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ABSTRACT

This Twelfth Quarterly Progress Report presents the results of work
conducted at Ganeral Millg, Inc. under Contract DA-18-064-CML.-2745,
"Dissemination of Solid and Liquid BW Agents" during the period from
Mazch 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 characteriatics.
Particle-size distributions (Whitby) are Included, which show a smaller
MMD for saccharin after compaction ta a compressive streos of 2.84 x
ot dynel/cmz- Tests showing that the addition of Cab-o0-8il to powders
increases the stress required to produce a given bulk density are described.

Experiments with beds of fluidized powders are discussed in which
bed depth, degree of agglomeration, amount 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 gas
adsorption method.

Results are given ‘rom experiments in which the effect of positive
ions on aerowscl deCay was inventigated in the aerosol chamber.

An investigation of the effectiveness of graphite in redccing side-
wall friction of compacted powders sliding in cylinders is reported. A
S0-percest reduction in the force required to eject the compacted powder
has been obaerved when graphite is used as compared to the force required
using a bare aluminum surface. '
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I .

Wind-tungel ltudiemo ars discussed for two areas of investigstion,

; ! f 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 glcms.
: [ Storage of compacted Sm at -2 C or -23 C for pericds up to 30 days
S 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-4! are described. Plans to

flight test the E-41 at Eglin AFB on the F-100D and the F-105 are
' mentioned. o
» ' ‘
i The status of planning and preparing for flight testing the E-41 i
spray tank on the AO-1 Mohawk airplane is reported.

PENPYOS.
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SoNnsnewl

TWELFTH QUARTERLY PROGRESS REPORT
ON
DISSEMINATION OF SOLID AND LIQUID BW AGENTS

1. INTRODUCTION

This {s the twelfth of a series of quarterly progress reports which
Rave been submitted to the Biological Laboratories as documentation of the
work being performed by' General Mills, Inc. under Contract DA-18-064-
CML-2745. This work pertains to the dissemination of sclid and liquid
BW agents, and ranges from experimental and theoretical studies of the
properties of fiaely-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 dissemination of dry BW agents from air-
craft flying at high subsonic speeds. The E-41 spray tank was developed
to satiafy this objective, and flight trials have demonstrated that the tank
performas very well at a speed of Mach 0.7. Tests are now planned in
which the E-41 will be flown on the AO-I Mohawk aircraft at a speed of
200 knots (Mach 0.3). Dissemination and deagglomeration studies con-
conducted in the blow-down wind tunnsl during the past quarter have
demonstrated that compacted Sm can be efficlently dercsclized at this
low flight speed if its bulk density does not exceed 0. 52 5/crn3.

D'““&ﬂﬂsn N PULL
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. 2. STUDIES OF THE MECHANICS OF DRY POWDERS

A program of study is underway to characterixe the behavior of powders

] in the uncompacted state, their behavior during compaction, and their behavior
in the compacted state. Such a study should yleld information relative 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 aleo underway to determine whether powder

particles are fractured during compaction and to determine the effect of the

} addition of small amounts of Cab-0-8il upon the compaction characteristics of
powders. Fluid-bed experiments were conducted to determine the length of

‘ time required for s fluid bed ta 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 multipurpose test unit is shown in Figures 2,1, 2.2, 2.3, 1
and 2. 4. This unit is ussd to measure shear atrength, tensile atrength, and . {
bulk density 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 difficul: to obtain reproducible

Page determined ta be Unclassified
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Figure 2,1} Multipurpose Test Unit

Page determined to be Unclassified
Reviewed Chier. ROD, WHS
IAW EG 13528, Section 3.5

AR 122013



———

Figure 2.2 Close-up of Multipurpose Test Unit Components
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termination of Shear Strength,

Tensile Strength, and Bulk Density

Figure 2.3 Main Units for De
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Figure 2.4 Close-up of Improved Shear Strength Apparatus

2

(5}

Page determined to be Unclassified
Reviewed Chies. ROD, wh$
1AW EG 13826, Secton 3.5

Y APR 12 2013

X504



r—— p——— — —
. B

(1)
data at the lower stress levels, The improved shear-atrength unit

{Figure 2, 4] has been completed to eliminate these difficulties, as {llustrated
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 technolugy of powders that the
time and effort spent on its determination is well justified. We are currently
investigating the segmented column and Inétron triaxial tensile methods.

2.1.2.1 Segmented Column Method

The recent addition of a low-speaed synchronous motor to replace the hand
crank mechanism permita tensile fallure 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 {nciude 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 hava retarded cttempts to carry out a programmed
series of tengile testy, However, several tests were conducted using powdered
suger with average densities from 0.85 to 1,02 g/ cm’. Failure was found to
occur in the center section where tha cross-sectional area is smallest,

2-6
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Sample -preparation procedure was varied to find the hest method. "Rulon
liquid", a slip and antistick agent, and graphite were separately tested for use
on the inner wall of the apparatus. Both the graphitc 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
simultansously from both ends by means of two 1, 2-inch diameter pistions to
which equal loads are applied. The density wa's found to be highest in the end
cylinders and lowest in the center section. The density of the center section
increased with time of compaction. Density and tensile tests on powdered
sugar revegled that an eightesn-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 Instroa machine
during this quarter was the same as that previously reported.

The denaities 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
0.9 o 1.6 x 10* dynes/cm? for densities of 0. 85 to 1.02 g/cm> 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 determinec by the
segmented -column tensile test for powdered sugar (see Figure 2.23,

Ref. 1).

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

Three §_m;_ samples (S1-SM-342, 352, and Pool #7) currently under investi-
gation display distinctly differeat compaction characteristics. Because these
samples are supposed to be identical, it is of fundamental 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
manufacture and/or difference in processing of the samples since manufacture.

Samples of each were taken from a decp 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 3 load of 2000 1b was reached for sach test with Sm. After
each test, the compaction unit was removed from its polyethylene bag and re-
turned to the dry box.

Compaction force is plotted agsinst 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 thres samples to a given density is quite different.

Several teats have been initiated to explain the scale shift for the three Sm
samples. These are tests for particle-gize distribution. particle density, and
moisture content. Moisture coutents of the three samples, determined by a
standard technique, (19) are indicated on Figure 2.13. As can readily be seen
from thie information, moisture content alone does not explain the relative
positiona of the curves. Previous work with egg albuminm has shown a shift
to.the right with increasing particle size, And we therefore expect that particle-
size distributions 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 motsture, the three Sm samples
were dried by the same technique as that used for the moisture detsrminations,
Caompaction curves were again determined fur the three dried samples, and
results are presented in Figure 2. 14, During theae tests, no attempt was
made to break up agglomerates produced by drying.

Compaction curves for the dried Sm samples S]-5M-342 and 352 are (for
all practical purposes) the same and are nearly coincident with the compaction
curva for S1-8SM-342 at 2. 78 percent moisture (Figure 2.13). The compaction
curve for the dried Pool #7 sampla lies to the right of its curve at 4.4}
percent moisture.

It is thus evident that changes in moisture content alone do not account fqr
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 {s 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. We are determining experimentally the changes in
Whitby particle-size distributions of a saccharin sample under a compressive
stress of 2. 84 dynenlcmz.

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 distribution will
be changed.

Saccharin with an MMD of 6.9 microns and a standard deviation of 1. 48
was compressed in the compaction apparatus 33 by the Instron test machine to
a conipressive atress of 2.84 x ID‘ dynulcmz. Saccharin samples of approxd-
mately a milligram quantity were then withdrawn from the 2 1/2-in. diameter
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powder receptacle, and its position from the center was recorded. Sixe
analyses of the samples were performed, typical results of which are pro-
untod__fn Figure 2.15. It is evident that a change iu particle-size distribution
has occurred. Admittedly, this test was performed at a high stress level,
which may exaggerate the effoct. But it should be informative to make a quick
check through a wider range of compressive siresses and with different powders
to determine whather significant changes in size distribution result trom 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 goad sample for this test,
8ee the compection curves for Sem (Figures 2. 13 and 2, 14) in this report and
note the changes in slope in the vicinity of 0 = 2.8 dyneulcmz.

lag of compressive stress

log of density

Figure 2. 16 Nlustration of Deviationa from Log-Log Plot of
Compressive Strese versus Density
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2.1.5 Effsct of Cab-0-8il on Energy of Compaction

A number of fundamental studies carried out in this labonuorym have
shown that Cab-0-8il type additives can be used to measure flowability and dis-
persibility of powdered materials. These experiments were carried out on
uncompacted powders. Although the use of additives with BW materials is
not currently being stressed, we felt that the possibdility of these principles
being applied to dissimination of compacted powders warranted investigation.

Powder samples were mixed with 0. 25 to 5.0 percent Cab-0-8il by weight
by processing through a modified fluid-energy mill. Epergy-of-compaction
data obtained from these samples indicated that much greator 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 proliminary
observation that the desirable properties which result from the addition of
Cab-o-8il will be obtained at the expense of greater difficulty in compacting
the sampla.

2.1.6 Wall-Stress Distridbution

We are designing and building a piston-cylinder appara‘us 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 repore.

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,
Holea drilled through the aluminum sleove permit strain gauges to be placed
upon diaphragm-like segmentsof the inner brass sleeve. Preliminary tests
show that these gaugad areas are very sensitive to changes in wall stress.
The sy-icm of strain gauges is currently being connected to an automatic
switching and recording system to permit efficient and accurats data collections.
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. 2.2 Behavior of Powders in the Uncompacted State

Qur curreat objective in this area of study is to determine the behavior
| of fine powders undergning fluidization. Studies are being made to determine
the length of time required for equilibration of the fluid bed, the parcentage of
- mass lost by a powdsr 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
saolid 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 easse uf passage of the fluid. If uggregative fluidization takes

I place, there will be a bed expansion accompanied by the formation of large
bubbles that is analogous 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, and /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 e 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 untl] it equals the weight of the bed per uanit area of the grid plate.
’ This is the point of incipient fluidization, which i1s defined 48 the lowest super-
ficial fluid velocity at which the pressure drq: across the bed [at its lowest
' density) equals the weight of the bed chArge.‘ )

When the paoint 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 wach other,
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Slugging and channeling are the two majoy problems encountered in fluidised
3 bed experiments. If either is present, it must be eliminated before meaningful
results can be obtained.

Channeling is & condition in which fluid passes through a bed of particles

along a preferred path. Once started, channeling tends to grow woras until

, t 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
ia such that a partial channel exists, 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 azea of the bed by the grid plate. A large number of small

’ holes are preferred to a fow large ones.

Slugging results when a bubble increases in sizc 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 a length-to-
t diameter ratio that allows the bubble to escape before atsining the diameter of
the tube.

2.2.2 Apparatus

Having completed a preliminary study on the problems of fluidization of
i fine powders (described in the previous report), a more permanent and exact-
‘ ing experimental syatem was designed and constructed. This system is pre-
I 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 work being done, but its mean
l ! inside diameter is 2. 59 em. The base, machined from a solid aylon rod, is
constructed in three sections for ease in cleaning and assombly. The grid plate ]
} : used for the present series of tests is a fine screen with openings of about i

169 microns.
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Figure 2.18 Fluidized Bed Apparatus

An ol 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/em™ is used in the manometer.

The fluidizing media (air ts 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 Ib/in. : pressurs regulator. Fine adjustments in flow rate
can be made with a 20-tuzrn needle valve.

In discussing flow rates in connection with fluidized beds, it is con-
venient 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 ia 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 & bed has maximum void volume, ln &p
’ will increase linearly with ln v until incipient fluidization velacity is reached,
s and will then level off, Any other packing will result in the peak displayed here,

Within experimental error, th~ incipient fluidization velocities of the three
‘ bed depths agree gquite well, as do their slopes before incipient fluidization:

' Bed Depth Incipient Fluidization Velocity Siops
| 6em 2,55 cm/sec 3.81
‘ 15 cm 3.10 cm/sec 3.65
| 25 em 2.60 em/sec 3.78

2.2,3.] Fluidized Bed Tests - Talc

l In the fluidined bed tests reported in the 11th quarterly report, we noted 4
that talc tends to agglomerate quite badly when it is fluidized. This effect

l . has been observed before with small particles of high material denl’xty.(s)
As a result of this agglomeration, the bed's depth does not remain constant,

? but steadily decreasss with time even though the fluid's velacity remains con-
stant. The present series of tests was conducted to detérmine how much time

i the bed requires to reach equilibrium. ‘

Channeling problems during the tests were corrected by the addition of a i
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 ], 2, and 3.
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After the bed was prepared, g 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 runs were made at each
of the three fluid velocities, using fresh powder samples each time. Repro-
ducibility of reaults was satisfuctory.

One run at ecach of the flow rates is presented in Figure 2.29. 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 18 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 indicetion that the lower flow
rate actually fluidizes the bed better than the higher. This results {rom 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 28.7 4.8
2 20.3 24.5 20.7
3 17.9 22.0 22.9

Sample 1 was fluidized at 4 cm/sec for 75 minutes. At the end of this
time, the bed depth was 2B.7 cmm. When fluid velocity was reduced ro 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 a grewter percentage than
the lower velocities,

In the llth 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.

l It was found that for all four expansions the curve of becd depth vs fluid velo-
city followed the same path (within experimental error) for both the 8 and

’ 12 em/sec treated samples. The 4 cm/sec sample did show some deviations,

particularly at velocities above 4 em/sec.

,i 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
l fluidizaticn velocity for the three samples.,

, Sample Incipient Fluidization Velocity
I 1 0.6 cm/sec
| 2 1.2 em/esec
: 3 4.0 cm/nec

! At fluid velocities of 8 and 12 cm/sec, good aggregative fluidization was
obtained throughout the bed. But at 4 cm/sec, we [ound 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 bottor to the top of the
bed. .
: 1

1 2.2.3.2 Powder Lost by Entrainment 4

i Because the velocities used exceed the terminal velocities {or 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 thare was no noticeable
loss. At 8 cm/sec 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 g or 2.8 percent

‘. 12 cm/sec 1.2 g or 5.6 percent
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l 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 hed. The samples wers subjected to size analyass
by the Whitby technique, There were six samples {top and bottom for 4, 8, and
i 12 ca/sec runs), and all were found to have identical size distributions. The
values obtained also agreed with thase for unfluidized tale. It appears that
‘ there has been littls, 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 5-micron range can be satisfactorily fluidized with only '
‘ limited loss of product from the bed. Agglomeration does occur but without

particle-gize segregation within the bed.

' Future work will include the fluidization of other types of powders, and
attempts will be made to conduct ''viscosity" measurements in the fluid bed, .
l In addition, experiments will be performed in beds of bulk powder to deter- l
miine interparticle resistance to flow and resistance to flow impased by 1
i various geametric 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 areas
between particles, The number and character of these contacta is directly re-
lated to the nature of the surfaces of the powder particles. To study this pro-
blem, we are comparing the expertmentally dotormined external surface of a
particle with a calculated theoretically spherical particle surface to obtain a
measure of the roughness 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 Ares

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 area covered by a single molecule, we are able 10 calculate the azes
covered by the adsorbed gas. During the preceding quarter, the total surface
area of talc was determined. Talc particles are jagged. irregular. porous
platelets (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. i. Total Surface Area of Saccharin

The total surface area of saccharin samples has been measured, and a
procedure bas been developed to cope with the problem of sublimation or other
types of decomposition. A significant difference between the total surface
areas of saccharin and talc w~.e observed. Uncertainties in total surface
mcasurements were analyzed in an error analysis of the BET method as
applied to the gravime.ric system.
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In the application of surface-area measurements to powders (6. g., cata-
[ lytic materials) there is no doubt about the stability of the powder under test
conditions. Ths only concern is the remaval of adsorbed contaminants, and
] degassing conditions are controlled by the nature of the contaminant,

However, in the case of saccharin, the stability 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°3 mm Hg. At room temperature, its sublimation rate is
negligible, permitting degassing at this temperature,

5

mm Hg at 76 F for 2 days will provide the "degassed state''. The degassed :
state is defined as the atate whers 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 removs them one
would have to decompose the powder. In this case, decomposition means
sublimation,

, A degassing procedure of evacuation at 3 pressure less than 5 x 10°

The degassing temperature was decreased until sublimation occurred at

) a negligible rate. At high temperature (160 F) saccharin was obsezved to

condense above the heating zone. At lower temperatures (96 F) saccharin 1

was shown to be subliming by the fact that surface area increased witk time

’ of evacuation (Figurs 3.1 and 3. 2). Figure 3.2 shows the isotherms as the 4
surface area increased from 0. 8 mzlg to 2,32 m?'lg 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 times, 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 has thus been I
* accomplisghed,

; Applying the BET equationts the adsorption data,‘t’ we obtain a specific
' surfacs for saccharin of 1.53 mz/ g + 7 percent. The specific surface from
the surface mean diameter, calculated from the MMD of 6, 9 microns, is

| 2
! 0.7l m"/g. The rugosity defined as
ugo BET Surface Area ia 2.2,
r{ace area from \ thy
| sz
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Figure 3.1 Saccharin Behavior

Run Degassing Conditions
’ Temperature Time (hr) Pressure {(mm Hg) Area (mzl §) _Comment

j 1 76 F 16 <5x107% 0.8 Runs 1.4 are
the same sample.
1 2 96 F +26 <sx10® 1.28
' -5 Plus time
i 3 9% F +16 <35x10 1. 89 is that in addition
! to previous run,
I 4 8BS F +19 <5x1073 2.32
! 5 76 F 113 <5x10°? 1.83
l’ 6 76 F 18 1x1073 1.32  Runs 6-8 are
the same sampla.
, ? 76 F +30 <5x10°3 1.59
? Plus time is that
5 in addition to
| 8 76 F +19 <5x10° 1.42 previous run.
]
{
i
'
i
|
' 3.3
l
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L i v 1 i

l O 76 Ftor 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 F Run 4

—
(=]
{

e

®

-

\\x
L

Volume Adsorbed cms(STP)/g Saccharin
a
o

.' Figure 3.2 N, Adsorption on Saccharin as a Function
of ' Degaasing Condition
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35 0.2 O 113 hr Evacuationat 76 ¥ Run 5
>
j A llhratlxlo'smmﬂg Run é
and 76 ¥ .
t 0.1 O Additional 30 hr at 76 F Run 7 o
X Additional 18 hr at 76 F Run 8
{
’ 3 e | 1 1 [
0 0.1 0.2 0.3 0.4 0.5 0.6
) ' P/P

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 exhibite
‘ no hysteresis. This indicates that saccharin has little or no internal surface
or pore structure. This is in marked contrast to talc, which exhibits definite
l hysteresis. The rugosity of 2.2 indicates that a emall amount of internal surface
l

exists. This can be seen by comparing to one "roughness factor" defined as

BET Surface Area
klectron-microscope Area ’

i Numerous powders exhibited roughness factors of 1 to 1. 5. m Surface areas
‘ based on MMD by the Whitby method are usually a little larger than those based
“ on electron-microscope determinations. (3 Therefore, the rugosity factor will

be somewhat less than the roughness factor for a given powder.

-t e e A ot
— S

t
j 3.1,2 Analysis of Experimental Errors in the Gravimetric BET Method
of Measuring Sustons Areas o ie Gravimerric BRT Mathod

The BET equation used to determine surface areas by adsorption is

! P/P, P
m' vr:c-'O' v;‘:c-p/po (1)

1 where

V = Volume adeorbed (STP) at pressure P
P o * Vapor pressure of gas at adsorption temper;mo
| ] _ C = Constant

Vm 3 Volume required to form monolayer

-’ From a plot of

[-) )
VIT=P/PT (2)
- A vs P‘;

’ the slope S and Intercapt I are calculated, and are in turn used to calculate
Vm by the equation

| 1
! Vm k23 & {3)
.
] 3-6
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Figure 3. 4 N, Adsorption Isotherm on Saccharin
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Experimental errors or uncertaintiss effect the quantities
P/P

o
F, = and {4)
1" M- P7F°i !
F, = P/ P, . £))
The errors in Fl and Pz are composed of the errors in each of the elements
P, Po' and v,

The errors in Fl and Fz are ralated to the errors in P, P, and V by the

equation
: 2 2 2172
dF, = ) aP] + 3F, Nl av (6)
e I v
dF uzap : 3Fy dP e (n
= +
2 3 M

In other words, the square of the error is equal to the sum of the squares of
8rrors contributed by each elament.

Subotitudng Equations (4) into {6) and (5) into (7), we abtain

1/2

P/P ap/P)? + (P _/P )2 2
0 (dP/P)" + ( o o) (dv)

dF, a :
1" VIT-F7P ) (1-Pp/p )" v

2 1aP_(2]1/2
4F, 2 P/P, (9;)»,(1,2)

o
Converting to percent of error,
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2 2 .72
B R , [ av @
ll u - p/P)* \ v
172
aF, dpz* dP,\2 "
o {F]

In the cutline below, we determine individually by the technique above the
uncertainty due to each element.

3.1.2.1 Errorin P and Po

The error in P and Po is due to reading error:
dP = (error in reading each manometer leg)\/2 {10)

3.1.2.2 Error in Volume Adsorbed

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

RT
Vg

The percent of error in V is

aw
qav

a
where W_ = weight adeorbed.

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

Weo + ¥pg
W‘=-—'2w——.
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The percent of error in Vl‘ due to error in each component is

2172

2
aw, (dw.p)’udwm) ) (dw"}
a2

w - z
‘wop + wa)

where

W'p = weight change recorded by spring

Wm = buoyant force
W, = weight of sample.

3.1.2.2.1 Error in Weight Chan‘e

Error in weight change as measured by spring displacement W .
determined by the equation

W.p = D/K.

The percent of error is

{8

Di = displacement read by filar eye piece

/2

where

K = sensitivity of spring, filar units/unit weight.

The error in D‘ is

dD‘ = {error in making each ready)v-z-

{12)

p“

13

(14)

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

2 chnl
cal

K
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and the percent of error is

2 2|1/2
dK d chal + d M a (15 \
X fcal M '

where
Dtc a1 = displacement read by filar eye piece in calibration

M“l = weight used to calibrate the cyo piece,

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

%‘T‘L -1.23x1074

-g-’;d'rs - 1.23 x 10°% RaT

(16)

where
T = temperature of spring

dT = temperature uncertainty

The percent of error in K due to temperature and calibration uncertainty 1o

2 2 1/2
4D d M
dK fcal cal -4 2
{1 *t|—] *+{.23x10774dT) (1n
( fcal ) cal )

Percent of error in W. dus to each experimental error is found by
substituting Equation (17) into Equation (13):

2 2 2 1/2
dw dD 4D aM

il e Y e 4 [N =2 (23 x107 amy? (18)

p 1 fcal cal
3.1.2.2.2 Errorin Buoyant Force
Buoyant forces are calculated by

wBl = VT Ds
- Page determined to be Ungisssified
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[T

oy tnearas vatwany o
. .

and percent of error by

aw av.i? iae 2|7
--w-----Bf s ---v-——r T —-:‘ “9)

where
VT = total volume of sample plus quartz bucket and fiber

a‘ = gas density,

The total volume is given by

VT=Vq+V'

and the percent of error by

1/2
2 2
{a Vq) +{d V.)

d V.r
= ¥ (20)
T (V’q +V .)
where
V‘1 = volume of quarts
V' = volume of sample.
The percent of error for the quarts volume is
' 172
4V dw \%2 fae {2
—vﬁ = —w—a + TS (Zn
q q q9
where
wq = weight of quarts
e q° density of quarta
j.12
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and the percent of error for the sample volume is

2 2 1/2
dv dw ds
"v—.—ﬂ -w—.— + 7~.- (22’
s [ ’
where ;

dw =0 g from least squares line for relating spring deflection to
woight

W. = sample weight
» ¢  Sample donsity,

The density of the Vapor was calculated by the Biethelot equation (12)

P
v=-‘},'![1+1§3-1i‘-(1 -Tizn (23)
R

where
V = molal volume
R = gas constant
"I'R = reduced temperature at temperature T
P = reduced press at pressure P
T = temperature of adsorption

P = pressurs of adsorption,

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

of error in the gas denaity 9‘ is given by,

( p 2 ,_\llz
2 8l "R dT
A P/P° + {1
a0 J‘ [“i?’] ("’)
—;;‘ 5 f 29
P
9 R 6
i 2]
\ \ R J
3.13
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The temperature was determined by interpolating between values of vapor
Pressure versus temperature by.

log g = (0.05113) (T - T_), and
]

the percent of error in temperature is.

dp
dT = 633.}%-1,;2 (25)

3.1.3 A Typical Error Analysis to Determine Controlling Errors

3.1.3.1 Errorin P and Po

The uncertainty {3 due to the uncertainty in reading the manometer leg
with the cathetometer which is 0.} mm Hg. Therefore,

dP=dP_ =0.1VZ (26)
3.1.3.2 Errorin Vv

3.1.3,2,1 Ezxrorin Weight

Error in weight is given by Equation (18):

‘l-"rom critical tables, the equation relating vapor pressure to temperature is

log Pmm » 248318 | 7 777,00 00476) T

By taking ratios at the adsorption temperature and the normal boiling peint
and if the adsorption temperature is close to the normal boiling puint, the
working equation can be derived,

3-14
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— Pm—

- —

- placement of 821 filar eye -plece units,

dw ap\2 fap, \2 pam_,\2 2
1 fcal cal -4 2
—w—'g = + + +({1.23 10 " 4T)
sp ( T ) Cteat ( Mear )

The uncertainty in reading the filar eye piece is one unit. The uncertainty
e D= nfz' since the displacement {s the difference between two rexdings. In
the calibration, a 10,02 4 0. 01 mg weight was used and produced a spring dis-

dD {
peal. kar;z =1 13x10"3 ~'
fcal .

dM
cal 0.01 .03

cal *

and

The uncertainty in the temperature of the column water was measured
at 0,08 C ’

1.23x10°%(0.05) = 6.15 x 1075,

Because spring deflsctionsof 821 filar eye -piece units never occur, and becauss ,
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
sp f
(27)

f
or dwlp’T'

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

P

3.1.3,2.2 Error in Buoyant Force

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

2 L 172
avy Javatiavy
Vo v+ vt

T 3-15
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The usual case is that the volume of the sample ia 10 times as large as the
] volume of quarts, Therefore, errors in the sample volume would predominats:

.. dvy dv,
I. ..v_T -~ (28)
]

' , Errors in volume of the sample ara determined by Equation (22):

i av, (aw.z ae |2
! ~-—=s -w—-)+(—’—)

172
] s [

From least squares analysis,
l dw.="=o.36.

The arror in the true density is approximatsly 2 purcent;

| a5
s _
T:-- 0.02
1/2
dv 2
; s 0, 36 2
i ——= —6-6-6—' + (0.02)
' 8 (

' From this we ave that the srror in density of the saample predominates, or 1

d V. do s (29)
. . ~ .
’ . v' ’s

. The error in the density of gas ia provided by Equations (24) and {25):

p. 1% 303 4P 2)1/2
2 81l "R 2.30 o1
| ap [P [“zx';'s_] [mm-r?}

-r.h 9":r L ) ;
| [ ] |

At the normal boiling point of nitrogen, Pp=65x 1073 and Tg = 0.6; and
substituting above we get
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2 4P 2
4p (gi’g} +1.08 ‘r'?r) :
oy = —0.98 ‘
The percent of error in Po is always much less than P; and dividing by T,
the temperature of sdsorption, makes

> d PO 1
- >1.05 To -
Therefore,

do
..51.2;., (30
8

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

2 212
d Wy, dv, de
= + —i
L) r Pq

Substitute Equation (28), (29), and {30) into Equation (9), and we obtain

2 2 1/2
dwmg do, e [4P
Vot Ps F

Since d P = 0, lv-z-mm Hg and P is always greater than 50 mm Hg,

dp
8 dP
‘B‘." <«
Therefore,
dw dp
BE [}
~w—~ (31)
Bf °y
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( The error in the volume adsorbed is determined by Equations (11} and (12):
2 1/2

et T A e

2 2
} ay _J1dW )" +ia Wy . (dwl)
z W,

(W, + Wy .

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

‘l’z

2 2

| dv AW )"+ {d W) ;
- ¥ .

(W. + WB!) T

P
t
{ Substituting Equation (31) and Equation (27) into the above equations provides

1/2
dD{)z [w d p'}z
+ (Ve —2
dv K P

[
- S {32)
' ) “ucp* HB!)

' The error in the function y '8 arrived at through Equation (8):

1/2

T -pipyt v

2 2 i
} d F, . (dP/P)” + (d PolPo) . (d v)
Because the erzor due to the density of the sample obscured the error due to
; pressure in the buoyant-force error analysis, derivation of Equation {31) can
.} approximate the error in Fl by

l 4F, v
| ekl a

‘ " and substituting Equation (32), we get
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1/2
ap |® |, dao |2
[ ]
dF X | | B
1. Z! (33)
1 (W, + Wgo

For the same reason, we can say that the error in Fl is much greater
than the error in F, and that in piots only the error in F| need be considered.

*.1.4 Application of the Errar Analysis

In Figure 3.5, the results of the error analysis are applied to the saccharin
data, with the uncertainty of each"go'int plotted as an "error kar". The solid
line is the average line depicting the area for saccharin of 1. 53 mzlg. The
dashud 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 run.

The areas calculated from these envelopes represent an uncertainty of

7 percent. The envelope include about 2/3 of the,points, giving credance

to the concept that 1. 53 is the most probable value, with 7 percent being the
standard 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 for themselves'”, itis interesting to note the unique,
Jjagged, plate-like structure of talc because compacted talc diaplays much
greater elasticity 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 range of particle sizes found typically in Sm samples.
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Figure 3.8

Powder _Ground Tale MMD (Whitby)  1.75 microns

Method of Dispersion_-eraosol cloud formed by hand gyringe.

Gravitational Settling of powders upon a specimen grid.

Magnification 30, 000X (microscope}, 2. 5X {enlargement); 75, 000X total

Micrograph No. 63-2-71
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Figure 3.7

P .
owder Ground Talc MMD (Whitby) 1.75 microns

Method of Dispersion Gravitational settling in an aerosol chamber upon a

specimen grid. Aerosol iormed by hand sy.in,..

Magoification 30+000X (microscope): 2. 53X (enlargement): 73, 00X :otal

Micrograph No. b3-4-5
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Figure 3.8

Powder Ground Talc _ MMD (Whitby) 1.75 microns

Method of Dispersion Particles dispersed in iiquid naphtha. Suspension

liquid sprayea ca 8pccimen grid with raascu Type v Airprusa,

Magnification 10,000X {microscope); 2. 35X {enlargemenrt): 25, 000X total

Micrograph No.__63-4-43

' (specimen grid shadow cast with chromium ata 5 to 5
height to length ratio)

3.23
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Figure 3.9

Powder Ground Talc MMD (Whitby) 1. 75 microns

Method of Dispersion_2Naphtha dispersed suspension sprayed on specimen

grid with Paascn Typs VL Airbrush (10 ... 22 7 -5,

Magnification 10,000X (microscope); 2. 5X {enlargement); 23, 000X o2l

Micrograph No. _63-4-44
{Specimen grid shadow cast with chromium ata 3 :0 3 heigha:
to length ratio. )
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Figure 3.10

Powder_wﬁrm MMD (Whitby) 6.9 microns

Method of Dispersion__Dispersed in naphtha; sprayed on grid with 2

Paasche Type VL Ai.orush (15 in. azn. .7 it

Magnification 19, 000x {microscope); 2. 5% {enlargement); 25, 000X total

Micrograph No, 63-4-52
(Specimer. grid shadow cast with chromium at a 3 to 5 neight
to length ratioc. )
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Figure 3,11

Powder Ground Egg Albumin MMD (Whitby} 4.8 microna

Method of Dﬁnponlon Dry powder dispersed on specimen grid with a

Paasche Type VI, miruiash (15 in  and 40 pai).

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

Micrograph No.__63-4-48
(Specimen grid shadow cast with chromium ata 3 to 5 height
to length ratio.)

31.26
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Figure 3.12

Powder_Ground Powdered Milk MMD (Whitby) 7.0 microns

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

Type VL Aicorush (15 in. auy 40 poir.

Magnification 10, 000X (microscope); 2. 5% (enlargement); 25, 000X total

Micrograpa No. _63-4-51
(Specimen grid shadow cast with chromium at a 3 to 5 nheight
to length ratio. )
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Powder_Sm (Pool # 7) MMD (Whitby) 6.4 microas

Figure 3,13

Method of ™anersion Dispersed in naphtha; sprayed on specimen grid with a

Paasche Type VL Airbrush (15 in. and 40 i},

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 4 7) MMD (Whitby) 6.4 microns

Method of Disversion Disperged in butyl alcohol; sprayed on glass slide

with airbrush {15 in. and 40 psi). .

Magnification 400X (l'ight microscope); 2.5X (enlargement); 1,000X total

Micrograph No, _63-B-11
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Powder Powdsred Suga- MMD (Whitby} 3% 5 miczens

Method of Dispersion Dispersed in butyl zicohol: spraved an glass slice

with 2 Faasche Type VL Ajrbrush (15 in. 40 psi).

Magrification 300N (ligh: microscoge): 2. 3X (eniargemen:): 1,000 tozal

Micrograph No. _23-2-3]
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Powder Unground Cornstarch MMD (Whitby) 12. 2 microns

Method of Dispersion Dicnersed in butyl alcohol: spraved on a glass siide

with 2 Paasche Type VL Airbrush {15 in. and 40 psi).

Magnification 400X {light microscope): 2. 5X {enlargement): 1, 000X total

Micrograph No, __63-B-14
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i 3.3 Agglomaerate Strcn‘!h

: We reported previously % that the energy-of-compaction apparatus was

i 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

i information.

e i s i o s RS FTAT W G5
. ——— :

' 3.4 Powdsr-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
be unique in their ability to reduce greatly this frictional force. A study will
! soon be made to datermine criteria for methods of applization and the
smoothneas of metal surfaces necessary to optimize this property.

‘ 3.5 Particle-Size Analysis of the Swirl Disperser’'s Output

’ . 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 1
. ' were determined on representative samplen obtained from the dispenserg, {

The method of sampling consists of coupling a 5-liter flask to the output of

i ) the swirl dispenser by means of a short tube. The tube extends into the flask 1
and is immersed in a settling liquid about two inches deep. The settling medium

i . used is the same as that used in the Whitby technique for the powder in question.
The swirl dispenser was operated at 250 pai 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 tv a predetermined ratio. The mixture was then used
as the feeding liquid far Whitby size analysis.

The results obtained were as follows:

Original Sample Dispersed Sample

MMD Std. Dev. MMD Std. Dev.
Saccharin 6.7 1.5 6. 7u 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.

3-3

Page determined to be Unclassified
Reviewed Chiet, RDD, WHS
AW EO 13526, Section 3.5

e APR 15213

o e oy TR SR




o

4. AEROSOL STUDIES

During this period, a program of ressarch was initiated to study the
effects of atmosphezic chazge conditions on aeroscl decay. lon concentra- i
tion ia the asrosol chamber was varied by introducing large quantities of i
positive ions at selected times in an asrosol's history by means of & corona- :
discharge ion generator. Other tests wers conducted in addition to the electro-
staticecharge runs and are disucssed later in this section.

——— —— p—— —

4.1 Description and Operatin £ Characteristics of the Corons-Point
lon Generator

! The general operating characteristics of corona-discharge ion generators
are discussed at some length in the litersture and will be treated only briefly

i here. The specific design of the unit used was developed by General Mills, Inc.
personnel on another contract, and a deeailed degcription may be seen in the
associated reporto.(” The corona point lon gensrator is shown schematically

, in the accompanying sketch.

{ Metal Base Plate
Carona Needls

IINSSNSSNINNA

. H.V. 5
] ) . Insulating Housing

} . s Inlet

} Figure 4. | Corona-Point lon Gensrator

4-1

‘] Page determined o be Unclassified
' Reviewed Ciwef, ROD, WHS
1AW E0O 13526,

igas l
v APR 152013 -



—

R

b ,n

M )
‘ )

|

|

|

i

|

A et et ovm——

——n P

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 proportional to the radius of the needle's tip.
Far a suitable combination of tip radius and applied voltage, the electric
field strength in the immediate neighborhood 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 slectrons)
are collectod at the needle after traveling a short distance. The positive
lons drift toward the grounded base plate at & velocity governed by the elec-
tric field and the ion mobility, If a gas is admitted through the gas inlet, a
"sink flow" of gas developes at the exit orifice, At sonic operation, the
velocity of this flow is such that a iarge fraction of the positive ion current
is swept 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 tip
radius of about one micron. The needle spacing s is 1. 8 mm, and the orifice
diameter ¢ is 0.79 mm. ODry nitrogen is used as the icnizing gas. We
measured the (ree ion current output of the device by collecting the ion
current in a 5] -cm long by 1-cm ID copper tube mounted coaxially and
spaced about 1/8 inch from the base plate, The results are shown in
Figure 4. 2, which also presents the gas-flow rate.

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

We have made measurements of curren’ densiries ar equilidbrium flow,
4 rough map of which is shown next Note that a large fraction of the free
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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U 4.2 Procedure for Elactrostatic-Charge Runs

The serios of runs to be reported here all involved djspersing of 100 % 5 mg
I of powder into the chamber with either simultanscus {Mode B) or subsaquent
{Mode C) injection of positive fons, These runs are to be compared to runs
where no charge was injescted (Mode A), The procedure for each of the series
1s indicated in the diagram. (Figure 4.5)

I l The time scale for each mode of operation is started when the ionizer gas
is turned on. In each case, the swirl powder disperser was operated for a
! “ 5-second interval starting 10 seconds after the {onizer gas. The swirl disper-
ser was operated at 60 psi. The difference between the modes of operatioan lies
' in the application of high voltage for the corons necdle; 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
i lons are injected for 10-second intervals after powder injection (ese 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
cherge infected was about 2. 5 x 10'6 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 10‘.

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

l The aerosol experiments were carried out under condirions of room
[ . humidity, which remained relatively constant throughout a given series of
: runs,
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4.3 Experimental Results

Electroststic 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-normal plot procedure explained previously. The
half lives and initial amplitudes of the various aerosols 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 (ohly
3 in one of the saccharin series) carried out under "identical"” 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 Tale Aerosols .

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

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

4.3.2 Saccharin Aerosals

The injection of positive ions 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 slement of risk in drawing the above
conclusions from the data available because the reproducibility is not as good
as one might hope for. It is guite evident, however, that the stabilities of
aerosols are affected by the radical atmosphsere charge conditions ecmployed
here. [n view of this, it may be necessary to modify certain statements
advanced previously regarding the effect of electrostatic charge cn 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 the questions which has plagued the aerosol program for some
time is whether grinding takes place in the dispersing process. During ths
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 sixe distributions of the
swiri-dispersed samples were nearly identical to the size distributions of the
stocks from which the samples were taken,

In another study of the swirl-dispenaer performance, the dispersing gas-flow
rate was measured by means of & capillary tube flowmeter, The results, some-
what higher than has been anticipated, are shown in Figure 4.86. .
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8. EXPERIMENTS USING GRAPHITE TO REDUCE SIDE.WALL FRICTION OF
COMPACTED POWDER SLIDING IN CYLINDERS

At the Fourth Coordination Meeting on Dissemination Research held at Fort
Detrick in May, 1963, Me. Eugene Flurie descrided some compacted powder
experiments conducted at the. Biological Laboratories in which graphits was
used successfully on the walla of & small cylinder to reduyce 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 sids-
wall friction relates to the performance of the E-4] spray tank and its associated f
loading equipment. During the development of these items, a number of experi- i
ments were performed which provided data on the force 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 Jubricant on
the cylinder's walla. The results were very gratiflying. Use of graphite has
lowared frictional-force by approximately 50 percent. Experimental procedures
employed and results obtained are discussed in the following paragraphs.

5.1 Procedurs

The data reported herein were obtained in three sets of experiments: Two
sots of teats 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 cylinder as a function of compactive pressure and the
cylinder's length-to-diameter ratio. A é-inch diameter aluminum cylinder was
used in tests with Miatron Vapor talc, and a 7. 5-inch cylinder was used with
powdered sugar, flour, and powdered milk.

Far the third set of experiments, thetes s w th talc and powdered sugar
were repeated in a 6-inch cylinder, using graphite to lubricate the cylinder's
walls. These experiments were 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
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The exparimental procedures were the same {0r all thres sets of tests,
The powder was pressed into the cylinder using 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
operation, the cylinder was raised off the base plate with spacers so that the
body of compacted powder could be pushed down out of the cylinder, The
foree required was measured on the platform scale, and the cylinder was kept
vertical at all times,

YT T TT

When filling the cylindez, we added powdar in increments and applied speci-

fied compactive force after each addition, One-half pound increments wers used ‘
with talc, and one-pound measures with powdered sugar. The total amount of
powder wae varied so that different lengthe of compacted powder specimens
were obtained. The length-to-diameter ratios employed ranged from 0, 7 to 2. 8,
The compactive pressures ranged from 3. 5 to 13, 1 psi. i

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 smaill spray can. The {ilm was allowed to dry before we fillad the : 1
cylinder with powder. Water, alcohol, and trichloroethylene were tried as !
vehicles for applying the graphite as a spray. ;
|

Two brands of finslndivided 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 psrformances of the two brands.
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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 Transe

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 sject the body of compacted powder is plotted against the
length-to-diameter ratio of tha 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 seta of data plotted, The results from the plain aluminum cylinder are
represonted 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 of graphite to lubricate the cylinder produces an
appreciable reduction in side-wall friction, These data also indicate that the
percentage of reduction s greater for the larger length-to-diameter ratios
than it is for the smaller ratios. This was observed for both compactive
presgsures employed in the trials. For the 5.3 psi pressure, the percentage
of reduction was 49 percent at a length-to-diameter ratlo of 1.5, increasing
to 55. 7 percent at a length-to-diameter ratio of 2.3, For the 3, 53 psi com-
pactive pressure, the percentagexss raduction 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 s 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 a2 compactive pressure
of 3. 33 psi, the use of graphite resulted in a 49 percent reduction in sjecting

pressure whoreas the porcentage of reduction was 55, 7 percentat a pressure of

5.3 psi.

An examination of the dats presented in Figure 5.3 for powdersd sugar
shows the same general pattern. Here again, the use of graphite to lubricate

the cylinder's walls before packing in the powdered sugar resuvitad in a signifi-
cant reductian in the force required to push compacted pawder out of the cylinder.
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The. percentage of reduction in force was more for the large length-to-diameter
ratios than for the small. Thse data for the graphits-lubricated cylinder showed
leus scatter than that for the plain aluminum cylinder. This could be interpreted
23 a further indication that frictional effects are alluviated by the use of graphite,

As vras 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 surface. The liquid was then allowed to evaparate before filling the cylinder
with powder (Mistron Vapor talc was used), Water, alcohol, and trichloroethylene
were tried as vehicles. We found that all three systems deposited graphite satis-
factorily on the cylinder's wall. Data from the trials using the spray technique
are presonted in Figure 5, 4 with comparable data for dry trials with talc. 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 resuits obtained
when trichloroschylene 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 .41 spray tank
with ¢ acted powder. This loader is described in the Ninth Quartsrly Progress
Report.(z The loading tube is 16-3/16 inches in diameter and 36-5/8 inches
long. It contsins sufficient material to fill one end of the E-4]1 spray tank in a
single loading operation.

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

In preparation for the experiment with graphite lubrication, the tube was
cleanad 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/ cma.
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The loading tube was then positioned horizontally, and the talc was pushed

“ out and allowed to fall into a barral. A preesure of 12 psig was sufficient to

) force the talc out of the tubs. 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 Basp. During this operation a pressure

’ l of 20 psig was observed on three accasions. Both the 12 psig and 20 psig pres-

oo sures are substantial improvements over the 30 to 35 psig previously required.

5.3 Conclusions {

l

i Although anly a limited amount of data has baen obtained on the use of
graphite to reducc sids-wall forces assoclated with moving a charge of com- ’*

’ pacted powder in a cylinder, the results are significant snough to warrant
reporting them at this time. The tests with the 6-inch cylinders showed @

l reduction in force of approximately 50 percent when graphite ia used to lubri.
cate the cylinder's wall. One test with the 16. 5«inch cylinder showed &

l 60-parcent reduction in the force {from 30 to 12 pef) required to push s charge !
of compacled talc out of this cylinder, Subsequent experience in loading for -

’ the Eglin tests indicates that a reduction of approximately 35 percent may be :
more reasonsbly expected,

|

|

l

l

As a consequence of the good results obtained thus far with graphite,

further work in this ares is planned. Moze tests with é-inch cylinders will : {

. be conducted. One area of special interest is the influence of initial surface {

‘ roughness on frictional forces when graphite is used as a lubricant. Full- l
scale tests with the experimental disseminator ars also planned.
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6. DISSEMINATION AND DEAGGLOMERATION STUDIES

=3

” 4 6.1 General Approach

==
n——

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 low flight speeds, and dissemination of matarial
atored in the compacted state.

-

6.2 Diucmir_giion at Low Flight Speeds

Prior to this time, we have been concerned with the feasibility of deagglomerat-
l ing finely divided Sm at flight speeds of Mach number 0.5 to 0. 8 (330 to 528 kaots).
Results from wind-tunnel tests showed that the material could be mechanically
i disaggregated and disseminated with high physical eificiency at thesa speeds.
Our study has now been extended to cover flight speads below Mach number 0. 5.
_’ l We have determined the minimum speed for efficient dissemination of uncompacted
L material, and have conductsd a thorough investigation at Mach number 0. 3.
|
l
|

During these tests, we employed the same aerosol-sampling techniques !
described in an earlier report. { Full-flow impactor tests provided a
qualitative measure of the presence of very large agglomarstes {100 to 500 1
microns in diameter) in the gercsol, whereas collection of fine highly deagglom- 4
. erated material on membzrane filters provided quantitative data from which the
R limiting bulk-density condition could be determined. For this purpose, the i
high-velocity sampling probe was located 0. $ inch from the bottom tuanel wall.

The Sm used in this study was taken from lot S1-Sm-342, the same lot
used in our pravious 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 deagglomexration efficiency.
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, The results of these tests at Mach number 0. 3 are shown in Figure 6. 1.
H The measurements indicate that the concentration of fine, desggiomerated .
aerosol is essentially indepandent of bulk density in the range 0. 33 to 0. 52 .Ic_q’,
“ Above this range, however, the quantity of material in the fine asrosol cloud
decreases. Coavorsely, the impactor results indicate that as the bulk density
exceeds 0. 52 g/ em? an increasing percentage of the aerosol is comprised of
large aggla;ncratu that do not readily break up. This value, -therefore,, repre-
sents the limiting condition for a flight speed of Mach number 0. 3.

e gt " 1 o
——
- ——

——— s—— arm— ——— — v g —— rm— ——

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

Results that hsve 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-41 type. The maximum bulk
density that can be deagglomerated officiently was determined from concentration
curves such as that shown in Figure 6.1. Those for Mach aumber 0. 5 and 0. 8 were ' 1
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 asro- ‘
sol concentration decreases to 95 percent of its maximum value for a particular J
aeries of tests. Figure 6.2 and Table 6. 1 show the break pointa for rune at
Mach numbers of 0.3, 0.5, and 0.8. At the break point, deagglomeration
officiency is npproximatoly 90 percent--that is, 90 percent of the pazticles
that originally had diameters in the 1- to 5-micron range are dispersed in the
l same size range by the disseminator. Microscopic analysesof filter samples

and full-flow impactor collections have been used to determine this value of
{ efficiency.

I
| o2
;
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Figure 6.1 Concentration of Fine Sm Aerosol Cloud in Wind Tuane}
as a Function of Bulk Density (Airstream Mach Number
0. 3; Sampling Probe Positioned 0. 5 Inch from Wall)
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Figure 6.2 Concentration of Fine Sm Aerosol Cloud in Wind Tunnel
as & Function of Bulk Density and Airstream Mach
Number (Sampling Probe Positioned 0. 5 Inch from Wall)
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Table 6. 1 Break Points for Dissemination Tests with Compacted 8m
at Wind Tunuel Mach Numbers of 0.3, 0.5, and 0.8

Mach Number Bulk Density (g/ cmsl
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-4] is expected to be very
effective in deagglomerating compacted materials. In the bulk density range
0.3t0.9% |lcm3. 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:m3 is as egsy to déu lomerate as
the uncompacted material. As denaity incresses above 0.5 g/cm”, the binding
snergy of the particles increases very rapidly, as shown in- Figure 6.4. In this
range 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 abova & density of 0, 58 g/cm’. For this material, the maximum density
that can be disseminated with high efficiency is 0. 59 g/ cm3 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 eithar more or less
difficult to digsseminate in the compacted state, depending greatly on the com-
paction energy-denaity relationship shown in Figure 6.4. Wa therefors beliove
that measurement of this parameter will be one method used to predict the
flight-speed requiraments for various agents. Both the shape of the resulting
curves and their absolute values indicate the binding energy of campacted
materials which must be overcome during the dizsemination process.
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6.4 Disssmination of Stored Sm in the Compacted Condition

At su earlier date, dissemination tests were conducted on Sm simulant
that bad bsen stored in the compacted condition at -18 C for 10 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 disvemnination and deagglomeration test constitutes 2 x 3 x 6 factorial
with duplicate runs for each treatment. The variabjes investigated include

Storage Temperature

2 0C
-23C

Storage Bulk Density

0.33 g/cmg. uncompacted
0.57 g/em
0.6l g/cm

Storage Period

0.04 day
1 day
7 days
30 days
91 days
182 days

We are using our standard methods for gencrating and assessing serosols,

They include the GMI.3 dissemination fixture, and the isokinetic samgpling
probe and full-flow impactor-collaction 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. 5 microns. In preparing the samples, Sm is com-
pacted into storage cylinders of 0. 75 inch diameter in a dry, controlled
atmosphere, The containers are sealed securely during the storage period.

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

6.4.2 Storage Viability Tests

The samples prepared for the abave 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 8 2 x 3 x 13
factorial. The time variable includes

Storage Periods

0.04 day 30 days

| day 61 days

3 days 91 days

5 days 122 days

7 days 152 days

14 days 182 days
21 days

Sumples of thess tests are taken after the slugs have besn mechanically dis-
aggregated. Our standard method of bialogical assay is used, and a Waring
blender is employed to break-up the compacted clusters of material. Each
analysis has sn uncompacted control, which is stored at -23 C.

As in the former case, the results to date do not indicate 3 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
continusd in the Development Engineering Department. Considerable progress
was made in the fabrication of the second unit. Minor design changes are being
incorporated in this sscond unit as weil 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-41
Spray Tank at Eglin Air Force Bass on the F-100 and F-105 airplanes.

7.1 Fabrication of the Second E-41 Spray Tank

A socond E-41 Spray Tank is being fabricated for use in future fight-test
programs. In view of the high degree of success experienced with the first air-
barne E-4]1, 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 @ nature that they will also be made on the first unit. Thus, both E-4}
Spray Tanks will be similar. Completion of the second unit is scheduled for
June,

7.2 Ilmproved 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 valvs's oparation. The shroud also streamlines the discharge tube
and separates the aerogol stream from the spray tank. The initial design
for thin ares 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 revined design, all the electrical components such as the motor and
limit switches are enclosed by a sealed cover or housing as shown in Figure 7. 1.
All of the wiring lesding from the disseminator proper to these componsats is
contained in a single segled 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-4]1 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 »o 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 changes during the
trials, led to the conclusion that the switch was operating untimely to cause
a short delay in the starxt of dissemination. In as much as the jamming con-
dition which this switch was intendad to protect against has never occurred,
a decision was made to eliminate the switch. The mounting holes far the
switch in the end plate will be sealed with plugs.

7.4 Addition of Filling Holes in Pistons and End Plates

Because the £-4] 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 piuténi' and end plares for loading locse

7-2

GONMDENTIRY®  OECLASSIFIEDINFULL
Authority: EO 13526
Chist, Records & Deciass Div, WHS




3m uryy Pnox
qItm #3u3uoduios oy uﬂ.u.m 88xegae1g .
OH PO®3S 12 sammpy i

7.3

Oiv, WHS

DECLASSIFIED IN FULL
g::.Rmds&Dadass
"H S AR 2D

Authority: EO 13526




W

powder. Filling holea have been added to the end plates of both E-41 Spray
Tanks. Corresponding holes have been made in the pistons of the units so

‘3 that s filling tuho can be inserted into tne tanke.
The holes in the pistons are three inches in diameter, and the holes in
i the end plates are 3,25 inches so that the plug for the pistons can be 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 (ASQWC) Eglin Air
; Force Base requested that the E-4] Spray Tank be made available to them for
. flight tests on the F-100D and the F-105 airplanes. {t was subssquently
) 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 during the latter part of June.
Thé“u flight trials are intended to demonstrate the compatibility of the
) spray tank with the F-100D and the F-109, and procedures {or assaying
A ground coverage resulting from dissemination of simulants are not included
I in the plans. The unit will ba loaded with talc, which will be disserninated

during the trials.
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8. PREPARATIONS FOR FLIGHT TESTS OF THE E-4] SPRAY TANK ON
THE MOHAWK AIRCRAFT

On 11 March 1963 Mr. Gordon 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 1n Building T-7 to dis-
cuss plana for flying the E-4]1 Spray Tank on the AO-1 Mohawk airplane. On
28 March 1963 engineers from Ceneral Mille, Inc. met with Mr. John Coursen,
Mohawk Project Enginecer, 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-41 on
the Mohawk.

The weight and size of the E-41 present no apparent problems, but it will be
necessary ta carry two units or one E-41 and one 150-gsallon fuel tank to obtain
symmstrical loading. This decreases the maximum obtainable speed but {s
nececasary {or 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 succeasfully disseminated and
aerosolized at thir air speed.

The spray tank will be mounted on the Aeroc 65 A pylon at wing station 185.
If only one unit is flown, it appears that the left-nand 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.|
Mohawk. Tha major reason for this is to stabilize the store when it is released
from the pylon upon jettisoning. Because the empty weight of the E-4] is
significantly greater than the empty weight of the fuel tank, 1t should not be
necessary to use the cruciform tail. However, since the cruc:form tail is
the accepted design and there is no strong objection ta using it on the E.41,

a decision was made to pravide an interchangeable aft section 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.

8-1

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

Nate: 1 5 H’R 20'3




s

B L

Installation of the E-41 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 ampls room
for the E-41 control panel in the airplane’s cockpit. Grumman expressed a
willingness to pezform 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
establishmaent of dates for the flights by the Mohawk Project Officer in Wash-
ington, D. C.
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9. SUMMARY AND CONCLUSIONS

The improved multiparpose test unit is now being used to measure
shear strength, tensile strength, snd bulk density within the confines of
& 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' slip agent and graphite havs been trisd on the mold
used to form the "necked-down” speciments for the triaxial tensile test.
Thres supposedly identical Sm samples have been found to exhibit dis-
tinctly different compaction characteristics. Tests for particle size
distribution, particle density, and moisture coatent are being conducted
in an affort to explain the differences in the behavior of these Sm
samples. Whithy particle-size determinstions have shown that a change
in size distribution toward a smaller MMD occurred when saccharin was
compacted to 3 compressive stress of 2,84 x 104 dy‘ne‘.’cmz. 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-size analyses performed on samples taken from different levels
of the bed showed no evidence of segregatica or attrition during the 75-
minutes runs. Thare 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. 6
percent lost at 12 cm/sec (Section 2},

The BET gas-adsorption method was used to meadure the total
surface ares of saccharin for comparison wath similar data obtained for
tale during the previcusquarter. For saccharin, the BET specific surface
area is 1,53 mz/g 27 percent, which is significantly lces than the value
of 15.9 mzl g determined for Mistron Vapor talc. The increased surface
area for talc is attributed to ite poresity. The rugosity, defined as
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1e 2.2 for saccharin. Micrographe that have baen used to obtain particle
shape information are presentsd for talc, ssccharin, egg albumin, powdered
milk, §g. powdersd sugar, and cornstarch. Whitby size analyses made on
saccharin and powdered sugar defore and after their being dlspersed by the
swirl dispsrser for use in the serosol chamber have shown that grinding
doss not occur in the disperser (Section 3).

A program was Initiated to study the affects of atmospheric charge
conditions on aerosol decay using the aerosol chamber. lon concentration
in the chamber is varied through intraduction of positive ions by means of
a corona-discharge ion generator. The injection of positive ions reduces
the longevity of talc aeroecls. For saccharin aerosols, the introduction
of positive jons simultanscusly with the introduction of the powdar increases
asrosol longevity, whereas joa injection after injection of the powder de-
creases longevity (Section 4).

Experiments were conducted to determine the effectivenese of powdered
graphite in reducing side-wall friction of compacted powders sliding in
cylinders. Data reported wereobtained with three sizas of cylinders -- 6,
7.8, and 16. 187 inches internal diameter. Graphite was applied dry and
as 8 suspension in water. alcohol, and trichloroethylene. The latter
showed & small improvemant over the others. The force required to eject
compacted talc and powdered sugar from a graphite-lubricated cylinder
was found to be significantly below thst for a plain aluminum cylinder.
Although ths 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 ejaction force observed during the tests. Further tests
are planned. An srea of particulsr 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-
! I X gated air velocities down to Mach number 0.25, Tests run at various

bulk densities have shown that the concentration of fine, dsagglomerated
aerosol is essential independent of bulk dansity in the range from 0. 33 to
0.52 g/em>. Consequently, 0.52 g/cm> is the limiting bulk denaity for
Sm for a speed of Mach number 0.3/ Wind-tunnel deagglomeration teste
and viability tests on Sm stored in the compacted state have thus far

: demonstrated that storags at -2 C or -23 C for periods up to 30 days has
) no significant detrimental effact on either deagglomeration efficiency or

viability (Section 6).

Fabrication of the second E-4]1 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 tha 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 wers initiated to conduct flight tests
at Eglin Air Force Base in which the E-41 will be {lown on the F-100D
and F-105 airplanes to demonstrate its airworthiness and compatibility
(Secdon 7).

e cmpemm See——

Personnel from General Mille, Inc. met with engineers at the
Grumman Afrcraft Company (Bethpage, Long Island) to discuse the
problems of flying the E-41 spray tank on the AO-1 Mcbawk airplane.
Engifieering and performance data were obtained. When the E-41 i»
flown on the Mohawk, it will be necessary to carry a spray tank (or a
150-galion fuel unf:) 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-4] epray tanks bacause this is the accepted
design for the 150-galion fusl tanks used on the Mohawk, Minor aircraft
rewiring will be necessary to sccommodate the E-41 (Section 8).

h— St— S——— e,

—
——

9-3

SONRIIIE® oeciassrEDINFUL

Authiority: EO 13526 ]
ghief. Records & Dectass Div, WHS

ate:
{15 APR 2013

o ym———en e
[T 1

——




Cmmreny - pete———— =

e — -

l
I
I

10.

1)

L))

4)
5)

6)

7

8)
9
10)
11)

12)

it m——————— e ——

REFERENCES

General Milla, Inc. Electronics Division. Report 2373. Dissemination
of solid and liquid BW agents (U}, by G. R. tnah. Contract DA-18-
064-CML-2745. Tenth Quarterly Progress Report (September 4 -
December 4, 1962). Confidential.

~----. Report 2344. Dissemination of valid and liguid BW agenta (Uf),
by G. R. Whitmah. Contract DA-18-064-CML-2745. Ninth Quarterly
Progress Report (Juns 4 - September 4, 1962). Confidential.

-=es. Report 2381. Fundamental studiss of the dispersibility of powdered
materials, by J. H. Nash et al. Contract DA-18-108-405-CML-824. .
Final Report (March 15, 1963},

Zens, F, A. and D. I, Othmer, Fluidisation and fluid-particle systems.
N. ¥., Reinhold, 1960.

Matheson, G. L., W. A. Herbst and P. H, Holt. Characteristics of
fluid-solid systems. Ind. Eng. Chem. 41: 1099-1104 {1949).

General Milla, Inc. Electronics Division. Report 2395. Dissemination
of solid and liquid BW agents (U), by G. R. Whitnah. Contract DA-18-
064-CML-2745. Elsventh Quarterly Progress Report (December 4 -
Mazrch 4, 1963). Confidential.

Fries, R. J. The determination of particle eize by absorption methoda.
in American Society for Testing Materials. Spec. Tech. Publ. No. 234.
Symposium an particls sise measurement. Philadelphia, The Society,

19%9, pp. 259-78. :

Whitby, K. T. Rapid (onix;.l purpose centrifuge sadimentation method
for measursment of size distribution of small particles. Heating, Piping
Air Conditioning 27, 6: 139-45 (June }955).

General Mills, Inc. Electronics Division. Report 2396, op. cit.

Flosdorf, E. W, and G, W, Webster. The determination of residual mois-
ture in dryblological substances. J. Biol. Chem. 121: 353-59 (1937).

Ernsberger, F. M. Temperature coefficient of the McBain sorption
balance, Rev. Sci. Instr. 24: 998.99 (1953).

Wilson, 2. D. and H. C. Riss. Principles of chemical engineering thermo-
dynamics. N. Y., McGraw-Hill, 19586, p. 238.

10-1
ed
Page determined to be Unclassifi
R;%iemod Chuef, RDD, WHS

JAW EO 13526, Section 3.5
"B 5 PR 013




AFPENDIX A
LOAD AND STRESS ANALYSIS, £-41 SPRAY TANK

Page determined to be Unclassified
Raviewed Chief, RDD, WHS
JAW EO 13526, 3ection 3.8

Date: r’ 5 PR M3

e ———— - —



e oy wong

[ g

1
fmur NO. 43.300 ' DATED 9-12-63

b3
4
o

- iy gy L i
- Qi P w——
Sanvea —e—— prosimpet

e b

FLETCHER aviation company

OF A 4 INSUSTEES. (NG LINOS R Y 0C ANS P80
- Praeriry

e 225

LOADS & STRESS ANALYSIS
S0LID FURL TANK

o ay—

e

APPROVED

e
Ll 2o G

el s 2N 50 T 2ur S et B o |

L o /
Project Engineer

[ " Dot
.- . 20

-

——t.s Avm——— St
— pesampan o o=

MODEL Custom . - COPY NO.

nm—
——

REFERENCE ISSUED

IR B AR B B e B

[T VO SRl VTSI B TN T S R

gty bV VNS R TR

-
—

romm r o

-
bea

AL .. - - . T L

|

Page determined to be Unclassified
Re?:w Ciwef, RDD, WHS
AW EO 13526, Section 3.5

VS AR 2013

».os-n
-



[SVaRE

—— - - - -
nang [

rewasse| 8.1, fi23 | 9-12.82] PLSTCHER AVIATION COMPANY |, ““]i=

fe ]
Cuesxse : 1OADS & STRESS ANALYSIS  |MesmyCugtom
" SOLID FURL TANK 43.300
Ll o]
i
T}.

) isten Raga
:mmu..l....i.l..li 3
ml.l.."l....... ‘
mmm.l........".. 5
MINIMID MARGING OF GAFETY. ¢ o 2 ¢ o o « 7
BASIC LOADS SECTION

General View of Tank: « ¢ o ¢ s » & « 8
Inldlnthmionl..-...-.. )
mitmnlbnueblu--..... 10
Design Conditions . ¢« + ¢« ¢+ o « o s o 12
Reactions to Design Xoads . . . « + . 14
Airload Preakdown . . . « ¢ « o o s » 22
Critical shell m‘mwo e s a 23
Critieal Design Conditicns, , « = + » a7

STRESS ANALYSIS S8ECTION
Nose gection -~ ghell . . .

Center Ssction - Shell. . . : e o 4 » 2%
Aft Section ~Bhell . . ¢ o ¢« ¢ » 4+ k> %
“54“19"501 :lw (IY.-WG’ * 6 o o o ”
-20179 Clitinq. 4 o 8 o o o s 4 & & o 3‘
mm m. a ] L ] L] » . * L ] * - L L] L] 35
4‘7’ '1‘ » . L d L] L L[] . & [ ] - L] . [ ] - 41
Fin Attachments . « ¢« ¢« s ¢ o 5 ¢ o « 44
mnl..........-... A=l
rat foms 5208
determined to be Unclassified
zﬁewcm. ROD, WHS
IAW EO 138326, Section 3.5

Y K 5 PR 2013

o c— o



v T - - - - y LTy
. i ' _?m g |e-de62 wmrcun AVIATION COMPANY | - ] e
" ’: ¥ 10ADS & W,; ;::uu m_s_:.l_;_g%_

] Arsrovic Ruront Ne. ! ,

A ’ z‘

& f INTRQDUCTION 1

: i: , The following report covers the basic loads and stress
S . analysis of a special tank built for tha Blectronics Divi-

8ion of General Xills Inc. The design is par their speci-
fication GMB~29100-610, and is coversd by Puxrchase Ordexr
MD~84364 dated 6~4-62. :

;i The basic loads for the tank design are developed from the
o requirements of Saction #3,5.8 of MIL-T=7378A, dated 20
October 1958 and from airload data furnished by General

{ Y Mills in their letter to F.A.C. dated July 27, 1962, Load

: ’ factors for the catapult takeoff and arrested landing con-

. ditiong, as well as for the flight conditions, are taken

i ‘ from Pig. 1 of the above Mil spec., which gives load factors
' for wing-mounted stores. Since the load requirements eof

I MIL-A-8391B are the same as MIL-T-7378A, they are also
net . )

\ Tha reactions on the tank attach points ars calculated and

[ summarized on pages 20 and 2| . Resultant shear and
banding momant at critical stations along the tank are also
’ calculated. See pages 23 to 3L inclusive. The foregoing

I data is then studied and a summary of design conditions

critical for the various items of structure is presented

on page 47 . The choice of static test conditions is

l bassd on this summary.

The sign convention for both the inertia loads and airloads
" and the reactiosns to the loads is as follows:

Z = Upward acting
[ ¥ = Acting to the left (looking forward) o
X = Rearward acting !

l Positive momant vectors are in the same
' diraction, using the left-hand rule.

t In the casa of the ahear and bPending moments in the tank |
shell, the sign of both ths shear and bending moment agreaes
with the sign of the force on ths end of the tank beyond
the cut section.
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Sjmbols and definitions used throughout this report ars
tabulated on page £ . ALl loads, reactions and all stress
dnalysis are presented in terms of ultimate loads unless
Speaifically noted to the contrary.,

The results of the stress dnalysis of the critical struce
tural items in the tank are summarized in the Tahle of
Hinimum Margins of Safety, page _7_, which includes ali
margins of safety less than 20%.
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RRAMINGS - :
General Mills Drawing 8K 29100-612 "Pralim. Tank Assy. Drawing”

#21.-150-48032 “Tank Asseubly - G.M.I. Specs.”
1342 “Nose Section Assem.”

3372 "“Bulxhead - Fin support”

4232 “"Beam - Fin"

4235 "Angle ~ ria Support, Upper”

4236 “"angle - PFin Support, Lower”

4679 “"7in Assembly”

20179 "“Casting - Center Section Support”
20181 "Ring Segment"”

3 &£ R 2 3 n X
2 %8 8 ® I B8 =

'nouqln M.rc:lfe Drawing #1550568 - "Insext"

. 4544419-301 “Eye-bolt"
- . 4552066 “Porging Blank®

RERORTS, MAMUALS, ETC.

General Mills Specification #GM8 29100-610.

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

Ganeral Mills letter to F.A.C. dated 7-27-62.

MIL-T-7378A -~ "External Fusl Tanks*,

MIL-A-85913 - "Airborme Stores & Equipment”.

MIL-HDBK-5 -~ "Strangth of Metal Adrcraft Elements“.

Q0=8~766C -~ "Corrosion Resisting Steel Ghest”.

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

Mills Tank®.

N.A.C.A. T.N. #427 ~ "Thin-wvalled Cylinders in Torsion".
* T.N. #479 < “Thin-walled Cylinders in Bending“.
o T.M. #929 - “Circular Shell-sSupported Prames".

Lockhead Alrcraft Stress Memo Nanual

Alcoa Itructursl Handbook, 1938 ad.
¥.R. Shanley - "Basic Structures™ 1944 od.
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S T _rowmganas.
ERIDTION.

:

area {ind)
Modulus of slastioci
i, Allowable stress (#/in?)
. Agtual stress (#/ind)
, Moment of inertia (ind)
- Mass momant of inertia (slug-ft3)
A factor; cosfficiant
A length {in.)
A length (in.)
Moment (in~1bs.)
Margin of safety
Load factor
Load (1bs.)
Reaating forces hook load; radius;
Momant army radius (in.)
Shear load (1bs.); sway brace load (1bs.)
' Weight (1bs)
Running load (1ds/in.)
Longitudinal referance axis, positive aft.
Tank station at center of gravity.
Latersl reference axis; positive cueb’d, 1
to left. :
Distance to center of gravity in Y dizection. .
Vertical referance axis, positive upward.
Saction modulus (in3d) J
Disrance to center of gravity in 2 dirsction.
Incremant of change, as AR, change in force.
An angle (D‘q o)
Pitching angular scceleration (Rad./sec.3d)
© Yawing angular acceleration (Rad./sec.d)
i Daflection (in.)

S'HH.'Q!H’

NEooD N nwl KX IZEUNOND XX L

WHEM USED AS SUBSCRIPTS

e e e A -

! Afe
Bending
Bearing
Canmpression
Crippling
Forwaxd

Horiszontal
Left side

[ Haog’b"

l 1AL fovm #4008

- A

Page determined to be Unclassified
Raviewed Cruef, RADD, WNHS
IAW EO 13526, Saction 2.5

Date:
R5aR oam




—— e e ———

' riems| 1 gty | ] MLETENER AVIATION CONPANY ) -]
Chpsnza

’ IOADS & STRESS ANALYSIS  |MesstCugtom |
- | ~ SOLID FUEL TARK 43.300 §
Nl "

) WHEN USED AS SUBSCRIPTS (comtd) ;
: ’ ; B Mass; moment . ’ u
o R Resultant; right side '
: } ] Shear
. t Tension

u Wtinate

’ ;: ;‘rtiﬂl

"‘ 1; ::ri:} See sign convantion, page _2,_ i
| ' Yy Yield _ . ‘ J

!

l

|

|

|

{

|

]

|
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* Inctudes all margins of safety less than 20%
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[ Repon? Ne. |
TARLE REOMING \
MOITME MARGING OF SAFNTY *
| b 1] -20180 Type #304 Stainless Steel Tension +04
! as ~20179 336-T6 Casting Bending 00
18 ~20181 - 4130 stesl, h.t. 17o,ooo Bending .04
. 4% <4232 2024~14 plats . Bending .00
[N+ | ~4879 AT =108 mrum:lnm Shear 18
3 46 ~3372 6061-78 Plata . Bearing 03
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f
: LOADING ASSUMPTIONS

The basle loads for the tenk design are developed From the requiranents of Section 3.5.6
/ of MIL-T-7378A, doted 20 October 1958 and from alrioods fumished by General Mills®
In their letter to FLA.C. dated July 27, 1962, These loads and the necessory resctions
from tha hooks and sway-brace pads are distributed Inte the siruciure of the tank, using
the following awumptionss

(1) Resctlons from the swey brace pack are always nemel 1o the 1k sufcee, d'f

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

(2) Side loading Is resisted by a hook vertivel food and the sway brace aating &t !
24° fromy the verieal . | 1

f) Each wowdhcwl.damnmambm&q load,
(4) Rolling moments (M) will be carrled by a couple between the hook and sway

gy

R e o

m— bt
- N

l brace, sach force in the couple acting et the same 26° from the vertical os
noted above. Each couple may be equal 1o 100% of the iotel roliing moment.
’ (5) Pirching moments are resisted by @ couple betwesn an eye-bolt and the for
: pair of sway braces.

| ' (8) Yawing moments ore resisted by a couple formed by the laters! components of
load of the forward and oft sway breces. The resuiting vertical components 1
are reslsted by verticol loads on the odjecent eye-balts. ‘

() The analysis will ignore pra=loads In the attoch fittings due te ferquing th e
. wway braces, becawe experience has shown that thess pre-loads dlsoppear
] ‘ before ultimate test iaads ave reuched.

) (8) The effect of the various load companenis Is Iinecr (ba'ow the yleld stres of
i sll affected ports) and the reactions Yo them may theresre be wperimposed
on each other, : {

WL fom 1808
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!.. Becqysa of Yhe manner of ccm;wﬁ‘n7 aref
: superimpasing the reactions ta the various
- /oad comporents, 1t /s passible for alt four {
. | Swiay braces & both hooks do be fooaeo

& J‘/‘mu/r‘qneous'-/y. The reactions from +he hocks
< and sway brrces may be reduced in a
proportion to maintain the stefic equilib-
ri4m. TAis will be done in ftwo steps.

- Slap Al Reduce Fhe reachions in the Moeks
[ ‘ and Swiary bracas .ﬂ’mulﬁvneauc/y untif one

) hook ar one sway brace _reqefe'on bacormes
i Zero. 'If‘ one reqckon Is q/f‘dad); zero, This
step is omitted, Because of the symmetry of -
Phe Aeoks aqna sway bracee about 7The Joad
reference axes, rhe 'fo/i’auw'n’ relationships
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. L . are true when Fhe reactions From beth 603;%:
S or from alf four sway brwees are chammes
. . Simutlfancousty, ' ' J

. * .
| j For hook a 2 =T Llo ) tha ¢orr¢=pom='c'n3 !
- Sy brace AR = ..f%e_g_ v . £5¢3 v
L Ang conversely,
i For q svry brace AR -"'/ - '
i | < o, the Correspond -
/nj hook AR, = 2. 34879 n.
. v w776
| 7;1: q}b;v; AR j«j‘udfuent: are shown - q¢
| 4 atitc ¥fon  on PI9es 20 and aL,

[ Skp 2. After one sway brace reaction

‘ rcfeﬁes 2#ro, #he adjacern‘ Aock loact - mae:
r .::7‘:// be remuces) F the moments are kept I
in balance. ' -

| S e
] 1 {1

ADJACENT FAR FAR
BRacE

For 4R, w (0 *on atjwcent Aock,

Far ’Wdy brace aR -23',_?%7’_7, - 2337¢ M

, . Far Aook AR, = 40 - )0 = 570”'r
] For aR = 10 %0n a far Sway brace,
Adj. hook aR, = L r 8187 2 = 299 *

, Mook SWAY Moo
I

Far Kook oR, w 25.89%79 - .299¢ = /4986 *

48 form 1480: 4
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| R N FLETCHER AVIATION COMPANY i ey

R L Pazsansain W, Hill S-8-62 LETCH Pass 27

. ms
!; Cuscxen LOADS & STRESS ANALYSIS  |Mess Custom }
3 ' SOLID PURL TANK - 43.300

. AspROVED Mo

N i‘ 3 . 3

¢ i SRITICAL DESIGH CONDITIONS

The following tabulation of the critical structural elements
{n the tark ghows which deasign conditions produce the graatest

]
t_ . loads on these items.
i f ITEN P
Nl Eye-balt (attach hoock) 11 Max. Ry & R,
: Central casting (15), 5, 11 Banding

Steel frames (15), 4 Down ld., bending
f, Fing & attachments 3 Max. £in load

Tank shell (15), 3, 11 Shesr + moment,’
"- & max., drag load
i

Condition #15 is an ejection condition. Since the loads to
ba experianced in the actual ejaction may not reach the values
]’ asgumed in design, static tasts will be conducted of the next
most cxitical design conditions in order to demonstrate an
adequate strength level in the above itema ¢f structure.

It appears that static testing to Conditions #3, 4, 5, and 11
, ) will prove out all the structural items. It appears alao

that the high sway brace load in Condition #5 (producing high
local bending in the central casting) would be duplicated in
,' Condition #3 {f these loads were all increased by 2.9%. This
1 would sliminate Condition #5 as a tast conditiom.

{ REQUIRED STATIC TEST CONDITIONS

’ Cond. #3 =~ Plight (with lcads increased by 2.9%)
Cond. #4 - Flight
Cond. #11 - Arrested Landing

1AL farm PR0R
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SIRESS ANALYS!S

. r /, /

Mose Section (TS "o - ¢1.7) ,

[Raf dnj Y2150 - 42032 Tank Azsembly .
- /342, Nose Agseréh '

&ritical section for combincd shear & éend"»?
/s jbsf forwany of sty "$3./ Joint. Highest foaqs
are producact A)« 7he 30000 'ejuﬁon rce /1 Fhe
Tank ~empty coneition.

W= gito ’ (hp. 3 )

P = Joaoo" } Tank inertia /oaers
M’“ = 29300 /n-lhs Cond "f.", ,bl;. i

ope = 30000 = 36,c7°

. /e, 0"
= .
.S/n 166.7

ity =701 "
", < 4290 in-tbs B Lo

M/,g-;w“- 222 /n-ths

-t

Sap = 16674 30,87 + 7449, ¢2.36
= Cl3 * S/ = so29 "
My, = 4290« JC.07 + 222, 4,30
= 487, 310 + /5320 = 172,098 tn-lbs
Sectron propertics fuy of T.c "2,
063" boci-Tw shell
QrR = /0.4% g (T.s. "so ) dr-%, ‘1 -rs0 - 1342 )
A ™ 003 1, 1o.948 2. = 4,138 tn”
Z = . so44T, .03 = 2140 in’
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Same as shown on Previous page. (Mose section
an-alrs;lr,)

PG dovm 13980

Page determined 1o be Uncisssified
Reviewed Chief, ROD, WHS
IAW EO 13526, 3ection 3.5

ete:  J1 5 APR 2013



namg _Olll - o mma—— - e 1 am
— - N AETCHER AVIATION CORPORATION raeld |30
Cugexss ‘ it _ . Lz,
ssraeves e
]
cr ' »
Sp =228.3 "
iny = 7793 7 e :
Mp = 7248 n-tbs g Lo
/%z/”. e #el sn.lbs
5,,“_ = 28%.3, 2¢.¢7 - %992, 7.3
T /0572 < ¢72 = 9830 T ,
' Mosc. ™ TIH0 2 32,47 - H#een .3 ‘
‘ =Jeo 830 ~ 32 290 = 327 syo ;p.ths
i Section properiies
.03 GoGI-TC shell
AR = o500 *
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Attachments for /ower qmj/e are criticel.
Load on bolt pattarn
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3 ¥
! i; On October 4, 1962, a ravised set of 2irloads
[ was receivaed from Genaral Mills to use in
! ;E conjunction with the inertia loads derived
‘ from MIL-T~7378A. This meant a revision of
. Flight Couditions #4, 5, 6 and 7 basic loads,
j? as shown on the following pages., Naw attach
- point reactions are calculated, and rasultant
: shears and moments are found at four stations
. [ along the tank shell, as befora.

FProm the above data it was found that Conditicn
#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 dasign conditions
will require static tasts.

[T,
. -

Starting 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 structural items
affected by the new loads still have positive
margins of safaty. 1
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CRITICAL DRSIGN CONDITIONS .

A comparison of the data cn the preceeding pages for revised
conditions #4, 5, & and 7 with the corrasponding data for
all the other design conditions in the earlier original
part of this report indicates a need for a new Summacy of
Critical Design Conditions. As on page 27 of this rxepast,
the following tabulation of the critical structural ele-
menta in the tank shows which design conditions produce

the greatast loads on these items,

Item | | o 4
Eye~bolt (attach hook){ 5 Max. Ry + Ry
, Cantrzal casting (18), 2 & 3 |3Bending

Steel frames {18), 5 iDn. 1d., bending

Pins & attachments 3 {Max. fin load
Tank shell "(15), 7 & 11 |shr. + mom., ¢
Imx. drag load

Condition #15 is an ejection condition, to be proved by an
actual sjeoction test. (Sea page 27.) Condition #2 eritical
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
#2 as a test condition. ince Condition #3 test loads and
data have already been prepared on the basis of loads in-
creased by 2.9%, testing will be conducted to these latter
loads. (Sae page 17)

It now appears that all structural icems will ba proved
out by conducting static tests of four design conditions.

COND X3

Condition #3 - Flight (with lcads increased by 2.9%)
Condition #5 -~ Plight
Condition #7 ~ Flight

Condition #1) ~  Axxested Lanrding

— A a—a - W e

e e e

H& Twen Foo3
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APPENDIX ",qf 43.3¢0

RErony Ne.

s .

Two. new desiqn cendctvons create criticea/
foads on some ifems of structore , @s has been
shown on 7he previous page. 7o swbstankate rhe
structural inteqridy of #he Fank. , an ifess .6-/ itein
review of all affected pacts  will be made, Reference
page numbers are o the oriainal /foad and stress
an-:/yis:': sections of Phis rezort.

Design loads, S =cca9”
- M ~ 172,490 in-ths
Loads from revised 7‘/:'7.4'!- c’cndf"//can, Cona, "
5 wi33de *
M = 725450 in-lbe } Pj Aok
New foacts are .. pot critical

Leater Sechon Shell (Tig. P2y -10%5’2 fﬂj. 29)
- '

D&:.fi,n /aqq’.:.', S = 9280 '
M = 328 w0 in-ths

T

——————

Aaays from revized ‘Flijbi cond/'//a.n) Loner, 7

o,
S = 11721 3 ’ :
~M ".?.ZD' yae in-lbs j 7 Az '
1:_-: = 2a HT7AL = Sico Vnv (Ba. o)
H, 7 Yy P i
R, = Stea. = . Hqay ~
756D
TOm 220498 = (2170 “finv
‘ 27,67
Ry = L0)70 = .¢os¢
) 2c 000
i 7ot PO . —
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MS. = -/ =

l
M9t > Soss
o with an ofiarnal M-S =.2¢ , #he
original ofesian Condition 15 Il the
more Severa” New Joads are not crificm/,

(Ts Yog o - sc0¢) Py. 31
As notaq - on pj 3/, the meterials ano
section propertics qre identical o thoce
of Fhe more he A/y loaded pose section.

The erifical dgs:'jn lota s were

5 *ccag } Prev. s, 4 Py 22

M = 172, €90 in-ls

.HO

4&-:45 from Neyised 1‘//761' undc‘/r'on, Qona. 7
S =s373 " [ A
M - ’28 c3o (n-fhs S T =
fs = 245372 = 2000 Tin+ (Pj- 29)
4134
& *2¢00 o ,28¢c i
7070 ]
' f, » 425 ¢30 318 o 12900 Vinv
i ° %27¢co
/ R, ™ (2900 = .20c2 .
i /tooo II
i MS = =l a7
'F cABee =  goln
j shest structure s stid J!a’c?aq'(n' for g
new /Oecdl'nj Counldanc. ;
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Desiqn loacts .
Py, ™ 27032 :
&: - ower } Rj 22
Koads from revised Gonw. °S
P’A = 267/9 * ‘
Reu = 1792 7
Since 7he oriqginal MS. in Phe steel /u¢3
and in the threadea porkon of +the

ms:‘ln3 ara both "

vah " (ie. - oyar /ca%))
Phese ifems are sﬂ/7 safischéory.

Ty (Fy 3¢, 37, 37)
The abave casting is crifical in bendin

at Sect. A-A, from the hiqh hook £ sway
brace /foads of dond. S In Com,auﬁntl the
bendf'na; moment qt this section , @n
qnncce.;farr'fy eonservative valva of d =o for
the relative -stiffress paremefar was chosen for
#he oriqinal analyars. donsiderin the add-d
support’ afforded by 7he innec tank shell an.t
foam fFiller bonain , A value of 4 = 30

‘ may 54&/7 be wsed 7] ft‘dd:’nj the re?.uired

bencding coetfficients.
Moment ceefficients Tor ea. Con ‘é) anwt O
(2e® away), per Fig. 1, TN.“727,
For R, , Com =192
For S, Sy > 019
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p K, = 28719 ¢ ' ,
} , S, = 110¢§ *
| M, = (200 +.c99). 193, 28719 = 019, s10es)
, = 4C/00 in-tbs (Py. 37)
] | f, = #cs0a (1500 ~.i99)
. /o 19¢ » |
i = 30870 Vv 1
: b F;" = K000 Vn® (Pj, 38) }
| A
| fi MS. = 41058 . —f =| 0o
- /.33, 30970
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APPENDIX B

Optional Four-Fined Tail Section

Drawing SK 29100-1305
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