. 5X (enlargement); 25, 000X total

wicrograpa No. _63-4-51
(Specimen grid shadow cast with chromium at a 3 to 5 height
to length ratio. )
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Figure 3.13

Powder Sm (Pool # 7) MMD (Whitby) 6.4 microans

Method of Nispersion_Dispersed in naphtha; sprayed on specimen grid with a

Paasche Type VL Airbrush (15 in. and 40 pei).

Magnification 3, 000X (microscope); 2. 5X (enlargement); 75, 000X total

Micrograph No. 63-4-59
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Figure 3. 14

Powder_Sm (Pool # 7) MMD (Whithy) 6.4 microns

Method of Dispersion__Dispersed in butvl alcohol; sprayed on glass slide

with airbrush (15 in. and 40 psi),

Magnification 400X (light microscope); 2. 5X (enlargement); 1,000X total

Micrograph No, 63-B-11
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Fowder_Powde-ed Sugar MMD (Whitby) 34,5 micrens

Method of Dispersion Dispersed in butyl zicohol: spraved on glass slide

with a3 Faasche Type VL Airbrush (15 in. € psi).

Magrnification 400X {ligh: microscoze): 2. 3X (enlargemen:): !, 000X total

Micrograph No, _23-2-31
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Figure 3. 16

Powder Unground Cornstarch

MMD (Whitby) 12.2 microns

Method of Dispersion_Dicnersed in butyl alcchol: spraved on a glass slice

with a Paasche Type VL Airbrush (15

in. and 40 »si).

Magnification 400X {light microscope):

2.5X {enlargement): 1, 000X total

Micrograpn No.__63-B-14

w
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3.3 Agglomerate Strength

We reported previously 9 that the energy-of -compaction apparatus was
being used in an attempt to measure the strength of agglomerates in a powder
bed. The results to date are not encouraging. Experimental conditions sensi-
tive enough to measure agglomerate strengths also pick up background noise,
vibrations, and minor powder bed nonuniformities, thus obscuring the desired

information.

3.4 Powder-to-Metal Friction

The use of graphite to reduce powder-to-metal friction is discussed in
various sections in this report., Graphite or graphite-like materials seem to
he unique in their ability to reduce greatly this frictional force. A study will
soon be made to deterrnine criteria for methods of application and the
smoothness of metal surfaces necessary to optimize this property.

3.5 Particle-Size Analysis of the Swirl Disperser's Ouiput

To determine if grinding of powders is taking place in the swirl dispenser
used in the aerosol studies (see Section 4. 4 of this report), Whitby size analyses
were determined on representative samples obtained from the diapenser,

. The method of sampling consists of coupling a 5-liter flask to the output of
the swirl dispenser by means of a short tube. The tube extends into the flask
and is immersed in a settling liquid about two inches deep. The settling medium

-used is the same as that used in the Whitby technique for the powder in question.

The swirl dispenser was operated at 250 psi of nitrogen applied to the gas inlets

for 5 seconds.

3.32
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After a run, the settling medium containing the powder was concentrated
by centrifugal force. The supernatant liquid was decanted and the remainder
was diluted with naptha tu a predetermined ratio. The mixture was then used
as the feeding liquid for Whitby size analysis.

The results obtained were as follows:

Original Sample Dispersed Sample

MMD Std. Dev. MMD Std. Dev.
Saccharin 6.7u 1. 50 6. Ty 1.47
Powdered Sugar 32u 2.07 32u 1.60

We determined from these analyses that little, if any, grinding is taking
place in the disperser,

3.33
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4. AEROSOL STUDIES

During this period, a program of research was initiated to study the
effects of atmospheric charge conditions on aeroscl decay. lon concentra-
tion in the aerosol chamber was varied by introducing large quantities of
positive iona at selected times in an aerosol's history by means of a corona-
discharge ion generator. Other tests were conducted in addition to the electro-
static-charge runs and are disucssed later in this section.

4.1 Description and Operating Charactezistics of the Corona - Point
n LUenerator

The geneéral operating characteristics of corona-discharge ion generators
are discussed at some length in the literature and will be treated oaly briefly
here. The specific design of the unit used was developed by General Mills, Inc.
personnel on another contract, and a detailed description may be seen in the
associated repcrts.(” The corona point ion generator is shown schematically
in the accompanying sketch.

Metal Base Plate
Corona Needle

/7/7[”/7///71///—

[}
UL/l L/ /001 L

H. V.
Insulating Housing

~Gas [nlet

Figure 4. | Corona-Point lon Generator
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When a voltage is applied to the corona needle, a high electric field is estab-
lished at its point. The strength of this field is directly proportional to the
applied voltage and inversely proporticnal to the radius of the needle's tip.
For a suitabls combination of tip radius and applied voltage, the electric
field strength in the immediate nsighborhood of the point is great enough to
cause ionization of the gas molecules in that region. In the case where the
needle is positive, the resulting negative ions (presumably free electrons)
are collected at the needle after traveling a short distance. The positive
lons drift toward the grounded base plate at a velocity goveraned by the elec-
tric field and the ion mobility, If a gas is admitted through the gas inlet, &
"sink flow" of gas developes at the exit orifice, At sonic operation, the
velocity of this flow is such that a large fraction of the positive ion current
is awept out through the orifice and into the region beyond the base plate,

The ionizer used in the present work has a needle sharpened to a Hp
radius of about one micron. The needle spacing s is 1. 8 mm, and the orifice
diameter d is 0.79 mm. Dry nitrogen is used as the icnizing gas. We
measured the free {on current cutput of the device by collecting the ion
currentin a 5l-cm lang by 1-cm ID copper tube mounted ccaxially and
spaced about 1/8 inch from the base plate. The results sre shown in
Figure 4, 2, which also presents the gas-flow rate.

The ion gun is mounted in the chamber in a position diametrically
opposite the dispersing gun, as shown in the following sketch., Both guns
are exterior to the chamber. The base plate of the ion gun is electrically
connected to the aluminum aerosof chamber, which in turn is connected to
permanent ground, The ions that leave the gun are eventually collected on
the chamber's walls. (See Figure 4.3.)

We have made measurements of curren® densities at equilibrium flow,
a rough map of which is shown next Note that a large fraction of the {ree
ion output is collected on the floor of the chamber near the :onizer, Some-
what smaller current densities exist at other points in the chamber. (See
Figure 4. 4.)
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Figure 4,3 Position of Ion Gun with Respect to Dispersing Gun
in the Aerosol Chamber
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4.2 Procedure for Electrostatic-Charge Runs

The series of runs to be reported here all involved dispersing of 100 = 5 mg
of powder into the chamber with either simultaneous (Mode B) or subsequent
{Mode C} injection of positive ions, These runs are to be compared to runs
where no charge was injected (Mode A). The procedure for each of the series
is indicated in the diagram. (Figure 4.5)

The time scale for each mode of operation is started whén the ionizer gas
is turned on. In each casse, the swirl powdar disperser was operated for a
5-second interval starting 10 seconds after the ionizer gas. The swirl disper-
ser was operated at 60 psi. The difference between the modes of operation lies
in the application of high voltage for the corona needle; it is this voltage which
causes ion production. In Mode A no ions are injected; in Mode B ions are
injected simultaneously with the powder for a 10-second interval; in Mode C
ions are injected for 10-second intervals after powder injection (see Figure 4. 5).

The gas pressure in the ionizer for the runs to be reported was 30 pai, and
as the high voltage was set at 6000 volts, one can now see by referring to
Figure 4. 2 that the volume of gas admitted was 10. 2 liters and that the total
charge injected was about 2. 5 x 10"’ coulombs (1.5 x 1013 unicharged ions).
On the other hand, the powder disperser admitted 3, 6 liters of gas and about
100 mg of powder ( ~109 particles of 5-u diameter). The number of positive
ions introduced per particle of powder is therefore approximately 104.

We have, of course, no guarantee that thare is actually a combination of
powder particles and injected jons., One might expect some fraction of the
powder particles that descend into the chamber bearing negative charge to be
neutralized. The extent of this discharging is not known, however, at the
present time, The experiment is to be viewed simply as one in which the
aerosol particlen are exposed to an abnoymally large concentration of posi-
tive ions.

The i‘seroml experiments were carried out under conditions of room
humnidity, which remainsd relstively constant throughout a given series of
runs,
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4.3 Experimental Results

Electrostatic charge runs have been made on talc and saccharin. Each
powder was run through the sequence of Modes A-B-C-A twice, the two series
involving different humidity conditions. The light-scattering data from each
run were reduced by the log-normul plot procedure explained previously. The
half lives and initial amplitudes of the various aerceols are shown in Figures
4.6 and 4. 7.

The data points in Figures 4,6 and 4. 7 are collected into groups according
to prevailing humidity, Each group of points represents 4 aerosol runs (otﬂy
3 in one of the saccharin series) carried out under '1dentical” prevailing humidity
conditions. The fourth point in each group is a rerun of the no-charge conditions
of the first point and is thus a check on repraducibility.

The data of Figures 4.6 and 4, 7 can be summarized as follows:

4.3.1 Talec Aerosols .-

The injection of positive ions simultaneously wich the injection of powder
reduces aerosol longevity under the no-charge condition; the injection of posi-

tive ions after injection of the powder further reduces aerosol longevity.

4.3.2 Saccharin Aerosols

The injection of positive tons simultaneously with the injection of powder
increases longevity, whereas ion injection after powder injection reduces
longevity, under the no-charge injection condition.

It should be noted that there is an element of risk in drawing the ahove
conclusions from the data available because the reproducibility is not as good
as one might hope for. It is quite evident, however, that the stabilities of
aerosols are affected by the radical atmosphere charge conditions cmployed
here. In view of this, it may be necessary to modify certain statements
advanced previously regarding the effect of electrostatic charge on aerosol

decay.
The study will be continued during the next quarter.
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4.4 Sampling of Swirl Disperser's Output

One of ths questions which has plagued the aerosol program -for some
time is whether grinding takes place in the dispersing process. During the
past quarter, tests were made in which the entire output of the swirl dispen-
ser was collected and submitted to Whitby sedimentation size analysis. The
collection technique is discussed in Section 3. 4 of this report. For the two
powders tried--saccharin and powdered sugar--the size distributions of the
swirl-dispersed samples were nearly identical to the size distributions of the
atocks from which the samples were taken.

In another study of the swirl-dispenser performance, the dispersing gas-flow
rate was measured by means of a capillary tube flowmeter, The results, some-
what higher than has been anticipated, are shown in Figure 4.8. .
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5., EXPERIMENTS USING GRAPHITE TO REDUCE SIDE.WALL FRICTION OF
COMPACTED POWDER SLIDING IN CYLINDERS

At the Fourth Coordinaticn Meeting on Dissemination Research held at Fort
Detrick in May, 1963, Mr. Eugene Flurie described some compacted powder
experiments conducted at the Biological Laboratories in. which graphite was
used guccessfully on the walls of a small cylinder to reduce friction. Since
side-wall friction is an important consideration in developing equipment to handle
compacted dry-agent materials, an investigation of the use of graphite to reduce
friction was atarted at General Mills, Inc. Most of our interest in lowering side-
wall friction relates to the performance of the E-4] spray tank and its associated i
loading equipment, During the development of these items, a number of experi- I
ments were performed which provided data on the forcs required to move a mass ’
of compacted powder out of the cylinder in which it was compacted. Some of these
experiments were repeated during May and June using graphite as a lubricant on
the cylinder's walls, The results were very gratifying. Use of graphite has
lowered frictional-force by approximately 50 percent, Experimental procedures
employed and results obtained are discussed in the following paragraphs,

5.1 Procedure

The data reported herein were obtained in three sets of experiments: Two
sets of tests were conducted in May and August, 1962, during a determination
of the forces likely to be encountered in compacting and loading dry-powder
charges into the E-41 spray tank. These tests provided data on density as a
function of compactive pressure, and on the force required to push a body of
compacted powder out of a ¢ylinder as a function of compactive pressure and the
cylinder's length-to-diameter ratio. A 6-inch diameter aluminum cylinder was
used in tests with Mistron Vapor talc, and a 7, 5-inch cylinder was used with
powdered sugar, flour, and powdered milk.

For the third set of experiments, thetess w th talc and powdered sugar
were repeated in a 6-inch cylinder, using graphite to lubricate the cylinder's
walls. These experiments wers conducted during the latter part of May and
early June, 1963. Their ohjective was to determine the effectiveness of
graphite in lowering side-wall resistance to the sliding of compacted powder,

5.1

Page determined to be Unclassified
Reviewed Chiet, RDD, WHS
IAW EO 13526, Section 3.8

PR 152013



e oy e

—
——

a— ,

bt mim— Sy, gempsm

The experimental procedures were the same for all three sets of tests,
The powder was pressed into the cylinder uaing the arrangement shown
schematically in Figure 5.1, During compaction, force was applied for a
sufficiently long period of time to allow entrapped air to pass through the
felt pad and air holes incorporated in the compacting piston. The compactive
force was measured on the platform scale, After completion of the filling
opération, the cylinder was raised off the base plate with spacers 80 that the
body of compacted powder could ba pushed down out of the cylinder., The
force required was measured on the platform scale, and the cylinder was kept
vertical at all times,

When filling the cylinder, we added poewder in increments and applied speci-
fied compactive force after each addition. One-half pound increments were used
with tale, and one-pound measures with powdered sugar. The total amount of
powder was varied eo that different lengths of compacted powder specimens
wers obtained. The length-to-diameter ratios employed ranged from 0. 7 to 2. 5.
The compactive pressures ranged from 3.5 to 13. 1 psi.

The graphite used to lubricate the cylinder wall was wiped on with a piece
of chamois skin when applied dry, This was the case for most of the experiments.
A few trials were made in which the graphite was mixed with a liquid and sprayed
on with a small spray can. The film was allowed to dry before we fillad the
cylinder with powder. Water, alcohol, and trichloroethylene were tried as
vehicles for applying the graphite as a spray.

Two brands of finely-divided graphite were used. Their particle sizes
were not known, but we plan to make size determinations. One brand was
"'620" powdered amorphous graphite from the American Graphite Company,
Ticonderoga, New York. The other was ''Microfyne" lubricating flake graphite
from the Joseph Dixon Crucible Company, Jersey Citv, New Jersey. There
was no discernible difference in performances of the two branda.
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Figure 5.1 Schematic Diagram of Arrangement Used to Compact Powder
into a Cylinder and to Determine the Force Required to Trans-
late the Compacted Powder through the Cylinder :
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5,2 Results

The results of the experiments are presented in Figures 5.2, 5.3, and 5. 4,

where the force to eject the body of compacted powder is plotted against the
length-to-diameter ratio of the body of powder. Although the ejection force
was measured directly in pounds, it has been converted to pounds per square
inch to permit a comparison of the results obtained with the 6-inch cylinder
to those from the 7. 5-inch cylinder. In both Figures 5.2 and 5.3 there are
two sets of data plotted, The results from the plain aluminum cylinder are
represented by dashed lines, and those from the graphite-coated cylinder
are depicted with solid lines. Each point represents a single test.

The data from the trials with talc are presented in Figure 5.2. It is
clearly evident that the use ot graphite to lubricate the cylinder produces an
appreciable reduction in side-wall friction, These data also indicate that the
percentage of reduction ts greater for the larger length-to-diameter ratios
than it is for the smaller ratios. This was observed for both compactive
pressures employed in the trials, For the 5.3 pai pressure, the percentage
of reduction was 49 percent ata length-to-diameter ratio of 1.5, increasing
to 55,7 percent at a length-to-diameter ratio of 2.3, For the 3, 53 pai com-
pactive pressure, the percentagess:reduction at the respective ratios were
28. 8 and 49,

It will also be observed that the percentage of reduction in ejecting pres-
sure is greater at a higher compactive pressure than at a lower one., (This
is undoubtedly related to the higher density produced by the higher compactive
pressure.) For a length-to-diameter ratio of 2, 3 and a compactive pressure
of 3. 53 psi, the use of graphite resulted in a 49 percent reduction in ejecting

pressure whereas the percentage of reduction was 55. 7 percentat a pressure of

5.3 psi.

An examination of the data presented in Figure 5. 3 for powdered sugar
shows the same general pattern. Here again, the use of graphite to lubricate
the cylinder's walls before packing in the powdered sugar resulted in a signifi-

cant reduction in the force required to push compacted powder out of the cylindn-.
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Diameter Aluminum Cylinder with and without Graphite
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Figure 5,3 Comparison of Force to Eject Compacted Powdered Sugar fro.n
a 6-inch Diameter Aluminum Cylinder with Graphite and a
7. 5-inch Diameter Aluminum Cylinder without Graphite.
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The percentage of reduction in force was more for the large length-to-diameter
ratios than for the small. The data for the graphite-lubricated cylinder showed
less Bcatter than that for the plain aluminum cylinder. This could be interpreted
as a further indication that frictional effects are allsviated by the use of graphite,

As was pointed out in the discussion on procedures, the graphite powder was
applied dry with a chamois skin for most of the trials. This was the method of
application employad for the data presented in Figures 5.2 and 5.3 A few trials
were made in which the graphite was suspended in a liquid and then sprayed onto
the gurface. The liquid was then allowed to evaporate before filling the cylinder
with powder (Mistron Vapor talc was used), Water, alcohol, and trichlorcethylene
were tried as vehicles. We found that all three systems deposited graphite satia-
factorily on the cylinder's wall. Data from the trials using the spray technique
are presented in Figure 5. 4 with comparable data for dry trials with tale, All of
the data points for the sprayed graphite trials were found to be slightly below the
curve for the trials where the graphite was applied dry. The results obtained
when trichloroehylene was used are especially encouraging and suggest that a
technique for applying graphite may be discovered that will result in even lower
side-wall friction.

In view of the encouraging results obtained with the 6-inch diameter cylinder,
we decided to experiment with the loader used for filling the E-41 spray tank
with compacted powder, This loader is described in the Ninth Quartsrly Progress
Report.( The loading tube is 16-3/16 inches in diameter and 36-5/8 inches
long. It contains sufficient material to fill one end of the E.41 spray tank in a
single loading operation.

The loading tube is made of aluminum that has been hard-coat anodized and
then coated witha dry-film lubricant. Experience has shown that an air pressure
of from 30 to 35 psig behind the piston is required to force the compacted powder
out of this tube.

In preparation for the sxperiment with graphite lubrication, the tube was
clraned of pawder from previous loading operations by a light rubbing with
steel wool. Then the graphite was wiped on with a chamois skin, and Mistron
vapor talc was packed into the tube to an average density of 0. 63 g/cm3.
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The loading tube was then positioned horizontally, and the talc was pushed
out and allowed to fall into a barrel. A pressure of 12 psig was sufficient to
force the talc out of the tube. This particular experiment has not been repeated,
but graphite lubrication was used subsequently in filling the E-41 spray tank with

talc prior to shipment to Eglin Air Force Basg. During this operation a pressure

of 20 psig was observed on three occasions. Both the 12 psig and 20 paig prea-
sures are substantial improvements over the 30 to 35 psig previously required.

5.3 Conclusions

Although only a limited amount of data has been obtained on the use of
graphite to reducc sids-wall forces associated with moving a charge of com-
pacted powder in a cylinder, the results are significant enough to warraat
reporting them at this time. The tests with the 6-inch cylinders showed a
reduction in force of approximately 50 percent when graphite is used to lubri-
cate the cylinder's wall. One test with the 16, 5-inch cylinder shaowed a
60-percent reduction in the force (from 30 to |2 psi) required to push a charge
of compacied talc out of this cylinder. Subsequent experience in loading for
the Eglin tests indicates that a reduction of approximately 35 percent may be
more reasonadbly expected,

As a consequence of the good results obtained thus far with graphite,
further work in this ares is planned, More tests with 6-inch cylinders will
be conducted. One area of special interest is the influence of initial surface
roughness on frictional forces when graphite {s used as a lubricant, Fuli-
scale tests with the experimental diaseminator are also planned,
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6. DISSEMINATION AND DEAGGLOMERATION STUDIES

6.1 General Approach

During this period, studies were continued on the deagglomeration of dry,
finely divided Sm simulant. Wind-tunnel tests were conducted to investigate
two factors: dissemination at Jow flight speeds, and dissemination of material
stored in the compacted state.

6.2 Dissemination at Low Flight Speeds

Prior to this time, we have been concerned with the feasibility of deagglomerat-
ing finely divided Sm at flight speeds of Mach number 0. 5 to 0.8 (330 to 528 knots),
Results from wind-tunnel tests showed that the material could be mechanicaily
disaggregated and disseminated with high physical efficiency at these speeds.

Our study has now been extended to cover flight speeds below Mach number 0, 5.
We have determined the minimum speed for efficient dissemination of uncompacted
material, and bave conducted a thorough investigation at Mach numbar 0. 3.

During these tests, we employed the same aerosol-sampling techniques
described in an earlier report. 2 Full-flow impactor tests provided a
qualitative measure of the presence of very large agglomarates {100 to 500
microna in diameter) in the aerosol, whereas collection of fine highly deagglom-
erated material on membrane filters provided quantitative data from which the
limiting bulk-density condition could be determined. For this purpose, the
high-velocity sampling probe was located 0. 5 inch from the bottom tunnel wall.

The Sm used in this study was taken from lot Si -8m-342, the same lot
used in our previous tests. The moisture content of this simulant has in-
creased to 2. 6 percent from a value of 1.7 percent which it had during
many of aur earlier tests. This change does not, however, appear to be

affecting the deagglomeration efficiency.
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The results of these tests at Mach number 0.3 are shown in Figure 6.1.
The measurements indicate that the concentration of fine, deagglomerated )
aerosol is essentially independent of bulk density in the range 0. 33 to 6. 52 g/e.w?.
Above this range, however, the quantity of material in the fine aerosol cloud
decreases. Conversely, the impactor results indicate that as the bulk density
exceeds 0. 52 g/cm3 an increasing percentage of the aerosol is comprised of
large agglo;neratal that do not readily break up. This value,.therefore, repre-
sents the limiting condition for a flight speed of Mach number 0. 3.

With the uncompacted material, we found that very good break-up can be
obtained at a flight speed of Mach number 0.25. As the air velocity was de-
creased below this value, the large agglomerates became increasingly prom-

inant.

6.3 Efficient Deagglomeration with the E-41 Aircraft Disseminator

Reaults that have been obtained with the wind-tuanel apparatus are com-
bined in this section to define more clearly the relationship between flight speed
and compactive density for a disseminator of the E-4] type. The maximum bulk
density that can be deaggiomerated efficiently was determined from concentration
curves such as that shown in Figure 6.1. Those for Mach number 0. 5 and 0.8 were
discussed in Reference 2 . For this purpose, we determined the "'break point"
for each curve; break point is defined as the bulk density at which the fine aero-
sol concentration decreases to 95 percent of its maximum, value for a particular
series of tests. Figure 6.2 and Table 6.1 show the break points for runs at
Mach numbers of 0.3, 0.5, and 0.8. At the break point, deagglomeration
efficiency is approximately 90 percent--that is, 90 percent of the particles
that originally had diameters in the 1- to 5-micron range are dispersed in the
same size range by the disseminator. Microscopic analysesof filter samples
and full -flow impactor collactions have been used to determine this value of
e[ﬁéiency.
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Table 6.1 Break Points for Dissemination Tests with Compacted Sm
at Wind Tunnel Mach Numbersof 0.3, 0.5, and 0. 8

Mach Number Bulk Density (g/cm’)
0.30 0.52 ‘
0. 50 0.58
0.80 0.59

In Figure 6.3 the break points are plotted against dissemination flight
speed. Also, the minimum flight speed is ahown for uncompacted Sm. This
curve defines the operational region in which the E-41 is expected to be very
effective in deagglomerating compacted materials. In the bulk density range
0.3t0.5 ;/cms. the curve is quite flat because the energy of compaction is

‘low (see Figure 6.4). In mechanically disaggregating the compacted slug prior

to dissemination, the material is essentially returned to its original condition.
Consequently, dry Sm compacted to 0.5 g/ t:rx'.\3 is as easy to déagglomente as

the uncompacted material. As denaity increases above 0.5 g/cm”, the binding
energy of the particles increases very rapidly, as shown in. Figure 6. 4. In this
"nsa, the mechanical disaggregator produces material which consists of an
increasing percentage of large, strong agglomerates with diameters in the

100 to 1000 micron size range. These are quite difficult to deagglomerate

with fluid energy, and the flight speed requirement therefore increases very
rapidly above a density of 0. 55 g/cm3. For this material, the maximum density
that can be disseminated with high efficiency is 0. 59 g/ <:m3 at high subsonic flight

speeds.

It is apparent that the curve shown in Figure 6. 3 will shift somewhat for
sach agent. Different lots of Sm have been shown to be either more or less
difficult to disseminate in the compacted stats, depending greatly on the com-
paction energy-density relationship shown in Figure 6.4. We therefore belicve
that measurement of this parameter will be one method used to predict the
flight-speed requirements for various agents. Both the shape of the resulting
curves and their absolute values indicate the binding energy of compacted
materials which must be overcome during the dissemination process.
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6.4 Dissemination of Stored Sm in the Compacted Condition

At an earlier date, dissemination tests were conducted on Sm simulant
that bad been stored in the compacted condition at ~18 C for [0 weeks. The
results indicated that this material was somewhat more difficult to deagglomer-
ate than similar material, which had not been stored. Since storeage is an
important factor, a larger test program was planned and initiated during this
period. The program is divided into two parts--namely, wind-tunnel deagglom-
eration teats, and viability tests.

6.4.1 Wind-Tunnel Deagglomeration Tests

The dissemination and deagglomaration test constitutes 2 x 3 x 6 factorial
with duplicate runs for each treatment. The variables investigated include

Storage Temperature

-2C
«23 C

Storage Bulk Density

0.33 g/cm;, uncompacted
0.57 g/cm3
0.61 g/em

Storage Period

0.04 day
] day
7 days
30 days
91 days
182 days

We are using our standard methods for generating and assessing aerosols,
They include the GMI-3 dissemination fixture, and the isokinetic sampling
probe and full-flow impactor-collection systems.
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For this series of tests Sm lots 61-26 and 61-28 are being used. The
material has 8 MMD of 9. % microns. In preparing the samples, Sm is com-
pacted into storage cylinders of 0. 75 inch diameter in a dry, controlled
atmosphers. The containers are sealed securely during the storage period.

At the present time tests have been conducted for all time periods through
30 days. The results indicate that there is no significantly detrimental effect
of storage on deagglomeration efficiency. Material that can be deagglomerated
immediately after being compacted also can be effsctively deagglomerated
after storage at -2 C or -23 C.

6.4.2 Stora‘e Viabﬂitz Tests

The samples prepared for the above tests are also used in a study of the
effect of storage on viability. The same variables are investigated, but the
test has an additional seven time periods and therefore consists of a2 x 3 x 13
factorial. The time variable includes

Storage Periods

0.04 day 30 days

1 day 61 days

3 days 91 days

5 days 122 days

7 days 152 days

14 days 182 days
21 days

Samples of these tests are taken after the slugs have been mechanically dis-
aggregated. Cur standard method of biological assay is used, and a Waring
blender is employed to break-up the compacted clusters of material. Each
analysis has an uncompacted control, which is stored at -23 G,

As in the former case, the results to date do not indicate a significant
decrease in viability after storage periods of 30 days. Detailed results of
this program will be presented in the next progress report.
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7. E-41 SPRAY TANK

During the quarterly report period, work related to the E-41 Spray Tank
coantinued in the Development Efnglnuring Department. Considerable progress
was made in the fabrication of the second unit. Minor design changes are being
incorporated in this second unit as well as in the first air-borne E-41. Some of
these modifications will make it possible to fill the unit with loose powder by
Inserting a filling tube through the end plate and piston. The arrangement of
components within the discharge shroud has been modified to provide improved
decontamination features. Plans were initiated for flight tests of the E-4]
Spray Tank at Eglin Air Force Base on the F-100 and F-105 airplanes.

7.1 Fabrication of the Second E-4]1 Spray Tank

A second E-4]1 Spray Tank is being fabricated for use in future flight-test
programs. In view of the high degree of success experienced with the first air-
barne E-41, there will be no major design changes in the second unit. The
minor modifications which are being incorporated in the second unit are of
such a nature that they will also be made on the first unit. Thus, both E-4i
Spray Tankswill be similar. Completion of the second unit is scheduled for
June,

7.2 Improved Arrangement of Components within Discharge Shroud

The shroud surrounding the discharge tube on the bottom of the E-41
Spray Tank serves as an enclosure for components associated with the dis-
charge valve's operation. The shroud also streamlines the discharge tube
and separates the aerosol stream from the spray tank.  The initial design
for this area was somewhat deficient in that it was difficult to decontaminate.
This area has been redesigned, and the improved features are being incor-
porated in both E-41 Spray Tanks.
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In the revised design, all the electrical components such as the motor and
lUmit switches are enclosed by a sealed cover or housing as shown in Figure 7.1,
All of the wiring leading from the disseminator proper to these components is
contained in a single sealed cable assembly. The connector is mounted in the
cover. The squib wires and the arming wire are connected by means of terminal
strips mounted externally on the cover. Since the sealing assembly (which is
missing in Figure 7. 1) on the discharge tube contains the squibs and arming
wire and must be replaced after each mission, these wires can be disconnected
at the terminal strips during the decontamination procedure.

7.3 Removal of Heater and Low-Pressure Switch

Experience with the E-41 Spray Tank has shown that the unit can be
operated satisfactorily without the heating jacket on the high-pressure nitrogen
tank. The heating jacket has been operating satisfactorily to date, but tests
have shown that the tank has adequate capacity to supply a sufficient volume

of nitrogen without heating. The heating jacket will therefore 2o longer be
used on the nitrogen tank.

The Eleventh Quarterly progress report contains a discussion of the
performance of the low-pressure switch during the flight trials at Dugway
Proving Ground last January. An analysis of the spray tank's performance,
taking into consideration the airplane's flight-altitude c¢hanges duiing the
trials, led to the conclusion that the switch was operating untimely to cause
a short delay in the start of dissemination. In as much as the jamming con-
dition which this switch was intended to protect against has never occurred,
a decision was made to eliminate the switch. The mounting holes for the
switch in the end plate will be sealed with plugs.

7.4 Addition of Flllinl Holes in Pistons and End Plates

Because the E-41 Spray Tank is capable of disseminating dry agent material
from the loose bulk state as well as the compacted state, there is justification

for incorporating filling holes in pi:ién; and end plares for loading locse

7-2

m ' DECLASSIFIED IN FULL
Aumomy: EO 13528
Chief, Records & Declass Div, WHS

Date: AER: 1 3 2013




I WM siuswodutoy x

pPRoxyg aSaeyae
a
o3 Buisnoy paress 1, aanSy g

Chief. Records & Declass Div, WHS

DECLASSIFIED IN FULL
Pt S APR 2013

Authority: EO 13526



p———

[,
-

[yTv—

W

powder. Filling holea bave been added to the end plates of both E.4] Spray
Tanks, Corresponding holes have been made in the pistons of the units so
that a filling tuhe can be inserted into e tanks,

The holes in the pistons are three inches in diameter, and the holes in
the end plates are 3, 25 inches go that the plug for the pistons can he removed
through the holes in the end plates. The closures in the end plates are sealed
with two O-rings,

7.5 Flight Tests at Eglin Air Force Base

In May 1963 Detachment 4, ASD, Weapons Laboratory (ASQW'C) Eglin Air 1
Force Base requested that the E-4) Spray Tank be made available to them for :
flight tests on the ¥-100D and the F-105 airplanes, [t was subsequently
decided by Fort Detrick that an E-41 would be shipped from General Mills,
Inc. to Eglin Air Force Base for this purpose. The tests are scheduled to
begin ;i\;ring the latter part of June.

Thel;.e flight trials are intended to demonstrate the compatibility of the
spray tank with the F-100D and the F-105, and procedures for assaying
ground coverage resulting from dissemination of simulants are not included
in the plans. The unit will be loaded with tale, which will be disseminated
during the trials.
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8. PREPARATIONS FOR FLIGHT TESTS OF THE E-41 SPRAY TANK ON
THE MOHAWK AIRCRAFT

On 11 March 1963 Mr. Gorden R. Whitnah of General Mills, Inc. visited
Lt. Col. Vincent Ulery, Army liaison Officer at the Navy Bureau of Weapons,
and Mr. R. Groundwater at the Mohawk Project Office in Building T-7 to dis-
cuss plans for flying the E-41 Spray Tank on the AO-| Mohawk airplane. On
28 March 1963 engineers from General Mills, Inc. met with Mr. John Coursen,
Mohawk Project Engineer, and with several other Grumman personnel at the
Grumman Aircraft Company, Bethpage, Long Island. During this visit General
Mills, Inc. obtained engineering data pertaining to the installation of the E-4] on

‘the Mohawk.

The weight and size of the E-41 present no apparent problems, bnt it will be
necessary to carry two units or one E-4]1 and one 150-~gallon fuel tank to obtain
symmetrical loading. This decreases the maximwn obtainable speed but is
necessary for flight stability. The maximum dissemination velocity will be
in the 200 to 240 knot range. Wind-tunnel experiments reported in Section 6
of this report indicate that BW agents can be successfully disseminatad and
aerosolized at thir air speed.

The spray tank will be mounted on the Aerc 65 A pylon at wing station 185,
If only one unit is flown, it appears that the left-hand pylon-(as viewed from the
front) is the preferable location because of the tendency of -the propwash to move
from right to left.

A cruciform tail is used on the 150-gallon fuel tanks flown on the AO-1
Mohawk. The major reason for this is to stabilize the atore when {t is released
from the pylon upon jettisoning. Because the empty weight of the E-41 is
significantly greater than the empty weight of the fuel tank, it should not be
necessary to use the cruciform tail. However, since the cruciform tail is
the accepted design and there is no strong objection to using it on the E.4],

a decision was made to provide an interchangeable aft secrion with cruciform
tail for the E-41 Spray Tank when flown on the Mohawk airplane. Details of
this four-finned tail section are shown in GM! drawing SK 29100-1305 in
Appendix B,
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Installation of the E-4] on any particular Mohawk aircraft will require
rewiring of the wing, pylon, and control box. Since a free-fall jettison system
is emplayed, a pig tail with quick-release connector is needed for the spray
tank to insure positive separation from the pylon wiring. There is ample raom
for the E-41 control panel in the airplane's cockpit. Grumman expressed a
willingness to perform the wiring modifications on the test airplane provided
they are paid for their services.

Further progress on the Mohawk flight-test program is dependent upon the
establishment of dates for the flights by the Mohawk Project Officer in Waah-
ington, D. C.
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9. SUMMARY AND CONCLUSIONS

The improved multipurpose test unit is now being used to measure
shear strength, tensile strength, and bulk density within the confines of
a single isolator lab. The fact that reproducible results are being ob-
tained with this unit is indicated by the data presented for several
powders. "Rulon" alip agent and graphite have been tried on the mold
used to form the "necked-down' speciments for the triaxial tensile test.
Three supposedly identical Sm samples have been found to exhibit dis.
tinctly different compaction characteristics, Tests for parricle size
distribution, particledensity, and moisture content are baing conducted
in an effort to explain the diffsrences in the behavior of these Sm
samples. Whitby particle-size determinations have shown that a change
in size distributon toward a emaller MMD occurred when saccharin was
compacted to 3 compressive stress of 2.84 x 10‘ dynec.’cm?'. It has been
found that the addition of 0. 25 to 5.0 percent Cab-0-5il to powders causes
a significant increase in the compaction stress required to produce a
given bulk density.

Experiments were performed to determine the time required for the
fluid bed to equilibrate. Even though extensive agglomeration accurs,
particle-aize analyses performed on samples taken from different levels
of the bed showed no evidence of segregation or attrition during the 75-
minute runs. There was no loss of powder by carry-over at a fluid
velocity of 4 cm/sec; but 2. 8 percent was lost at 8 cm/sec, and 5. ¢
percent lost at 12 crm/aec {Section 2},

The BET gas-adsorption method was used to measure the total
surface area of saccharin for comparison with similar data obtained for
talc during the previcusquarter, For saccharin, the BET specific surface
area is 1,53 mzlg 27 percent, which is significantly lcss than the value
of 15.9 mzlg determined for Mistron Vapor talc. The increased surface
area for talc is attributed to ite porosity. The rugosity, defined as
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ta 2.2 for saccharin, Micrographs that have been used to obtain particle-
shape information are praverted for talc, saccharin, egg albumin, powdered
milk, Sm, powdersd sugar, and cornstarch. Whitby size analy-ec made on
saccharin and powdered sugar before and after their being dispersed by the
swirl disperser for use in the aerosol chamber have shown that grinding
doss not occur §n the disperser (Section 3).

A program was initiated to study the effects of atmospheric charge
conditions on aerosol decay using the aerosol chamber. Ion concentration
in the chamber is varied through introduction of positive ions by means of
8 corona-discharge ion generator. The Injection of positive ions reduces
the longevity of tale aerosols. For saccharin aerosols, the introduction
of positive ions simultanecusly with the introduction of the powder increases
aerosol longevity, whereas ion injection after injection of the powder de-
creases longevity (Section 4).

Experimants were conducted to determine the effectivenese of powdered
graphite in reducing side-wall friction of compacted powders sliding in
cylinders, Dats Feportedwereobtained with three sizes of cylinders -- 6,
7.5, and 16. 187 §nches internal diameter. Graphite was applied dry and
4% & suspension in water, alcohol, and trichloroethylene. The latter
showed a small improvement over the others. The force required to eject
compacted talc and powdered Sugar from a graphite-lubricated cylinder
wag found to be significantly below that for a Plain aluminum cylinder.
Although the results varied as the length-to-diameter ratio and the com-
pactive pressure were changed, a reduction of 50 percent is representative
of the decrease in ejection force cbserved during the tests. Further tests
are planned. An area of particular interest is the effect of surface rough-
ness on side-wall friction when graphite ie used as a lubricant {Section 5),
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Dissemination and deagglomeration studies with dry Sm using the
blow-down wind tunnel have been conducted to extend the range of investi-
gated air velocities down to Mach number 0.25, Tests run at various
bulk densities have shown that the concentration of fine, deagglomerated
aerosol is essential independent of bulk density in the range from 0. 33 to
0.52 g/ em3, Consequently, 0.52 g/ cm3 is the limiting bulk denaity for
Sm for a speed of Mach number 0.3/ Wind-tunnel deagglomeration tests
and viability tests on Sm stored in the compacted state havs thus far
demonstrated that storage at -2 C or -23 C for periods up to 30 days has
no significant detrimsntal effect on either deagglomeration efficiency or
viability (Section 6).

Fabrication of the second E-41 spray tank progressed significantly
during the quarter. Minor design changes being incorporated in the
E-41 tank include 1) {improved sealing of components in the discharge
tubs region; 2) removal of the heating jacket from the nitrogen tank;

3) removal of the low-pressure switches from the gas supply system;
and 4) the addition of filling holes in the pistons and end plates to facili-
tate loading loose powder. Plans were initiated to conduct flight tests
at Eglin Air Force Base in which the E-41 will be flown on the F-100D
and F-105 airplanes to demonstrate its airworthiness and compatibility
{Section 7).

Personnel from General Mills, Inc. met with engineers at the
Grumman Alrcraft Company (Bethpage, Long Island) to discuss the
problems of flying the E-41 spray tank on the AO-1 Mohawk airplane.
Engme'aring and performance data were obtained. When the E-41 is
flown on the Mohawk, it will be necessary to carry a spray tank (or a
150-gallon fuel tank) on each wing to maintain balanced loading. Maxi.
mum flight speed will be in the 200~ to 240-knot range. Cruciform tails
have been ordered for the E-41 spray tanks because this is the accepted
design for the 150-gallon fuel tanks used on the Mobawk, Minor aircraft
rewiring will be necessary to accommodate the E-41 (Section 8),
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The following report covars tha basic loads and stress
analysis of a special tank built for the Blectronics Divi-
sion of General Mills Inc. Ths design is par their speci-
fication GM8~29100-610, and is coversd by Purchase Ordar
MD~84384 dated 6-4-62.

The basic loads for the tank design are devsloped from the
requirements of Saction #3,5.6 of MIL-T=7378BA, dated 20
Octcber 1958 and from airload data furnished by General
Mills in their latter to F.A.C. dated July 27, 1962, toad
factors for the catapult takeoff and arrested landing con-
ditions, ag well as for the £flight conditions, are taken
from Pig. 1 of the above Mil spec., which gives load factors
for wing-mounted stores. Since the load requirements of
MIL-A=8591B are the same as MIL-T-7378A, they are also

met . '

The reactions on the tank attach points are calculated and
summarizsd on pages 20 and 2| . Resultant shear and
bending moment at oritical stations along the tank are also
calculatsd. See pages 23 to A& inclusive. The foregoing
data is then studied and a summary of design conditions
critical for the various items of structure is pressnted

on page 3] _. The choice of static test conditions is
based on this summary.

The sign convention for both the inartia lcads and airloads
and the reactions to the loads is as followss

Z = Upward acting
¥ = Acting to the left (locking forward)
X = Rearward acting

Positive moment vectors are in the same
diraction, using the left-hand ruls.

In the casa of the shear and bending moments in the tank
shell, the sign of both the shear and bending moment agrees
with the sign of the force on tha end of the tank beyond
the cut section.

' - nang - sarg - - ~ . Tho. by | ’a
agpanse| R.W.H111 |8-24-62 | FLETCHER AVIATION COMPANY | . [ 2
e -
Guuoxxs LOADS & STRESS ANALYSIS Moo, g:’gg
[ S SOLID PUEL TARK ""°"'”*.’,
INTRODUCTION "_
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Symbols and definitions used throughout this report are :

tabulated on page £ . All loads, reactions and all stress
analysis are presented in terms of ultimate loads unless
specifically noted to the contrary.

The results of the stress analysis of the critical struce=
tural items in the tank are summarized in the Table of
Minimum Margins of Safety, page L., Which includes all
margins of safsty less than 20%.
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REFERERCRS
General Mills Drawing #SK 29100-612 "Prelim. Tank Assy. Drawing®

#21-150-48032 “Tank Assembly - G.M.I, Specs.*
" " 1342 “"Noss Section Assem.”
" 3372 "Bulkhead ~ Fin Support®
4232 "Beam « FPin"
4235 "Angle - Fin Bupport, Upper”
4236 “Angle ~ Pin Bupport, lLower"
4679 "Pin Assembly"”
20179 “Casting -~ Center Section Support®
20181 “Ring Segment"

2 X 2 =2 z 2 =
T =2 8 T 3z 3

Douglas Aircraft Drawing #2550568 ~ "Insert®
" . . 4544419-501 "Eye-bolt"
" » " 4552066 *Forying Blank”

REPORTS, MANUALS, ETC.

General Mills Specification #GMS 29100-610.

General Mills letter to F.A.C. dated 7~-11-62..

Genaral Mills lestter to F.A.C. dated 7-27-62.

MIL-T-7378A - "External PFuel Tanks”.

MIL-A-85913 - "Airborne Stores & Zquipment”.

MIL-HDBK~5 -~ “Strength of Metal Aircraft Elements".

QQ-8-766C -~ “Corrosion Resisting Steel Sheet".

P.A.C. Report #43.284 - "Loads & Stress Analysis, General

Mills Tank",

NlAtc.Al T.N. “27 - “Thin‘wlll.d cylind.fl iﬂ TOtlion'.
- T.N. #479 - "Thin~walled Cylinders in Bending®,
» T.N. #3929 - “Circular ghell-Supported Frames".

Lockheed Alrcraft Stress Memo Manual

BOOKS

Alcoa Structural Handbook, 1938 ad.
F.R. Shanley - "Basic Structures” 1944 ed.

FAL hovmn $408
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:
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NXIXTLu D

neoio Dl ww

WHEN USED AS SUBSCRIPTS

Lt L ﬁ 0 g‘b‘>

~NOMENCTATURE.

Area {in?)

Modulus of aelagtici

. Allowable stress (#/in3)
Actual stress (#/1in2)

. Moment of inertia (in9d)

" Mass momant

A factor; coafficient
A length (in.) .
A lmqth ‘MQ) !
Moment (in-~1bs.)
Margin of safety

Load factor
Load ‘lh.-)

Reacting force; hock loads radius;

Momant armj

Shear load (1bs.); sway brace load (1lbs.)
' Weight (1bs)

Running load (1ds/in.)

Longitudinal reference axis, positive aft.
Tank station at center of gravity.

Lateral reference axis, positive outb‘d, 1

to left.
Distance to

Vertical referance axis, positiva upward,
Saction modulus (in3)

Dis*ance to

Increment of change, as AR, change in force.
An angle (Deg.)

Pitching angular acceleration (Rad./sec.3)
Yawing angular acceleration (Rad./sec.d)
Daflection (in,)

Aft
Bending
Bearing
Compresgion
Crippling
Forward
Horizontal
Left side

~DEYUGTION

of inertia (slug-ft2)

o o et e e e

radius (in.)

center of gravity in Y direction. . ‘

o

canter of gravity in 2 direction.

e e -

1A Sovm 1408
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WHEN USED AS SUBSCRIPTS (contd)

KuX<cranwx

>t

Mass; moment .
Regultant; right eide

Shear

Tension

Vltimate

Vertical

X-axis)

Y-axil}' Sse sign convention, page _2
Z-axis

Yield . ,

PAC Ferm PROS
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sesante |R.9, AL | 9-13063 sLaTchin AVIATION COMPANY

7 .
Juacxss 1OADS & STRESS ANALYSIS [Mosm Custom |
’ SOLID FURL TANK 43.300
‘Aspmoven Rupent tie. |
: D
IARLE SEHQWING .
MOUSINUX NARGINS OF SAPETY * )
} .
| fae e, Material SEitical In. M.§.
i 35 -20180  Type #304 Btainless Steel Tension .04
' a8 -20179 336-T6 Casting Bending .00
38 =20181 - 4130 stesl, n.t. 170,000 Bending .04
41 -4232 2024~74 Plats .’ . . Bending .00
\ 43 ~4479 AT =106 Polyurethsne fhear " .18
i 46 «3372 8061-76 Plate . BeAring «03

* Includes all margins of safaty lass than 20%

ML fra P04
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Salld Fuel Tank 43.300

AT W e

The basle loads for the tonk desig

(1) Reactions from the sway brace pads are always normel to the fank surface, at.

@)

Q)
4

(8)

)

LOADING ASSUMPTIONS

"

3
an angle of 26° from the vertical. (Ref. sk. on page /4 ),

Stde Ioadt'nﬁ 1 resistad by a hook verticel laad and the sway braca acting at
26° from the vertical .

Each eye-bolt should be copable of carrying 60% of the total drog load,

Rolling momants (M) will be corrled by a couple between the hook and swoy
brace, each force In the couple acting at the some 26° from the vertical os
noted above. Each couple may be equal to 100% of the fotal rolling moment,

Pirching moments are resisted by a couple between on eye-bolt and the for
pair of sway braces.

Yawing moments ars resisted by a couple formed by the lateral components of
load of the forward and oft swoy braces, The resulting vertical components
are resisted by vertical loads on the adjccent eye-bolts,

The onalysis will ignore pre~locds In the attoch fittings due 1o torquing th e
way braces, because experience has sthown that thess pre-loads dlsoppear
before ultimate test loads are reached.

The effect of the varlous load components 1s linear (¢'ow the yleld stres of
all offectsd ports) and the reactions 1o them may thece*re be superimposed
on each other,

Loads & Stress Analysis Mones _Custom

n are developed from the requirements of Section 3,54
' of MIL-T-7378A, dated 20 October 1958 and from alrloads fumished by Genercl Mills"
In their letter to FLA.C. dated July 27, 1962, These loads and the necessary reactions
from the hooks and sway-brace pads are distributed Into the struciure of the tank, using
the following owumetionss

AR form FRO3
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& R'zo ha Iy For 26* o'

. SIN = , 43837 -
 cogw ,39¢€77

TAN® ,HRT73 |

i

Rk, +5 I For assumplions made in
- cqua lrens for reactions o applicct [oaes.
* ' L 4 - - '- . -
’;. 54’ SRF j-“ 'SHA‘-' _bs%;p&..‘= L2782 P'
-4 Ry, = &y = S000 f ! E

Cop = Ry = ..%‘%?f% = L0252 P,

"'Px Px, - ,?,‘A = ~4300 P

Rap = 12228 = 4320 R

2§
S, wr 5, - '3 -
“a A %—ﬁ-& = .26 A
A Ry » Rx, ==.c00085

K, ==.4380 K
Sip ~ Sep " 216 R

m‘/ > . i TRICHER AVIATION CORPORA Ten | v

e W K Zr0-62 TOoN paas ‘/ n
T o

Cunexen . : . ; &

Asproven #3.300

¥ REPOAT M

_EEAS.Z.ZM 7o {0ADS AT TANK REE, T

VAL herve P008-)
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Prupansn

e L2

'r rang sare ~
/PWM'// RETCHER AVIATION CORPORATION

rs

Myl Sge = Sp, w My =Tlrong M,

o - Rrp = By, BTSNl W TITIY My
Rt B - iz - osiso

M, K2, = My /a5 = 04006 M, S

Sty = Sep = % - .02225 A8

~AMy R ® 04000 My | : . |

Sy = 5‘4 '702125'My |

"'M;," Sg = 5‘ d » | oc"
ey T T e My
2. P .. [ﬁ; — ' ; ‘

-M.,' Sip = Sey = T/1HoE M,
l@;’. - P'A ® T j0282" My

y o /7, - A

8«::{05: of the manner of eam/aufi'n7 I ref
.;‘u,ocr'lmpa.srn *A¢ reactions %a Fhe various
| o comporents, it /s possible for a/t four
Sway braces & barh hooks o ba foogeo

5/’mu/fqneau§4/. 7he reactions from 7he hooks

and Sway broces may be reqyced in aq
.P’,-QFO"TI/on Yo maintarn the Stelic cqurlih -
rrem. This will be done in fwo :r’aps?
Jlep " Redyce phe reactions in the Aooks
;nq‘ Sway brocas .sz'rm//r"wneour;/y until one
ook or one sway brace  reqetion becopmes

Zero, : .
I one regction /s Q/féan’)'/ zero, thAis

sTep s omitted. Becawse of the :ymme:‘ry of -

M; Acoks qpa sway braces about 7he /o
reference axes, rhe fo//wn'nj rzlqﬁ'cn:/n'p;s

PAL devm 73081
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PN D] rm (Tiad
:QW{/_‘[L Z-/““thmm AVIATION. CORPORATION. e |
Barsea Loads Hoor: T 7
| 43, 300
REPORY NoOw

Qre frue when the reactions From beth hodks

or from all four sway brwees' are cA4n7¢4

5¢m~lr‘#ncausg. .
For hook a = /o, 7‘/:4 corresponding

qu)/ brace AR = s00a. v csc3
87877,

Ang conver:e/y)

For q svmy brace AR /.a:r ;‘/;e Correspond -
Ing fook 4R, = 2, 39%79 = |7197¢ ™

7he above aR ddfustments are shown - as
Phe /T Rucduction on PI9es 20 and 2L,
Step "2 After one sway brace redchon
reaches zaro, the adacent fook load may
SHH  be r‘aduccd if fhe moments are kept
in balance. :

] <[
1 |

ADJACENT FAR FAR
HooK SWAY Aoox
BRrRAcE

For a?; = 10 %on MJ;v“nt /‘)aok,.
Far Sway brace aRrR '%'._si.'.__ = 2337%
.%9379.

Far hook aR, = 60 =)0 = so "
For aR = /o0 Yon a far Sway brace,
Adj. heok aRy = £ . .91377. .2 = 27

L4

Far Aook oRy = 2°,.%9%79 - .299¢ = /4986 =

PAC Pome 18084
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Fuzexeo LOADS & STRESS ANALYSIS  |Messs Custom
4 SOLID PUEL TANK 43.300
APPROVED Reyony Mo.
3 ! ‘
CRITICAL DESIGN CONDITIONS

The following tabulation of the critical structural elements
in tha tank shows which design conditions produce the grsatast
loads on these items.

1TEM CRIT, COND. ___ CRITERTA PAGE
Eye-bolt (attach hook) 11 Max. R, & R,
Central casting {15), 5, 11 Bending
Steel frames {18), 4 Down 1d., bending
Pina & attachments 3 Max. £in load
Tank shell (15), 3, 11 Shear + moment,’

& max. drag load

Condition #15 is an ejection condition. Since the loads to
be experienced in the actual ejection may not reach the values
assumed in design, static tasts will be conducted of the next
most critical design conditions in order to demonstrate an
adequate strength level in the above items of structure.

It appears that static testing to Conditions #3, 4, 5, and 11
will prove out all tha structural items. It appears also
that the high sway brace load in Condition #5 (producing high
local bending in the central casting) would be duplicated in
Condition #3 if these loads were all increased by 2.9%. This
would sliminate Condition #5 ag a tast condition.

REQUI STATIC T
Cond. #3 =« Flight (with loads increaded by 2.9%)

Cond. #11 - Arrgsted Landing

ral tarm PG
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SIRESS ANALYS!S

—Luter Shell AHQ/’gi/_{_

Mose Sectian (7S "o - 52.4)

[Pef drj, Y2110 - 49032 Tank A:;cmé/r .
- /342 Nose Asserbl !

&ritécal section for combined shear’s benain
15 jbs‘f Forwany of sta. "s52.s Jbint. Highest [Joads
are  produce Ay Fhe 30000 'ej'e:ﬁoq -)‘Zr:e . the
Tank ~empty coneition.

W= glg.o* (. 3 )

P = 30000 " } Tank inertia /oaes

My“ ® 29300 /n-lbs Cond ’/S" Ps. L3

ere = 30008 = 36.¢7°
T/¢.o-

Sh =reer”

S/ -3 =7 ¢
Yo e, 74#-.7
MA) . 4290 in-lbs
M//’b’/’»f“' 222 /n-ths

B 1o

S = 166,72 36,07 + 7449, c2.36
=GC//3 + S/ =™ o229
My, = 4290 . Je07 + 222, .30
= /87, 310 + /§3%0 = 172,098 /n-lbs
Saction properdics fumy of T "sa2.,-
063" toci~-Tw sheif
arR =to.43 " (Ts. "so , “rs. ‘41 -150 - 1342 )
A = .0e3 7, jo.myg, 2 = 4,130 1"
Z = W, /04HT, ,0c3 = 24,40 in’

(é—)hl“ :az ‘3! :[ l-lf’ /‘.S-'x‘ lll" 77/' ?’
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N nave s - VIATION CORPO vt | vensm,
{2rsraneo | & 11/ Lipy L @29 FLETCHER A RATION rase {2 |29
. nm.e
4 {3 , mgz‘e{a@
“3.3ca
Jassnoveo Asroat No.
' . . .
: Ya'L Yio cont. :
= 23,L__ = 2.2¢  (=/342 Nose Assem.)
/0,448
Ke = .90 (TN %23, Fy. 12)
;o= ﬁé_.
(%% ): 3%
-, a7 - 9070 Ya* }
. F1. %
7}‘ 'F * 2 . lc29 (Prev. x2 for ratfio of may
; #1306 %o avq. s-fres.r in thin .sed/ons)ﬁ

e 3206 //41'
,P 3204 = ,L3§3¢°

-

F070.
K, = .o0r8s (TN 477 /‘73 s)
F; ',KLE - 00/35. /a
= /38500 Vv

Foy = 16000 Tin™ (Alcoa Structuwere/ /‘/4n46k
Tadle 44, Py 43, éoas- 'rq

-{i = 472 ¢99 ... & (Prev, pgs 1§ is qrbi?‘rar

24, 4-0." - factor #ol' stress “,n“#m#;.
- /990 i for bayonet - *ype J‘aint.)
R, = L1992 = 7474
/800
MS = / -/ =|.,2r
3835 4> [ THTY
Lenter Section (Ts "2 —,00.c)
V733 d/‘a *2/- 10~ 43032 Tank Assermn,
Lritical :actzan for cembined shear £ bend:nq
/s at sta. "gs. £ the tank- ¢mpfy eect:on
condition, loqd factor & Pn‘c/rm momen't areg
same as shown on previous pane. (Nose section

anq/yszlr. )
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[ 4
5%, - 28%.3

Lf S = 7793 ° + PRy te |

Mp = 7840 in~bs

%’/‘V e #el In.lhs
Sagee. = 299,34 26,07 ~ 7993, 44.3
= o572 = 472 = 9880 T |
: Mq".‘_ = FINO 4 34.07 - HoeGy &7.3
= J3¢o 830 ~ 32 290 = 32% $HO' ip.lbs
'\ Section proparties
.063 GoGi=-TC¢ shell
QR = 10,500 °
A = 2Ma 10,400 063 = Him4 n "
E = Turo4eg n.0e3 = 2009 in’

Since the section /s neﬂr/y itantical 2o Thet
en pa. 28 , 7he Same allowable stresses wrlf
be used, but increased by 28 7% to allow for
YAe stiffening effect of #he foam filler, /n
aclelition 5 1t ety be asswumed #hat Phe innar
Fank carries a{ least 07 of the actual
shear ana moment, (Sec also FA.C report
43,284 | "loads 2, Stress Anaiyn‘s) General
Mills Tank.")
f, = 2x7820, .7 = 4290 Tnv
Fy = 126, 9070 (Prev. pq. 4 aboye)

- )30 hn v

Ke = 4290 = , 3783
/13440 -

K o328 540°%.9 = s2030 Vo>

27.49.

naxg oart -
paesanse | 22 10 4 // 3"21-54 FLETCHER AVIATION CORPORATION Pase 30
Clsexen : , Mooss /<t
‘ #3.300
LAPPROVED RIPORY NO.

245 Sosmn 15041
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| Samal
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.3783 4> ,c/c

v Aft_Section (TS /07.5 -v52.52)

. Ref, “trq. *2)~180 ~ ~48032, sAt. 2. TGnk Asca
Critical section for coménned shear & bendmj
/s _/u.s'z‘ aft of sta. 10q.¢ Jmn't /‘/,7A¢s)." [ocer s
are qﬁmn producact 67 Conmt, /S Tani - “empfy
A.‘._'/eg‘t.‘zon Section pro,ocr/td.s ane( material
are identical to those /n the nose section,
Ju.s‘z" forward of sta. >, Jom‘t ( See ps. .._.23.)

L 4

z, = ]7¢.§
Sk = g.r00 " l

My, = So9/ in-ths | Pj —Le_
M/a'iw w 278 n-fbs J '
Sajpge T 176.8 0 3¢.67 = €104, t9.30° ¢Py. 24.)

- g T ' '
M,m"," $OFl . 36.27 = 275, ¢7.30

= /&7 &30 jn-ths
Since bot‘/; the shear and mom:nt at F*Aes
station are fass fhon at TS Tsa.s in the nase,
and since materials & section properties are

/dern‘(cq/ ,ég Aft égﬁ‘ eqa, i shear < éend,ng,
(s_Safz bg comparison,

- - Taur | rems ]
! i namg aars nion
puevinen| 2 Uy Hrg) Lgraenz FLETCHER AVIATION CORPORA vase |l # |31
! e Moo KL gt/',fem
ba»nm REPOAT NO.
: ;
& ron. cont :
fj = /25, /too0 (Pj 21+ _30.)
= 20000 7‘0"
K= L2632 = 4815
20000
MS. = / - = l .22

FAG form 1308.)
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nne
Cwesxra | Moom. £%: 7o |
43, 300
] APPROVED REPORT NO. y
i »

Yy Y44’ D~s01 Zu? _(é;yg_—ﬂ[il

E

N -

g

|

nm |

Marterial : 4340 stee/ forarn
Heat treatment : /86 000 =200 goo Vin v

Zwa 15 erifical for 7£°P Section 1n Fdowble
s/mqr'. Mayx, /load occurs on aff /03 /n
Lona. "1, ¢ Pa,- 20 ¢ a1 )

. 4
64 = ‘2/48?“, Ref. abeve.
’e‘a = F4ey
-
Kosultant B, = 23¢co
Shear areaa, .
As = .420 0" (Dras. Suuq 4 4SS20¢c.)
“K* factor (form factor) for shear for shape

mz’d-wqy between circulac 4 rectfanqular,

kK =r42  (Shantey | Sec. 174, p{ 132 )

$AL farm FEOB.1
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P e s st s it &,

- o 2/ cont.

1‘; = LH2 23460 - 35000 Vit
2., ,490.

e

., = /0% 000 Vinv (MIt-HoBK -5
Table ®2,2,2,04 )

4 5A£dt“’0ﬂé ‘OF 'f/»redds l'n “.2/-/5‘0-20,77
insert, ovar an effective /¢n31% of lLio”
| Shear areq may be assqmed conservative
i Ay = m(PD), 20 = z.ei.,.% . 100

= ¢, S0 in"

. "

=2 2340 w 3o Yin v

.50 -
Castin material (s 35¢-T¢C

F,, ® 2§000 Vnv (MIL~HDBKR ~§
table *3.2.7506b)

MS. =

f

F

*2(- (850 =2017F £astnao

Material : 35‘6—T¢J alum, castin

Lona, "6 (Tank empa‘y.)

= 135.0 Yim
>

4590 i M
~m

r o——— A —
. nand oATE Tess, § raas
RETCHER AVIATION CORPORATION {
weansn | &2 .12 A “29.4L prax § & 3
T, v/ 7/a —
Qhscuo : | Mosst L1z Fin )
. 43,300
APFROVER Rxroxy No.
. LY
L‘ ” 4

M. S, = H;‘,A

:4;7%7 by 2% ~/2N ~3A threaas on Missosie

Crifical bendsn Sfress acewrs inm E:feeéion

fo~ 92— Kunning [oadq from waight of
30 o00™ inner “fank & é?mpm;j:t
L W o= 3¢e7 . k29 (Pq.28 )

17 ,

/1'1 ;3},

r } - u‘iaﬁ& + 9.2ulC520
tassb leggo" 1t e inhs
fL‘ 25.8 ' —
HC Ao 12081
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s
'Cunx;n "
. H3. 300
APSRoVID Reronr Na.
] N
220179 _Laitina con?. '
7 4

In

i@ Avypee R
60 B
R

#.25

35C-Te casidin
(*2i- 150 -zanq;

L

g n.O7%,. 720 .
@ }3' '

et e Lt et i a2 O

: | @239 (-2.050¢) /4065 33,022 | $co9

/0.50 Z-.on Yypa 304 stainfess
(Anneqled .
¢ 53 (Drj. "2i-/50 -201%0)
5
\\A
4
Jtem a iy ! 2y “'3” T
/{600 t.24 | #4120 =4 313 ~S.430 7157  3.car
2 | ,75x.923 [ el7 -/08% - .7/ .730 L0385
3 58 204 .02 "«2.87% —/.51¢ 3.8:7 o73
4 . §0N.762 L -3® ~3.94] -1,474  5.703 org

1-$72 ~3.2/3 '~$.081 16,228  /.224
T4§3 - 170 [+ .077 [ =.013 .
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e T "RLETCHER AVIATION CORPORATION ol s
l'?:fnuufé LA (2242 - Paseg i 128
émm : MoouL. el
7 #3.3020
Arsroves Rarory Na.

/ 3

-20 % .

Momant of thertia ,
I =(sooy + 33.022 - /4,005 ,2,050¢)0 2
- s9.47 '
7énsion Stress in nner *tank .:‘/u‘.’”,

072 Fype Toy stainless sfrg(, anncaled,
.FT' = &2 900 /‘; y — "D 2, ‘%
- 2900 %7" (Raf. ‘prev. 2 Pcuj:s)
£, = 78000 (@@-S-7¢cc, table )
MS, = 78000 - ( w | o4
7/900

/ension In -an.?e of castimnaq (ITtem *7)

f - 62,700 5 423" (Ref prev. 2 pages)

= /9400 Vin*
s, = 30 oo Yn ™ (3S¢-Te Ssand castin )
MIL-HOBK -, Table 3,2.15.06)
MS. =_20a0a. - 4] 22
(33w 19400 -
Compression side of Cq:fr‘ru), with a
Moment arm of on/y 1.77¢ " from C.6. of
Section, /s safe by comparison.
See P . for ana/ysis of casting acs
pact of main frames of tank Support
structure.

1€ Form P30S0
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L, e oare VIATION CORPORATION
{ Prepanee nr Al 2-4-¢2, FLETCHER A Pass ! Jé
X ™™LE
Cugexsn Moow 777/ r p)
#3.200
rAmona REpony No,

Main Frames

The forward and aft pain fromes are com -
,bosfte frames consis{rn of twa sami - cirecfar
steel straps connected aecross the fop 6
-20/79 aluminum castin , Which :ﬁ‘ecf'mc//
foerms the' whpar seﬁmcn‘t of the frame 5 and
at the bottom by q jack scraw. The forwarny :
and aft frames are identical, “

2;’.;—"{

2/-/50 -20179 quﬁﬂj
(35C-Te Sand caf /-:mj)

21750 20/ Rin 1!3 Seam't, )
(H13a stest heat
170,000 =(9g 000 PS-I-) 1

Bendin moments In 7(/);‘ reng ar cqlcy/ax‘ec/

" from 2/;0 coefficients 1n NACA. TH ?zv 4:;4,7::‘;
of Lircelar S/ie//*fup/aar*cd /"_/'qm;s aﬂd consar-~
Vahve/y wse aq 'd"valve of zero. Szci:cns 3-8
and £-~& are taken on the 54me sicle of the
frame as the sWay brace /oac( 'ror' maxime ra

TAR Poem FRO8.1
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Prvanmo| & YL Y |9 4-¢z | PETCHER AVIATION comromaTION | 1,2 15
. e
Enscrnn Mooss (Z/Z./ QIR
3.300
APpRovED nm?r No.

ar rame

bendin 9 mement.
,i.‘gtf'g n_A-A
2.00 i
! i -—’I AR/ } ’
L . r — — : 10,50 O. Rad.
I' ] /.}s;

X __zad"iak =

"

Fe——— 2.

A = L5on S12 — .28 x 2.2
= %e%o = §7L = Fogy /nv

— "
j = :2‘5&.7.:425 = L3ko £ w ,c‘l-], (Abave x-z)

7.084

Z-' . -3 . .3 « . R 3 .
. m_,i_/r_iq_ - 3...&&(_;{._2-3.1 4+ OSl g 7480 ~ ,28f, .59
[ . |

= LHHO = . 004 + .00 -, 200
= s/7¢ in'
Mon:ant coefficiunts for @y (on ) anad S
(2¢°away), per Fig. ut, TN. “929
For 2; <, =.238"
For S | <, =.o4,

Critical loacts are from Lona. "/ (Pa, 20 )
Be, = 2193 " ’

A
S, = 728
. . - «158 . .
My =Co.00 ¢ co9 X 232, 27c88 > on;. 7251)

= Yi00 tn-lbs

‘fb = der0g(r 500", £99)
7.7G¢

e 30270 Y

N

1AL Pesms 7308-1
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' naug pars CHER TION TION
PREPASED ‘ _‘/f: ‘AL M’d F-L-C2 mm AVIA corroRe Pase} ¢! |2
Eugexen MooRL (/osia gy
} ] 43,249
APFROVED REPORY NO.

MM’

5y =41000 Vin* (LA Stress Memo ’{3,
{1‘3. '/e-)
MS., = _#Hl100a -/ = .00
/133 x 30%70
7] -

'F/..’»?S'_’Oiq (2 /7;7/45)- Material ¢ 4/30 steel

s
= AE. 170000 ~190000 Y

rTI [T ] :
oo —]

Moment coetficients for
/‘p . ‘/. o .
2 fa 4 OQWQV ; S 233 } .M '727' ,(,3. "
S @ rs. away , S ™17
Critical bendin mement /s from Cone. Ty
N 4
Pry = 19746 . Pg. 20
Sy = 1#S0!
Moy = (02,66 =19 = 50X 117 s 14501 £ 033, 19940
n 23/00 sn-ths
. . e . . 3
z ™ &ACZ“‘J'H = .0762 In
It Can be assuymeaed Fhat Fhe Seupport From Fhe
heavy Inner tenk ane the Structural foam
Filler wifl recuce bendsn deflection (ana
consequently 6enq’/n¢.} stresses ) by at least 207
ﬂ = 0. 2300 = 242, Soo’ Vin

LO7LA -
. ®y

/%: ® 2§82 coo )/ (4.4,2. Stress Memo '{3,

\“4'3. 1€.) ,’
AMS, = 282 o000 . = - '
5 - |27 ]

1AC Jarm FR0B.)
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rheranen| & 17 401 |9 Sog FLETCHER AVIATION CORPORATION rae | /2 | 47
J‘I‘Gm l il MODEL 2,
5 ™ 43,340

PROVED REpORT No. :

Y _Main Frames , cont,

. Section L.

‘ ‘ Same maferial as

375 Sect. 8-A3.
; 4

| L—-z 19-~J 2 z

g“ ; i

4 Moment coeffcaentf for

E P @ 90° * away Cpy = =09/ )

" S m ey’ o« :,..”*'o-n‘}r””'" fig .
Lritica) bendin ples compression 1s from
Lrectron Cone, s
Referring to shetch on P9 33, PFhe max. load
/S on Fhe aft Fframe,

Ly, =i1cvec ®
Moo = (10,60~ .19), .09/ 16920 = 15845 in-tbs
A e 375310 = Lizg ™
$ 1]
R 3‘_5_;_2*3_7‘_5: - .ommoe in’
2 carn be gssumey ain (as for Sect. B-8)
that Support from 7‘ heavy rnner frnk
and the structural foam Ffiller will reduce
¥he ln.'ndm-j foactz on *he section 67 20 /5,
fo = _tegi2 . = 7720 Unt
raAE ¥
fy = 108,000 Vin™ (MIL-HOBK-S
table "2.2.7.0b )
R, = _T/20 = 0424
7.8 000

. £, = .82./5940 = (71,100 Yin™

; L OVHOG

!

PAC fenm 1808, 14
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LMan Frames  cont. :
5, =282, 000 Vo v (Pj.JLD
G = 2L 106" = , w790 :
L 25‘2‘ o000 - ‘
MS . = / -~/ = |.39 f
O¥24 +,6790°
L’.’ ﬁ
i
"
}Q
;x
I
¢
$
*
13
i
!
! i
1AG form F004-1
Page detsrmined to be Unclassified
Reviewed Chief, RDD, wHS
IAW EO 13526, 3action s

bate: Bi5 APR 2013



= - - —— Tomo | IAa,
namMg QAT -
FLETCHER AVIATION CORPORATION J ‘
vaseanse L iag blol) | Fess o s Page | /o | 7!
k121% 4 )
CHREKED Moo .”- e
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l RepoORT No.
APPROVED
. 2iesS0 499 Frn
}
: -—t 248
| e =~
}‘ 4230 8cam 2, - 37t
10,50
*;
y
MA.c,

Max, +in /aa:(, (done, 2 ~ F/127Af) .
P e /.5(&5'.3.9 + 2 rzo_) Ref. B.M.I [letter 1o Fac.
» Z

i - 2xv0.$0 dated 7-27-cn.

= 2000

Section A-A

= awocimn

}«—2.#5‘—-—1 | Meterial ).ozl-/—‘,ﬂ/ plate :
RS~ - M = (1000 - 3.71 )r00n ‘ ;
N ’
'\\\\\\ '§ 6?8 = /3530 In-tbs
ANRRRANN \_L
’ I Net section mnq'u/q':J
.33{"‘% el ,’.__,
& =(2.450~.352), a5 /¢
coa 3
. . = I/t In
= L3880 = B4/00 Jin*
W2
"
;:’—2; ?(-“709 (/44 4. t. S.-M S‘J‘ '{./'C'-“- /e ) ]
Lo - .
= Jrco ‘rr{'n'“ MS, = 8162 -7 = ' 5
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: ¢
=4e72_ Fin, conl,

Fogm_ _Filfer

The airload on the syrface of *he fin s
Transferred info the 20my-7w beam (spar) A
shear in the rfat'd loc/yqt‘ef/mne foam ﬁ'//er-,
ant 6}4 tension or comprassion of the ,oxo
2024- 73 Ale. skins, Since the center of ,
pressure at T.S. oo s very close to N of *
The chorsd /Jen th, a trianqular airfoad oistrib-
yten may be assumed. Critical shear stress
1n the foam Filler witl be Found q/cn3 the
£front edge of the spar.

Typicat section near F:ip
of spar, parallel & aa.c,

Total fin area !
A = 200 /n* (Prey P‘j) {
Wiva = 2228 = 9,70’ 7’,,- »
9 204

Woay ® 2x2.80 = (9,60 “Hnv

Total shear ot front adee oF spar
S = Lei_s.(lcm +728) = g2 ?

N L, W M B XNl & N T

Rt L PN X P

Total moement at '\Cron‘f" edaz of shar,
2 oo
M = 78,005 | .L%(_‘/O.S’,é, = 353 in-lhs
2. 3

e —e e

The over-ayl f(flbf.’f' of tha fin . Forwaere Fronx 4
7he spar will rfeduce the sheac loaq op tha
core material b)' the component of loaw in
Tha sheat materdal  normel 1o the finm &, d

PAC Foem #302.1
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7he ”7‘01‘»! n fﬁa‘ckmsx varies from .327 2o
. w
20 /n 0.0 distance. ( Rof -4232 Beam
and Sect. £-& of -4479 Fin “rs., 4bav¢)
fan () = (282 =.120) = .0r335”
. A x to,0
For / "w:'dfﬁ of sheet
Fy =B5F =+ 2473 7
'337_10‘/0
R =.01335, 2w73 = 33"
&’emaim’ncj shear to be carriecet 1n <ore,
Sp = M2~ 2233 = 72"
Zorrectin for the shear area  presentest a/
9 47" swéep-back of the front face of +he
fin spar, the actyal core shear stress, |
X 1%
fo = Zecesu?® . 26,320 :
. 307 .3a7 i
= 19 Vin® ;.
R M
Foam (s AT -/o0¢ (A'Foqm) foameat to 12 Vel i
dans,‘ty ). (anservaﬁvely wse ;-/,-g,,aﬁ\ /:ropur~/z's: j
for /o Yie? dens;%/. ~
. ;
A, ™ 200 7inT C(Tase 67 AT P{'G.'lt.'c‘t:) usimj ;
; M/L-STD"IOI Fest methe .’5.} g
i MS = __.Z_Q__g__ - ! = .’ 40. 3
4 I vt
: . |
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Fin Aftachmeaents

The Pwe Fins are Mounted on - 3372
bulkheasy (T:S. */59.5) b Sanctwiching 7he
mb&. ends of their s rs betwecn Htweo
qntj/cs which are boltted to this bulk heaef.

e Ffina are aiso stebdilized 4 inct Fwiest -

/ntj 6)/ Ct/.a,a:'n #he /.néclf' ena of Fhe
/eadr'n7 edge *o Fhe adjacent tail conc.
As “for the £fin risel . Phe attachrments
will alse be critical wnder the airfoqes of
Lond, *3 —~ F/:'jhi',

210 -[
. P&;

|
;e '. ——l 23¢

P = 45,2830 | (£./2.024 (Pa. 21 )
ol 2w t0.80 ’
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- 4
r, = 2000
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Fin Attach, con”
The inba. 2 owtbd. reactions on the Spar
(R & R,) create the [oads on rhe upper and

lower attach anales. Assume These reaetions
p,

are .le 'aqu from ed:je of ¢m3(e ans enc|
of spar (sk, prev. P‘ﬁ) ) _ Ry
For P_ = 2000 {_@a__f__uﬂ
Ry = (@24 42020 = &167 " Re
347 .
Ry ™ 5789 -2000 = 3/59
For B, = 1795 "
R, = (024 21725 = 4¢30
° 3a7. -
K, = 4e30'= 79§ = 2238
AttacAments for /ower qnej/e are critica/.
Load on bolt pattarn -
P = sreq + #e3o = 9729
M e 4230 5157 ~5e30) = 2235 in-rtbs
Moment of /nartia of bolt patécrn,
I =2(3.3¢%+ 10s") = 2479
Mayx, bolt /Joal,

P w9787 | 2238, 3.36.
hex o . + “24.78

=

= 2447 + 303

- 2750 ¥
Laat 13 Taken 5\/ an AXME bolt .c‘u::zr(‘nc, o
(120" G0el =T¢ " plats, ’
Baold allovrable shoq e

s

- A —tvn.
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1

INTRODUCTION

on October 4, 1962, a ravised set of airloads

was received from Gensral Mills to use in
conjunction with the inertia loads derived
from MIL-T-~7378A. This meant a revision of
Flight Conditions #4, 5, 6 and 7 basic loads,
as shown on the following pages. Naw attach
point reactions are calculated, and resultant
shears and moments are found at four stations
along the tank shell, as befors.

From the above data it was found that Condition
#4 is no longer a critical condition requiring
static testing. It will be replaced by Condi-
tion #5 and 7. (See diacussion on page A-10)
This means a total of four design conditions
will require static tests.

Staxting on page A-ll, a review of the effects
of the new loads on the previous stress analysis
is made. It is shown that all stiuctural items
affacted by the new loads still bhave positive
margins of safety.

v

5

s W W W

B el L O UV
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‘APPROVED

5 CRITICAL DESIGN CONDITIONS i Co=

: A comparison of the data on the preceeding pages for revised
Conditions #4, 5, 6 and 7 with the corrasponding data for

‘; all che other design conditions in the earlier original

} part of this report indicates a need for a new Summary of
Critical Design Conditions. As on Page 27 of this report,
B the following tabulation of the critical structural ala-

! ' ments in the tank shows which design conditions produca

the greatast loads on these items,

ol |

1] : item Critical ad‘ Criteria .
‘ v Eye-bolt (attach hook)| 5 Max. R, + Ry !

: !! ~ Central casting {(15), 2&5 Iaendiuq |
i Steel frames '(15) -] idn. 1d., bending

- Fins & attachments i3 {Max. £in load
|; Tank shell '(15), 7 & 11 |shr. + mom., ¢

l i max. drag load

! Condition #15 is an ejection condition, to be proved by an
actual ejection test. (Seo page 27.) Condition #2, critical
for the bending produced in the central casting by the

[ highest sway brace reaction, may be replaced by Condition #3

: with its loads increased by 2.6%. This eliminates Condition
4 #2 ag a test condition. Since Condition #3 test loads and , !
i.; data have already been prepared on the basis of loads in- '

o

creased by 2.9%, testing will be conducted to these latter '
loads. (Sae page 27) ?

It now appears that all structural icems will ba proved
out by conducting static tests of Four design cunditionsy,

{ .

P e e B e« g s £ Sbs vy = < ey

; TAT COXDITICSS !
if : Condition #3 =~ Flight (with loads increased Ly 2.9%) I
: } Condition #5 -~ Plight ,
' . Condition #7 -~ Flight ,
K ‘ Condition #ll ~ Arrested Landing :

n
 § ,.
O B - - . handd
3 ol Tewen $053
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STRESS AA{ALZS/S

Two. new desiqn conditeons create criticeal
foals on seme J'Zems of structvre, as has beun
shown on e previous page. 7o substankate Fhe
structural inteqrity of #he Fank , an iftem 5«/ itei,
review of all affected pacts  will ba mede, Rferanca
pma: numbers are to the oriainal jfoad and stress
an-q/;(.'s:'s sections of 7his raZort.
' Mase. Section (Tz oo - £3.) (Pg. 2g)
Desian loads, S = co9 "

: M = 172 490 in-ths
Loocts Ffrom revised Flhaht conqn‘ufﬁon, Cona, s

S * 3380 *
M = 784Zs in-lbs } . A

New foacdts are . pot critleal

Leater Seclion Shell (Tg "c2.y - poae) (A 29)

. s *
Dc.ft’n feads, 5 = $%%o :

T,

248 ivtmn 302}

T vve -

M = 328, 540 In-rbs
Zaq:(.f -From reyreed F/:'«j/)'& Condition ) Cone, "2
- s
> = /172 N .
M = 220 490 M-/bsj P‘j- A% :
Fo o= 2 172l = Scco (Fa. za) .
H. L H Y / !
@ = Sl = 499/ :
’7 L0
TO® 220490 = (2770 “fiaw
s 27,69
Ry = L0170 =  cose
) 28 000
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APPENDIX B

Optional Four-Fined Tail Section

Drawing SK 29100-1305
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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






