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ABSTRACT

This Fourth Quarterly Progress Report presents the research cm
dissemingtion of solid end liguid mgents. The research cu this pro-
Ject is directed toward the dsvelopment of weapon systems for line-
source dissemination from high-speed, low-flying aireraft. -

It has been found that the viability of Bm subjected to air streams
simulating a jet engine o:dmpt is redicelly affected. Compection teats
on Bm showed some viability ieduction.

Measurements were made of the coefficient of friction and the bulk
dengity of various powders.

A theoretical analysis of the force required to 1ift a disk em-
bedded in a dilatent material vas conducted. Theoretical results were
in good agreement with experimental data.

Thermal conductivity and viscosity measurements of egg slurries
Were carried out. Rhaoclogical properties of Sm slurriss wers inves-
tigated and data are presented.

Boundary layer studies are reported vhich indicete that wind tun-
nel tests on deagglomexration are 8lightly couservative as comparad to
actual flight conditicgs.

High~speed motion pictures presented in this report give an in-

sight into the breakup of Bz agglomerates. Dengglomeretion to primary
particles of On has been observed.

Page determined to be Unclassified
114 Revigwed Chief, RDD, WHS
1AW EO 13526, Section 3.5

bate: 9 6 APR 2013

o ulu... H fﬁgdﬂiiu-:% BT 10 i TRl 5 ks i et 4o S e

¥



PP S v T v

et aci b b )

IRy NPT

=

ShAmsE
) tem~yg

A pathematical model of a line dissemination syaten vas studied.
Compited dals of infection probability as a function of downwind dis-
tance are also given in this report.

An investigation of the store-carrying capacities of an ummanned
aircrsft and a preliminary design of s liquid Algseninating unit is
included in the Appendices.
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1. INTRODUCTION

This is the Fourth Quarterly Progress Report on the program of re-
search on dissemination of solid and 1liquid BW agents, being conducted
under Contract §o. DA~18-06k-CML-2745. This research is directed toward
the development of disseuinating stores to be carried externslly on high~
performance delivery aiporaft.

The three-month period covered by this report is a part of Phase II,
Vaich vas started {n Dacember 1960. The objective of Fhase II, in the
field of s0lid agent dissamination, 1s to sdvance the state of knowledge
in the areas of charscterization, delivery, metering, dissemination and
deagglomeration of finely-divided solid xaterials, to provids data for
design of a research prototype disseminator. In the field of liquid
Sgent dissemination, Phase II includes the design of s research proto=-
type disseminator and the fabrication of one unit.

This report preseants progress in several inveatigations currently
being conducted to mest these obJjectives. Because of the large scope
of this project, a number of relatively independent studies are required.
Most of the subjlects discussed in this report were introduced in our
Third Quarterly Progress Report l'l, tc vhich the readsr is referred
for additional beckground information.

1.1 Gensral Mills, Inc. Report No. 2200, Dissemination of Bolid ana
Liguid B Agants, (unclassified title) May 15, 1961 (Confidentiel ).
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2. mmwmmmmmmsmmmmuﬂwm
: MARCESCENS ABROBOLIZED FROM LIQUIT SUSFENSION

Killing or urbom buoteru by nunl ot disinfectants in urosol form

or ‘ny €ases, wltraviolet naiation and incineration has been and continues to

be an important mres of interest in the £ield of microbiology. It is recog-
nired that incinerstion brings about ccmplete sterilization of comtaminated
air. However, to the author's knowledgs, informaticn on the affect of axpos=
ing biological eeroscls for short periods of time to torperatures below that
of incinerstion is nonexistent.

The purpose of ths experiments reported hcm ‘was to obtain data which
will enable prediction of the effact of mixing & viable biologlical nrcnol
with thn hot exhaust gases of a jet engina, The present’ report explores the
poseibility of viability loss in an seroscl cmposod of Bamt:la narcescens

(Bn) when the orgstisms are expoaed for a period of 1.7 seconds to various
‘éemf:amtmi. M'.1.7 second exposure time used in these expsriments wae oho-
sen from an amj;fais of the Jet pluma of tha North American F-100,as presented
in North American Aiveraft Report NA-60-1403, An exposure time as large as
1.7 seconds was cansidered naceasary in order to account for turbulent mixing
effects vhich exist at the point of interdeption of the aercsol streamiines '
with the plume, It is planned to continus this work by atudying the effect

of shorter exposure times at various temperatures.

2.1 Experimental
Cell suspensions of Sm which weze used in these sercsol studies ware pre-

Pared from pellsts of the organism furnished by Fort Detrick. The apparatus

used in these experiments is shown schematically in Figure 2.1.1. A five gallon
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glass carboy, which serves as tha aeroacl chaxber, 1_5 connscted to two identi-
eal 91.5 x 2.5 em glase tubes by means of & "Y' tube. . Heated air is aixed
with uiosol in cne of the tubes while room sir is mixed vith the other half
of the asroscl. The unhn'ated ssrosol, whioh receives room air, serves as
the control seaple. During the course of experiments in which both legs of
the apparatus received unheated air it was found that the control leg of the
spparatus received approximately 1.3 times as much serosol as the heated leg.
If the aeroscl chambar with "Y" tube was twrned through 180°, then with both
legs unheated it was found thst the control lsg received only 1/1,3 times as
much asrosol as the heated leg. Therefore, unequal flow through the two legs
vas caused by the "Y" tube flow-splitter. Consequently, all pewrcent recovery
dsta from heated runs were multiplied by the faator 0.76.

Aeroscls vere gmnearsted using a modified Vapcnephrin nsbulizer charged
vith six £l of the cell suspension.

2.1.1 Mling of Aercsols

Asrosols were sampled simultanecusly fram both the heated leg of the
apparatus and the unheated control leg using All Glass impingers., Tha
flow rate in all cases was 12.5 liters per minute with all runs having
8 duration of 15 minutes. An individual particle or organism was exposed
for a period of 1.7 seconds to the heated air stream. This vas true for
all runs to be discussed. Approximately 1020 viabie organisms were col-
lected in the control impinger during a 15 minute run. The colls cting fluid
vas 10 m1 of sterils tryptose saline diluent (camposition described balow)
Plus two drops of sterile olive oil t0 reduse foaming. After the 15 minute
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sempling period had slspsed, the impingsrs were removed from the apparstus
and cooled in an ice bath. After ocoling, the contents wvere quantitstively
transferred to 50 ml volumetric flasks snd diluted to volume with tryptose

saline dilusit. After thorough mixing, the contents of the volusetric flaske
were serially diluted for viability determinations.

2.1.2 Vimbility Determinations

The mediun used in viability determinations was composed of the following:

Wilson's paptons 2.0 ¢
Cerelose - 053¢
RaCl C.5¢g
Agar 25 g

Distilled water to 100 ml

f:H adjusted to 6.8
Berial dilutions were mads in tryptose saline diluent of the following compo~
sitionm:

Tryptose C.l g .

KaCl 0.5 &

Distilled water to 100 ml

A1l viability determinations vere made using sterile plastic petri

dishes. After the plates wvere poured, they were Placed in & 37°C incubator
for a period of two hours prior to plating. This treatment mo‘ved any ex-
cess nmoisture which might interfere with subsaguent development of colontes.
Samples of 0.1 ml from the final dilution were stresked on the surface of the
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agar plates vith sterils glass stresking rods. The plates vere then inoubsted
st a temperature of 37°C. ‘

2‘.2 Besults and Discussion

The sffact of heated air streams on the viability of Sm in aerosol form
is presented in Table 2.2,1. These data repziuut the average parcent re- .
coveries determinsd from at least six separate tests st each terperature.
Each dstermination was based on the @mlolin‘tion and collection of approxi-
mately 1020 viable organisms. The u.i. resilts showing the msan percent ree
covery and the deviation of the mean are presented in Pigure 2.2.1. The
dacroass in viability at 50°C emcunted to about 51§, st 75°C 724, at 100°C
52%, and st the maximm temperature of 125°C, a deczeass of 996 From thase
results it 15 readily apparent that urosois of Sm are significantly affected
by heated air, |

Bince it is generally known that u:rosqls of vegetative organisms ex-
hibit an apprecisble decay rate even under optimum conditions, the results
obtained in these experiments were not unexpected. As in other types of ex-
Periments where bacteris in asrcscl fom: are subjected to lethal agents, e.g.,
W radiation, the susceptibility of the organisms is usually a function of
the medium in which the organisms are grown, the phass in the growth oycle
at which the organiams are harvested, the matrix surrounding the organim(s)
after the water surrounding the zebulized droplet has evaporsted, and the
conditions of the experiment,
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TARLE 2.2.1

EFFECT OF EIEVATED AIR STREAM TENPERATURES ON THE
VIABILITY CF SERRATIA MARCESCENS ARROSCLIZED FROM LIQUID SUSFERSION

Temperature, °C - Recovery, Percent® Mean Deviation
25 ‘ 100 --
50 oo 2.8
It 28 3.5
100 - 8 1.6
125 0.8 0.5

Duraticn of all runs was 15 minutes.
#Average of 8ix determinations

It was previously stated thst the inocubaticn temperature wvas 37°C.

Since this temperature would be considered by aan? investigators to be slightly
hi@ior than optimm for 8. marcescens, tha possibility exieted that somewhat
different results might be found if the organisms were incubatad. at a lower
Vempersture. BSuch a possibility exists bacausa of the results of Andgrlon.a'l'l
who found thl.ﬁ !sehorichi_.a coli B, following 1:Mation wvith ultraviolet
lignt, produced significantly more colonies vhen inoubated at 40°C-rather than
the custcaary 30°C. In crder to determine vhether or mot the results of these
expsrimants were influenced by tha 37°C incubstion temperature, two additicnal
dsterminations were made at an air strean temperature of 75°C., From each run,

12 plates vere prapared fram the control leg and 12 plates from the heated

2.1.1 Anderson, E. H., Heat Reactivation of Ultraviolet-inactivated Bacteria.
J. Bacteriol. 61, 389 (1951).

- 8 -
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saapls. Bix control plates and six plates from the heated ssmple wers placed
in the 37°C incubator. The remaining six plates from each of the samples
vers incubated at room temperaturs, The results of this experiment are pre-
sented in Teble 2.2.2,

TABLE 2.2,2
RFFICT Or INCUBATION TEMPERATURE OX THE RECOVERY OF

o R s
AN AIR 8 r75_’c

Recovery, Percent
Run Numbars are (Inmibation !‘m.[ 25°C (Inoubation M,)
1 32 51
2 30 28

From these rosults it oan be seen that a lower temperature of inoubation
Produces fever colonies of the organisms from the heated sanple. Whether
theses results are _ltltigtiullq significant or not must await Turther ex-
perimentation, KHowever, it does appear the$ the 37°0 inoubation temperature
is not delsterious to optimum growth of the organism,

Bince the results of these expsriments indicate an u.ppreciab;e dscrease
in the viability of the organisms even at felrly low temperstures, the proxi-
ity of the disseminating device o the Jet angine will be s significant
parameter in the design of a BW delivery system.
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3. EXTERIMENTS ON THE CHARACTERISTICS OF PONIERS
In order'to dsternine those fundmmental properties of finely-divided
dry powders vhich affect their feeding and handling characteristics, infor-

. pation is being cbtained on the cocmoiapt of friection of povders sliding

against various materials, the bulk dansity of powders as a function of ocme
Pressive 1oad, and the shear strength of powler beds. Corralsticn will them
be sought between these characteristics and the output and anergy requived
to cperate feeding devices such as pistons and screw feeders.

3.1 Prictional Forces Batween Povdsrs and Channel Walls

In a previous npm,a'l’l resultr vere given Tor the frictional foroes
batwean talc powder snd a glass cylinder. The experimental technique was
dascribed and s thecretical relaticnshiy derived for the forces imvolved.

"#01
B¢ z (3.2)
!R

vhere: Fj = force applied st one and of a plug of powder confined in &
: cylinder

This reletionship is:

Fn = resistive force at the otheremdof the plug of powder
LL = cosfficient of friction betwesn powder and oylinder vall
Cl._ = constant
D'w diameter o‘t confining cylindex
L = length of campressed plug of powdar.
According to this equation, a plot of the logaritim of Fy/Tq va L/D

should bde s straight line.

3.1.1 General Mills, Inc. Report No., 2200, Third Quarterly Progress Report cn
‘ Dissenination of Salid and Liquid BI Agants (Unclassifi{ed Title) May 15,
1961, pp. 5-16 (Confidantial),

-lo.
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The tem O, [l can be calculated from the slope of the line. The exact {

value of the coefficient of friction L cannot be dsterminea because C) is

alior

-

not known. C; 18 the ratio of the forces within the powder ded which are !

Ll pa iy |

F
perpendicular and parallel to the applied force (1.e., C) = ;‘:T )

During the period 6over¢d :by this report, tests were performed in éyl- : 3
inders of various materials using talc powder and finely ground Sm., The ' '
-results of these teats m shown in Figures 3.1.1 and 3.1.2 (in the formm of
the best straight line through the data points for s given cylinder matarial).

The cylinders used were not all the same length or diamster. The physical
dimensions of the variocus cylinders are pregsented in Table 3.1l.1.

TABIE 3.1.1

PHYSICAL DIMENSIONS OF CYLINDERS AND FISTONS !

USED IN FRICTION MEASUREMENTS i

!

4 Cylinder Lerigth I.D, o.D, Piston Diameter :
1 Material (in) (i) (in) (in)
Glass T 1.165 1.37 1.182 :

Aluminun 18 1.500 1.90 1.486 4

Teflon 12 0.895 1.50 0.891 J

Btainless Stesl 18 1,500 1.90 1.486

The values for the temm Cy[l vere caiculated from the slopes of the lines in

Figures 3.1.1 ant 3.1.2 and are given in Table 3.1.2.
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TABLE 3.1.2

vmswmmcagrmmcmx
AND 8n POR VARIOUS NATERIALS

Povdar Gyainger ol
Talc ‘ Glass 0.279
Talc Aluminum 0.319
Talc Teflon 0.358
Tale ‘Stainless Steel 0.315
-] ' Gleas 0.301
B Almimm 0.256
Bm Teflon 0.306

In all of the tests at least four d1fferent values of Fp wers tested,

Thess values for the different cylinders are:

Jlass

Alvminum

Teflon ‘
Stainless Stesl

35.0, 84,2, 134.1, and 183.3 gm
71, 170, 357, and 450 g
21.7, 49.5, 76.7, and 104.5 gn
T1, 170, 357, and 450 g

There vas dcme queetion as to what effect the surface roughness of the

cylinder materisl hed on the fricticn measurements. To study this effect, an

alumimm cylinder of similaer dimension to the one previously used was polished

on tha insids and a series of tests vere made with talc povder. The data ob-

tained are shown {n Figure 3.1.3, indicating that the surface rouginess, as

encountered in these tests with aluminum, is not an influencing factor. Ths

surface roughnass of the inside of all the cylinders was measured vith the

- 1l -
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FIGURE 3.1.3

COMPARIZION OF PISTCN-CYLINDER DATA ON TALC FOR
CYLINDERS OF DIFFERENT SURFACE ROUGHRESS
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Surfindicator Molel BI.-D.O? 1.2 vhich measures "the aritlmetical aversge
deviation from the mean line" in micro-inches. Table 3.1.3 shows the surfsce
roughness of the cylindexrs.

TABIE 3.1.3

AVERAGE SURFACE ROUGHNESS OF THE INSIDE OF
VARIOUS CYLINDERS USED IN EXFERIMENTS

Cylinder Surface Roughness of
Material Insids of Cylinder
Glass 2.5 ~ L midro-inches
Aluni o 40 ~ 100 micro-inches
Teflon 75 = 150 micro~inches*
Stainlecs Steel 10 = 15 micru-inches
Polished Aluminum 4 - 6 micro-inches

* Istinated. Teflon is too soft to be measured vith the instrument,

" A test vas also conducted to determine what effect the insida dismeter
of the cylinder had on the results. According to the theory developed, for
axy given powder and cylinder material, all points of the plot of log Fy/Py
vs L/D should be on the ssme straight lins regaxdless of the oylinder dia-
meter. Another aluminum cylinder was cbtained which was 12 inches long by
0.825 inches inside dlameter, and had an averages surface roughnass oa the
.’L%uida of 20-25 micro-inches. The cylinder was tested with talc powder and
ths results are ccnpmd with thoss of the 1.500 inches nmid.e diameter alumi-
o tube in Figure 3.1.4, As can be sean, all the points can be adequately
Tepresented by the same straight line, ind{cating that cylinder diameter has
oo effect on the results.

3.1.Z Nanufactured by Brush Electronics Coupany, Cleveland, Chio.

-16-
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3.2 Coefficient of Priction Between Powders and Various Materials
M’m
A method of dstermining the cosffiaient of friction directly between

povders and various materials is Qescribed by Cremer et a1.3'2'% In this.
method a plate of the material to be tested is sprinkled with povder and
tilted until the mass of powfer slides off. Figure 3.2.1 shows the force
Glagram. ‘ '

If the static friction is based on the conventional theory of Coulomb, then

X'« the frictional force b and:

La/lN=/lng cos-§ (3.2)

3.2.1 Cremer, E., F. Conrad snd T. Krsus. "Dis Haftfhhigkeit von Pulvern und

ihre Anvendung zur Bestimmung von Korngrissen, " Angevandte Chemis, Vol.
64, 1952, pp. 10-11.
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vhere: [/ = coefficient of friotion
n « maes of the powder
8 = accsleration of gravity.
From Figure 3.2.1 it can be seen that:

K = mg sin 6. (3.3)
Bubstituting for X and 1 we have: -

mg sin 91'- Ung oaaﬁ (3.4)
or

U = tan §. (3.5)

An attempt vas mads to measure the coefficient of friction of talc and
8m by this manner with very litt;.n success. The di:ﬁculties encountered were:
1, For small masses of powder, there was no angle at which the mass

vould slide (up to 90°).

2. Yor largsr l;uu, the powder vould bresk awey from the mass in
varying m&unts and glids off. The entire mass of powder wvould seldom slide
0ff at the same time. It was also Aifficult to maintein uniferm thickness of
the mass of powdez.

In oxder to solve these problems, it vas decided to compress a plug of
povder in a hydraulic press and thsn use this plug of m: to determine the
coafficient of friction by noting the mngle at vhich it sliides. A stesl oyl-
inder was cbbamined vhich had the dimensions: length 9", I.D. 1.60", 0.D. 2.37".
The powder vas sifted into this cylinder, compressed in the hydraulic press
using & piston 1.57" in diameter, placed on & tilting table,3'2°2 ana tne
angle of slide measured. The angle of slide was neasured by placing the plug

3.2.2 Manufactured by The Angle Computer Co., Glendale, California.

-19 -
Page determined to be Unclassified
Reviewed Chief, RDD, WHS
Z\w EO 13526, Section 3.5
ate:

26 APR 2013

.
e e e ettt it ot s b e, ettt 4 s« PR QT 'M.“—wmhﬂ

L R R L U VU PR U

.

YR IRV}

T



T T —— e ——— TR [ W v KN

o egp—

of powder on a clean, dry surfacs, and also by dusting the surface first with
the povisr under test. In sither case, the aogle of slide was the same, irdi-
Gating that the coefficlent of friction of the actual powdar was being mea-
w.

No msasuremant of the oompressive foree was made for the messurements:
vith talo powder. However, it 1 estimated that the force used vas abomt
1.7 x 107 dynes/cu®. For Ba,the force was varted from 1.7 x 105 to 1.0 x 108
dym-/me, vith no appreciable varistion in the angle of slide. Thereafter,
8 foros of 1.7 x 10! aynes/en? vas us.-'d for the tests. In Table 3.2.1 are
ihe results of these tests. At lsast 10 measurements on the angls of slida
were made on esch matérial and the valus given is the average of thess mea-

surensnts,
TABIE 3.2.1
: COEFFICIENT OF PRICTION OF TALC POWIER AND
] Sa FROA TILTING TABIX METHOD.
3 ‘Tals Powdss
3 Material Average Angle Deviation Coatficient
E of 81ide of Frietion
E Alumimm 33.6° 2.4° 0.664
Glass _30.7' 4.8 0,554
Teflon 36.2 1.2 0.732
g Stainless Steel 33.0 ‘3.5 0649
.' iy
3 Alwinum 33.2 8.8¢ 0.654
f TLase 35.2 5.8 0.705
? Teflon 35.9 by 0. 724
f
E - |
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From the results of these experimants and the results of tha piston cyl-
inder experiments, the valus of the constant C; (defined below ) can be.
calculated, Table 3.2,2 glves the vnlmo'daumiud for C;.

TARIE 3.2.2 \
VALUES OF THE CONSTANT C;

Talc
Material c;ﬁrgﬁ;nt of 3‘_1. _c_l-
 Alumimm 0.664 0.319 0.481
Glaes . 0.594 ' 0.286 0.482
Teflon 0.732 0.358 0.489
Stainless Steel 0.649 0.315 0.k86

B
Aluninum - 0,654 0.256 0.392
Glass 0.705 0.301 0.427
Teflon 0.724 0.306 0.4a3

The average value of C, for talc powder is 0.484 and for Sa is 0.414.
Tha varistion of the valus of C; for talo is much less than for fa, inddcating
that the valuss for the cosfficient of friction for talc and the various ma-
terials is probably more reliable (campare deviations in angle of slids,

Table 3.2.1).

These values for the constant, C1, indicate that with both tale and 8u
stress transmisgion in the powder ded is such that a forcs slightly less than
one half of the applied force is created in & direction perpendicular to that
of the applied force.
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3.3 Average Bulk Dansity of Talo Powder and 8m Under Various Conpressive Forces

In these tests the bulk density of the powder was determined as & function
of the compressed lsngth of the plug of powder under various loads. The appe-
ratus used was an 18 inch length of aluminum pipe of 1.500 inch I.D., a 1.486
inch dtamster piston, and various weights.

The procedure wasz to sift a known weight of powder into the cylinded,
place the piston an top of the powder, ani measure the length of the ccﬁpruud
powder. Then additional veights were addsd and the length of the compressed
powder plug was again measured. The compressed plug was removed from the cyle
inder and ihe process repeated with s different quantity of powder. Knowing
the veight of the powder and the dimensiocns of the powder plug, the bulk den-
sity ocan be computed. This is the average bulk density since the density will
vary along the entire length, being highest at & cross section next to the
riston. » .

A plot of the logarithm of bulk density (/)) vs the length of the com-
pressed plug (L) was mads for each compressive force, resulting in a curve
vhich could be i'eprountod by the relationship:

Pacteflek? _ (3.6)

whnn(x,/,}, and k are constants. If (X is assumed to be the bulk density
of the loose, uncompresssl powder (/[0,), then the equaticn can be written:

P-f,a.fecx1" (3.7)

A plot of log (/2 - O,) va 1™ should be a straight line vith intercapt [J

and slope k.
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The loose bulk density of talc was found £o be 0.153 gn/cm3 and that of
81 to be 0.285 gn/emd. A plot of log (0 - 0,) ve 23 gave & stratght line,
indicating that the average bulk density of these Povders undar campression is:

Pap,+ e s (3.8)

Figure 3.3.1 18 & typical plot of log /O vs L for a specified sompressive
load, and Figure 3.3.2 is a plot of log (/0 - o) 8 £ far the same con-
pressive load. Figure 3.3.3 18 a plot of the averags bulk density of talc ver-
sus the length of compressed plug of povdar under various compressive forees.

Figure 3.3.4 1s the same typa of plot for Sm. Table 3.3.1 gives the
values of the constants ﬂ and k for the various oanpi'euive forces for both
talc powder and Sm. The value of /p(z.o) 1s alsc given. This quantity is
defined as the bulk density of the powder at a cross sesticn next to the pis-
ton or compressive force. It is determined by adding the value of the locse
bulk dansity of the povder (/J)) to the value of the intercept /3.

The valus of the tarm k seams to be fairly constant for tale powder
vith an average valus of 0.46k, ' This 1s not true for Sm. Thare is o definite
decrease in k with increasing compressive force. Figure 3.3.5 ia e plot of
the valuss of k, /3, and Pl1.0) for tale powder, and Figure 3.3.6 is & simtlar
plot for &m,

In the future, it 18 planfied to make tests on Polyvinyl alcohol powder
using the piston-cylinder and tilting tgble methods to msasure the frictional
properties, and also dstexmina the bulk density under various compressive
forces. It is also planned to measure the shear ntnngth of tale powder, Bm,

- 23 -
Page datermineq to be Uncl
Reviewed Chief, RDD, WHsassiﬂed
IAW EO 13526, Section 3.5

Date:
26 g 214

v 4Tl e A is Al SR e htn ok o o o

i



O Experimental : |
X Calculsted
i

N
i

| | | | | I |
5 10 15 20 25 30 35 .
L{cm) j
FIGURE 3.3.1 AVERAGE BULX DERSITY ( ) OF TALC AS A FUNCTION OF ’
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VALUES OF THR

TABIE 3.3.1

and P.V.A. An attempt will bs made to corralate these properties of the
three powders to the feed rate of & screw feedsr as reported pnvionsly3’3 1
and with tht' torque required to operate the screw fesder.

consTants 3, x, AND POR
TALC POWDER AND .8n UNDER v&&m’cm@éﬁ’rm

Compressive Force

1.01 x 0% aynes/en®
2.73 x 10% aynes/cm?
5.32 x 10% dynes/cm®
9.61 x 10 dynas/cn?
2.00 x 10° &ynes/cn®
3.72 x 10° aynes/cn®

2,01 x 104 aynes/cn?
2.73 x 10* dynes/en?
5.32 x 10% aynss/cn?
9.61 x 10% dynes /om®
2,00 x 107 dynes/cn?
3.72 x 10° dynes/cn?

°

Talo Povder
L
0.227
0.297
0,354
0.426
0.473
0.557
8n

0.291
0.339
0.382
0.ho1
0.432
0.458

x Puo
0.483 0.380
0.451 0.450
0.467 0.507
0.481 0.579
0.kko 0.626
0.456 0.TL0
0.676 0.576
0.542 0.624
0.486 0.667
0.432 0.686
0.381 0.71.7
0.346 0.743

3.3.1 General Mills, Inc. Report No, 2161, Second Quarterly Progress Report on

Dissemination of S0l1d snd Liquid BV Agents (Unclassified Titls) Feb. 13,

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

Late: 26 APR 2013

"

N s ——

M —

PSP

-t et




= R |

’ i "‘! !! %

"Wy

J

T N I TTTT P R RS v
r el ad
Cwmey

ey P

e

Conduasink
LR

Sramind

L4

DI ITIETICTIC (T T PRSP C W I TN W] T TS S TTRN Y T

' THEORETICAL STUDY OF POWDER MECHANICS
in pravious repérts vtvo f:a.sic approachas for studying the mechanical
behavior of particulate materials have been examined. The first was bassd

4.1 in1e the second dealt with

upon interastions among ix?dividual particles,
bulk properties of povders.'2 During the curremt report period, additicnal
theoretical and experimantal work has been carried out along the lines of the
second approach. A

A theoretical study has been mads of the force required to 1if¢ a disk
imbedded in material having dilatant properties. The results were found to
agree well with experiments conducted with glase beads. These theoretical
developmsrnts and poasibilities for further research slong thesoretical lines

are discussed herein.

4.1 Analysis of the Force Requived to Iift a Long Cylindrical Rod from a
Granular Bed

Conesider a long aylindrical rod imbsdded in an elastic granular bed at
8 depth y, vhich is large compared with the diameter of the rod. The axis of

the rod is parallel with the bed surfece; also, the gramilar material is sa-

sumed to have a shear strength characteristic of the foﬂn:h'2 )

T = Ctan (4.1)

The force required per unit length to 1ift the rod from the bed may be deter-

nined as follows., For & line load of magnitude P grams/cm, applied to an

5. T General MII1s, Inc. Report No. 2161, Second Quarterly Progress Report on
Dissemination of Solid snd Liquid BW Agents (Unclassified Title), Feb. 13,
1961, ppa hé‘ss. (CWFIDEMIAL)o .

4.2 General Mills, Inc. Report No. 2200, Third Quarterly Progress Report on
Dissemination of S0lid and Liquid BW Agents (Unclassified Title), May 15,
1961, pp. 22-38 (CONFIDENTIAL). .
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elastic medium sas shown in Figure 4.1.1, the stress at a point defined by the
polar coordinates (r, ©) is in the radial direction and defined by the equa-

tions:¥-2

Grﬂ% Eg%-g}do.troﬂo (l#.2)

The local condition for shear fajilure within the bed is dafinad by tha ex

:pxweuic:m:l"'2

sin f = ;]-‘—.—g’g (k.3)

where 61 and U 2 Are major and minor principal stresses at a point within
the granular bed (see Fig;xre k.,1,1), If it is assumed that the initial stress
distribution in the bed due to its weight is bydrostatic, the slip condition
fram Bquations (4.2) and (4.3) becomes:

5l O w 1 X .
LThE o o (o)

e T

where 7 is the density of the materisl.

From an azalysis of: Equation (4.4) 41t is found that, for a given losd
1;, thers existe & regicn of nearly circulsr cross-section within which the
material is in & state of shear failure, and an external regicn which 48 in
statical equilidrium under the load P. The shape of the wurface separating
these regions is dafined by the squation:

Teqfoh &5 (+.5)

e Bl
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81ip Surface

FIGURE 4.1.1 ROMENCIATURE FOR ANALYSIS OF STRESSES IN A
GRANULAR EBD - TWO DIMENSIONAL LOADING P g/em

va A
1.0 4

o.s-J-

+ pow

0.5

P

FIGURE 4.1.2 THEORETICAL, TWO-DIMENSIOMAL SLIP
BURRACE; (D = 30°, F/TT {2 = 5
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vhere yl is obtained by sclving the quadratic:

P 1l -sin
ylu-al)-m TR (4.6)

P
Yo

Figure 4.1.2. The force per unit length rsquired to lift a smooth rod having

For @ = 30° and = 5, the shape of the slip boundary is as shown in
a crosg-ssctional ahapé defined by the slip surface (Equation 4,5) is, from
Equetion (%.4):
4 sin
P= Tﬂyo e -9 T (4.7)

where 4 = y]' derines the "diameter” of the nearly-circular rod.

~ This equation 1s valid only for very small values of d/y,, since ths
boundary conditions at the surface of the bed are not satisfied dy the ap-
proximate solution given above. 'I’hii defect can be removed by spplying an
image load P' » P at the point y = 2 y, as shown in Figure 4.1.3. With thia
loading, the stresses at the surface y = y, vanish as required at ths free
surface. Carrying out an analysis similar to that given above, 1t is found
that the required lcad per unit length is:

Palllyoa - gy 200 (4.8)

These results ave particularly interesting in that the loed P varies

linearly with the dapth of immersion y,.
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GURE VIRTUAL
4.1.3 POINT LOAD IN A TWO DIMENSIONAL EED OF POWDER WITH A
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L.2 Analysis of the Force Required to Lift an Imbedded Disk from s Grasular
_;]_g_g..
An approximate analysis o\r the force nquir_ad to 1lift an imbedded disk
frow & bed composed of elastic gramules can be carried out along the lines of
the above two-dimensional pnalysis. For a point load applied normal to the

b3

surface of a sami-infinite elastic solid, Boussineeq '~ obtained the stress

components:

a 3F 1
re ’
2T (22 + 2)5/2

G - 3P 23
. ;ﬁ- (zE + ;5)5! ’
2
Teg = 3F = (%.9)

2T (2 + 22)578 ’

vhere r and z are cylindricel coordinates (see Figure 4.2.1).
Taking the origin at s point at depth 2 from the surface of the bed, the
requirement that the stresses be zero at the bed surface may be satisfied, as

" 4n the two-dimensicnal cass, by considerings fictitious loed P! = P to act at
' the point z = 2 3,, The stress distritution is then obtained by superposition

using Equation (4.9).

The slip comditicn 1b again given by Equation (4.2) » on the assumption of

a linear shear strength characteristic as expressed by Equatiom (4.1).
_ Carrying out an snalysis similar tp'j.t.hose previously described, 1t was
found that the force needed to 1ift an approximately sphericsl object of

5.3 Tﬁaﬁenﬁ, §.} snd J. N. Goodier. Thaory of Rlasticity, 2nd Editiom,
MeQrav -H41l (1951), P as,
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diapeter d, lzbedded to a depth %, in & granular bed, is:

a3 '
. 2il fa ?h¢ o 2 zo) . (4.10)
3 l-8ing a

The functicn £ = (E-aiq)(l + z‘_‘i_ )2 1s plotted in Figure 4.2.2, indicatiag
the vay 1n which P varies with fhe depth z,.

Although the load approaches a linesr dspendenmon depth for large
values of 2,/d in the sxisymmetric case, it is appsrent that a consider-
able dsparturs from linearity occurs for small values of z,/d. In the
raoge 1.1 < zoyd < 8.0, the theoretical load is represented quite accurstely
by the pover lawv: Qwal'625, ¢ 1375,

L.3 Discussion of the THeory end Compariscn with Experiment

The analytical results presented above conflict somewhat with esrlier

disk.l1fting experiments**¥ vhich indicated that the fores required to
1ift sn imbedded disk from finely-divided materiils such as talc, saccharin,
etc., varies approximately ss the 3/2 pover of the dspth,

In order to check the validity of the theorstical conclusions for dilse
tant materials, d1sk-lifting experiments were conducted using glass teads of
dismeter 100 and 200 nicrons,v respectively. The apparatus snd tachniqus
employed in these testis are descrived in sn earlier roporth"l. The rosulti
are showm in Figure L.3.1. Within the range covered by the experiments,
the sgreement between theory and experiment is very good.

The shear strength characteristic empleysd in the theory (Equaticm b.1)
‘was also checked experimentally for the 200 micron glass beads using the |
apparatus shown in Figure L.3.2. The results of thess testa sre shown in
Figure 4.3.3, The shear angle cbtained from the test date 1s ¢ = 26.8°,
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HSome caution is necessary in interpreting these shear strength measure-
ments bscause of possible limitations in the experimental technique. It
appears that a direct shesr test of this type, iz which s tangential shear
stress is applisd {0 a thin layer of the meterial under test, as indicated
in Figure 4.3.2, may constrain the msterisl so as to prevent natural shear
failure, Another dAifficulty with this type of test ls that since the state
of stress in the horiszontal plane is not defined, the natural sheer angle
cannot be inferred frax the test results. In spite of these possible lhar_t'.-
comings, direct shear tests should be satisfactory for measuring the rela-
tive shear strength of granular and particulate materials.

In comparing the behavior of dilatant meterials composed of relatively
large particles with that of finely-divided organic powders, it is observed
that the dilatant materials tend to flow vhereas the latter msterials often
exhibit a tendeney tc ,b.-éux up snd form lumpy aggregates when displaced.
This difference in handling qualities may be attributed, at least in part,
to two fundamental factors: (1) compactibility emd (2) interparticulate
forces. The role played by interperticulate forces is -hﬂicﬁlt to iso-
late from other factors when dealing with finely-ground powders. However,
it is"’en‘cirely fessible to generate controlled interparticle fox;ees mmong

relatively large rigid particles such as glass beads or steel shot. Bince
these materials are dilatant, the influsnce of compaction is eliminated,
thus enabling a study of the effects of interparticle forces on the be-
havior of particulate materials.

By conducting experiments with such materials, it is believed possible
t0 gain considerable insight into factors responsible for the handling
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characteristics of Ary materials: Accordingly, tests of this nature are
plsnned in future work. At the same time, an elffort vill be made to extend
the theory desoribed herein to include affects of Interparticle foxces.
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5. INVESTIGATIONS OF PROPERTIES OF SLURRIES
During this reporting period, the viscosity and thermal conductivity of

four egg slurry semples were determined. Additional infommation on the rheology

and density of Sm slurries in & 2iquid fluorcchemical was obtumg.

5.1 Properties of Egg Slurries

The viscosity of four egg slurries (W.E.8. #1, #2, #3 and #4) vas re-
determined using a nav shipment of frosen saxples received from Fort Detrick.
One of the egg slurries used for previously reported viscosity dstermina-

" ttoms”>*1'Y contained large salid particles vhich clogamd the capillary vie-

cameter, thereby preventing attainment of weaningful meagurements. Current
data on the other three samples are presented for comparison purposes.

The new egg slurry sanplas also were used in the determination of ther-
mal conductivity as s funotion of temperature.

5.1.1 Yiscosity of Egg Slurries
. The egg slurry samples designated W.E.8. #1, #2, #3 ard b vém‘evalu-

‘ated uiing an Ostwald capillary viscometer. The tvo most viscous slurries

(W.E.8. #1 sna #2) vere also evaluated.in a concentric oylinder .rot.'.atioul
viscometer (modiﬂ.ad. Stormer viscometer).

Bample W.E.5. #1, vhen anslysed in the Storwer viscometer at 20°C, vas
found o be non-Newbonian in the shear rate range of 32 to 310 sec"l. The

spparent viscosities at different shear rates are presented in Tablas 5.1.1.

5.1.1 Gensral mﬂn_’iaporﬁ 'Ho. 2161, Sscond Quarterly Progress Report on
Dissemination of Bolid and Lﬁ.?u.‘ld B4 Agents (Unclassified title) Feb.
13, 1961, p. 81 (Confidantial).
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TABIE 5.1.1 A
APPARENT VISCOSITY OF W.E.S. f1 VERSUS BHEAR RATE

Shear Rate Appazent Viscosity
s sec=l ! (cgnti)oile)

32 56.6

79 ‘ : 46,2
134 k1.0
190 38.5
251 36.5
310 35.5

The appsrent viscosity determined in the Ostwald viscometer was 43.1 centi-
paiﬂen
Sample W.E.S. #2 also was found to exhibit non-Newtonian flow behavior

in tbe Stormer viscometor at 20°C. Table S.1.2 shows the variation in appar-

- snt viscosity with shear rate rc;r this slurry.

TABIE 5.1.2
APPARENT VISCOSITY OF W.E.S. §2 VERSUB SHEAR RATE

Shear Hate Apparent Viscosity
(sec=1) (centipoise)
78 T.5
165 g . g
299 .
L9 ‘ 3.1

The apparent viscosity obtained in the Ostwald viscometer was 7.79 centipoise
at 20°C.

Figure 5.1.1 1is a plot of the shear rate versua shear stress data ob-
tained from the Stomer viscometer on samples W.B.S.-#l and $2.

The viscosity of slurries W.E.8. #3 and §4 was t00 low to be accurataly

evaluated in the Stommer viscometer. At 20°C, values of 1.66 and 1.35 centi-

.46 -
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poise vere dstermined in the Ostwald viscomater for the apparent viscosities
of slurries W.E.8. #3 and # respectively.

5.1.2 Thermal Conductivity of Egg Blurries

The thermal conductivity of egg slurry sa.thples w.E.B. fl, 2, 43 and #4
vas determined using the experimental apparatus and, toclmiqua duqri"nad in en

earlier nport.s'l'a

The thermal conductivity cell (Figure 5.1.2) comtains
two 1liquid canisters which are Zormed by three copper &ises. The upper can-
ister was filled with & reference liquid (vntor) and the lower canister with
onn of the four esg slurries under test. w.ter vas chosen as a referencs
liquid because its thermal conductivity is well known, and its sbsolute value
was believed to be closs to that of the egg slurries. The upper solid line
in ngura 5.1.3 is the average value for the thermal oonductivity‘or water as
reported in the literature, and ths dotted lines represent the miniym and
maximum values which have been fqund.5‘l'3

By placing the cell on its side with the copper Aiacs in & vertical
poeition, the cell was easily filled without entrapping air bubbles. Iiquid
vas slovly forced intothe cell from the bottom until the canister overflowed.
The canister openings wore then sealed and the cell was inserted into a Bty-
rofoam insulation slesve. Constant temperature water from a large, ucustant
temperature bath was circulated through the heat sink. Readings from ths six
thermocouples in the copper discs were checked periodically for mbout forty-
five minutes. When no further change iz temperature was noted, the tezperature

drops acyoss the canisters were néordml.

5.1.2 Qeneral Mills Report No. 2200, Third Quarterly Progress Report on Dissemi-
nation of So0lid and Iiquid BY Agents (Unclassified title) May 15, 1961,
Fp. 56- 61 (Confidsntial).

5.1.3 International Critical Tables, Vol. 5, p. 227
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The cell was calibrated by filling both canisters with double-distilled
wvater. Results 5f the calibration revealed a 2 percent systemic error as cal-

culated from the following relationships which wers presented in an earlier

nportxs'l"'

q,]%ﬂ'ég!ix AAT

Ax A x

where:  q = heat flux throughthe cell

(5.1)

K; = thermal conductivity of watar
Ky ~ thermal conductivity of siurry
ATw = temperature Arop across the water layer
AT, = temperature drop across the slurry layer
A = area through which heat flows (equal for both liquids)
Ax « aistance vetveen the discs (equal for both liquids).
Thus: x, Az, = x, Az, (5.2)
and: AT

'%'M'g (5:3)

In calibrating with water ia both canisters, Ky = K, and therefore it would
be expected that A7, =« A®T,. Hovever, a larger temperature drop vas recordsa
across the upper canister for all runs regardlsss of vhetber the mean tempera-
ture of the water in either layer was above or below the ambient temperature.
In each case, the error could be accounted for by applying & correction factor

as follows:

An,
Ky = K, A_ (0.9786). (5.4)

5 1 b Genaral Mills, Inc, Report 2200,. Third Quarterly Progress Report on
Dissemination of Solid and Liquid RW Agents (Unclassified title) May 15,
1961, p. 59 (Confidential).
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It has been caloulatad t)}at 1f the diatance between the dlsks of the upper
layer exceedad the thickness of the lovwer watex layer by 0.002 inch, this
difference could account for the consistsnt error. Such s small variation
in thickness is beyond the ability to memsure once the cell is assembled. In
viev of the constancy of the error, Equation 5.4 vas uaedj‘ig calculating the
theymal conductivity of the egg slurry samples.

~ The thermal conductivity of egg slurry semples W.E.S5. #1, #2, #3 and 4
are presented in Teble 5.1.3. |

TABIR 5.1.3
THEERMAL CONDUCTIVITY OF EQG SLURRY SAMPLES
W.E.B. f1 W.E.8. §2

. Kgx 103 Teap. K,x 103

°C (cal-cn/sec-ame-*C) (*c) A cs.l-guc-me-‘c )
5.9 1.069 5.2 1,105
?-5-9 1-102 6-0 10092
22,9 1.133 18.9 1.188
31,5 1.162 22,6 1.199
32.2 1.182 25.9 1.206
28,2 1.228

%

V-E.B- #3 ‘“Eosc ﬁ F
. - Kgx 10° Temp. Kgx 10°

*c cal-cm/sec-ane-°C °¢ goal-cm[uc-mzé‘c!
6.0 1.213 6.8 1.285
1.8 1.277 10.9 1.299
12,7 1.2 13.1 1.329
119‘.6 1.32 24,5 - 1.355
2k.5 1.329 2.9 1.367
29.0 1.357 27.9 1,391
32,4 1.418

The data of Table 5.1.‘3 are presented in graphical form in Figurs 5.1.3.
The straight linss through the experimental points were calculated by the
uthod’ of least squarss and appear t¢ be an adequate representation of the data.
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All c¢f the linss have approximtoly ths same slope, and the themmal conduc-
tivity values of the egg slurry samples fall within a range between 78 and 97

percent of the value for water.

5.2 Rheological Behsvior of 8m Slurries
Addttional infomation on the flow charactexristics of fm slurries in a

fluorochemical 1liquid have been dastermined. Toe density of these slurries
has been memsured, and an apparatus bas been designed and is being bullt to
study the f£low behavior through capillary tubes.

5.2.1 Effect of Surface Active Agent on the Rheology of 8m Slurries

Previcusly reported reswlts’'2'l on the flow behavior of Bm elurries
were obtained with ssmples containing & gurface active agent desigoated L-1161
and manufactured by Minmnesots Mining and Manufacturing Company. This fact was
inadvertently omitted frcn the Aiscussion of experimental results. The surface
active agent was espacially compounded by 3M for use with their fluorochemical
1iquids. &amples have been sent to Fort Detrick for detarmination of compati-
bility of tha agent with biological materials. Oune tenth of one percent by
veight of ths fluorochemical liquid, FC-75, was used in the preparation of
;lﬁrries for the earlier rheclogical investigations. It #as assumed at the
start of those investigations that a surface a.c'aiva agent vould be nseded to
rrevent thase separation eincs a m.‘Ll‘ amount of Sm added to FC-75 and blended
thorcughly cams out of suspension rapidly. Investigations conducted during
this report period have been designed to detemmine the stability of thiek 8
slurries without & surface a,ctiivu agent, and the changs in rheological proper-

tiss caused by the omission of this agent.

5.2.1 General Mills, Inc. Report No. 2200, Third Quarterly Progress Report on
Dissemination of Solid and Liquid BW Agents (Unclassified title), May 15,
1961) ppn 62"75)0
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An c.ﬁ.emrb also vas mads to measurs the viascosity of 8an slurries con-
taining a concentration of solids greater than 25 percent by weight, the upper
limit previously investigated.

The same technique was followsd in preparing the slur;ﬁen whiéh has been
raported pieviously, except that no surface active agent was added. Results
indicated that the apparant viscosity of alurries without additive was atrongly
dependent upon mechanical history. Therefore, it was necessary to obtain ini-
tial ommaistency curves at 1ncnaa1n¢.md dscreasing shear stress as vell as
consistency curves after extended pariods of shearing et a constant shear
styess. The initial conaistency curves indicated that thick slurries (25 per-
cent by welght Bm), subjected to chly a muall amount of pricr shearing, ex-
hibit thixotropy, i.s., apparent viascosity decreases with shear. However,
upon shearing these slurries fox ma periods of tims at a constent
shear stress, the initial trend toward a decreasa in apperent viscosity is
reversed and the IMm viscosity begins to incresse. This latter phenome-
non is called rheopexy. According te the litersture, rhsopexy can be ex-
hibited by suspensions which contain aniscmetric particles. The increase in
spparent viscosity is believed to be caussd by sbear—induced 6riontation of
snisametric particles. R?xeapu:ﬂc materials have beeq observed to retain this
orientation for considerable periods of time following the removal of the
shear stress.

Consistency curves for Sm slurrie‘u without a surface active ;'gent‘md
containing 16,7, 25.0 and 28,6 percent by weight Sm are presented in Figure
5.2.1. All data were cbtainad at s temperature of 20°C. The experimental
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dats which wsre cbtained shortly aftsr the slurry had reached the equilibrium
texperature of the bath are representcd by solld lines in Figure 5.2.1. The

consistancy curves obtained after extensive shearing are represented by broken

lines.

It was found that slurries containing 16.7_ percent by weight 8m have
nsarly the sames congictency curve with or without the surface setive agent.
mrthamgre, the consistency curves obtsined at increasing and then decreas-
ing shear stress agree quite well for both slurries, but with some slight
evidance of thixoﬁrapy in the case of the glurry without additive. After
shearing the slurry contimiously for 3000 revolutions at a shear streds of
sbout 200 dynes/cm®, the curve wes shifted toward higher apparent viscosity.

A slurry containing no additive and 25 percant by wveight 8m initislly
exhibits considerable thixotropﬁr as evidenced by the form of the consistancy
curves obtained at inczeasing and then decreasing shear stress. After shear-
ing continiously for 3000 revolutions at a shear stress of about 1100 dynes/

cxna, the curve is shifted conasiderably towerd higher apparent viscosities.

Thus, the phencmenon ¢f rheopexy becomes more prominent with increasing solids

concentration.

The consistency curve cbﬁun'od on a slurry containing no sdditive and
28,6 parcent by weight Bm is also presented in Figurs 5.2.1. This slurry vas
much too thick to handle 4in the cduial oylinder viscometer. The apparent
high yisld point made it difficult to remove air trapped below the bod upon
immersion and prevénted the slurry from flowing over the top of the bob whan

it vas lowered into the cup. The curve pressnted was cbtained st increasing
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shear stress and probably ia only a crude repreésentation of the trus flow
belavior. Attempts vill be made in the future to obtaln data on tnese thicker
slurries using capillary visometry.

Minimm yleld points for Sm slurries containing 16.7 and 25 percent by
weight of solids are indicated on the shear stress axis of Figure 5.2.1.
These values vere obtained by increasing the torgue to the critical value i
which would induce rctation of the bob, even though rotation would subisequently ‘
casse. ' '

The change in apparent viscosity with shearing for the 25 percent by
velght Su slurry is presented in Figure 5.2.2 in terns of changs in shesr
rate with mumber of bob revolutions. As was gtated previcusly, the smlg
was shearsd for 3000 revolutions of the bob &t 8 constant shear streas of
about 1100 dynes/ca®. Both the initial thixotropic behavior and subsequent
Theopexy are evident from this figure.

Opservetion of the slurry samples after completion of the tests revealed
no visual evidence of phase separation of the &m and FG-75, »

Upon discovering the rhoorpactic bebavior of theass concantrated 8m
slurries without surface active agent, an investigation was made of the
amount of FC-75 liquid which avaporated from the slurry during the exparimant.
Tie results showed that & changs in slurry concentration from 25.0 to 25.2
percent could be expectsd during the time period of the experiment., BSuch a
small change cannot account for the increase in apparent viscosity with time.

Therefore, the phencmenon of rheopexy 1s a real characteristic of 8m slurries

_ without additives. The initial yleld point and thixotropic behavior of these
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slurries is probably due to the break-up of flocculated particles, and the
subsequant rhesopectic behavior to the crientastion of aniammetric Sn particles
upon additional shearing.

The complexity of the flow bebavior of Ba alurries without surface sctive
agent renders impossible the extrapolation of flow dats obiained from experi-
ments in the coaxial cylinder viscometer to flow behavior through tubes and
orifi. Therefors, future expariments will be confined to invesiigating flow
through capillaxy tubes, '

5.2.2 Apparatus for Capillary Viscometry Btudies

Capillary viscamstry will be employed to extend the rheologlcal. inveaa

- tigation of Sm slurries to higher shear rates and greater solids concentration.

Because Sm slurries are non-Newtonian fluids, a range of shear stresses must
be used, This will be sccomplished by varying the pressure drop across the
capillary.

The viscomatay that yill ba used 418 being senstructed at the pregent
.2!2

\n

tims, It is reported to be convenient, absolute and accurste and is

capable of covering a wide rangs of shear stress in a single dstermination.
The apparatus is shown schenatically in F4gure 5.2,3. A column of mercury
forces the sample through the caﬁillary tul;e. Msasurement of the height of
the mercury cdlumn as & function of time ylelds both tha Pressure drop and
flow rate.

The relation between the shear stress T and the shear rate £(T) for

this instrument is given by:

by m, S S .
-L%l, "F 'tgaea? at (5.5)

5.2,2 Maron, B., J. Krieger and A. Sisko. J. Appl. Phys. 25: 971 '(195#)
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PIGURE 5.2.3 CAPILIARY VIBCOMETER
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whare: mm""if‘"

b = height of marcury column
t = time

B = constant.

5.2.3 Densities of Sm Blurries

In order to pemmit calculation of the weight penalty involvwed in slurry
systems as cowpared to Ary powder ctores, density measurements of Sm in FC-75
for various eclids concentration have been made st 20.0°C. From this data the
veight of biclogical material per unit valume can be csiculatod. &8 a functicn
of 80iids concentration.

Tﬁo slurries vere prepared by veighing the ingredients on an snalytical
balance and then mixing thoroughly with a perforated plate stirrer vhich vas
described in the previoua guarterly report. The end of & pipette was inserted
voll balow the surface of the slurry, and the pipette was £illed by applying
suction through the top. When full, the pipetta vas ssaled at both ends and
wveighed. The densities cbtained are recorded in Table 5.2.1.

TABIE 5.2.1
DENSITY OF Bn SLURRIES

Weight Density at 20.0°C
percent of Sm (gnfam3)
0 1.77 at 25°
16.7 l.gg .
20.0 1.
25.0 1.58
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6. BOURDARY LAYER STUDIES

growth of the boundary layer on the disseminating store 13 of consider-
able interest in this program, bscsuse the performance of the disseminator
may be substentially affected by the locsl flow conditions at the point of
release of the agent. A knowledge of the boundary layer growth is useful
in (1) selacting a suitable location for the discharge of the disseminating
store, and (b) correlating the rasults of experiments iu & wind tunmel with
the performance of & full-size store uoder flight conditicns.

In Baction 6.1 btelow, caloulations of boundary layer growth on en alr-
craft store are presented. In Section 6.2, calculations of boundery layer
growth in the wind tunnel &re given. This information is considered impor-
tent in interpreting the reaults of the wind tunnel deagglomerstion studies
discugsed in Section 7.

6.1 Boundary leyer on an Aircrefi Store

The boundary laysr thickness ou an NACA serles 65A siore of finaeness
ratio 8.0 was calculslcd for a Mach number of 0.9 at sea level vwith air
temperature of 8C°F. The length selected for these illustrative calcul-
aticna was 17 ft. Two methods wers used, the first sssumes the boundary
layer 1s similar to thet formed over a flat plate in one-dimensional in-
ccmpressible flow with zero streamwise pressure gradient, For this case,

the thickness of the bvoundary laysr is given by the following relations:

O, = 8% .1 sor lamtnar flov (6.1)
Rey
end
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6t - _}.T_m - 2 for turbulent flow (6.2)

(Rex)

where:
X = digtence measure along store surface in flow direction

VYx
Re_ = =~ = Reynolds' numbexr based on X.

Y

As the boundary layer develops from the stagnstion point, it changes
from laminar to turbulent at loﬁe location X, depending on the stremam
turbulence, strean Mach number and the surface condition. The point of
tranaition was determined by using a criticel Reynolds' number of 8000
according to Reterence 1. ¥or this Reynolds' number, trsnsition occurs
at approximstely 0.01 in., from the stagnstion point; thus, for purposes
of calculation the laminar regime wes neglected. The boundary layer
thickness, using only Equation 6.2 above, is shown in Fig. 6.1.1 @8 &
function of distance along the store axis. Equaticn 6.2 does not
represent the actual situation ncar the stagoation poiant ond for thie
reason the curve sterts et x « .20 ft. The boundary layer separates
from the body ai some point beyond the weximun body thickness. Iccation
of the separation point can be estimated by examining surface pressure
distribution deta for the store. Such data was not available for this
store, however, and the separation point was estimated by examining
the pressure distribution data for prolaie spheroids as given in Refer-

ence 2. By this method we find that the boundary layer should separate

1. Heuslet, M. and Nitzberg, G., The Calculastion of Drag for Airfoil Sections

and Bodies of Reduction at Subcritical Bpeeds, NACA RM ATBO6, 19L7.

2. Cole, R. I., Pressure Distributions on Bodies of Revolution at Subscnic

and Transonic Speads, NACA RM 152D30, 1952,
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frém the body at between 80 and 90 percent of the axiel chord. By
draving the separated stream lines parsllel to the store axis, the size
of the turbulent wake csn be approximated. Actually, the wake would
couverge slightly, because the static pressure in the wake is less thsn
the free strean static pressure. The boundary layer is drewn to scele
on the store shown in Fig. 6.1.2 for compariscn of the relative sizea
of the boundary layer thickness and the store. Rffects of pylon boun-
dary layer and aircraft wing down wash are neglected, because it 1is
assumed that the boundary layer developing on the under side of the
wing and on the pylon will not be thick enough to affect the store
boundary layer end also thet the store will be mounted ahead of the
wing down wash fleld.

The second method used to calculate the boundary layer thickness
includes the compressibvilitiy and 3-dimensional effects that ocecur in
the actual situation. The method wos presented by Englert in Refer-
Guse 5 sk ek eatension of en eariier work by Truckendbrodt in Reference
4. 1In spplying this method it was necessary to start with the pressure-
distribution dsta and deduce the local Mach number end sonic veloeity
along the surface by asauningA isentropic flow. Pressure distribution
date were again teken from Reference 2, The thickness of the fully
turbulent boundury layer i1s given by:

3. Englert, G. W., Estimation of Compressible Boundary Layer Growth
over Insulated Surfaces with Pressure Oradient, NACA TR 4022, 1957.

L. Truckenbrodt, E., A Method of Quadrature for Calculstion of the
Laminar and Turbulent Boundary layer in Case of Plane end Rote«
tionally Symmetrical Flow, NACA T™ 1379, 1955.
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6.2 | M (6.3)

[&
whers: x

e

5721 |s, %
S

8, = local free stream sonic velocity

p. ot ‘_g) 1/6 1073 116 (.e) %l% o 6

and:

8, = aonic velocity et steguation

V, = kinemetic viscosity et stagnation
x = distance along flow dirsction
ra= body radius at x

M, = local [ree stream ﬁach number

7 = ratic of spscific heats of air = 1.41

The results of our calculations from Equetion 6.3 are alsc shown
in Pig. 6.1.1. A comparison of the boundery layer thickness estimeticuns
from Fig. 6.1.1 shows that the 3-dimensiocnal comprdssible boundary layer
(Bquation 6. 3) 1is thinmer for x/lL £ 0G.565, because the flow ares nor=
mal to the su.rfgce of the body of revolution increases as the sc';uara of
the distence, wheraas, thQ flow area incr;uu directly with the distance
above a flet plate. The rapid growth of the compressible boundery layer

for x/I > 0.565 is due to the adverae pressure gredient end the onset of
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toundary layer separaticn which, according to the compressible theory,
cocurs at some position beyond 'x/II. > .75.
Velocity distribution within the boundary layer is shown in Pig.
6.1.3. This distridution was caloulated from Prandtl's empirical
aquation:
1/7
(6.5)

e
| ]

In the following section, this velocity distritution is compared
with that existing in the wind tunnel.

8.2 Boundary layer in Wind Tunnel

Boundary thicknass predictions based on Equations 6.1 and 6.3
were also made for the high-velocity wind tunnel used in our deegglom-
eration studies. Agreement with messurement for this case should be
good, dus to the negligible camprassibility effects assoclated with
parallel'-'ndw along the tunnel walls. Results of ths calculations are
shown 1n Fig. 6.2.1 for the various tunmel Mach numbafu used in our
studies. [ocation of the agent ejector {s shown on the abcisals; notice
that ejection occurs well within the turbulent flow regime. The tran-
sition to turbulent flow cocurs approximately at the location showm for
each of the three Mach numbers. These transition locaticns were ob-
tained by assuming a transition Reynolds' number of 5 x 10°. Trausition
to turbulent flow may occur earlier, tut mot later than the locations
shawn, because of the moderately large freeestreanm turbulence in our
tunnsl.
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A comparison between the boundary layer velocities ocouring in the
funnel and on the agent store for s tunuel Mach number of 0.8 at the
point of ejection is shown in Pig. 6.2.2. Agent eJection is assumed to
oscur from the surface at one half the axisl chord (x = 8.5 £%.) in this
example. Both boundary lsyers are turbulent, but the stors boundary
laysr is spproximately 10 times thicker, due to tha greater distance
that the air has traveled at the ejection point. The effect of the
different Mach numbers (0.8 in tunnel, 0.9 for eto:jg) is small.

Fig, €.2.2 indicates that the velocities are. quits similar in the
two cases at distances of 0.02 to 0.0b £t. frem thé surface. This re-

‘glon 1is of considersdle intaraest, since it has besn found that the

finely-divided material can bte injected approximately this distance.
It i3 belisved that the results shovn on Fig. 6.2.2 indicate that the
desgglomeration effects measured in the wind tunnel will be slightly
conservative slnce the velocity gradient in the rogion i esgentially
zerc, vhile there is a modeat velocity gradient indicated for the
actual flight case.
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7. DIBSIMINATION AND DEAGOLOMERATION STUDIES

ftudies on the diueﬁi;ation of Sa simulent in th.e high-subscnic velo-
city wind tunnel were initiated during this reporting period. A lyries of
high speed motion pictures wers taken of the sercsolization process within
thg tunrel and samples of Sm vere obtained with the high velocity sampling

aysten.

7.1 Moticn Plicture Stug of Sm Dissemination
Visual observations of the asrodynamic bresk-up process during the dis-

semination of Bm have been accomplished by photographing the area of injec~
tion inside the wind tunnel at 3000 frames per second. The photographic
aquipment employed in this work comsisted of an Icstman High Speed Camera
(Xo. 3) end an Rdgerton, Germeshausen, and Grier Inc. lighting aystem.

The latter has a speed of 1.5/l sec., which vas fast enough to stop agglom-
orates larger than O.1 mm in thaese pictures. Three factors wore investi-
gated in this study: (1) bulk dansity, (2) tunnel Mach number, and (3)
moisture content. '

Sumples from two separats batches of Sm, "A"# and "B'#*, were used

in this vork. The material vas injected into the wind tunnel with a piston-

type dsvice T.1.1

at an average velocity of I meterl/aec. The samples were
prepared in three diffarent bulk dansities: 0.33, 0.43, and 0.49 gm/ca.

At the low density, ths naterial wes in its loose form while at the higher

#* ghipwent GBL A-3416691
#4# fun Sl-gnme342

T.1.1 Qeneral Mills Report No. 2161, Second Quarterly Progress Report on
"Dissemination of 8011d snd Liguid BW Agents" (Unclassified Title)
Feb. 13, 1961, p. 36 (Confidential).
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densities 1% was compacted mfo cylindrical slugs, 0.63 ca dia., by using
8 lov friction piston davice. Since campaction studies show that it is
necessary to form conpre'ue;l slugs in stepwise manner to assure a uniform
density throughout, (see Section3 ), seven staps wers used end each seg-

ment vas compressed to & length-to-dismeter ratio of 0.3. Bach of the

density groups was photographed at tunnel Mach aumbers 0.50, 0.65, and 0.80.

The Sm moisture contents were dstezrmiced by the Flosdorf-Webster
vacuwum oven method. Approximatei& 2 gn of Sm was filled in a bottle which
had a kuown tare weight. The sample was placed ia an oven maintmined at
5050, &t an absolute pressure of sbout 100 microns of mercury. After 22
hours it vas weighed egain. The reduction in weight of 8m divided by its
original veight zave the moisture content which for 8m "A" was 4.0 percent
and Sm "B" 1.0 percent. ‘

From the standpoint of dissemination, an Sm moiature content of 4
percent ic considered to be high. This motion picture astudy shows that
such material can form strong agglomerates which are difficult to bresk
up completely in a hizh velocity air stream. Thus, the importance of con-
trolling moisture content is demonstrated in this work.

Figures 7.1.1, T.1.2 and 7.1.3 show injections of looss 8m "A". Much
of the material appesrs to be amercsolized within a short time, 3 frames or
0.001 sec. However, theru are scwe relatively large asgglomerates, approx-
imately 0.50 ma in 8ize, which seem to be unaffected by the uir stream.
Thase are shown in Pigure 7.1.1, in the upper part of Frame 10.

In comparison, Pigures 7.1.4 and 7.1.5 show that Sam "B" hes few of

these hard agglomerates and the materisl seems to break up faster. This

-T6 = Page determined to be Unclassified

Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5

Late: 2 6 APR 2013

|

e o b e




pr— S B ——
. . P e S o e TN v e B ‘—jg

e

s dbaans s iblooian f 5 nb

Saak

Fo LB ' i B i

o ek b

L dadite s 1 bk e o R R e S e Faemabmin i

¥

FIOURE 7.1.2 DISSIMINATION OF Sm "A" WITH BULX DENSITY
0.33 gm/ca IN MACE 0.65 AIR STREAM
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FIGURE 7.1.} DISSEMINATI(N CF Sm "B” WITR DULK DENSITY
0.33 gm/co IN MACH G.5 AIR STREAM
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FIGURE 7.1.5

DISSEMINATION OF Sm "B WITH BULK DENSITY
0.33 gm/ec IN MACH 0.80 AIR STREAM
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difference is atsriduted to their moisture conténts given avove.

Figures 7.1.6, 7.1.7 and 7.1.8 show the dissemination of §m "A", com-

pacted to & dsusity 0.43 ga/cc. Note that the end of the slug is ahpar&«i
or eroded very rapidly as it enters the air stream. Aerodynamic break-up
appears t0 19 a8 sstisfactory s that of the lower density.

The results Au' density 0.l9 gm/ee, Figures 7.1.9, 7.1.10 and 7.1.11,
can be compared with the prsvious group to show the significent effect of
compection of relatively moist Sm bayond the density 0.43 gm/cc. At Mach

number 0,50, the 8m slug protrudes into the stream an estimated 0.5 cm

before being broken by serodynamic drag forces. This is beyond the boundary

layer which vas calculated to be .0.33 cm thick st the point of inlectiom.
As the compacted pleces flow farther into the stream they break up rapidly.
Por'example, note the change betwesn Frames ! and 6 in Figure T7.1.9.

With increesing Msch number the slugs are broken up closer to the tumnel
wall. In this group of pictures there appears to be a significant number
of particles formed in the 0.1 to 0.5 um size range which,do not show signs
of completely deagglomerating. Thus, it seems likely that this combin~
ation of compaction density and moisture content may be beyond the limits
for satisfactory dissemination with a lhple inJection-type apparatus

such as was employed in this study.

Geverally, ths meximum particle injection distance from the wall iato .

the tunnel dscreases With increesing Mach number. For oxample, in Pigurs .
7.1.1 (M = 0.5), the material flows out as far as 2.0 cm before passing

out of view, while in Pigure 7.1.3 (M = 0.8), it flows to 1.2 em. It
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0.49 gm/ce IN MACH 0.80 AIR STREAM
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should be noted here that 5m dces collect on the wall as a result of
its close proximity.

In careful study of these pictures, possibly two oi_’ the chief mecha-
nisms by which deagglomeration occurs in the wind tunnel way be observed.
Arj.rst, it sppears that unequal pressure distributions around large slugs
during accalaration cause them to breek up suddenly into a large number
of finer particles. Figure-7.1.9, Fremes 4 and 5, shows this phencmencn,
where a pilece of slug was shattered in the period of ¢.0003 sec. It
should be noted that this mechanism does not appear to fully deagglomer-
ate the materisl in this cese. Numerous particles, on the order of Q.2 mm,
vwere produced in the process.

Secondly, the mechenism of fluid sheer, in connection with fluid boune
dary layers around agglomerstes and clusters, is considered to de very
important in dissemination. It ceuses erosicm of small particles from the
material during the ecceleration process. For example, Figure 7.1.1,

Frame 16, shows clearly the formation of clouds of fine particles arovud
clusters of Bm. A large percantage of the break up of &m into its basic
particle size appears to occur in this meanner. Due to the high acceler-
ation of these fine particles, the cloud is oriented in the downstrzem
direction.

The moticn of 0.5 mm agglomerates has been traced in these motion
pictures to detearmine their acceleration in the alr stream. For the flow -
condition Mech number 0.5, calculations show that they undergo accelerations
greater than 2000 times gravity. Fvaluations of their pressure and frictlon

drag coefficients indicate that the forme: is approximately 50 times greater

- 98 - Page determined to be Unclassified
Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5

Date: 25 APR 20’3

Sy o <%

[P

[PV S L




TR TP N OB PP AT SRR S R v LA

Aoaind J

wy™

uumn—cwmmmww?mmmummammammmj
?
}

b2l

A I I T PO P Y M R T T et

than the latter. Thus » acceleration is primarily caused by non-uniform
pressure distributions arousnd the agglomarates.

It has not been determined whether fluid shear in turbulent’or leam-~
inar boundary layers is most affactive in deagglomeration; however, it is
a vell inown fact that the shear stress at a boundary is higher in the

former case.

7.2 5m Dissemination - Particle Size Distribution

Experiments have been conducted to determine the degree of deagglom~
eration of Sm simulent in the wind tunnel. In these studiss Sm "B" was
injected at an approximate velocity of 4 m/sec into sn air stresm main-
tained at Mach number 0.50. The resulting aerosol was then sampled at
a distance of 67 c;m downstream of the injector with che high veloeity
sampling probe and 75 mm Millipore filters.

Tha Qegree of deagglomeration was determined by studying the material

under a microscope. Segments of the samples wers prepared for ths observa-

tions by invertling them on slides and dissolving the filter material with
cne drop of acetone. By sealing a cover slip over the sampple, good parti-
cle contrast could be maintained for long pericds of time. The analysis
vas nade hy first acanning the prepared slidss to determine the type of
particles' trat were present. Agglomerates could be distisguished from
vasic particles 'S0 that a qualitative understanding could be obtained of
the degree 6f deagglomeration. The seomd step wes to determine the parti-

cle size distribution (by number) of the sample.
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These tests indicates that dry (one percent moisture) sm with a density
of about 0.33 gm/cc can be disseminated to produce an asrosol in the wind

tunsel which 1s fully dssgglomerated. The samples wers found to consis:t

-of basic Bm particles. On & number basis, whers the statist:lai Martiv.'s

diapstar* was measursd with a Filar micromater syspiece, approximately
90 percent of the perticles wers smaller then 5/1.

This work will be continued with both loose and compacted Sm st
air stresm velocities, Mach 0.30 and 0.80. The results should provide
@ good undarstanding of the degree of deagglomeration of dry 8m in s
high velocity airstrean.

* Length of & line intarcepted by the particle profile boundary which
approximately bisects the areas of the profile. The measurement is
taken in the same direction for all particles.
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8. A STUDY OF THE EFFECT OF COMPACTION ON THE VIABILITY OF A DRY SIMURANT

MATERIAL

Our Third Quarterly Progress Report included a study of the influence
of effective f11ling density cn aserodynamic drag of solid agent external
stores. The filling density is a product of the mean bulk density of a
finely.divided solid agent and the fraction of the total volume enclosed
by the skin of ths store vhich is occupied by the agent. This study pointed
out that drag is minimized if the external stors has a large filling den-~
sity. From a structural point of viav, it is desirable to have the store
as small ag possible. It cen be concluded from this that it is desirable
€0 use tha most dense agent that can be produced.

Our work on the phymical characteristics of powdexs shows that the
higher powder densitiss regquire increasing higher compaction forces. Pre-
liminary vork by Fort Detrick auggssts that these high compaction forces

‘may greatly reduce the visbility of agent. To sxplore the effects pro-

duced on a simulant, a series of compaction-viability tests using Sm
have been initiated.

Pigure 8.1 shows the compaction device which vas fabricated for the
compaction-viability tests, It is composed of five separate parts: the
base, cylinder, closure plug, piston, and funnel. Thils particular deeign
was chosen to allow for accurate density measursment, ease of applying
& load, eede of handling, snd prcvﬁ;sicnn for keeping Lhe agent under
test sufficiently cool. (ooling was considsred since viability may be

greatly affected by the heat generated during compressiocm.
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In ell tests mads to date the compaction device end Sm was brought
to approximately 4°C prior to conducting the tests at room temperature.
This has appeared to be adequate cooling for the low loading rate used
in these tests. The procedurs is to inseri the closure plug into the
cylinder and in turn insert these into the base. The 8m is poursd into
the cylinder in small lots. Tests in this type appsrstus have shown
that density decressea with distance frcam the piston. To keep the den-
sity variation acceptably small the pellet was formed in layers, sach
about 1/3 the 250 mg total. The piston waes then inserted and slovly
loaded with the mass capabls of producing the desired density. The pis~
ton was removed and the procedure repeated until the full 250 mg pellet
was formed.

The length of the pellet was measured with an optical helght gage
so that thes voluze and subsequently pha denaity of the test pellet could
be determined. Tha resulting pallet was next weighed and placed into a
dispersing solution from which viability assessments were conducted.

Compaction tests, using loading rates as low as 16 grems per second
and piston loads up to approximately 16 atmospheres, gave Sm densities
up to0 0.65 grams per cubic centimeter. Preliminary results suggesi that
the effect of ~ompaction on viability is not excessive. Zased on the
procedure described adove and a content semple, it appears that the via-
bility recovery of Sm may be ss high as 80 percent. Further tests are
currently being made to fiimly eatablish this compaction-viability
ralationship.
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9.

SYSTRMS STUDY

To vbtain a numerical evaluation of target area coverage as & runc-
tion of the various parameters (flow rate, aerosol diffusion, height of
release, etc.), the appropriate squations were programmed on & Bendix G-15
digital computer. The model used was similar to the one used by North
American Aviation, Inc. ,l but with a different expression for the lethal
dosage a8 8 function of down wind distance. The model used in this re~
port is the ons due to X. Calder with the additional modification of a
variable decay rate. The symbols used are defiued in Table I below.

VWe assume that the plane is flying crosswind end disaseminstes a

line source. The line source strength 1z given dby:

£.C.B
v

g w (9~1)

Assumiog that this line source is effectively infinite in length, we

obtain the ground level lathal dnaage via tha aquation:
b, = (2/T /2 [ og u(x/xl)’] exp [-112/20'2 (%/% )24]- (9.2)

&xp - dacay ractor.]
We have a variable decay rate and the "decay factor” 1s assumed to be;
-'—355 for 0 xS 0.5,
OL (F « 0.5) + .025 for 0.5 < x/u & 6.0,

and «O0L (‘E’ - 600) + '025 + 0055 for 600 £ X/Uo (9‘3)

1. North American Aviaticn, Ine., Report No. NA-539-~632, "Airborme
Riclogical Warfare at Low Altitudes”, Vol. IT, 16 June 1859, pp- 183
and following.
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- TABLE 9.1
: I Numerical Value Used
: Symbol Dsfinition Units for this Report
; l P Probability of infsction Unitless
: Do No. of organisms rsquired
» I to infect 50% of the peopls  Organisms
- Source strength org/ft. Variable
1 { k Agent dscay rate $/hr. 5fr0 & t S ,5hr.
o lfor0.5< t = 6hrs.
¥ 0.1 for 6§ hrs. < ¢
i p 3 Down wind cloud travel Miles Variable
3 .
% l. u Wind speed Miles/hr.  Variable
d h Helght of ralease Feet 100
E T 0} Weather parsmeter Teot 66
. A
E B Weather paramster Unitless 3.8
P T
+ oL Xy Height for which ('exdf3 Miles .0622
are destermined
!I b Breathing rate of man ye.3/nr. 25.43
T 4 Disseminaticn flow rete rt..3/m1n. Variable
k1l c Agent concentration 0rg/ft.3
B Dissenmination efficiency Unitless 0.20
v Delivery speed Ft./min. 48,000 (=545 mph = Mach .76)
B, Ground level dosage of Orge-nr. /ﬁ-..3
lethal agent
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That is, the decay rate is five percent‘por h&ur during the first half
hour, cne perceant per hour for the next five and one half hourl, and
one tenth of ons parcent thereafter.

It should be noted that time has been integrated out of the expres-
sion for DI. and hence DL is in terms of viable organisms present per
cubic foot for one hour. If we multiply DL by the total intake of ailr
of cne person ‘or one hour we obtain the dosuge, d, for that person.

Knowing 4, ve obtain the probability of infection, P, from the equaticn

Pa1-2 YDy, (9.4)
In the exponent 4/ID;y the quantity C/IDSO occurs and this will be
treated as a variable.

Curves of P versus down wind mtanc'o, x, are plotted and shown
in Pig. 9.1. The parsmeters ‘”'c/mso' wind speed u, and flow zateir._
Thege curves cen be relatsd to a specific agent through the parameter
C/IDSO’ assuming we have used the proper decay rate. Since these
curves are not restricted to s psrticular sgent they can be thought
of as universal curvea.

It is of considerable interest to compare thess curves with the
experﬁ.ﬁ-n‘bal results contained in thes North American Report, Pp. 103~
117, especially Figure 0=5, p. 115. We obsexve that all data has &
charscteristic shape vhich rises sharply in the beginning, starts to
drop, rises again and then falls into an sxponential decay. This
structure is precisely that exhibvited in our computed curves. This
agreement with experimental data gives considersble credence to the

theory of a variable dscay rate.
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FIGURE 9.1
‘ (k=100 ft., Ogen Terrain, Favorable Weather Conditions)
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Since the theory of a varisble dacay rate seems even more plaus-
able now, & mathematical model is being dsveloped which vill account
for this. This model entails particle size as cne of its parameters.
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10. WORK ON LIQUID AGENT DISSEMINATING STORK

As reported in our Mhird Quarterly Progress Report, General Mills,
Inc. vas asked to consider ths potential store~carrying capabilities of
the AN/UBD-5 Drone, before selecting the final configuration of the re-
search prototype liquid agent disseminating store. In order to thoroughly
investigate this potential applicaticn, Genmeral Mills, Inc. issued sub-
contx;acta to Fairchild Aircraft and Missiles Division and North American
Aviation, Inc. for studies on this subjact. The vork statements for each
of these studies were included in our Third Quarterly Progress Report.

Both of these studies have been completed. The final report pre-
Pared by Fairchild is included as Appendix A. The final report prepared
by North American Aviation is imcluded as Appendix B, The reader is re-
ferred to these appendices for the detailed findings of thase atudies.

Conclusions sre swumarized in Section 1l.
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SUMMARY AND CONCLUSIONS .

During this reporting pericd, the Fhase II studies were continued.
This phase includes ressarch related to eolid agent dissemimtion and
the design and fabrication of a research model of & liquid agent store,
intended for future field experimenta.

Experimental studies of the effest of exposure to haated air
atreams on the viability of Sm asrosols have been made, Results for
an exposure time of 1.7 seconds show s very supsta.n’oial loss of vi-
sbility at elevated temperaturss, For example, axposure &t 125°C causes
99 percent loss of viability, This work indicates Ath;at mixing of the
sarosol with the Jet plume of a carrier aireraft should be avoided.
(Bection 2)

The study of frictional forces between various powdsrs and various
aurfgcel has besn continued, With the use of a pisfan-cyunder appar-
atus, asasursments vers mads of the product C;_LL, vhere 61 is the con-
atant. of proportionality batween forces acting perpendicular to and
parallel to the direction of the applied forcs, sad [l %a the coefficient
of friction, Measurements were also made of [l directly, using & tilting-

table metbod. It vas possible to calculate C, from thase measuremsnts,

1

The average valus for C, vas found to be 0.484 for talc and O.41k for 6m.

1

A' study vas made of avarage bulk density of a column of compressed
powder, as a function of column length, for varicus compressive stresses.
Meas\wraments vers made on both tale _and 8m. An empiricul' formula was
found to fit the experimental data quite well, (Section 3)
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A theoretical snalysis of the force required to 1ift an imbedded
;lisk from a bed of dilatant material was carried out, undsr the assumpe-
tion that attractive forces vtetween particles are gegligible. The re-
moval force was found to depend on the dansity Tund the shear angle ¢
of the particulate material, tae force being proporticnal to the fmotor:

sin
l-8in ¢ .

The asraeien‘h between theory and experiment was found to be good
for glass beads o 100 and 200 micron diameter. (Section 4)

The viscosity of egg slurries W.E.8. #l, #2, #3 and f4 was re-
determined, using a new shigment of frozen samples. The thermal cop-
ductivity of these slurries also was determined at intervals of 1.5%C
in the temperature range from 0 to 32°C. The thermal canductivity
velues varied from 78 to 97 percent of the value for water.

The rheologlesl properties of Sm slurrles without a surface active
sgent were investigated at 20°C. The slurries exhibited initial taixo-
tropy (epparent viscosity decresses iitn shear) folloved by rheopectic
behavior (incrssse in apparent viscosity with shesr). A slurry cone
talning 28.6 pexrcent by weight Sm was too thick to handls in the co-
axial cylinder viscometer. A capillary viscometer is baing constructed
to ek;:end the rheological investigation to greatsr solids concentration
end higher shear rates. (Section 5)

Boundsry layer studies showed that the boundary layer of an aire
craft external store is approximately 10 times thicker than the boun-

dary layer in our wind tunnel. However, with a reduced wind tumnel
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Mach number, tha dsagglomeration measured in the vind tunnel is conm-
servative, since the velocity gradieat at the apparent. injection distance ‘
(0.02 to .04 £t.) is greater for the agent store than for the wind

tunnel, while the velocity at this distance 1s almost identical.
(8ection 6) » ‘

Studies on the dissemination of Sm simulant in the high-velocity

wind tunnel ware conducted during this reporting period. A series of
high-speed motion pictures, taken of the sercsolization process within
the tunnel, showed the asercdynamic breskup characteristics of Sm at f
varicus bulk densities, moigture contents, and tunnel Mach numbers. |
The degree of deagglomeraticn is strongly dspendent on the moisture

content ¢f Sm; values in the rangs of 1-2 percent by weighf; appear to '
be most satisfactory for dissemination. The tvo mechsnisms which seem :
%0 bte primarily responsible for deagglemeration are non-uniform Prea~

Fiomf  peakd i ke g

sure distributions arocund agglomerates and fluid shesr stresses at ‘
their boundaries. ' i

Samples were taken of Sm aercsols produced in the tunnel at an

air atream velocity, Mach mumber 0.5. For the case of dry Sm with

density 0.33 gm/ce, 1t was found that the sample consisted of basic

- .’..

fm particles; i.e., full desgglomeration vas obtained. (8ection 7)

BN e R O e o AT I T R P AR s Twi) T PRI R o WSS e =“wmmwﬂm‘!‘fmm ®

f Experiments were conducted to detemmine the affect of compaction
- on the viability of dry Sm. Early results indicate that the viability ‘
;: racovery for samples subjected to approximataly 16 atmospheres pressure
. ¥as in ths order of 80 percent. (8ection 8)
!
¥
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A numerical evaluation of the t,.rpe area coverage vas conducted as
a function of the various parameters » 1ncluding the factor of w variable
decay rate, The result of this study is & fraily of infestion prob-
ability curves, wi?.h & characteristic shape which has been demonstrated
in actual fleld exﬁermenti. This agreement with experinmental results
8dds considerable strength to the variable decay rate thoory,

(Beation 9)

The USD-5 is capable of carrying external stores at three lucations
with very small penslties in structure weight. It vas detersined that
the near optimum storas rpr universal use on manned sircraft is mbat&p-
tially lsrger than the near optimum store for the USD-5, In addition,
the manned aireraft stors can reasonably include an independent power
source. On this basis, it was .daoided that the most useful unit for

this progran is one designed for a manned aircraft. (8ection 10)
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AFPFENDIX A

STUDY CF COMPATIBILITY OF
EXTERNAL WING-MOUNTED BV STORES
WITH THE AN/USD-5 (XE=1) DRONE

Conducted Under Gensral Mills, Inc.
Purchase Order No. MD-82550

By

Fairchild 3¢ratoe Corporaticn
Hagarstown, Maryland
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| "Waer  Rothenberger [, i1, Putram BT ¥, Morten
Study of Compatibility of External Wing-Mounted aate _May 28, 1961
SUBJECT: . BW Stores with the AN/USD'B (XE-I) Drone REVI8ED
SECTION1, SUMMARY.

To assess the compatibility of external wing-mounted BW
stores with the AN/USD-6 (XE-1) drone, the tnitial investigation
considered the installation of tanks 18, 20 and 22 inches in diameter
located at wing butt lines 37, 74 and 85. Parametric analysis of
these tank sizes and locations at 0. 7 Mach number indicated the
most desirable configuration to be a 23-inch diameter tank located
at wing butt line 85, Further investigation based on the selected
configuration indicated a sea level radius of action capability of
111 nautical miles with a BW agent capacity of 1240 pourds,
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susseet:. _ BW Stores with the AN/USD-§ (XE-1) Drone REVISED .

SECTION 2. INTRODUCTION.

This report presents the regults of & study to tnvestigate
the compatibility of external wing-mounted BW stores with
the AN/USD-6 (XE-1) Drone.

Under a contract with the United States Army Chemical
Corps, General Mills undertock the development of external
stores for line-source dissemination of sold and liquid BW
agents from low flying manned and unmanned aircraft. In
order that the resulting stores be adaptable to a large number
of delivery vehicles, investigation of the potential capabilities
of the AN/USD-5 (XE-1) drone for carrying external stores
wag roquested,

The primary mission 18 line-source dissemination of BW
agents from a low altitude drone. Basic assumptions are:

wing structure will be minimized,

b. Weight allowance will be made for inatallation of
functional BW control package.

¢. Normal surveillance equipmaont will be installed,

d. Installation of a wind determination Bystem will be
considered.

@, Drone will be returned and recovered,

f.  Launch will be made at the highest practical gross weight
consistent with the operating limitations of the AN/USD-5
(XE-1) drone,

€. Agent dissemination will be made at minimum feasible
altitude and 0.7 Mach number, .

h, External BW tanks will be ejected after dissemination run,

Minimum radius of operation will be 300 nautical miles.

A C.E,P. of three nautical miles for a 60-minute flight

duration will be acceptable.

L IR SR AL N T G TN RTIN | SOVTNT N £ P AR

ot i
e ®

Basic design data of the BW external tanks as compiled by
North American Aviation Company is contained in Appendix I of this
report. The following additional data was furnished by
General Mills - - - ;

a. Density of payload: 8.33 pounds per gallos.

b, Rate of payload dissemination: 9 gal/min/tank,

¢. Tank drag (isolated store drag coelficlent); 0.08

d. _Electrical power requiremonts of tanks and control: 28 volts de, 2a

1 -800- 234

' a. Modification of drone components other than the

atitEd b T T EREE ﬁ!ﬁiﬁim"m%m‘?;ﬁﬂ
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|~ "SECTION 2, (Continued)

e. Tank size and weight:

Tank Size Tank W.. Agent Wt. TankCap Total Wt.
(dlameter) (Ib) (Ib) (eal) (2 sﬁl’:s)
181n. 440 233 28 1346
20in. 820 401 69 2022
22in. 600 783 . 94 2768

* 2210, 4680 1241 149 3401

* Alternate tank weighl and capacily supplied after completion
of preliminary investigation,

The study was conducted in two phases, The objective of
Phase I was the determination of the best tank configuration con-
sidering tank size and location on the wing., Tanks of 18, 20 and
22-inch diameter located at wing butt lines 37, 74 and 85 were
investigated. The effect of each configuration on drone structure,
stability and control, and performance was analyzed to establish
the mosat deairable tank configuration,

The ohjective of Phase II was a study
tion considering the design, flutter stabil

of the selected configura-
ity, lateral stability,

5 NN w e ¢ e v ey i g

load analysis and stress checks,

weight, center of gravity and

moment of Inertia, A sea-level dissemination mission was cal-
culated utilizing the selected BW tank configuration as well as a
summary of design load factors for the tanks.
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susgec:. BW Stores with the AN/USD~8 (XE-1) Drone REVISED -
SECTION 3. SYMBOLS,
B, L. ¢ + « . butt llne
C + + « . drag coefficient = L.
D a3
C.E.P. + » « . Circular error probability
oL .+ . lift coefficient = L_
a8
q + + « . center line
C . pit ent: M
m pitching moment i3
Cn v+ + . yawing moment = N _
' q8l
¢ + + - static directional stabllity parameter = 4 G
8
J:}
Cy + » . . side force coefficient = ng-
Cx + » « . axial force coefficient
D .. . . drag
F.8. + « « « fuselage station
G. W, . gross weight
I . moment of inertia
I < + « » . roll moment of {nertia
Iy . . pitching moment of inertia
Iz + + « . yawing moment of inertia
IJt . mass moment of inertia of the drone about a centroidal axis
(+] parallel to the x datum axis
L.E -+ . . leading edge
M . Mach mumber 0,7
MAC + +» . » Mean aerodynamic chord '
DECLASSIFIED IN FuLL
Mi/lb . nautical mile per pound of fuel élﬂhon'ty: EC 13526
hief, Records & Declass Div, WHS
MRP . . military rated power Date: 9 6 APR 2013 .
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SECTION 3. (Continued)

« ++ . fuselage moment about horizontal axis

+ Wing momant about vertical axis

L
N, Mi + « . » nautical mile
NRP « « + + noarmal rated power
Px 2 + + + « product of inertia in the xz plane with respect to centroidal
go X and & axew
BR/A + « « . radius of action
R/C + + + . Tate of climb
8 « + » 4rea in square feet
T. E. '. ... trailing edge
T‘T.E. + « +'+ Wing torque about trailing edge
v + + « » Airspeed
vz . . vertical shear
Wt. . o« . Weight
A + + » . Incremental change
a « + + » 8ngle of attack in degrees
cag . + « » Alrplane angle of attack
-] + + . . angle of sideship - degrees
‘ « + « « Control surface deflection angle .
1 + « + « Indicates a coefficlent bused on maximum cross-sectional area.
é e e roil angle - degrees ,
4 =p + + + . ralling velocity of drane about longitudinal axis - rad/sec
' 4 ¢ + . . Angle of roll
W . rolling velocity
v’ + + + . rolling acceleration
¢sr + + . yawing velocity of drone about vertical axis - rad/sec
=HONPIDEN i
8-800-23A
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. . longitudinal load factor; positive - forward

. .

| sumcf. BW Btores with the AN/USD-8 (XE-1) Drone REVISED

. aileron
. center of gravity

L]

»

. lateral center of gravity

3

length’

lateral load factor; positive ~ right
normal load factor; positive - up
dynamic pressure = 1/2 rvz
rudder

wing

longitudinal certer of gravity

vertical center of gravity
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Study of Compatibility of External Wing-Mounted sate _May 26, 1961
susseers- BW Stores with the AN/USD-b6 (XE-1) Drone REVI SED
SECTION 4, FACTUAL DATA
4.1 PARAMETRIC ANALYSIS OF TANK SIZE AND LOCATION -
PHASE 1

4,1.1 PERFORMANCE ANALYNIS

The performance analysis consiated of a study of the effects
of tank size, tank location and cruise altitude on radius of
action (Phase I) and the calculation of the mission performance
for one selected tank size, weight and wing location (Phasa ).

4.1.1.1 Basic Performance Data

The thrust required for the drone without tanks installed 1s

based on the lift and drag coefficients obtained from wind tunnel
' tests of a AN/USD-5 (XE-1) model, The thrust requirements

with tanks installed are based on the addition of an incremental
drag coefficient due to the tank installation to the basic AN/USD-4
(XE-1) data. The drag breakdown is given in Table I and a.plot
of incremental drag coefficient versus tank capacity is presented
in Figure 4-1. The tank capacities used in this figure and later
tigures are the agent capacities specified by General Mills for
the Phase I parametric study. The drag coefficients are based
primarily on data supplied by North American Aviation and
Geueral Mills. The drag coefficients are applicable up to
M=0.1. '

The thrust available is the same as that used for the
AN/USD-8 (XE~1), When calculating cruise performance, the
present normal rated power (NRP) of the engine was exceeded
when neceasary to meet the M = 0.7 speed requirement; how-
ever, military rated power (MRP) was not excseded,

Specific range data are presented in Figures 4-2 thru 4-8.
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g TABLE I. INCREMENTAL TANK INSTALLATION DRAG COEFFICIENTS g
8 | TANK DIAMETER ¥
ITEM | 18 inch 20 Inch 2% Inch COMMENTS o
Usable tank capacity per tank 28 gal 59 gal 84 gal Specified by General 5 g
Tank frontal area 1.7628qft | 2.182sqft | 2.840sqs| Mils for Phase I Study §g.
. |
Q
Cp for isolated tank 0.05 9.05 -0.05 NAA data per TWX dated |4 8
w March 31, 1961 =3 B
C,, for fins 0.01 0.01 0.01 NAA data supplied by EE
™) General Millg ig 3
Cp_for pylons 9.0103 90108 2203 | General Mizls allowed 2R
w 0.0703 0.0703 0.0703 0.08 per TWX dated g
March 31, 1961 s
Cp for ram air turbine drag 0.1587 0.1281 0.1038 | C, = 0.013 based on area % E_
w of 21.5 sq ft Ll
Total 4 C_ per tank 0.2280 0.1984 0.1762 113
W -
Total 4 C for cruise out 0.00402 0.00432 0.00463 |Two tanks 8 §
(Based on wing area) . ‘g’.
A CD for dissemination nozzles 0.00070 0.00070 0.00070 Based on drag of two
. faired cylinders per tank,
42 in.long, 1 in.diam.
and inclined 80° to az
vertical = ™
Total 4 C, for dissemination 0.00472 0. 00502 0.00533 S L%
(Based om wing area) ' o
»
Usable tank capacity, two 56 gal 118 gal 188 gal .
tanks e
(Y
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BW Stores with the AN/USD-5 (XE-1) Drope _ | REVISED

SECTION 4.

4.1.1.2

4.1.1.2.1

4.1.1.2.2

FACTUAL DATA (Continued)
Miasiona

The missions investigated were all radius-of-action
missions and consisted, basically, of a boosted launch, cruise
out to dissemination point, dispeminate liquid agent, drop tanks
and pylons 25 nautical miles after dissemination, and return to
base for recovery, The rules for the missions are given
below:

- 8ea Level Cruise Misston
a. Fuel allowance (67 1bs) is provided for two minutes opera-
tion at NRP for pre-launch check out.
b. Launch and cruise out at Mach number = 0, 7 at gea level,

Disaeminate agent at Mach number = (.7 at sea level. Agent
{s disseminated from both tanks simultaneously at rate of
9 gal/min/tank.

d. Range does not include dissemination distance.

e. Drop tanks and pylons after 25 nautical miles of cruise back,

f. Cruise back at Mach number =0.7.

g. Recover.

h. No reserve fuel.

Altitude Cruise Mission

a. Fuel allowance (87 1b) {8 provided for two minutes operation
at NRP for pre-launch check out,

b.. Launch and climb to 30,000 ft with MRP at best rate of climb|

c. Cruise at 30,000 ft and Mach number = 0,7 until weight de-
creases to potnt where servlce ceiling (R/C = 100 £t/min at
NRP) 1s 35,000 ft.

d. Climb to 38,000 {t with MRP,
e, Crulse tu disssmination point at Mach number = 0. 7.

Descend to dissemination area, No credit {s taken for range
in descent,

SN B EN T
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svasecr:. BW Stores with the AN/USD-6 (XE-1) Drone REVIAED
SECTION 4. FACTUAL DATA (Continued)

8. Disseminate agent at Mach number = 0.7 at sea level.
Agent is disseminated from both tanks aimultaneously at
rate of 9 gal/min/tank,

h. Range does not include dissemination distance.

i. Climb to 36,000 ft with MRP. Drop tanks and pylons
alter 26 nautical miles range in climb.

J.  Cruise back at 36,000 ft and Mach nunber = 0.7 to recovery
area.

k. No credit is taken for range during descent to recovery area.
1. No reserve fuel,

Typical mission profiles and the results of the radius-of-
action calculations are given in Figures 4-0 thru 4-8, Weight
and fusl data are given in the Gross Weight Summary.

NOTE: Groaa Weight Summary has bean submitted by Weights
Section,

It should be nnted that none of the tank insts;llations con-
sidered wers abla to meet the minimum desired radius of aciion
of 300 nautical milea at sea level.
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;dugcyg, 'BW Stores with the AN/USD-6 (XE-1) ) Drone - REVISED

SECTION 4, PACTUAL DATA (Continued)
4.1.3  STATIC STABILITY AND CONTROL CHARACTERISTICS

A brief static stability and control analysis was made of the
various tank configurations in order to determine their feasi-
bility. The study was made without consideration of aero-
elastic effacts. The results are given below.

4,1.2.1 Longitudinal

The addition of tanks with horizontal {ins is estimated to
producs a forward shift of the neutral point as much as 3.5%
MAC (see Flgure 4-10). The greatest effect is obtained with
the large tanks in the outboard location. The shift in neutrai
point will be handled by restricting the aft c.g. limit. This
solution is expected to introduce problems in c¢.g. control. It
is recommended that horizontal fins be used to minimize the
adverse effect of tanks on longitudinal stability.

No control problems are indicated based on static
considerations.

4,1.2,2 Lateral-Directional,
The static diractional stability parameter, Cnp is reduced.
significantly when tanks without vertical fins are added to the
basic AN/USD-6 (XE-1) configuration. See Figura 4-10,
Further study may indicate the desirability of adding vertical
fins to the tanks,

Lateral control is sufficient to handle unsymmetrical dia-
semination of agent.

4.1,2,3 Qeneral.

The changes to the AN/USD-5 (XE-1) stahility and control
charactaristics become greater as the tanks are moved outboard
on the wing; however, the results of this static analysis has not
indicated any insurmountable difficulties.

The results of a brief lateral dynamic~astability study indicate
a potential problem at V = 200 kis. The lateral oscillation is

dg&geel Ibut lgﬁge rudder to sideslip angle ratios are required to
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§ . Study of Compatiititty of External Wing-Mounted
| symecr:- BW Stores with the AN/USD-8 (XE-1) Drone

Rt ;

REVISED

ot May 26, 1081 |

" "SECTION 4.
4! 1‘3
4! 1- al‘

4! 1.302

" FACTUAL DATA (Continued)

‘be added.

STRESS
Structural Modifications Required to Fuselage

For all stores at all locations on the wing the fuselage
bending moments and shears are higher than the design values
for the AN/USD-6 (XE-1). The area atfected {s between Station
207.5 and 250. 6. Therefore, there will be some changes in the
longerons and shear panels in this area.

For the 1388 1b store at either B. L, 85 or B, L. 74, the tia
bar in the fuselage {rame at the front spar (Station 207. 5) mus
be increagsed in size. -

For all stores there may be & slight change in the fasteners
where the rear spar fitting attaches to the fuselage lower
longeron.

Structural Modifications Required to Wing

For all stores at all locations on the wing it is necessary to
tncreage the strength of the root rib at the joint where the lead-
ing edge portion attaches to the main portion of the rib,

For all stores at B. L. 37 the existing fuel bulkhead must be
converted into & structural rib,

For all stores at B. L. T or B. L. 85 a structural rib must

For the 1011 1b stors at B. L. 74 an 0.02 inch doubler must
be added to the wing skin for 10 inches inboard of the rib.

For the 1383 1b store at B, L. 74 an 0,03 inch doubler must
be added to wing skin for 10 inches inboard of the rib, ‘

For the 1011 1b store.at B. L. 88 an 0.02 inch doubler must
be added to the wing skin for 10 inches inboard of the rib.

For the 1383 1b atore at B. ‘L. 85 the wing skin gage muast be
inereased from the existing 0,08 inch thickness to 0.07 (an
0.01 inch increase) from B. L. 85 to the root rib, and an 0,03
inch doubler must be added for 10 inches inboard of B, L. 86.

For all stores at B, L. 85 and B. L, 74 the front spar fitting
would have to be changed slightly to add more material.
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4.1.3.2

| sussecr.. BW Stores with the AN/USD-8 (XE-1) Drone REVI SED
| SECTION 4. FACTUAL DATA (Continued)

Structural Modifications Required to Wing (Coatinued)

For all stores at B. L. 74 or B. L, 85, a swept pylon is
required because the store c.g. 18 so far forward (n relation to
the wing section. A awept pylon is far more complex than a
straight pylon from both a design and a manufacturing standpoint
and, due to the fact that the ¢.g. 18 8o far forward in relation
to the wing section, the greatly increased moments and torques
require much heavier structure in the pylon,
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e Study of Compatibility of External Wing-Mounted pate _May 26, 1661
susecr:.. _BW Stores with the AN/USD-5 (XE-1) Drone REVISED
SECTION 4. FACTUAL DATA (Continued)
4.1.4° THERMODYNAMICS.
4.1.4.1 J-80 Turbojet Engine Estimated Jet Wake Diagram

An estimated jet wake diagram on the J-80 turbojet engine,
baged on sea-level conditton und M = 0. 7, was obtalned by cross-
plotting Pratt and Whitmey data for other conditions and is, in
the opinion of Thermodynamics, conservative for the purpose
since it does not aceount for the effects of the secondary air-
flow in the cooling ejector. See Figure 4-11, The cooling
ejector ia part of the basic deaign of the AN/USD-§ (XE-1) in
all its verstons.
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Study ot Compaubmty of External Wing-Mounted  Loxte. May 26, 1961

; suugc'r .~ BW Stores with the AN/USD-8 (XE-1) Drone REVISED
| sECTION 4.

4.1.8
4.1.5.1

4.1.8.2

FACTUAL DATA (Continued)
WEIGHTS.
Bastis for Analysis.

a. Maximum launch groas weight shall be 10,800 Ih.

b. PBasiec drone shall be the operational AN/USD-6 (XE-1).
c. Agent tanks shall be full (86%) for launch.

d. Fuel tanks shall be partiaily full for launch.

e. C. G. of all external atores shall be at F. 3, 228.0
(20.8 % MAC). Reler to Figure 4-14,

f. Maximum diameter of lank al B. L. 37.0 shall be 22 inches.

g. Pylon constant for all tank diameters at a given butt line
location.

Applied Changes to Operational AN/USD-6 (XE-1) Drone
Refer to Figure 4-13.

a., Add circuitry in guidance and electrical systems for stores
functions.

b. Revige wing fuel plumbing to provide for parttauy filled
wing fuel tanks at launch,

c. Add beef-up in skin panels and longerons { F. 8. 187-270)
of fuselage to sustain increase in bending loads.

d. Wing structural beef-up is required and varies with agent
tank size and location as follows:

(1) All conditions require changes to root rib joints and
the rear spar fitting.

(2) For all stores at B. L. 37 the existing fuel bulkhead
must be converter into a structural rib.

(3) For all stores at B, L. .74 a structural rib and local
skin doublers must be added.

(4) For the 18 and 20-inch diameter tanks at B, L. 85 a
structural rib and local skin doublers must be added.
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_ SECTION4. =~ FACTUAL DATA (Continued)

1
i

(,

4.1.5.3 Applied Changes to Operational AN/USD-§ (XE-1) Drone,
(Refer to Figure 4-13) (Continued)

(5) For the 20-inch diamster tank at B. L. 85 a structural
rib will be added and the wing skin increased by 0.01
inches from the root rib to B. L. 86 rib.

(8) Design of the structural ribs at B. L, 37, 74 and 85
{s based on the 22-inch diameter tank.

e. A straight pylon can be used from B, L. 37 thru B. L. 80.5
and the weight is estimated as a constant. For all stores
outboard of B. L. 00.5 a canted pylon {8 required because
the tank center of gravity ia projected forward of the wing
by the sweep back of the wing leading edge and the pylon
becomes far more complex and heavier, Figure 4-12
shows the influence of the pylon weight on the expendable
stores configuration and Figure 4-13 reflects the penality to
the empty drone weight.

' 4,1.5.3 Summary Build Up of Drone Gross Weight,

Refor to Table IT for the summary build up of drone gross H
weight from the AN/USD-5 (XE-1) weight empty to the M-381 i
launch gross weight.

4,1.8.4 Longitudinal Balance,

Longitudinal balance of the nine recovery gross weight con-
ditions {alls between 22 and 23% MAC and appears to be satis-
factory. Until such time that c. g. envelopes can be established,
it 1s assumed that Lhe Jongitudinal centers of gravity for flight
can be satisfied by selective placement and programming of the
drone fuel,

4.1,5.56 Alignment Angle.
The effect of agent tank size, agent tank location and place-
ment of drone fuel on the booster alignment angle has not been

included {n thia phase of study. Once a configuration has been
selected, booster alignment will be resolved.
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"R, H. Putnam VR, Morton |
ing-Mounted oate . _May 28, 196% )
REVISED :
TABLE II, GROSS WEIGHT SUMMARY

PRSI

FAIROHILD Alvorafs and Ml._ﬂ;o. Diw.

othenberger

- .

o Study of Compatibility of External W
suaesT: _BW Stores with the AN/USD-8 (XE-1) Drone

Al o BLAL B S
Basic AN/USD-8 (XE-1)| 4488 | 4495 | 4498 | 4400 | 4498 | 4483 4405 | 4406] 4495 .
(Cale.) Per/Nov/11/80 C
M-361 Modifications (Est) 65 68 68 ] 93| -93 83 101 ] 101| 123
Electrical System 4 4 4 ] 4 4 4 4 4
Guidance System 1 1 1 1 1 1 1} 1 1
Fuel Byatem 10 10 10 10 10 10 10 10 10
Fuselage Structure 10 10 10 10 10 10 10 10f 10
Wing Structure 40 40 40 68 68 | - 498 78 76] 98
. |Total Empty Weaight 4560 | 48680 | 4660 | 4588 | 4588 | 4588 | 4696 | 4598] 4618
Fuel -~ Unusable 50 50 50 L] 50 50 80 50 - 50
Total Recovery G.W. 4610 | 4610 | 4810 | 4638 | 4638 | 4838 | 4846 | 4046| 4668
Fuel ~ Usable 3631 | 2865 | 3111 | 3481 | 2805 | 2081 | 3446 | 2769| 2003
Stores - Expendable 1428 | 2102 | 2846 | 1448 | 2124 | 2868 | 1478 | 2152 2836
Pylon (2) 80 80 go | 102 | 103 | 102 | 130| 130 130
Tank (2) 880 | 1040 | 1200 880 | 1040 | 1200 880 | 10401 1200
Agent 8.331b/Gal 466 982 | 1566 460 982 | 1566 4861 982§ 1586
Total Drone G.W. 9567 | 9587 | 9567 | 9887 | 9667 | 6687 | 9567 | 96687| 9667
(less booater)
Booatar 1300 | 1300 | 1300 | 1300 | 1300 | 1300 | 1300 ) 1300| 1300
Total Drone G.W. 10867 (10867 {10867 |10867 (10867 {10867 {10867 [10867]10867
{(plus booster)
Booster Drop Off G.W,
(1evel attitude)
- Wt. -~ 1b 9800
- Ixg (roll) - shug-ita 7813
- Iz (yaw) - slug-1t3 16648
= Pxozo - slug- - 180
‘|Agent Tanks Empty G.W,
(level attitude) ,
- Wt. -1b 8457
- Ixg (roll) = slug-ftd 3464
- Izo (yaw) - slug-n2 11083
- Pxoz - slug-ft - 79
Tank Dia. - inches 18| 20| 22| 18| 20| 22| 18] 20| 22
Length - inches 153 170 187 163 170 187 188 | 170 187
Volume - gal 108 | 145 180 108 148 190 108 | 145] 190
(to outside skin contour)
Volume - gal 28 59 | o4 28| 50| 04| 28| 50| o4
(usable)
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Study of Compatibility of Extcrral Wing-Mounted pare May 26, 1061

susecr:.  BW Stores with the AN/USD-6 (XE-1) Drone REVI SED

SECTION 4. FACTUAL DATA (Continued)
4.2 STUDY OF S8ELECTED CONFIGURATION - PHASE I1
4.2,1 DESIGN
4.2.1.1 General Arrangement.

A'I'he general arrangement and overall dimenaions of the
M-361 modified drone are shown on Figure 4-18,

4.2.1.3 Mobile Launcher Clearances,

The launcher clearances are given in Figure 4-17. The
M-361 modified drone is shown in the launch and also the
transport positions.
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M Rothenberger | B N Putnam | E. K. Morton |

Study of Compatibility of External Wing-Mounted oate __May 28, 1961 |
BW Stores with the AN/USD-5 (XE-1) Drone REVISED :

FACTUAL DATA (Continued)
FLUTTER STABILITY

The addition of concentrated masses to a wing will
generally affect the flutter stability of the wing. The effect can
pe beneficial in some cases, but often it will adversely alfect
the flutter speed. No flutter analysis of concentrated masses
on the AN/USD-8 (XE-1) wing has been accomplished, Be-
cause no simplified method exists for eatimaiing the effects of
concentrated masses on a delta wing, a formal flutter investi-
gation must be made before the {inal design is trozen in regard
to spanwise and chordwise loc.tion of the external stores center
of gravity and flexibility of the pylon mouating structure. Since
the AN/USD-5 (XE-1) wing {s free from flutter without external
stores, it is reasonable to assume that a flutter-free deaign can
be achieved with external stores. A parameter study will be
required to obtain the correct pylon flexibility consistent with
the requirements for location of the external stores center of

gruvity .

The only general rule of thumb availesle in regard to
external stores is that the center of gravity should always be fos—
ward of the "effective" torsional axia of the wing. The present
design does not violate this rule.
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SECTION 4. FACTUAL DATA (Continued)
4.2.3  LATERAL STABILITY
4,2.8.1 Lateral Stability Study

The following presents the results of a PACE analog ]
computer study of the lateral stability of the selected conflgura~
tion, allowing three degrees of freedom. The basic equations
of airframe motion are listed below:

In the classical dynamic equations for airframe motion all
aerodynamic coefficients are agsumed constant for any particu-
lar condition of Mach number and groas weight and small angle
approximations (l,e., cos «z1,8in a 3tan ac a (radians)
are employed. The two orientation angle computations are:

=P
vIr

Transfer functions of the lateral autopilot used in the
simulation are derived from Refsrence 5.3

- 1
0r=1.0 [053+1] r

1
oa=(1.017+.618) [W#-J“

The steering loop has been omitted from the analysis. Itis
also noted that no coupling hetween the lateral and longitudinal
modes has been considered.

The aerodynamic coefficients are taken from References 5.1
and 8.2.

The conflguration inveatigated was the 22 inch wing tank
located at B, L. 86. Gross weights of 8600 1b and 9300 lb at
speeds of 0.3 MN and 0.7 MN were chosen as the conditions to
be investigated. Weight and Moment of Inertia data are supplied
by Reference 6.4.
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SECTION 4.

4.2.3.1

FACTUAL DATA (Continued)
Lateral Stability Study (Continued)
Step inputs were applied to 4, 2, p and r individually while

the resulting responses were monitored by observing the traces
on a brush recorder. The step inputs were as follows:

step input to magnitude of step
o +10°
8 + 4°
P + .4 rad/sec
r +. 2 rad/sec

The resulting traces, Figures 4-18 thru 4-33, show that

the system investigated is stable in the lateral modes for the
conditions considered,
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sisEeT.. BW Stores with the AN/USD-6 (XE-1) Drone REY18ED

SECTION 4.
4.2.4

4.2.4.1

4.2.4,2

FACTUAL DATA (Continued)

STRESS

Load Analysis '
A ioads analysis was made of the AN/USD-5 (XE-1)

drone with three different stores (673 lb, 1011 1b and 1383 1b)
at three different locations ( B.L. 37, B.L. 74, and B.L. 85).

" In each case it was assumed that the top of the astore was at

W.L. - 18.75, This analysis was done for several loading
conditions which appeared to he the most critical for the drone
with external stores.

Following the loads analysis, stress checks were made on
items in the most critically loaded areas to determine what
modifications would be required to insure positive margine of
gafety in all of the structure,

Loads

The curves on Flgures 4-34 (hru 4-30 show the increases in
loada on the wing and fuselage uue to the various stores al the
various butt lines.

The wing moment about the fore and aft axis is not increased
as a result of mounting these stores on the wing at any butt line,

The wing fore and aft shear i8 greater than that for which
the AN/USD~56 (XE-1) wing was designed, especially when the
stores are mounted at one of the outboard locationa. However,
due to the long chord of the delta wing, this is not an important
design consideration.

In no case is the wing vertical shear greater than that for
which the wing was designed. '

Wing moments ahout the vertical axis and wing torque about

the trailing edge for stores at B. L. 37 are not groater than
those for which the wing was designed.
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‘susgeer:.  BW Stores with the AN/USD-8 (XE-1) Drone REYVISED
SECTION 4. FACTUAL DATA (Continued)
'4.2.6  WEIGHTS
4.2,8,1 Drone Configuration
The waight, center of gravity and moment of inertia were
compiled on the baais of & drone configuration as defined by
Reterence 6.5. The conditions set forth in the drono configura~
tion are as follows:
a, A 22-inch diameter tank located at drone B. L. 85.
b. A redesign of the agent tank, empty weight 460 pounds was
600 pounds, and usable volume 149 gallons was 84 gallons
in lleu of the tank shown in Phase I study. Refer to
Tabls II, Section 4.1. 5,
‘¢, Partial filling of the redesigned agent tanks tn preference
" to reducing the drone fuel load to maintain the fixed launch
gross weight of 10,800 pounds.
Item Welght
Total Recovery Gross Weight 4668
Fuel - Usable @ 6.5 Ib/gal (308. 2 gal) (2003)
Wing Inboard 179.7 gal 1168
Wing Outboard 82.0 gal 403
Fwd. Fuselags 54.0 gal . 5
Sump 12,5 gal 81
Stores - Expendable (2866)
Pylon (2) 130
Tank (149 gal usable volume) (2) 920
Agent @ 8.33 1b/gal (110.8 gal)  (3) 1846
Total Drone Gross Weight (less booater) 8567
Booster 1300
Total Drone Gross Waight (plus booster) 10887
Fuel - Prelaunch checkout 87
Total Launch Gross Weight 10800
§ -800-234 DECLASSIFIED IN FULL

Authority: EO 13526
Chief, Records & Declass Div, WHS
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susyeer:. BW Stores with the AN/USD-§ (XE-1) Drone REV! SED

SECTION 4. FACTUAL DATA (Continued)

4.2.8.1 Drone Configuration (Continued)

Booster Drop Off GW (level attitude) - Weight = 9,500 1b
I (Roll) : 7,513 slugt 2
c
I (Yaw) = 16,648 slug-ft 2
0
.. 2
Pys - =180 slug-ft
00
Agent Tanks Fmpty GW (level attitude) - Weight - 6,467 1b
1, - 3,464 slug-t
0
I, = 11,083 slugt 2
Px v = - 79 alug-t 2
)

. Agent Tank Diameoter = 22 inches
Length = 187 inches
volume (outside skin contours)= 180 gal

l Volume (usabie) = 140 gal

NOTE: The drone center of gravity and moment of inertia as influenced
| : by partially filled agent tanks has not been investigated.

e . Dokt i

[,
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SINECT' - BW stor” with the AN/USD 8 (XE-I) Drone REVISED

~ SECTION 4. FACTUAL DATA (Contlnued)

4.2.8 BSEA-LEVEL MISSION.

One sea-level mission was calculated {for the 22-mch
diameter tank located at butt line 85. The agent weight and tank
weights are different from those used in the Phase I study;
however, the sum of the agent and tank weights are the same. ;
The calculation of this mission is shown in Table I and the '
mission profile 18 given in Figure 4-40, :
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Study of Compatibility of External Wing-Mounted oarg May 26, 1981
supaecrs. B Stores with the AN/USD-8 (XE-1) Drone REVISED :
- BECTION 4. FACTUAL DATA {Continued)
TABLE
SEA-LEVEL MISSION CALCULATION
Butt Line 88 Tank Diameter 22 Inches
Take-Off Gross Weight _ ib 10,3887
Total Fuel b 2,003
Fuel for Reserve b 0
Fuel Used For Check Out Ib 67
Climb Gross Welght b 10,800
Drop Booster Ib 1,300
Gross Wt. @ Start of Cruige Out 1b 9, 500
Fuel Assumed For Cruise Out Ib 120
Avg. G, W, For Cruiae Out b 8,140
Naut. Mi/Lb of Fuel 0.1543
Range In Cruise Out n. mf, 111.1
Average Speed kn 463.2
Time to Cruige Out hr 0. 2398
End of Crulse G.W, b 8,780
Arrival Qross Weight ib 8,780
Dispense Agent (Cargo) - 1b 1,848
. Dissemination Speed -kn 463.2
Dissemination Rate gal/min/drone 18
Usable Agent gal/tank 110.8
Digsemination Time hr 0. 2057
Dissemination Range n.mi. 85.3
Avg. Wt. During Dissemination b 7,541
Naut. Mi/Lb of Fuel 0.1507
Fuel Used During Dias, Ib 632.3
G.W. @ End of Dissemination b 8,302
Wt. @ Start of Cruise Back lb 8,302
Naut, Mi/Lb of Fuel 0. 1607
Range in Cruise Back n. mi. 26
Average Speed kn 463.2
Time ta Cruise 25 n. mi. hr 0. 0539
Fuel Used to Cruige 26 n, mi. b i83.9
Wt. @ End of 28 n. mi. Crulae b 8,138
Drop Tanks 1b 1,050
£nd Weight b §, 088
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’ SECTION 4. FACTUAL DATA (Continued)
. TABLE I (Continued) »
g | SEA-LEVEL MISSION CALCULATION
3 Butt Line 88 Tank Diameter 22 Inches
3 ' , G. W. for Return b 8,086
Fuel for Return b 418
& Avg, Gross Weaight b 4,877
: Naut, mi/Ib of Fuel 0.2083
: Range in Cruise Back n. mi, 86.2
fl Avg. Speed kn 463.2
- Time to Cruise Back hr 0.1831
E Radius of Action n. mi, 111.2
= Total Mission Time hr 0.6865
i Recovery Weight b 4,868
=
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L M-361 O N, g |
-1 © - Study of Compatibility-of External Wing-Mounted vaTe _May 26, 1961 |
Supseer:. BW Stores with the AN/USD-5 (XE-1) Drone REYISED
SECTION 4, FACTUAL DATA (Continued)
4.2,8.1 Tank Loads.

A summary of the design load factors faor the tanks is pre-
sented {n Table II. These load factors are based on the design
conditions for the basic drone. Inertia loads and airloada on
the tanks are presented in Table III,
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TABLE Il. DESIGN LOAD FACTORS FOR FINAL TANKS £

Design Ultimate F‘

Loadiag Drone . Mach Limit Load Factorof |,
Condition Gross Wt., 1h Altitnde | Number Factor Safety <€

Launch Phase 10,800 (with max. agent) | S.L. 200 koots|n_ = 5.0 1.5 |&
ﬁ

- [+

Bz 2.33 ;

Flight Phase . . 5
- Symmetrical Flight 8, 500 (with max. agent) S.L. maxiraum n, = 4.72, - 2.72 1.5 |z
(]

Sideslipping Flight | 8,500 (with max. agent) | S.L. maximumin = 1.0 1.5 %

‘ n = 1,0 E

. z |?

Rolling Flight 8,500 (with max agent) S.L. maximumin, = 3.0 1.5 =
Accelerated ¥ - 6.8 rad/sec? E
Steady n_ - 2.33 . g

| é = 13.05rad/sec -

n, - longitudinal load factor; positive-forward

Yy

n_ - lateral load factor; positive - right

n, - normal load faqtor; positive - up
¥ - rolling acceleration; positive - right wing down
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ARSTRACT
The Preliminary Design of an Airborne

‘Universsl External Store for Line Source

Dissemination of liquid BW Agents.
Marshall H. Roe, Aero-Thermo Special Projects

This report presents generalized aerodynamic,
welght, and inertia characteristics of a
universal external aircraft store for
dissemination of liquid biological agents.
These data were prspared to examine
compatibility of the store with an Army
surveillance drone. Also included are tha
results of a configuration study preliminary
to detailed engineering design of the store.

DESCRIFTIVE TERM3

Blological warfare

External stores for alircraflt
Line-gource dissemination
General Mills, Inc.
Liquid BW agents
BW/CW

FOREMQRD

The atudies described 1n thias report were
conducted in’ accordance with Amctdment 2

of the Jeneral Mills, Tne., Contract
MD-78766, subecntract to Army Chemical Corps
Contract No, DA-18-06L-CML-2745. The

study period was from 13 Pebruary 1961
through 26 May 1961
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INTRODUCTION

North Ameriacan Aviation, Ine., is participating as
a subcontractor to General Mills, Ine., in an Army
Chemical Corps program to develop exyernal stores for
the line asource dissemination of liquid and dry BW agents,
NAA has completed the phase of this development program
of design studies of e univarsal liguid agent dissemi-
nation store for use with operational manned airoraft.
The present work is congcerned with examining the com-
patibility of ths Army SD-5 surveillanee drone with a
l1iquid agent store, and proceeding with the preliminary
design of a prototype store. It is planned that the
dstailed design and fabrication of the prototype store
will follow review and appraval by GMY and the Bilologioal
Laboratories of the preliminary design resulting. from
this phase of the program,

' DECLASSIFIED IN FULL
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DISCUSSION

The scope of the work covered by this report is defined
by the work statement of Amendment 2 of UMI Contract MD 78766,
whioh is quoted below: ' )

"1, Complets the design requirements for a prototype

external store liquid agent dissemination system.
The results already odtained under this conirast
with General Mills, Inc. shall be used. The

 design requirements to be established shall apply
insofar as possible to s universal store; hovever,
detalled design shall consider installation of the
store on the AN/USD-5 drone and also the P-100D
airplane, which is anticipated as a test vehiocle,

a. As part of this work, data shall be submitted to
General Mills, Ins. for purposes of evaluati
compatability with the drone, These dsta shall
consist of preilminary aerodynamic, weight and
inertis charasteristics,

b. OCoordinate with Goneral Mills, Ine., the Army
Chemical Corps, and the drone manufacturer in
establishing a mutally acceptable store gon-
figuration at General Mills, Ine. direation.

o. Preparation of Layout Drawings - Layout drawings .
of the external store shall be prepared, which
shall inalude axternal gsometry, definition of
ocomponents (such as turbine, generator, valves,
pumps, nozzle assembly and actuators), controls
and control sequencing, Jettison provisions, agent
oapaaity, insulation, agitation and heating an
maintenanae provisions.

2. Prepare a reprodusible teshnical report covsring the
work under Item 1 abdove,"

-

Upon completion of items la and 1b, NAA was r=direotad by
GMI to sliminate mny further consideratiosn of store compatibility
with the USD-5 drone a3 required by item 1.
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. For pyvpoaaé of a comparative evaluation of store charac-
trdigti6® vaprsus drone oapabiiities, -aerodynamio,-weight, ang -

inertia charasteristics as a t'unction of store size were prepared, ,L'

These data arae bamed an the store consiguration as shown in an
carlisr proposal report, reference 8, and rerlect a somewhat
heavier empty weight than the store that has evolvea f'rom the
pressent wory, ! ‘ ] '

-

e . \ '
Geometrical data del'ining the generaiizea store are shown
in 11gures 1 and 2. A rineness ratio of ¥.5:1 was chosen
since it has an adequately hign orag - divergence Macn number
as well 28 adequate capacity. The stabilizing fins shown
optionai, uepending on the need for reduction ot the destabilizing
effects of the atores and ror free arop jetsizoning of the stores.

Aerodynamic Charactersitics

L}

. Aepodynamic characteristios consiating of 1ift, drag, and
pitching moment coefficients for the 1solated astore are shown
:gra :gn%tion of Magh number and angle of attack in figures 3
throu .

The isolated store aerodynamio sharactsristics consisting of
1176, drag and pitching moment coefficisnts of the finless con-
rlgurution were initially estimated on the basis of data con-
tainad in reference (1) which dealt with the high subsonic Mach
number wind tunnel testing of a similar external store model.

The fins-on dsta were also derived from the above referenced re-
port with necessary corrections made for the fin effecta, A
Norsh Ameriocun report, WA-55-1108, was also referenced in the
coxparison of the body alone (finless) data. (These initisl
data Yoro forwarded to GMI by cover letter and later revised by ,
'11‘3‘ . '

Subsequént analysis of the drag data in the raferenced
Douglas report and a comparison of those data with data in
refsrenges (?), (3) and {5) indicated that the drag data of
refervnoe (i) are optimistic, probably because of improper
correciions for the base drag. All of references 5?7, fﬂ) and
(5) show the low speed zero-lift drag level of 0,05 of a fins-
of'f low-drag body asimilar to the store shapes concarned naw:?
particularly, the configuration #7 in reference (3) is almost
the exact shaps. Therefore, the initial drag estimate was
revised to that shown in rigura 3, which gives a drag coefflecient
of 0.05 at low speed, zero 1lift, Effects of angle of attack and
fins on the store drag remaln the same as eatimated from re-
ference (1).

R et o g 'Né . ,. . AMgiic;’;xg‘iT'gﬁ:-iﬁ&. . - i e " "‘.'g;—x ﬁui
Lasigﬁﬂaisyuu2=ﬁ=3nuu. : '
wSONMDINAS
R ‘
, NA-bL-T58 o
; o AR e Page 3
' GENERALIZED STORE DATA FOR DRONE COMPATIBILITY STDY - - .-
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Height and Inertia Characteristios

Weight and inertia data are anown as s funotion of
agent sapasity in figure 7.

Theas data were estimated from an arrangement as
deplcted in NAA drawing No, 2521-900001, as shown in
reference 8, Using this °°“t,’;§“"“°" as 3 reference madel,
variations in tank sapacity and geometry were established

i and are identified in tne following sanner,

‘fank No, 1 .50 Gals Agent Capasity
Tanic No, 2 L 125 Gals Agent Capasity
190 Gals Agent Capaoity

Sinoe the preliminary design phase did not includs detatled
design information, the structural weights were estimated
from previous North American Aviation tank configurations,
Welights for ths gegondary powsr supply and pumping equipe
ment were obtained from equivalent off-the-shelf units and

hardware 18.”.

A summary or welght, C.0,, and inertia data is shown in
Table I below, Weight Wmild-ups for the three stores are
shown in Tadbles II through 1V,

.\‘
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‘PABLE 1 : 1
WEICHY, INERTIA AND BALANCE SUMMARY I’
-
|
x . Ix Ts "N B
WBIGE? i
COXDITICN TANK STA L RCLL AW SL0 e
13  “mmEs  1mcEws ALG PP ELO PR SLD FTY . ”
TANK #1 (50 GALS) - 19.3 INCEES MAX DIA, 165 INCEES LMNGTN .
-Boous Retr. 0.5 - .2 5,3 1828 182.8 ¢ L.b
m;'y . Bxs. g 70.2 - ‘9 c6 1&00 177.7 - 6'“ :
rall " Retr. 916 68,9 -, 8,0 225.8 22%.9 + l.b v
y " Ixt. Né 68.7 < .5 10,6 222,9 220,6 - 6.5 )
' L
TANK #2 (125 OALS) - 21.5 TNCEES MAX DIA, 200 INCHES LRMOTR (125 CAL3) |
' -
Twpty P Ratr, 649 99.0 - .l 108 345,01 35,1 - 2.5
" w? Ext. 39 g.? - 7 Xing ;;:-; g’%.g - g-; ! :
. Full * Res%r. 1691 2 ¢ 21, . . - K i
" . xt, 1691 88.1 - 03 23-3 5"6.8 5“'3 - 8'6 I;
TAXK #3 (190 OAL3) - &6 ISCRSS MAX DIA, 220 DNCZRS LENOTN |
Ewpty<Booms Retr. 136 993 - .3 14,8 85T.8  WST.9 - 2,0 :
B At Ext, 736 99:0 - .6 1;1.3 gggg ;51.; - g.e
Fuld Retr, 2319 97,7 (4] 34, . . L 1
" . . xt. 2319 97.6 - .2 ”lﬂ 88902 01 - 801
mmsmmu_nsmszmzmuoammmzmmma |
e X e T .*
* max y
o / .'.’/,‘a;":"‘—-'—":""‘ :“ :'4‘ ~1' LT , . ; f
QS S - e - X ¥
S ; P i
f --'..‘."z‘-:"r 4; 1---~ —_— ' | ¥
2 i ‘
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TABLE 1T
VEIGNP UMY FOR
ITEM WT=LBS
Body Oroup (Outer Shell Struct) 166
Tioe . 10
. Insulation 1;:;
1]
J Tank Assembly |
i Pover Supply .
“ Turvine Assemdly 28
i , Génerstar Assew (Incl Supts) o
J Blectronic Prov. . 18
Spray Frovisions
Pumpe & Pipicng 12
Eoow Assen, 3
Actuators & Controls 13
Indicators & Controls 5
MI8C, 18
TOTAL TANX ASSRMBLY (EMPYY) " 499
ACENT 50 GAL 417
TOTAL TARK ASBEMBLY (INCL, ACENT) 216
)
’
L]
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TABLE III

#EiCET SUMMARY PCR

TAK @ ‘122 GAL)

ITRK

Sody Group (Cuter Shall Struet)
Pins

Insulstice

Tank Agsaudly

Fower Bupply -
Turbine Asasen
Cengrasor Assem (Inol Supts)
Elsetrical Prov

pray Provisions
Ruage b PMping
Joow Assen
Astuators & Controls
Indicators & Controls

uIse,
POTAL TASX AMSEMBLY (ENPTY)
AGENT 125 GAL

TOTAL TANK ASSEMRLY (1NCL, AGEWT)

NA-61-758
Page 7
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TABLE IV
VEIONE BUGARY. FOR
TAIK 43 (190 AL}
ITEX
Body Group (Outer Shell Strust)
Fing
Insulatios
Tank Assenbly
Pover Jupply
Turbine Assen
Cenarator Asses (Inel Supts)
Rlaetrissl Prov }

Spray Provizioms
Poupe & Pipiag, etc,
300w AABEN.
Actuaters & Controls
Indicators & Consrols

M1sc,

TOTAL TAKK ARSEMBLY (EMPTY)
AGENT 190 GAL |

TOTAL TANK ASSEMBLY (INCL AGENT)

NA-61 -758
Puo

250
16
39

284

1583
29
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CESION PARAMETERS FOR MANNED AIRCRAFE STORE

[

; . . .
Following the desision by the Biological lLaboratories

to delete the requirement for store compatibility wisth ths

SD~5 drons, design requirements for the prototype store for

nanned aireraft were datermined and applied in the design
,1ayout shown in figure A, A dlscussion of theose require-
manta follows,

Qea ecal P tera

In establishing the ovarall store Aimensions’the follow-
ing criteria were considered:

1, The store should he napable of operational
demonstration on the first-line tactioal
airoraft (fighter-bombors, ground support
types) of the Air Porse, Navy, and Marine

Corps.

2, Since area asoverage requirements have not
baen established by the using commands, the
amount of agent to be carrisd was ass\pwd

' W DY Cne naxinwe pw3sidle, sonsistent with
the requirement of item (1) above.

‘e alroraft considarsd in Ltam (1) ware:s PF.2000, D

and P, P-1058 und D, B-66B, A3T-1, PJ-4B, and tha A4D.
Reference 6 shows the following capablilities of these parti=-
oular atiroratt,

Store Puel Tank Store Weight

Airplane | Station Capabilfty _Capability g;gﬁ;eg

F-100C,D & F 106 in, LRO 0al. 317 1b.  14,20,30 in.
F-1058 & D 0 .hso 2170 30
138 450 3170 30
B-G6B 254 450 3200 30
A3J-1 110 400 4000" 30
FJ-4B 122’ 34k 2450 14,30
A4D o 300 3575 14,30
BTN
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From cgnaideration of these capabilities avolved the staore
geowotry of 226 in. length, 26 in. diameter, 190 gallon voluze
of agent tank, and 30 tnch lug apacing.

Preliminary Strugtural Deslgn

* The atrusture of the BW Store, as shown on NAA drawing
2533-900001 figure 3, was based on the following preliminary
loads analysis. Alr loads uscd in thias atudy were based on a
275 gal fusl tank which 13 simllar to the proposed BW atore.
The amount of inertia for the 275 zal fuel tank was also uaed
as a basis for the external shell of the BW store, The inner
tank values were computed and incorporated into the overall
results which wer2 the basis for the design consideration made.

Following i3 a discusston of the loads used and the method
of analysis.

S'Qbo -

W = weight of store inocluding all disposabls
loads, lbs, .

Ny = load factor in fore~and-aft direction
Ny = load faotor in lateral direction
Ny = load fastor in vertical direction

8 = piltohing acceleration, rad/seq?
! = yawing acceleration, rad/sec?

} 4
s = angle of attack of store, degrees
2 = angle of 3ldesllp of atore, degroes
q = 1/20V2, dynamlc press 1b/ft?
/ = air density, slugs/ft3
V = alp velasity, ft/sec ‘
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Sta Ref
v iIn L
/ v- e
9 2 \ _ 22"pa
—\"%__;‘ ‘ ' H‘,' - ,._ "J _‘-_—"__...-
o | " T4" 21" ——4
. [
Computing the Volume and Center of Oravity:
Portion  Volume (1n3) x (Vol.)x
(a) " 9720 -1601 -15.7 x10"
(8) 28,100 - 37 104.0 x10°
(c) 7280 84,3 61,4 xa0t
5' X0 1“9'7 x10

o= éﬂggg x10% » 33,2
Azent Wt @ .3§nyba1 Capaclty of Tank = 196 gal
1 0al = 231 n Wt of Agent = 1630 1b.

Assume Inner Tank 1/8" Thiak
Fiberglass Wt = ,0701p/4n
Portion (A) 3

Volure = 270 in

Portion (B)
Volume » 600 {n3

Portion (C)
Volume = 180"

Wt W 1050x.07 & 73,5 1b.
use a weight of 100 1b.

DECLASSIFIED IN FULL

Authority: EO 13526

Chief, R s & Declass Div, WHS
Date: ? APR 20'3

PO (Buid-d REY 3.47

ol

T e . e



-

!

M

O T A R LA S TIYRET S A —— ‘ ,
Lihahe ¥ . TV R O AR T 1, AN SAON, I £ 0D TS S S MRS KT AN S AR S ST

T g -

AVIATION, INC.

NORTH AMERICAN

SO MTES SN §1.44 WFWISET o SARAN
’

QRS 10-0-4 RKY. b-4V

' YIONRAL ATR 200
Lo 45, CALFORANIA '
sonmunyil " NA-61-T58
Page 13
nner Tank e ’
ate .and Iz
Assume Cylinder 22" dia x 129" long
Wt = 1730 1bn,
3 b, seg 2
M= % = 4,5 LT—

Iy«Ie =y f};ﬂ + 1_%2; - 4.5 {,1,3-2 * -1{-3-2; = 6300 1b. seo? in.
Ty ' ils =,6300 x 386 = 2,470,000 1b. -in.2

-a. ‘t 3@0. 110 wt. = 300 lba )
Inner Tank C.G. at Sta 30+434_33.2 = Sta. 97.2 Wt - 1730 1b.

X' » 300x100+1730X97.2 « 99" (Sta. 99)
17304300

Use tank sta 100 as C.4,
Alr load reference point is at .4 x 220 = Sta 88
For aymmatrical lugs about tank C.0. lugs should de at 8ta 85

and 115

" ™d ALt
Lug . Lug '
5" l ) 30" ) } 5" — e
[T T ARSISARK - .’ o
' c.P. ' !
YT e |-
] ' 88 {100 .
Fwd ’ ALt
Frame ‘ Frame
iStl; {Stl
80 ’ 120 ™

; b f hd . - .8
use “2:.,51-23".5%:.".38 PO P el i targ oD} Reference 8
"'.Is .ﬁ?@“-zsm My = 2520 ¥

for mngr tank ,
”yﬂga.%gé@_q‘-éaooﬁ M, = 6300 ¥
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Limit Load Pactors (Refersnce MIL-A-8531B) rose
Wt = 2030 1lbs (estimated)
Thertial )L L 3% ___ARR L3gF Catapult®

Ny | 8.67 . 4.0 6.0 +3 or -1 | +3or -1
Ny +1.,% +1.5 +53.0 +1.5 $1.5
Ny tpo 2.0 2.0 3.0 -9.0
] 16.0 16,0 6,0 t12.0 B &
¥ o _ .0 Q 26.0 £4,0
aigns .
+Ng Down +@  Nose Up
+Ny Left +¥  Nose Lefrt
+N; PFud

’ wornrnuve? NA-61-7

*Max- Design Limit Load Pactors from Page 11 of MIL-A-9591B (Asol.

POt ) -0~ WAY. 307

t

"Condition 3008 (M 1,10 at 10000 ft.é . 1220 1b/re3)
b

Alr Loads For a 275 OJallon Tank from NA 52-186 (Refsrence 9)
"Condition 380R (M .90 at 3ooo e, 3ox 980 16/2t2)
1490

Py = 653 1b,
v = 9611 n. 1b, n’ ke282 1n. 1b.

:Z = 1293 ‘1b,

cundxkzon 329R (M .96 at 3ooo rt., q ¥ 1220 1b/rt2)
Py w 764 1b = 1472 b,
Mg = 9545 in. 1b, M’ - 52716 in. 1b,

Py = 1881 1v,

P' - 982 1bo
« 59079 {n. 1b,
Px = 2821 1b,

For Negauvc condition, use condition 440 multiplied by 1.44

(tor 1220q 1 . .
%7 8335 x 1 551--123 000 in. 1b.

x 1,44 =~B75
%ggeo X Y. 44 = 51,000 in. 1b,
X 1.43 = 1080 lb.
DECLASSIFIED IN FULL
Authority: EO 13526
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NORTH A l N AVIATION, INC.
AMascrr

I Los Ay GALIFORNIA ‘
+SLONPIOSNTIRE® M-ﬁl~75§
, 4 Page 1
: l P100A Alrloads for q = 1220!’7‘?12‘" For 2735 Oal Tank
% I Condition® P, M, P M, Py
. ¥ 1082 - 360 -83619 680 147282 2271 )
| 3008 -902 59079 781 98161 2821 )  Pos. N4
= 28R 758 USAS 1472  seT16 1881 ) '
g f 420 143 -123000 -87% -51000 1080  -Neg N,
Combine Airloed Condition 1082 With Inertia Condition 1
: i " 1 4 bao " LU " 2
§~ 1] " it 1052 n " L. 3
g For Condition } and 3 Condition 2
g Max Vertical Loads on Pwd. Frame for -N,, % 4Ny, +9
g Max Horizontal " "o " "Ny -Nyy -y
z Max Vertieal " " APt U " Ny 40 -nx %
; m mtizontu ” 4] " 1" 113 _"y - ; "Ny - .
& basn .
-4 Condition Mo Ne Ny ¢ ¥
i ~1 - + - +
= 1
3 -2 + - + -
gﬁt . 2 =1 ¥ = + -1,
%— » "2 . i - 4 - -
% -1 - + - +
& l - 3 '
g. o -2 + - + -
§ , ® Conaltion
Y 1042 13 a ay-utr:cal f1ight maneuver without pitching
; acoeleration
-4 , 3008 18 an unsymmetrisal f1ight maneuver, steady roll
g 3242 18 an unsymmetrical flight maneuver, steady roll
*;‘.‘ i 420 is an unsymwetrical flight maneuver, abrupt roll
ir'
Yy § DECLASSIFIED IN FULL
i ; { Authority: EO 13526
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Agent Tank Desigzn

The melection of a filament wound fiher glaass agent tank
was based on considerations of strength (safety), corrosion,
veight, sealing, desontamination, heat tranafar, and produdi-
diitty. The laatex Corporation of Farmingdale, M,Y., was con-
sulted on dssign, fabrication, and structural testing of this

unit.

Other materials sonsidersd, but rejscted in favor of the
f4lament wound fiber-glass were: aluainum alloys, stainless
stesl, self sealing cells, wladéer cells, and honeysomb fiver~

glass.

HEATING AND INSULATION

To fulfill the requirement of maintaining the tamperature
of the liquid agent within 35°F to 70°F, the agent tank ia
lnamlated and the noszzle and plumbing somponents are heatad,

The heat transfer chiaracteristics of the BW store are a
. function of the outside {ilm coceffisient, the amount of insula-
tion, the heat capnoim and film coefficlient of the agent.
The sffect of the insulation is to negats the effect of the ‘
outslds film goefficient.

Figure 9 shows the affect of various thioknesses of fiber-
glass vatting insulation on agent erature after a three
nour exposure at 43,000 £t sruise altitude with a ram texpera-
ture of «7°F, As can be noted, the changs in agent tempera-
fure is fnsignificant for insulation thickresses in 3zscss of
1/2 inoh. However, when the atore is partlally full as ghown
on figure 9, the agsnt rsaches its limit sooner, as the heat
sapaoity 1s not availadle in the agent.

A tims - tomperaturs history for agent tenperature with a
1/2 inoh thiok insulation and only 25 gal. of agsnt in the
atore is shown on figure 1C. This surve asaumes that the
1harting agent tamperaturs was 40°F and the alrplane was orulse
ing above 35,000 £ with a ram temperaturs of -7°F,

As oan be noted, the agent will reach 3%5°F after 105
athutes. With the full tank of course, the agent teltperature
d1d not approach 35°F in thres hours,

The amount of heat required to maintain the tenperature
lsvel of the disseuwlaating dbooma akove rfraexing tu a funotion
of ths ambient tsmperature, airplans speed and ths £ilm
ctoefflolent of the booms, Figure 11 graphically (llustrates
the hsating requirements for the most oritical condition of
raintalning the extended disseminating booms at 33*F for a

[
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aea lsvel run.  The ordinate of figure 11 is the 858 raa

rdcovery temperature, whioh 1is a function of both ambient

» Yemperatura and u.rpiane aspeed. The hwating required will -
vary then in relation to the ram temperature and the airplane

speed. These values ares also related to the ambisnt tempera-

A review of the minimum temperature for 1likel tu-re areas
indicates that -40°F 1s the lowsst temperature that need be cson-
sidered. Reference to figure 11 indicates that a'hsating dene
sity of 8 watts per square inoh will be adequate for sll air-
speeds of approiimately 0.7 Mach number and higher. Xt can be
seen that 8 watts per aquare inch will praovide satisfaotory
g:;;::ns At any speed for ambient tamperatures of -28°PF or

r.

Pump_and Nogsle Ansegbly

’
. .The design flow rate of the dissemination system has deen
taken as 18 gallons par minute in agoordance with the £lndings
of reference 6. The pump seleated Ls nominally rated at 20
gallons per minute at 50 psi. An adjussment of plus-or-minus
i+ two gallons per atnute is provided so that the desired rate can
b8 set during benoh testa.
The nozzla design 18 basaed on earlier tost results as re-
ported in reference 7. On the baals of that {nfarmation the
noazle assembly insorparates 50 individual slit-type orifices,

0.360 1nohes in length and 0.005 inches in width, This will
result in 8 flow rate of 18 gallona per minute at approximately

35 psi“at the nozzle.

Tur‘b;ne-doggggg

Analysis of the eleotrical load imposed on the generating
+ system indicates that a I KVA cutput is adequate. Zatimated
requirements for the various electrical somponents srs listed

. below,
o Pump 2,16 Kva

" Actuator 1.15 KVA

Boom heatars 1.32 KVA max (boom extended)
Flex line heaters
Valve and plumbing heaters Q.50 XVA max

Solencid valves(per valve) 1.00 KVA starting,
Q.06 KVA holding

0.34 XVA max

DECLASSIFIED IN FULL
Authority: EO 13528
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_The funstioning of the controls, as deseribed m'qﬁ-:‘lgfoé o
portion of this report, is sequenced 3c that the eledtriecal load
dnes not axceed ths i L output of the generator.

‘ha Alligon Division of the Genersl Motors comuqﬁn and

the AlRsssarch Diviaion of the Jarrett Corporstion were done
tasted relative to supplying the turdbine-generstor systes, and
bath gompanies have submitted cost and schesdule estimates. ,

Controls |
The contiel panel to be lgoated 1a the pilota 00aXpLY

shawn schematically in figure g. In addition to the two uﬂun

shown on the panel, She pilots trigger awitch will e 1ingo vad

as the prime disseminating sontrol., The control switehes :

utilize the airpland's d.0. pover to activate control relays.

A gohematic of the cirsuitry is shown in figure 12,
Punotions of the sontrols and fndicator lights are
dasaridbed belaw, )
Master control switoh (3 position switeh)
Position 1: generator 3“ (no power to store
somponents :

Position 2: genarator on (powsr availlable to
atore components, assuming air
speed 1a 250 knots IAS or greater)

Position 3: generator on, puap on, reciraula-
tion valve open :

Boom control switch (2 position switoh)

W Position 1t nozzle boom extends (assuming
: generator on)

o Position @5 nozsle boom retracts (assuming
' generator on)

Trigger switoh (on-off switoh)

3witoh depressed: hsaters off, pump on,
dischargs valve openad

Switeh reloased: pump off, diachargs valve
¢losed, heaters on

DECLASSIFIED IN FULL
Authority: EO 13526
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I}xduaung lights

N “Gensra~or off"” light illuminates Lf gensrator
: is not oparating and Master Control switsh is
" in "Generator On" or "Recirculate™ position.

, "Boom not extended” light illuminates if "Boonm
, Extend” awitoh is actusted and boom i3 not
! fally extended.

"Plow” 1light i{llumirstes when ligquid i3 flowing
fron pump dischargs line. ‘

Precautionary cirsultry interconnectas

- Dissharge valve can not be opened unleas boom
is extanded. : .

Boom can not be retracted unless discharge valwe
is closed.

Reocirculate valve is closed (1if open) when trigger
awitoh is depressed ' '

-

Héaters:

Heater controls are actuated automatically, when
th:tsggomtor 13 on, by tamperature sensing
AWiLto e

PLlding and Desontaminating .

Provisions for rilling are illustrated schematically in
figure 8. Conneotions from the filling pump are mads to the
flex 1ins which goes into the recirsulating system. As the tank
is filled, it i3 vented through a flex lins in the vent syatem
to the return side of the f1lling aystem.

For dsoontamination of the stors after use, the inner tank
and plumbing may be flushed with a’ dscontaminating liquid by
pumping it through the reciroulating, disseminating and vant
dystems. The aft sompartments of the store dontaining the »
sotuator, valves, ets., may be decontaminated by aogseas thro
doors in these compartments. The uventer compartment housing
the agent tank is sealed off{ from the aft compartment so that
agent or dscontaminant in the aft gnmpartment will not saep
into the insulating material in the center sestion. The
axterior of the store can be decontaminated by hosing with a
deconvaminating liquid.
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Sandia Corp. Report No.,
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Report No. 4053,
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337-59-(51), 25 November 1958

"-;,lm‘mth.,au XOORS, 0

1959
Report ' No. NA 60-1403,
Source Dissemination S

ryland, dated 2“ July

Report No. MA-59-532, Agrbo§g% EioIOﬁgci; H*gggre %§ Log
Altltu North American Aviation, 8 Angeles, _
Jhne'IS§§ )

» Secret
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DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

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

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

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

Robert Storer
Chief, Records and Declassification Division

Attachments:

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

3. CD U)



April 26,2012

Department of Defense

Directorate for Freedom of Information and Security Review
Room 2C757

1155 Defense Pentagon

Washington, D.C. 20301-1155

Sir:

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

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

Documents requested.

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

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

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

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

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

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

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

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

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

I2-M-3144



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

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

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

DA 18064 CML 2745. 123 pages.

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

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

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

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

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

DA 18064 CML 2745. 198 pages.

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

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

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

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

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

CML 2745.

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

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

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

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

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

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

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

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

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




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

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

Sincerely






