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Abst ract

This report covers the maj)or areas of activity during the rirst three

months of a program of research on dissemination of éolid and l1iquid BW

agents. The objective tovard which the research’is dirested is the devalop-

mant of wsapon systems for the dissemination of these agents as a line

source from high speed low-flying aircraft.

S The problens of feeding and handling of tinelysdivided colld.agents

WS "(" k"gﬁ
axe-discussed along with applicatjons of feeding device: SUEh a8 oo rew f’ee.1~
ers, piston feedsrs egld pneumatic feeders. -
\noes el
Progress/in preparing for wind tunnel experiments ou disseminstion and
o ¥

deaggloneration te—described~ani-the-vonsideratiens in the design of a ape-

cial tast section for these experimrte,a;n—d-ﬁmmd——#ﬂ-nvrrpw an
woe alee doas s du.

isokinatic sampling probe rw.wmum
A

dneluddd.

R

(Progmas on a etudy of the characteristics of finely divided materials
15 pregented. This work includés litersture arch, theoretical anulyse-

and expurimenu;')

r_.. [URE_ ¥ 3
; design study wirbelrtme=bewr [nitinted on on exterial aireraft, store

for liquid agent disseminat!on,ss—reeuswed, gml-i'uiuuxy findinws of an
B % '
operationnl anslysis to determine optimum deeciygn flow ratea ror ceverul
1

' (7'
agents are pregented and 8 sunnary given of studies relatipg to specifle

\

aircraft store design problems,
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This First Quarterly Report presents progress on Contract No.
m-18~66¥-0m_-27k5 which covers a seven-month initial phase of a program of
research on the dissemination of solid and liquid B4 agents. OCeneral Mills
Ing. is the pz.‘m -contractor for the program and North American Aviation Inc.
is participating as & subcontractor, in the fleld of liquid agent disdemina-
tion.

The ultimate objective toward which this research ia directad is to
provide weapon systems for digsemination of Loth solid and liquid BW agents
&8 & line source from high speed low-flying manned and wimanned aircraft.
Thege veapon systems will employ external disseminating stores, désignad to
be compatible with a variety of eireraft types, naving speed capabjlitien
above 0.70 Mach Number at low altitude.

Prior to tha current program, the field of: solid agent disgemination
had received less technical effort than that of liquid agent dissemination
and vas therefore in a considersbly less advnnce& state. For this reuson,
the types of investigations which are currently being corducted in the two
fields are somewhat differcnt.

Relative to solid agent dissemination, the major proubiem areas curienty
veing atudied are feeding and handling of the agent, characterizatlon of
finely divided solid materisls, und deagglomeration into the required jace
ticle size range. The structural and aercdynamlc problems nusociated witl
the application of external stores are also involved in all nreas of the

study.
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In the fisld of 1iquid sgent dissemination, = design study has been
initiated to provide critaria for design of a research pro&otype diaaemﬁ:{xator
store. This study includes an operational analysis to develop floy rate re-
quirements, 6s well ss work on more detailed p;oblems of external store
dasign.

Discussions of the studies p(x'tof'med during this first quarter are

presentad in the following sections of the report.
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II, FEEDING AND HANDLING OF FINELY DIVIDED DRY MATERIALS

The function of the feeding system in the aircraft external store under
considerstion 13 to daliver the dry agent material from the storage ssction
of the unit to the deagglomermting seotion at a uniform and adequate flow
rate. The flow rates currently undsr congideratiop rangs up to 30 pounds
yer minute. It must perfom this function safely, reliably and without ex-
ceasive power consumption. The feeding system muat deliver the agent in A
condition which 18 compatible with the characteristicas of the deagglomerat-
ing section. In the handling of the agent in the feedlng system, losses in
viability must bde minimized.

It is also desirable that the feeding gystem be as nearly universal aa
possﬂ..alc with regard to the range of agent properties vhixh are acceptable
in its cperation. This is brought about by the faet that aesvaral factors

will influence the final selection of an agent for a given mission.

A, Ceometricml Congiderations .

Because of the saveral limitati:ons on the configuration of external
stores of this type brought about by aerodynamic considerstions as well as
the aircraft dimensions, thea shape of the atorage volume from which the
feeding system will drav the sgent is quite well esteblishad. This storage
volume can be assumed to be & horizonf.nl, elongnted .volum , which could bve
e circular' cylinder or an axially symmetric body of revolution with variable
radius. The two genersl possibilities are gketched in Figures 1 and 2.
These shapss esch offer certain advantages and df{sadvantages, s50 that a

clear cut choice 1s not indicated without considerstion of all aspects of

DECLASSIFIED IN
-3 - Authority: EQ 13526FULL

CONHBTNTIRT™ g:tn:f Records & Declags Div, WHS
MY 17 213

B Y VU U




:é;eq
PIY

ouyiny
SY103g

92seL OF Ay

TN NI Q318

SHM ‘NIQ ssejoeq SPJODS,

@

Deaggitreration

PR H

Section

Cylindrical Storage Seciion

Drive
Mechani sm
& Cantrcls

FIGURE 1
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. FIGURE 2
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. VARIABLE RADIUS.
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the stordge and feeding problems. The eylindrical shape offers the advantaies
of 'éimblifie'd menufgcture and camputibility with feeding systems which require
gonstant dlameter, such as pistons or rotating helical configurations. The
jtorage volume shupe of Flgure 2 could provide somewhat grester storage vol-
ume for equal dreg (or reduced drag for equal volume) but has the disadvan-
tages of more complicated manufacturing and more restri;tions on the
characteristics of the feeding systen.

Tha storage sections of a possible family of dry agent disseminating
gtores which is currently envisioned will be capable of containing large puy-
loads. Although the effsct of the aspect ruiio, £/4, and agent bulk density
on the required dimensions are obviocus, Figure 3 is presented to conveniently
sumarize the range of dimensions which is anticipated, It will be seen
that many of the cases of inteisst require stornge section diemeters between
1.5 and 2.0 feet.

The geametrical cousiderationg digeusced above focus attention on the
fact that the successful feeding system will be required to tranclate iarge
masses of material over horizontal distauces of several feet. Iu several ol
the potential aolutions vonsidered, the feeding mechanisms will have dimen-
slons comparable to those shown in Figure 3. Careful consideration must

therefore be given to such problemuy as struclural weight, potential fabricu-

tion problems, rigidity, dimensional control and relinbility.

B. Power and Energy Considerutiols . .

The reaults of preliminary ctudies of the power und energy requiremenly
for geveral feeding concepts, including pneumatie, mechanical screw feeding
gystems and piston arrandements, indicate that many of the potential a@olution

> i

will have remsonable power requirements when considered in light of the, power
L}

available from ram-air turbine generators.
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As an example, consider the cnse’ of a piston which translates a cuns
—paeted slugof material horizontally. The basic power requiremant is simply:
Power = Px A X U (1)
Where P is the pressure required to translate the piston,
A 1is the piston area and
U 13 the velocity of translatiou
Using 8 typical dimension from Flgure 3, with a plstoun diameter of 1.9 teet
and a velocity of 0.7 feet per minute, Equation (1) indicates the expenditure
of 1.0 KW of power would (neglecting ionses) produce a pressuie of approxi-
mately 250 psi. Thig pressure is believed t¢ be much higher than would be
applicable in a system of this type, indicating that the power consumption
of this type of feeding syute;n will ba balow one kilowatt. Calculaticns
relative t6 screv f‘e'edars and pneumatic systems yield even lower power levela.
Rem air turbines are capable of providing several kiluwatts of power,

and are therefore cousidered to be an adequoate source of power. Typical jasr-

formance characteristics are given in Figure 4. It ghould be pointed out that
significant losses in the energy conversion systems are anticipated, but (heuoe
are not expected t.o creste any excesscive ‘mquuemn't. ror power.

A much more important consideratlion {s the structurul muss associated
with the mechanisme for energy conversion aund {inal delivery to the fesding
system. Several of the feeding voncepts (including strew feeders, pistons,
stirring devices) involve mechanisms huving relatively low Ltrannintionst o
rotational velocities. If these mechanisma are to deliver power ut alpnd I'i -
cant levels, high torces and/or high torques will be iuvolved. There OGO~
nonts will have conuidernble magss and must be considered iu «detuii ir evasuu-
tion of any potential feeding system, ‘
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Since tha beginning of this study, several potentinl feeding systems
‘Nive been examined in light of the requirements and gecmetrical limitaticns
digcussed mbove. Seversl of these aye dimcussed briefly below:

1. Screv Peeding Systems

Screv feseding systems of several configurations are under study.
Preliminary calculations show that thesa devices are compatible with the
mage flow rates raquired. A desiFsble feature of tlmse systems is the veri-
able feed rate which can be achieved by varistion of thegrotationsl speed.

" Potentially significant problems exist which are broadly, (1) cbtaining
proper flow of a material to the screvw from thes storags ssction and (2) pro=
viding proper design t0 eliminats rotation of the materisl in the screv as o
nolid slug, ‘with unsatisfeatory dslivery resulting. '

Ons configuration which is of considerable interest ia antehad,' in
Figurs 5, vhich shows a large acrew feeding system which occupies the entire
agent storsge container. Preliminary calculations of the gtructural requir&-
ments indicate that a mechanism of this type is ﬁasiblo. In the case of a
ceylindrical agent storage volume the screw could be of constant diemeter.

If this principle was used in a storage volume of ths type. illustrated in
Figure 2, a variable dimmeter, variable pitch asssmbly would be required.

The attractive characteristic of tha large screw feeder is that all of
the agent ig initially stored in the screw, eliminating the problem of ob- ;
taining flow to the screw, The structural problema are significant, dus to
the large dimensions, and the problem of flexibility of the outer ond innes

structures must be carefully considered.
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Sé,iiv feeders are generslly operated with the solid material occupyling

only part of the cross-sectionsl area. In indubtrial pxjactice,' liéht free-

A tlaving materials conventionally may occupy up to !+5$l of the cross-sectional

area. This restriction, if imposed on the external store would be quite seri-
ocus. However, the rotational gpeed i; a significant vu.riablo in this con=
sidaration. The low rotatiocnal gpeeds which would apply to the design in
queation are believed to be favorable to operation with larger quantities of
material. .

The possibility that the feed rate would not be uniform ag the quantity
of contaim;!. material dscreases could ;;ro‘uhly be hanzled by programuing the
spead of rotation during the d.issemination'period.

The discussicn to thias point has sssumed a solii screw configuration.

A possible alternate soluticn is found in the "ribbon" feedsr, in which the
feeding a'cmqn is open at the center. It appears that this dsvice would
also be compatible with thes concept 1llustrated in Figure 5. Possible ad-
vantages are reducsd structural weight and complexity and reduckion of the
prodblem of residual material adhering to the surfaces of the screw. The
ridbon design is less positive in its sction and the material could essily
move horisontally through the storage ssction during cperation., It is
believed that & aystem of this type should be srranged ‘for variation of the
rotational speed to provide the desired fusd rate.

The application of smallar screv feeding systems is alsc being consi-

dered. A sketch of one such concept ia shown in Figure 6. In this particular

1. Hudson, W.Q., Conveyors and related equipment, Third Bdition, John Wiley
and Son, New York, 1954 {a) p. 14, (b) p. 190,

- 10 =«
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L power
Deagglomsxation \ Cuneration
Section Agant Storsge Drive Mechanism
Bection & Controls
FIGURE 5

SKETCH TLLUSTRATING APPLICATION OF LARGE SCREW FEEDER

.

-~ Rotating Mixing Rods
! To Avoid Bridging

-- Agent Moterial

FIGURE 6

CROSS SECTIONAL VIEW OF APPLICATION '
OF SMALL SCREW FEEDER
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approsch the material is delivered to the deagélomernting section by a small
screvw which receives material from the storage section by gravity flow. A
system of rotating rods is utilized to preclude bridg;ns of the material.
Inclined planes are provided near the screw to reduce the residual material.

The minimum angle with the horizontal is a function of the agent character-

istics, but provision for an adequately steep angle does not appear difficult.
If flow of the material along this slide presents a asignificant problem, the .

"Airslide"” concept (Reference 1b) might be applied. In this system the slides

are porous and air or gas flows through the surface from helow. This permits
the uge of lower angles of inclination. The total power requirements for
operating an airslide, the stirring rods and the screw feeder are expected
to be well below one kilowatt. These and other concepts for application of
screw feeding systems will recsive éontinued study in the future.

2. Pisten Feeding Systems

Piston feeding systems have been successfully used by Fort Detrick
Fersonnel in the dry £i11, HVAR Rocket Fixture. In this device, the piston
exerts a pressure directly on the fill materlal which ic also in contact
with the cylinder wnlls, and translates it to a high shead rotary deagglo-
meration device, * '

A possible problem in utilizing this principle in very large aircraft
stores containing 500 to 1500 pounds of agent is that the pressures against
the piston and cylinder may exceed desirable levels due toc high ferces de-
veloping againgt the walls. Here again, the structurgl nspects are believed

to be 8 much more significant consideration than the power requirement as

- 12 -
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such. It was pointsd out earlier that expenditure of 1 kilowatt of pover,

-

with a piston of 1.5 ft diametsr, moving at 0.7 feet per minute could pro-
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duce a pressure of 250 pai.
: 3 Zenz and Othmer2 refer to the existence of a maximum length-to-diameter

i ratio for a slug of material in a piston. Thia ratio ia related to the ine

Rt ternal angle of friction, @, as follows:

tan @ = £/2

f ¥ Some experimental evidence is reported? which indicates that, at higher
values of £/d the aslug of material will lock, so that the plug cannot be

} moved, even with very high pressures cn the piston.

K 1 Sufficient information on the angle of internal friction of pote;ntial

) agent materials is not available t¢ permit determination of the effect of this

locking tendency on fewding system design. It is mlzo likely that the fric-

bemeritand
L "

tion ceoefficient of the wall ig an important varisble. The use of low

Pt

friction materials on the cylinder wall could bring about an important im-
provement,

Considerations of the type outliined above suggest that a piston feeding
system might bg enhanced by encasing the apgent material in a thin shell which,

when supported by the cylinder could impruve the structursl integrity of tle

slug and greatly reduce the plston pressure required. A Teflon 'coating on
the surfaces would provide a low friction coefficient. Bowden3 reports n
Iriction coefficient of 0.04 for Teflon sliding on Teflon and & value of 0.10

for steel sliding on Teflon. The required piston forces woild be extremely

’

amall under these conditions. ' . .

2. Zenz, F.A, and D. F. Othmer, Fluidization and fluid-particle systems,
Reinhold, New York, 1960, p. 77.

3. Bowden, F.P. and D. Tador, The frietion and lubrication of solids,
Oxford, 1954, p. 165.

- 13 -
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There are, of course, many problems associated with thia concept; one
of the most difficult appears to be the "stripping off" of this cuter shell
as ths slug of material is sd-anced toward the deagglomerator.

We are currently studying various possibilities Pfor accomplishing this
removal of the casing, with particular regerd to the potential reliadbility.

The piston~type feeder i vary well suited to handling compacted ma-
terial. In fact, in its simplest form, without an external casms, a cer-
tain degree of coupaction mey be required soc that the entire slug is
advanced as the piston moves. A material of low bulk density will be com-
pressed during the initial travel, so that the feed rate would be far from
linear.

The benefits in reduction of the dimensions of the store due to compace
tion are illustratcd by Figure 3.

3. Pneumatic Feeding Systems

Several applications of pneumatic systems are discugaed by Wellex:l‘.
A rather complete coverage is also given by Zenz fmd Othmer?, Reference 5
also presents an sxtensive bibliography ori pneumatic conveying systems,

It id important to mske a clear distinction between the problem of uti-
lizing pneumatic energy to feed solid materials out of a .bulk storage area
into a convaying duect and the separate problem of transporting the two-phasge
mixture through the duct. A largs part of the literature desls with the
gecond problem which is congsidered to be minor in our application compared
with the first problem of cbteining a controllable flew sut of a bulk storage

volume. In many of the conventional conveying systems ghe actual feeding is

4, wWeller, L.G., Automation, Vol. 5, No. 7, Jan. 1958, p. 69.

S. Zenz, F.A, and D. F, Othmer, Fluidization and fluid particle systems,
Reinnold, New York, 1960, pp. 313-350.
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done by ﬁon-pneumatic methods, such as screw feeders or gravity feeders. We

‘wish to consider here the use of prneumatic means in feeding.

a. Feeding Concepts. - The two genexal classes of systems that
are spparent are (1) those in which the solids are thoroughly mixed with air
astream sc that any masa of alr leaving the system will carry with it a8 given
mass of solids and (2) those in which the airstream is 56 voufined as to
create sufficisntly high surface velocities across a free powder surface
{otherwise unmixed with air) to entrain a significant concentration of sol-
ids. These two classes are {llustrated in Figure 7 and Figure 8.

The general principle fllustrated in Figure 7 was applied by General
Mille, Inc. in particle digseminating external stoms.6 In this cage the
source of presgurized air was ram air at a pressure di{‘f‘erential of approxia-
mately ona-half atmosphere above the ambient static pressure. ‘In applying
this principle to the currently considered dissemination problem, the gigni-
ficant problems appear to be (1) the device would be limited to handlin
non~compacted materials and (2) the use of ram gir as a w;rkipg i"luid n;ight
be undesirable under high atmospheric ﬁumidit; conditions., Further cchsi-
deration of the selection of a motive gns will be presented in a following
section. .

The genersl principle illustrut;ed in Figure 8 does not involve pro-
longmd contact of the agent with the air and therefore is considered to be

comewhat less likely to dring about dsleterious effects dus to the tempera-

ture or humidity, if rum air 3s used. This concept has o potentially strong

6. Genaral Mills Report No. 1720 (Secret) 15 June, 4957

o 15 -
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Gus Inlet

Diaspersed Solids lleld
In Suapension By
Mechanical Mixing

L r———

Gas & 3o0lid Outlet

FIGURE 7. PNEUMATIC FREDING SYSTEM 11 WHICH
THE SOLIDS ARE UNIFORMLY MIXED WITI GAS.
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FICURE &. PNEWATIC FERDLNG SYSTEM I WHICH TilR
SOLIDS A ENTRALNED F-OM A FREK SURFACE BY A
HIGH VELCZITY GAS CTREAM.
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]" disadvantage in that proper placemei:t of the moveable entrainment Jevice may
8 5
Y

be difficult as the level of agent decreasas. Conceivably, multiple en-

e e e g R N Wy

f' trainment heads could be used to improve this situation.

b. Selection of the Motive Cas. ~ As previously stated ram air

[ O
- i -

“ hags been used as & motive gas in partiale disseminating stores. Its avaiJ.?-
r bility and low dreg penalty ssgociated with its use are very attractive fea-
;x - tures. However, in systems where the ram air is thoroughly mixed with the
) f' viable agents, it may produce some da;.eterious effects. The moisture con-

tained in the inlet air under high humidity conditions, may in time increase
i the meisture content in the agent material. The fact that the air is heated
x{ by the stagnation process, produces elevated tem;:emtms which may cause
loes of viabllity. Figure 9 shows the stagnation temperature versus atmos-
. ‘ rharic temperature and flight Mach Number. It can be seen that air tempera-
: tures in the region of 70°C may be ancountered under normal conditions. It
A should be pointed out, hc&evnr, that the msass flow rate of air is very low,
ahout 1% of the sclld mass flow rate, and that the total energy representsd

in the heated airstream is not great.

Consideration has been given to the drying of the inccming ram air stream
by solid adsorbents. Although this measure could potentially relmove the
problem of incoming moisture, there is an additional temperature rise in-
curred. This is due to-the latent heat of vaporization of the water vapor
and the heat of wetting of the adsorbent. Depending on the atmospneric hu-
midity and flight speed, this effect will account for an additional tempera-
ture rigse of approximately 10 to 30°C, which would aggravete the henting

problem previocusly mentioned.

- 17 - 4



0TI A m—Ton e R e
¢

At s

=

A

o

Stagnation Temperature, °C

L AR R ——y it Yo 5 1y x s,

Pagg determined to be Unclassified
Reviewed Chief, RDD, WHS
1AW EO 13526, Section 3.5

Date: MAY 17 m

100

Y

50|= Bt SRt
Y
Lop— ~—
30 e
20k i -f- e e e e
|
10 — e b
i 4
0 i -
Ry o] 75 L0 L5 90 97

Mach Number

FIGURE 9 .
STAGNATION TEMPERATURE VS FLIGHT MACH NUMBER
L}

« 1V -




A ey R,

st

Lo R e

g e e eyt s e

Mo 3
¥ i

QR UM e e et Pt pussd e

The above considerations pertaining to ram air suggest that it may he
better to use a stored gas ror o motive fluid, It has been demonstrated
that a gaseous mass flow rate of approximately 1% of the solida flow rate.is
sdequate in gome cases.

The storage of this quantity of gas in the compressed fom would require
a pressure vessel which would weigh from € to 10 percent of the agent pay-
load. Storage of the gas in a liquified form would result in a considerably
lower mass penalty. For example a carbon d.ioxiq.e cylinder for liquid phase
storage would weigh approximately 3% of the agent payload, These penalties
do not appear to be severe enough to eliminate thie approsch from congsidera-
tion.

Work is being continued on evaluation of the potential of pneumatic

feeding systems.
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PREPARATION FOR DISSEMINATION AMND DEAGGLOMERATION EXPERIMENTS
Fxperiments on dissemination and deagglomeretion of finely divided
materials will be conducted as part of the current project. During this
period; detailed considermticn has been given to the spccial‘requirements
for verforming this type of experiment in s wind tunnel at Mach numbers
of 0.60 to 0.95, the approach for the initial experiments has been selected l

and several items of special apparstus have been deaignea and fabriented.

A. Discussion of Problem and Description of Approach

The Buccessful operation of a W disaemination gystem of the type
under consideration requires that Lhe finely divided agent materials be
delivered into the atmosphere at the correct rate, deagglomerated with
reagonable efficiency to an efi‘éctive particle size range, transported in
the atmosphere to the target area and arrive with a satisfactory concentra-
tion of viable organisms in particles in the correct size range, generally
considered to be balow 5 microng in diameter,

In the series of events which Lake plnce before and after the material
leaves the disseminator, there are several potentianl hazarda which may re-
duce the final ei‘f‘ectiveness ond therefore are important considerations.

A few examples are (1) possible logss of viability during deagglomeration, )
(2) lo3s of vimbility during the atmospleric transport phase, due to ultra-
violet rodiation or humidity conditiens snd (3) re-agplomeration during P

the atmospheric transport phase. Final demonstration of the performance

of such a syastem will therefore require full-scale field operations, under
]

-

& variety of meteorological conditions. .

»~ 20 -
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However, it is also important that regardless of the magnitude of
affects of this type, the original deagglomeration of the particles must
produce an serosol with an acceptable particle gize distridution. For
this reason, it is considsred vital to separate the variables by conducting
experiments involving datermination of physical particle size distributions |
in addition to the biological evaluation techniques.

The initial experiments to evaluate dissemination and deagsl&neration
concepts will involve physical particle size determination. This will be
done by utilizing a high velocity iaokinetic sampling probe in the test
section of the aerosol wind tunnel. This probe, which is discucsed in
detail in a later section of the report, recelives the aercsol at the teat
section velocity and gradually decelerates a small portion of the flow to
& low velocity which i5 acceptable for membrane filter techniques or im-
pactor collection teéhniquea. Although the physical method will be used
in the initial evaluation experiments, the approach is also adaptahle to
biological techaniques by substitution of a suitnble particle sampler in
the low velocity section of the diffuser.

The blow-down wind tunnel and the high velccity sampling system to be
uged in these experiments are briefly discussed in the two sections which

follow.

B. Biow-Down Wind Tunnel

The wind tunnel system tc be used in these exper'iments i3 sketched in
Figure 10. Alr flows from the ctorsge receivers to the test section through

a gtornge type heat exchanger, high efficiency filter, manual control valve

- 21 =
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and stilling chamber. Air is supplied to the storage receivers by two-
stage non-lubricated reciprocating compressors. %he heat exchanger permits
control of the stagnation temperature and static temperature in the test
gection. Due to its high effectiveness, the temperature is held to within
3% or {te initiaml value over the duration of the blow-down run. ,The in-
ternal temperature of the heat exchanger is controllable so that experi-
ments at various test section static temperatures may be made.

The minimum test gection dimensions are 2.800 x 2.£00 inches. The
tunnel is designed to operate in the Moch number range of 0.60 to 0.9 at
a pregsure of 115 atmospheres. Under the maximum flow conditicns the
system ic capable of a 20-gecond flow duration. The model disseminators
will discharge inte the air stream at a loeation € inches from the inlet
to the test section., The inlet of the aerosol sampling probe will bde
placed near the downstream end of the Lest section which is 31 inches
long.

1. Test Section Deslgu and Flew Conditions

'Durimr. the injection of l.argé agrlomerated powder particles intu
the wind tunnel, & drag force causes thelr acceleration and bresk-up into
small particles. Since drag {5 a strong function of the ctream velocity,
it i3 apparent that this parumeter will be one of the more important ones
in the studles. A special emphasis has bheen placed on its control.

Prelim{nary calculations of the Mach number varintlon in the tunnel
indicated that it is necessnry to make the walls diverge slightly te pro-
vide Mach numbers mbove 0.70 at the inJertion location. The resuiting

design allows for o congtant Moch nunber along the full length of tunnel.

i, g m e o
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The amount of divergence vas determined by calculating the bou_ndary
layer displa.cem;nt. thickneas and showed that a total divergence of $.2°
was necessary. Thus the inlat and exit dimensions are respectively, 2.800
in. x 2.800 in. and 2.908 in x 2.908 in.

A manually opersted, cccentric plug-type control vaelve is used to malin-
tain a conatant stagnation pressure in the stilling chamber. Experience
has shown that the pressure can be held to within one percent of the re-
quired stagnation value of approximately 30 psil, even though the storage
tank presscure varies continuously during the run from 200 pst to. 60 pai.
To further improve the control, an adjustable scnic nozzle wes designed
into the exit section, which aets ag a flow regulator. The Mach number
remaing constant .!.n this appliestion., An adjustment of the aonic nozzle
permits operation at different velocities.

At the 'tunnel. inlet gsection, smooth uniform flow: {s desirable. To
aseure that it is obtained, the NACA standard requirements for nozzle flow
metering were applied by using the 12 f4. long settling chamber and the
standard nozzle proflile shown In Figure 11. An inlet nozzle having thie
profiles has been fabricated from polyester resin with glass fiber reinforce~
ment.. By applying this material over a poliahed mold, a very smocth sur-
face was cbtained. This technique was used becnuse of previous favorahle
experience in a similer application. It s ccnstdei*ahly less expensive
than machining the nozzle, since the process eliminates the need for

machining {nternai surfaces.
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2, Instrumentation

R
.

It will be necessary to obtain such flow information ag tunnel

¢

T Mach number, velocity, mass flow rate, and Reynolds numnber. This will be

- done by measuring the stagnation pressure and temperature in the stilling

x chamber, Just upstream of the tunnel inlet, and the static pressure at the

inlet, The following isentropic flow relations will be used to calculate

: the tunnel temperature and determine such air properties as density and
i * - 'Y
viscosity:

4

r
(1 + %‘lua)x‘f"l

D—BB-J o EJ

1+-€'—1-M2

The vedcclty, mass flow rate, and Reynolds number will then be calculated

1 from the following equations: .
!~ V=M V JRT
]’ m= QVA
N
R, = 4Vd
ed —_—
Al

where Py - stagnation pressure

p =~ static pressure

M - Mach number

T_ - stagnation temperature
T - static temperature

- ratio of specific heats
v - veloc_lty.

R - gos constant

PN N Pamed  peeed gl e piaed
o

. 20 o

S P TS



s

yape -

e

0

ymt

¥ et

Page determined to be Unclassified k!
Reviewed Chief, RDD, WHS i

1AW EO 13526, Section 3.5 IR
Date: 1.

MY 17 2B

E
3

mass flow rates 3

>
[}

cross-sectional area

density
Req - Reynolds number
d -~ hydraulic diameter of tunnel

A - viscosity .

C. High Velocity Sampling System

Tn conngetion with the wind tunnel study of dissemination concepts, ft
will be vital to determine the particle sgize distribution in the aarocsol
which is generatsd. GSlnce suitable techniques for sampling at high sub-
sonic Mach numbers have not been previously developed, a new sampling probe
has been designed.* ‘

In order to make this high veloclty seampling syarem compatible with
the use of membrane filters ns well as impactors and impingers, a diffuser
gampling probe has been designed which handles only a small part of the
LOoLal mass flow rate in the tunnel. ﬁ:e velocity is reduced to approxi-
mately one percant of the inlet velocity before leaving the diffuser. 1n
dealgning the ‘probe, three factors were conaidered to be very important:
(1) provision for isckinetic inlet conditfons, (2) nvoidance of fl'ow g8 a-
ration and (3) limitation of the particle decelerstion rates.

Figure 12 is 8 secticnal view of the probe. The internal surface is
parallel to the tunnel axis at the inlet. The maximun angle of divergence
is 10 degreesn, which i{s considered as the upper limit for efficient diffu-

sion. During isokinetic sampling, the mass flow rate through the prohe

will be 0.7% percent of that in the tunnel.

* The experience gained by Geperal Mills in developing an {sokinetic alrcraft
sampling system under Contract No. AF 19(60h)-7226 has been applied to this
design.

- 27 .
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Because of the small inlet diameter an:1 continuously curving imternal
gurface through most of the diffuser, a fabrication technigue was selected
which involved molding the probe from polyester resin, reinforced with

'

fiberglass. This method, which has been used successfully at General Mills
in 8 similar application, employs a metal mold which has been machined to
the correct contour and polished to give the desired smooth inner surface
finigh on the probe. Figure 13 cliowe the probe made by this technique.
This prc.abe may be silver plated by t}he chemical.de.position method, 1if fu-
ture experiments show that n conductive surfac: is required to preclude
rarticle collection dus to electrostatic charges on the plastic surface,

To obtain close control over the inlet conditions, o vane-type vacuum
punp will be used downstreem for the diffuser. The flow and pressure characs
terist.tcu Oof this punp will be determined before it ;s used in these experi-

.mentsu A pre-detemmined mass flow can be obtained by controll‘ing the inlet
pressure with a throttling valve just upstream from the pump. It is be-~
lieved that the isokinetic inlet requirement can be fulfilled by this
method.,

It is Telt that flow separntion from the diffuser wall should be avoi-
ded, since 1t might cause & non-uniform particle dkaéribution at the actual
snmpling location. The most critical region is believed to be in the sec-
tion of the diffuser where the Mach number is above 0.50. Therefnre, to
avoid ceparatfon, the angle of divergence in this area was mnde small; ap-
proximately 2 degrees. Gince the performance of the probe with regard to
flow separation is considered important, z‘x thorough study of the flow con-

ditions throughout the probe will be made in & 22 x 22 inch high subsonic

- 29 -
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wind tunnelv, provided to General Mille by Fluidyne Engineering Corporation.

in preparation for this wind tunnel work, four pressure taps have been in-
stalled in the diffuser wall, as ghown in Figure 13. By determining the
prescure recovery for various inlet velocities and mass flow rates, flow
separation cm; be detected. | .

To aasure that a zépresentative particle somple is obtained which in-
dicates the condition of the particles (n Lthe tunnel stream, the decelera-
tion in the diffuser was made small in comparicon with the ancceleration.on
the purtlclés diring injection into the tunnel. Ag estimate of the drag
force on the particles showed that during deceleration it is less tHan 5%
of that during acceleration. This is considered small enough to meet the
object.ive.

The {irst collection device 1o Le used will be the Millipore filter.
This method will provide cuch useful infommntion ns particle distribution
over the cross-sectional aren of thie probe, Since the codntinp;'prm‘ess
involved in this methnd is tedious, It {5 expected that a cageade. impactor

technique, which will give the necessary regsults faster, will be utitized

in later experimentc.
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INVESTIGATIONS OF THE CRARACTERISTICS OF FINELY DIVIDED MATERIALS

As a part of thia program of dissemination research, the characteris-
tics of finely divided materials are being investigated. “The future design
and successful application of line source disseminators for dry agent ma-
terials will require a more complete understanding of the properties of
these materials. -

Our work in this area has included a search of the literature,’piwe-

liminary independent thecretical analysis and laboratory experiments. Each

of these phages is diascussed below.

A. Literature Search

The problem of developing u general theory covering the tchavior of
particulate materlial ic an extremely complex one which has been approached
by many investigators. An extemsive literature search was conducted by
Orr and Dnllgsvalle7 ¢overing the factorg influencing t.he agglomeration and
deangglomeration of solid particles. This seasrch has served as very useful
background for the present work.

Two major subjects which are widely discussed in the literature are
{1) forces between particles nand (2) rlow characteristics of powderc. A

brief review 0f each of these subjects fecllows.

l. Forces Between Pnriicles.

The forces between molecules contribute strongly to the charac-
teristics of powders. These forces opernte over longer ranges than chemi-

cal attractions which link atoms irts compounds, and are capable of drawing

7. Orr, C. and J. M. Dallavalle, Studies and investigations of sgglomeration
and desgglomeration of oolid particles, Semifinal Report, I'roject Mo,
A-233, Georgio Institute of Technology, Juue 30, 195%0.
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particles into an agglomeration. Intermolecular forces are reaponsible
for surface tension, adsorption, cepillary sction and other surface phenoc-
nena which econtribute to the characteristics oif powders. .

ewton's law of universal gravitation contains the terms G/R° ; vhere
0 iz the constant cf proportionality and R the particle separction distance.
Hovevef, Pierre Simon de Laplace and Alexis Claude Clairaut, mathematicians
of the 18th century, found that Intermolecular forces fell of? more shamly.
than the square of the distance and that the cons;:rmt of proport;ic.mal’ity .
could be different for different molecules. Estimates of intermolecular
forces have now taken the form C/R",‘where both C and n are constant.

Many investigators of the forces between particles found VYan der Waals'
forces and electrastatic foreces to ﬁe the most important. Von der Waals'
forces are aslways present between particles brougit together; electrostatic

forces exist only when charpred prrticles are close topether.

Van der Waals' forces even exist Letween neutral particles and are not

»
due to coulomb forces or permanent electriecal dipoles. lennard-Jones de-
rived from wave mechanics the relatiunship:8
Fa Ak’
vhere F = Van der Waals' Corce

A= Van der Waala' constant for attraction
R a intermolecular distance.
Many believe that molecular forces nre nol {nfluenced by Interactions

with neighbors, and therelore the totni force exerted on a moiecule in

€, Llennard-Jones, J. T., Cohkeslon, Proceedings of the Phys. Soc. hi:
6142 (1931)

- 313 -
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obtaoined by addition of the forces exerted by each neighboring molecule.
liamaker? and Bx‘ad.elym approximated the energy necessary to pull two par-

ticles apart as

dE )‘waga D, D
F=%&="12 "B, +0; (2)

where E = interparticle energy
D = the particle diameter ' * .
x = the interparticle distance
q = number of molecules conteined in a unit volume.

It may appear that. the force becomes infinite when whe particles are

I3

together, but the force is limited by & minimum value of x.
Many investigators determined results which were. congistant with the
theoretionl London-VYun der Warls' interparticle force. Investigntors
' de Boert! and Hamaker? calculated the order of magnitude of these forces,
and Hamaker gave equatjons for the interaction of particles as a function
ot the particle distance, x, for different chapes of particles. [!lamaker
f'ound the force for two flat surfaces separated by a distance, x, to be
inversely proportioral to thé cube of the separation. Van der Waals' for-
ces become significantly more important as the par&cle size becomes

smaller. Irregular shaped particles made the problem considerahly more

difficult, since Van der Waule' force ius dependent on particle shape.

9. llameker, H. C., A generunl theory of Lyophobic Colloids, 1, Rec. Traz.
Ckim., : L0L5-26 {1936); A syster of Collold Phenomenn,Rec, Traz, Chim.,,
S0t 72747 (2937); and London-Vun der Wnals' attraction between spheri-
cal particles, Physica, lb: 105670 (1437).

10. Bradely, R. 5., The qohesi.on between smoke particles, Trans. of the
Faraday Soc., 32; 1066-90 (1936).

li. de DBoer, J. ii., The influence of Van der Waals' (orres and primary

bords on binding energy, vtrength and orientation, with cpecial refer-
ence Lo same artilivisl resins, Trans. raraday Soc., 32: 10-38 (197G),

- g};-
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It is common belief that Van der Waals' forces between particles are
dus tc the molgcules at or near the surface. Thus, the radius of curva-
ture of the opposing surfaces of close particles will detemine the inter-

particle force.
B. G. Casimir and D. Polder, who worked out an electromagnetic theory

of molecular forces in 1948 did not use the clessical picture of radiation

but rather the ideas of quantum mechanics. The Casimir-Polder theory showed

u force dependent on K/R8 where K 18 different from Van der Waals' constant
for attraction. Soma investicators today feel that both Casimir-Polder
and London-Van der Waals' formulas apply only over an apprepriate range

of R and that each contain unmeaszurable cor'n:;mm;s.l2 Further, these re-
lationships do not give the force between two bodies containing many mole-
cules, since the molecular interaction forces are not believed to bve
additive.

When particles carry electrostatic charges, coulomb forces may be the
controlling forces in bringing about applomeration, A few individuuls be-
lieve that in penersl the charpes are not larpge enough to ‘gtve rigse to
forces of attracticn comparadble with the intermolecular force botween
small purticles in contact. Particles are known to carry electrical chur-

Y -
ges even though the total charpe of the powder may be neutral. Electrifi-

N .
cation ¢nn be couged by the interaction with gas ions from the utmoophere,
by friction or cuntact between particles or by sepuration. Particles may

be discharged by contact with a surface of higher capaclty or neutralized

12. Derjaguin, Boric V., Sclentific American, 203: Mo. 1 {1940).

-3 .
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by agglomeration. Electrostatic forces of attraction cannot be calculated

E IR
if for a powder since the distribution of the charge on the particles is un-

-

xnown.
An extensive study of statlic electrification of dust particles fram

: 0.5 to 30.0 microns in dlameter, on generation of a cloud was made by

Kunkel.®3 He used the method developad by liopper and Labyll‘ where particles

-k

Aalie L ARL UL IO ST

were allowed to fRll in a horizontal electric field and their tmmcts were

[P §
o

A photographed under intermittent illumination. He concluded that in gen-

Lot dmtne
» .

eral the average charge increased more slowly than with the square of the

diameter.

I
Sk
38 L

The above comments serve to illustrate the preat scope of the prob-

lem of determining forces between particles, even under rather simplified

,,..‘
v

H

conditions.

2. Flow Properties of Powders

The flow properties of finely divided materiuls have been of
great inverest in a wide variety of industrial applicatiun.n. Perhaps the
most frequently studied case is that of gravity flow of the material.

A test performed by R. R. Tranii? and others consisted of measuring
the behavior of powders in a funnel of specific dimensiona. One funnel
was placed directly above another on n ring stand.' Sampldz of 50 to 100
gns of material were introduced to the top funnel and allowed to 111 the
stoppered funnel bvelow. Three minutes or more were mllowed for the trapped

nir to escape before removing the plug, If the sample completely flowed out

vhen the plug wac removed, the maoterial was classified as f‘r'ee-flowing.

13. Kunkel, W. B., J. Appl. Phys., 2L: 820 (1950).
lh. llopper. V. D. and T. H. laby, Proc. Roy. Soa. A, 178: 2h3 (190 ),
15. Trani, R. R. et al., Ind. & Eng. Chem. 5L: 1285.6 (Oet. 1959).

-3 -
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out. Il the sm'nple did not completely flow 5ut;, lOO/u. dlameter glass beads
were added until it did so. Class beads were added until the minimum weight
x‘x;action needed for free flowing was obtained. The quantity of glasa beads
added was an indieation of the flow properties of the powders tested. From
these measurements, five arbitrary flow classifications were set up for the
funnel spacified. .

The flow properties of finely divided materials are radically affected
If they are mixed with a gas in two-phase flow. Some investigators have sug;
gested that a powder could possibly .be characterized in terms of a property
similar to the viscosity of liguids and that the peeudc-viscogsity might be a
fundamental correlant of slugging, fluidity or other bed characteristies.
Matheson, Herbst and Holt16 presented the results of such & study in which
they measured the relative pseudo-viscosity of various fluidized beds in temms
of the torque weight required to rctate & paddle of fixed cize at 200 rpm {n
a 3 inch deep by one inch ID bed of solid fluildized by air. They found the
torque necessary to rotate the paddle was-extremely high for unaerated beds,
but decreased raplidly when serated and goon reached a point where further
seration had no effect on the required torgque. The relative viscosity of the
bed was found to increase with particle size and particle density. Matheson
alsc measured the torque necessary for various beds made up of two components:
fines blended with larger particles. The rate of change of the viscosity with
composition showed A decided break at the point of minimum fines sdded to pre-

vent interlocking., *

16. Ha.thegon, e L., KHerbutl, W. A, und Hoil, P. H., ind., Eng., Chem., nji \
1099 (1949},

- 37 -
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An extensive discussion of the rheological propertiss of powders is
kivén by Zenz and Othmer.17 Measurements of five angles pertaining to the
rowder bed are suggested as o meons of characterizing finely divided ma-
terials. These are: ‘

(1) The angle of internal friction
(2) The angle of repose -

(3) The angle of wall friction
(k) The angle of rupture

{5} The angle of slide.

One or more procedures for conducr:,ing each measurement nre outlined
in the cited reference and will not be repeated here.

‘I'he px‘ev; ous work outllined above has served as a polnt of departure

for our own experimental work in this area.

B. Preliminary Theoretical Investigation

In initiating a theoreticaol gtudy of this type, one immediately en-
counters the problem of setting up o model, As a flrst approach to the
problem, a two dimencional model was set up in which the piling of a pow-
der was considered as being analogous to the piling of cylinders. The
ensence of this ipvestipgation is given in Appendix A.

Severnl phenomencn such as angle ¢f repose, angle of internal friction,
canpressibility, angle of rupture and cihers can be aszocinted with the
rheological properties of powders. Knowledge of these may contribute to

evaluating the forces acting in the system,

17. 2enz, F. A. and Othmer, D. I'., Fluidization and fluid-particle systems,
Reinheld, New York, 1960.

.
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A force acting on an incremental vclume of bulk powder seems to dige -

| Ttribute ifself in & certain fashion. Tests such as the rod-tension test

and the piston test as described by Zenz and Othxnerl? give credence to
this idea, ‘The way in which such a force distributes itgelf would ceem
to depend on the shear modulus and tensile strenfrth of the powder. In an
effort to gain some information on the shear modulus, the following model

wag constructed. - .1l F

e v(yl)s ¥y

t-—'*# —f

-

A plate p is submerged in o powder materisl %o a depth h. Due to the
weight of the material, the pressure on tha plate n will be directly pro-
portional to the magnitude of y.
Now piy) = &y (1)
where 7 1is the density of the materinl.

We now make the following assumption: .t,hat: the maximum shear, ’/:",
between the plate and the particles ls proportionsl to the prensure or

?max = Cp

and that all points on the plote are on the vérge of slipping simultaneoualy.

The total force, I, to move the plate can be. expressed by the integral
h h
F=2 ]'Z"maxdy=.?Cd’jydy

o

Po]
or F=0CJh" . (2)

-39 -
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. Thls . F giveé the maximum shear force'to be expected.

Experiments have been carried out to check this relation, as discussed

in the following section.

C. Experiments
As a part of this program of dissemination research, experiments are

belng conducted to evaluate physjca‘l tasts which have been suggested by the
theoretical studies or the search of the literature. The emphasis in this
work is to find and apply physical tests which will be useful in predict-
ing the behavior of a finely divided material in a disseminating system.

1. Experiments on Porce to Extract o Vertical Plate from a Bed of
Powdered Material.

Txperiments were conducted to check Equation (2), presented in
the previous secticn. The force required to extract a thin veriical alu-
minum plate from a bed of fine lend shot (500«1000/1,) was menzured on a
Jolly spring balance. The results are plotled in Figure 4. A straight
line with 8 slope of approximately 2.0 fits the data points reasonably

well, indicoting that the relation given in Fquation (2) ia ndequate fo\r

thie case. 'The coefficient C in this equation can be cousidered to bLe

related to the coefflicient of [riction between the partivles and the plnte.
Further experimentution alonyg this line (s planned. [}

2. Bxperimentg on Strecs Versus Bulk Denzity.

Mecagurements of the effect of comprecsive shtreas on bulk density
P
appear Lo be of {nterest in several ateas of {lie disaemination probiem,

First, the information gnined may contribute to the basic knowledge of

. - Lo .
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. fine powders. Secondly, the dnta obtained is directly releted to certsin

" application problams including (1) determination of the volumetric bsha-

vicr of the bulk material under high accelerations, (2) datermination of
the requirements for filling ayst'ems designed for compacted material and
(3) prediction of the performance in piston type feeding systems.

Experiments have been conducted utiiizing the apparatus shown in
Figure 15, which consists of a thin Taflon piston, closely fit to a traus-
pu‘nt‘plastic cylinder, which 1is Yented to precl.uda entrapment of air,
The piston 1s guided by a rectangular structure with Teflon edges which
make only line contact with the cylinder in order to minimize friction.
The height of the piston sbove a fixed reference plane is measured by a
cathetometer. The bulk density for any piston positicn is derived fram
the ;ystem dimensions and the muss of the powder charge.

Figure 16 (2 pages) present the results of & series of tﬁeusurements
on samples of talc (Mistron - 18) which have a particle size range of 0
to 6 microns and a MMD of (.83 microns. The three lines shown on the
graph are for initial mass quantities cf 30, 4D Bnd 50 grams. It can be
sean that, at the lower range of stress, the bulk density is somewhat de-
pendent on the sfze of the mnterial semple. The az;xemi l.n the values of
bulk density Increases at the lower values of bulk density. The maximum
spread is approximately 7 percent. At the higher stress levels, the
curves come together within the limits of experimentmnl error. This effect
may be due to additional wall friction in the case of the larger samplec.

It 15 interesting to note tlat the stress versus bulk density curves

approach straight lines on the same log plot, {n the region of high bulk
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denaities. The slope and intercept of this type of curve may be very use-
- N et _I .
ful in evaluating finely divided powders. Similar experiments with aspirin

powder, produced nearly straight lins relationships on a ccmpérable graph,

. Howevsy, the values of slope and lntercept were videly different, A

change in the applied compresaive stresa of an corder of magnitude (from
10° to 106 dyms/mz) produced a change in bulk density of e.gproximately
10 percent as contrasted to the change shown in Figure 15 of approximately
60 percent. -

The data obtsined from these experiments are being exoamined more
thoroughly to determine whether more complete correlations with material |
propertias are possible.

3. Measurements of Force Required to Extract A Circular Disc
fram A Powder Bed.

An experiment {s outlined by Zenzr( in which a vertical rod s
extracted from a powdsr bed. 'The magnitude of the force is influenced by
the internal friction of tha material. Preliminary experiments with thia
technique, utilizing a Jolly sepring balance lndicated that the sensitivity
was guite low. It became obvious that substitution of e horizontal circu-
lar dise for the rod would result in a considerable improvement. Three
circular discs with diameters of 1, 2 and 2,54 cm were made. This ?ermlt-
ted investigation of the influence of disc diameter, as well fs the bed

depth.
]
Two davices have been uged for measurement of the forre In thene ex-
periments. These are shown in Figures 17 and 18. The Jolly balance in &

standard item of laboratory apparatus, which employs a calibrated cpring
L]
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for force measurement. The gravitational system of force measurement was
develop?d specially for this application. With the latter device, force
is applied :to the circular disc by slowly adding a metered quantity of
1iquid to the vessel which is shown in the sketch. The force is transmite-
ted by & line, operating on a pully, fitted with a precision bearing.

This system has an sdvantape, in that the initiel displucez;ant of the disc,
which takes place before the surface of the bed is, interrupted, does not
influsence the applied force. In the cose of the spring balance, this
initial creep effect was found to slightly affect the measurement of
applied force.

The results of experiments of this type are summarized in Figure 19,
which is & plot of F/d versus F/d'h on log log paper. The force of F
dynes is applied to o dise of dismeter 4 centimeters, which {s submerged
in a bed to a distance of h centimeters below the free surface. Results
for three powders are shown. Thece are talc, saccharin and aspirin. Fig-
ure 19 i3 believed to be a very useful correlation. The data for each
sample indicate a straight-line relaticnship between the two ccordinates,
and the slope for each case is nearly fdentical. For the materials stu-
died, the force has been found to be proportional to h" where tle expo-
nent n is approximately 1.5. The intercepts snd the slopes of these
curves are identifying characteristics of the individual samples. Fur-
ther experimentation along this line i{s planned to datermine the repro-
ducibility of these data for sdditional materials, and to evaluate the

effects of moisture content. *
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FORCE TO EXTRACT A DISC FROM A POWDER BED.
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V. WORK ON LINE-BOURCE LIQUID AGENT DISSEMINATOR
A design study on an airoraft external store for liguid agent dissemina~

tion has baen initiated ﬁy North Amarican Aviation, Inc. under aubcontract
to Caneral Mills, Inc. The scops of this wBdrk in the curment phase includes
(1) detemmination of flow rates for various a.guht-t’a:;got.: mquim‘menta, (2)
reviev of operational military aiToraft for compatability of a univeraal
store, (3) determination of means of agitation, (4) determination of meens
of treating to pnvmt’ freezing of the ;:gent during transit to the target and
during dissemination, (5) study of performance penalty due to system instal-
lation and (6) study of effects of local flow fields on the disseminating
process. .

Work was initiated in these areas folloving a coordination meeting
which wvas held at Gena;‘al Mills, Inc? on 13 July 1960. Attending thislmeet-
ing were repregentatives of the Biclogical Yarfare laboratories, Ueneral
Mills, Inc. and North American Aviation, Inc.

Progress during July and August in each of the sbove areas is sumarized
below: ) l

A. TFlow Reate Optimization .

A parsmstric trades study is in progresa which will define near-optimum
flow rates for a liquid biological agent dissemination aystem. Six bilologi-
cal agents are being considered in the annlyais. These are the causative
agents of Q-fever, Drucellosis, Tularemia, Anthrax, Plague, and Venezuelan
Equine Encephalonyalitis. The biologlcal and physical properties of these

agents are conteined in North Amsrican Aviation Report HA59-632, which also

Chief, j
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© - conteins a description of Calder's mathematical effectiveness model used to

compute their effectivensss. In addition to co‘nsideriqng the epecific on-

; tlrg'ﬁ ‘armm of these agents, the study considers sevaral delivery vehicle
parsmatars (speed, range, and agent capacity) and major westher and terrain |
ch:mtaruﬁcs- ' .

The analysis optimizes flow rates in terms of the probable area of
coverage for a typical mission in & Buropsan tactical situation (Circa 1963)}.
The analysis methodology is illustrated in Figures 20 through 23 (4 figures).
For a fixed delivery speed and agent capacity, the release line length can
be shown as & function of the flov rate used for dissemination. An example
of such & curve is shown in Figure 20 for delivering 40O gsllons of agent at
600 knots. Cloud travel can alsc be shown as a function of flow rate for a
specified agent, level) of incapacitation, and weMther condition. This effect
is shown in Figure 21 for the causative agent of Q.féver’ and :soﬁ incs:pacita-
tion level (Pyr = 0.5). An average weather condition {stable temparature
gradient) and a S-mph wind speed over open terrain were considered for thia
cass. The product of reledse line length (Figure 20) and cloud travel (Fig-
ure 21) will yleld an area of cover for any flow rate selected.

To more realistically appraise the effect of flow rate on the area of
coverage achieved, o:cher factors such as air vehicle survival and the ability
to predict meteorological conditions existing in the target area have been
considered. *

As the delivery lina length is i{ncreased, tha length of time within
enemy territory is proportionately increased and :isir vehicle survival probae

bilities will be decreased. This is illustrated in Figure 22 showing the

-51 - .
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effect of relsass line length on survival probabllity for & Eurcpesn tacti-
cal situation in the 1963 period. By including the offects of survival
probability, the probability of accurate metecrological predictions (assumed
to be 75%) and the effectiveness against possible countermeasures {assumed
to be 75%), the probabie ares of coverages can be cbtained as a function of
flow rate (see Figure 23).

It has been determined in this analysis that variations in wind speed,
terrain conditions, temperature gradient (inversicn, stable, or lapse) and
level of incapacitation do not gignificantly affect the selection of a desipgn
flow rate. 'l‘h; probabla area of coversge is increased or decreaged as varia;
tions in theas parsmeters are introduced, but the pesks in the curves ahw\
no sensitivity to these varintions (see Figure 24). This is trus of other
wind speeds and incapacitation levels also. Consequently, an "average"
meteorological conditicn (stable), an open terrain condition, & 5 mph wind,
and an incapacitation level of 50% are assumed for analysis purposes. These
valuss ore felt to be both congervative and realistic and are used th;ough-
out the study to inveatigate the effects of cpeed, agent type, and agent
capacity on design flov rate selection.

The type of agent, capacity of agent, gnd delivery speed were found to
be the most sensitive parameters and have been the object of concentrated
analysis effort. The effect of agent capacity on flow z"at.e is shown in Fig-
ure 23 . From the curves of Figure 25, it can be seen that the optimum flow
rete increases fre;n 6 gpm to 24 gpm 8s-agent capacity is increased fram 100

to 400 gallons. The effact of speed on flow rate ig similar to that of
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-agent capseity. This effect can be seen in Figure 26 where the optimmn flow

rate is approximately 15 am for a 300 knot 'delivary gpeed and 24 gpm for a
600 knot delivery speed.

The effect of agent characteristics on design flow rate can be seen by
the histogram of Figure 27 where optimum flow rates vary from 16 gpm for
the causative sgent of Q-fever to 48 grm for the causative agent of anthrax.
The characteristics of thase six agents show large variations which should

include most potential agent developments. For example: ID5°.B vary by a

factor of 800, agent concentrations vary by a factocr of 20, decsy rates

rangs from 1%/min to 5%/min, and spray efficiencies range from 10% to 45%.
Decause of these ranges, thsse six agents are felt toc be representative of
a graat many agents wh.ich will be developed and represent a large statisti-
cal sample space,

The goal of this atudy 15 to optimize flow rate of the digseminaticn
pyatem 30 ns to be adaptable for e variety of delivery vehiclea. This might
result in extreme differences in delivery speed and agent cz;pacity. If a
weapon system optimization were being conductad, the relationship between
agant capacity and range could be established and a desirable value of speed,
range, agent capacity, and flow rate could he defined., But, since the sys-
tem characteristics determined by the study must be amenabdble to a variety of
delivery conditions, an asversge of extremes will be used to select a design
value. Unususl situstions which are not characteristic of the remainder of
the sample will be eliminated. A statistical review of the results is in

Progress.
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o B. Review of Operational Aircraft
Notification was received from BWL that the Need-to-Know request had
f teen mailed to al]: menufacturers of currently operatiomal aireraft. A ques~
" tionnaire, listing desired information relative to external store capabili-
5. ties was prepared for distrivution to these ma.nufac':tumrs. Thege requests
’ha.vn been sent to the following ten companies:
1., Douglas Aircraft
2. Convair Division of General Dynamics

' 3. Norair Division, Northrup Corporation

4, Boeing Airplane Company

Chance Vought Aircraft

Aassdmd

o s
\n
.

6. Republic Aviation Corporation
7. Grumman Airceraft Engineering Corporation
8. Lockheed Aireraft Corporetion
9. McDonnel Aircraft Corporation
10. Martin Company
Response to this request hae been received from three companies, giving
information on 1l aircmft‘.
Flight handbooks for 33 of the pertinent aircraft are available in the
NAA library. Data have been compiled from thege publications concerning air-
plane performance and stores capability. This material can be used to calcu-
late mission radius, delivery speed, and to indicate in a general‘ sense the
compatibility of various types of stores with these airplanes. For more spe-
cific information on store clearance anvalcoreg, control eireuits t) the atores,
pylon copabilities, and lug spacing, the requested information from the manu-

facturer will be required,

- 60 -
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A definite requirement for agitation of the liquid sgent during the ap-
proach pha.ser of th? ﬁiasicm has not, as yet, been egtablished by the L.
If such & requirement were to be established, it would no doubt vary consi-
derably for 'various types of agents, It is, therefore, conqluded that a
reagonable solution is to provide for circulatiqu of the agent within ‘the
B store by means of the dispensing pwmp and & by-pass valvs. It is visua-
1ized that a stand-by position would be pr&vided on the pump switch which
would open the by-pass valve and er;nrgize the pump. Actuation of the switch
to the standby position at some time prior to the disseminating run would be

part of the opsrational procedure for use of tha IW store.

D. Heating and Cooling

An analysis has been made to determine the requirements for maintaining
the temperat.ure of the agent within the prescribed tam;emture limits during
the critical conditions of cruise on an "Air Force Winter Day”. For this
calculation a cruise time of 3 hours at 38,000 to 43,000 feet at a Mach num-
ber of 0.86 wvas used.

The rbsul?.s of this analysis indicate that with the agent tank insulated
with 1/2" of fibreglass insulation, the temperature of the agent will remmin
above 35°F, with the initial agent temperature of LO°F. With no Insulation
the agent temperature would be Lelow freezing. For these calculations, the
physical properties used in the calculations include theymal conductivity,
spacific heat, density, absolute viscosity, and coefficient of thermsl expan-

»

sion.
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" In ’cdd'iti.on to insulation of the tank to prevent freezing, it will be
mc;e-sary to heat the nozzle to prevent the agent frmm freezing as it is being
discharged and conaéqmntly plugging the nozzle orifices.

The heat reguired to maintain the outside surface temperature of the
nozzle assembly at SO'F while the assembly is retracted is approximately &4
watts per square inch of surface area.

Ths heating of the supply tixbing and nozzle can bs accomplished by means
of an electrofilm coating, with operation of the heaters controlled by means
of a simple thermal switch sensing outside surface temperature.

An analysis has alsc been made to determine the effscts of ram-air heats
ing on agent temperature in the tank during the critical condition of low
altitude crulse on an "Alr Force Summer Day". For this calculation a time
of 1 1/2 houre and a Mach number of 0.5 was agsumed.

Results of this analysis indicate that the 1/2" fibreglass insulation .
is gufficient to maintain the agent temperature within acceptable limits,

The temperature rise of the ngent is approximately 2°F with the insulation

as compared with approximately SO°F with no insulation.,

E. Performance Penalty

Ne effort has been expended on this subjer* during the reporting

period.

F. Effects of local Flow -

1. Engine Exhaust

A method of estimation of engine exhnust temperature profiles has

been devised. It has been found that although extensive effort has been
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giiced on the study of Jet streams exhausting into quiescent air, relatively

. 111:’516 has been done in the study of jet exhausting into moving sir. The

procedure' develcped gives results which compare favorably v;rith the limited

teat data availadle, ' '
For purposes of analyasis the engine exhaust is divided into itwo regions:

(1) the supersonic core immediately downstream of the nozzle in whieh the
axhaugt pressure ig expanding to free stream pressure; aral {(2) the region
of turbulent diffusion downstyeam of the supersonic core. Characteristics
of tha flow in these regions are then defined in temms of the exhaust Mach
number, exhaust static pressure ratio, nozzle ongie, free stream Mach number,
and distance downstream. Analyasis of the supersonic'com region is baged on
work presented in the following references:

U. 8. Navy Development Center Report

NADC-ED-540), Characteristics of Free Supersonic

Jets Bxhausting Into Quiescent Air, by A. R. Anderson

and ¥, R. Johns. °*

., NACA Report RMLSLI3L, Some studies of Axisymmetric

Free Jets Exhausting from Sonic and Supeﬁzmic Nozzles

Into 9t11l Afr and Into Supersonic Streams, by E. Love

and C. E, Crigsby

The region of turbulent diffusion is defined by the procedures given

by W. Szablewski in the NACA reports:

T 1208, The Diffusion of a Hot Air Jet in Motion

™ 1311, Contridutions to the Theory of the Spreuding of
& Free Jet Issuing from a Nozzle.

Application of this procedure is illustrated in Figure 28 for the case
of a J=-57 Jet angine installed in o vehicle travelling at 0.7 Mach number.

Isotherms are shown for temperatures down to 100°F. The rate of spreading

- (3 =
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of the exheust indicates that in any practical installation of a Bd digscemi-

nating store that same mixing of the agent with exhaust gases in the tempera-

- tura range of 100‘? will occur. This does not imply a seriocus loss of

ufrectivemas since the exposure s of very short time duratio;n and cooling
by evaporation will lower the environmental temperature,

2. Aerosol Stream

Because of the very amall mcmentwﬁ of the aerosclized agent par-

ticles, they are accelerated into the airstream direction almost immediately
upon ejection from the nozzle. In consideration of ’locati.on of B4 digseminat-
ing nozzles on an sircraft, it may be assumed, then, that in the vicinity of
the aircraft the aerosol follows the atream lines flowing éast the nozzles.

The primary {low characteristics to be considered are due to the vortex
system of the wing. This vortex system produces a downward velocity component
downgtream of the wing which is a maximum in the inboard region of the wing
and diminis'heu toward the wing tip. A trailing vortex emanates {roum the wing
tip with the core of the vortax located approximately at the 0.8 semi-span
of the wing. A

Dissemination of the agent in the downwash field will give tm_s aerosol
8 downwasd velocity of the order of 1% of the airspeed of the aireraft. This
effect may be very important in transport of the aerosol to the ground but
will be of lesger importance in separaticn of the merosol from the aircraft
structure and from the engine exhaust because of the very short time period

involved.
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If the agent is disseminated in the reglon of the truiling vortex, the

~ aerosol stresm will be more rapidly diffused, but will experience no nat down-

ward velocity.

Characteristics of the vortex system are being prepared in graphical

form for wing plan forms representative of current military aircraft.
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SR&RY AND éoNcwsxons
%my of the feeding and handling problems for dry agent disseminators
i.;i"ic:;bes that promising concepts exist in the application of screw feeders,
piston feeders and preumatic' feeding systems. _,’_,,ab'émti

When considering the use of screw fee‘dérs, the two concepts which cur-
rently appear modt pramising ore (1) the use of a very large screw, probably
of the ribbon type which is so designed tha.lt all of the ageant is originally
contained in the screw and (2) the use of & smaller screw feeder, with an
auxiliary mechanical agitation machanism to preclude dridging. The}e appears
to be no incentive to rely exclusively on gravity flow in any part of the sys-
tema, becauge the power requirements ar; small compared to that readily
&;railable lt'rc:tu a ram-air turbine generator. The piston feeding systems
appear to be most feasible for handling highly campacted sgent materiala.
The power requirements for a gystem of tliis type would agsin be well within
the limits available. The major problem is expected to be the potentially
high wall friction in a large store, which could impose excessive structural
loads on the system. To encass the compacted slug in & material of lovw fric-
tion is apparently required to.eliminnte this problem. Adequate means for
stripping off this casing during dissemination are required.

In the preumstic feeding systems, two concepts have been considered:
(1) syslems in which the entire stored agent quantity is continually mixed
with the flowing motive gas, and (2) systems where a surface entrainmeut

principle ia utilized. Of theme, the firpt ig belleved to be the most pro-

mising due teo t}*fe extremely small gus flow rute required. The use of motive

BT
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gases other than ram air heve been considered snd appear to be desirsbls,
For example the use of carbon dioxide, stored in the liquid phase would pro-
vide o controllable, inert a‘moa‘iahere , and is expected to involve a weight

penalty of only a few percent of the agent payload.

™2 Preparations have been made for deagglomeration experiments on a biow-

down wind tunnel. A specisl test section has been designed to provide close

control of Mach nunber in the high subsonic rangs above Q.70. This test

section has alightly tapered walls to permit unifo number. An ad-

Justable gsonic nozzle at the_discharge/hu en included to minimize fluce
tustions in flow. A molded pleﬁ/i; inlet nozzle is also uﬂlize;i to provide
for minimun turbulence. fl\ special high veloclty aerousol 'sampling probe has
been designed and fabricated I‘clar use in the deagglommtion exreriments.
This probe is designed for Isokinetic sampling of the stream. It 'incorpor-
ates n diffucing section t:o reduce the velocity to a level which 15 com~-
pativle with m?mbrane filters and impaction sampling devices.

A literatiure cearch has been mnde in the field of the characteristics
of finely divided materials. The classic Lreatments of intermolecular and
interparticle forcec have been reviewed. In peneral, these do not appear
to offer solutions to the m?l problems at hand because many effects, such
as contamination with adsorbed vapors, cannot be adequately hiandled. The
various experimental techniques for evaluation of the phycical characteris-
‘tics of finely divided materials have also been reviewed, including those
for messurement of such values as the angle of internal friction, the angle

of slide and the mngle of repose. Additional experiments were devisesd which

. - 6 - .
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-yield information which should be useful in considering the guitability of

a given powdered material for use in digaemination systems. One of thess in-
voives determination of the effect of compressive stress on the bulk density
of a finely divided material, the results of which bear on the questions of
volumetric bdehavior under high acceleration and the problem of filling dis-
seminators with campacted material, A gecound experiment involves determina-
tion of the force required to remove a horizontal cireular disc from a bed
of phe material. This meagurement shows that, for the cases investigated,
the required force varies approximately as the 3/2 power of the bed depth.
The force characteristic for each powder tested can be used 1o identify the
gsample. A third experiment involved the measurement of force to extract a
vertical plate from a povder bed. This experiment was sugggst'ed by a pre-
liminary theoretical analysis. The date obtained for bed of lead shot
agreed substantially with the theo;‘eticul trentment.

Progress hns been made in severul areos of work on the liquid digsemi-
nation problem. The operational analysic work associated with liguid agent
disgemination has been advanced and the effects of several paruneters have
veen explored. The mout significant parameters aftenting the cptimum flow
rate are delivery speed, agent capacity and agent characteristics.

Causntive agents were considered. The optimum flov rates indicated by
this study vary from & minimum of 1 gpm for a Q-Fever to a maximum of 48
gpm (Cor anthrax, A mview\of operational eircraft for compatibhility with
external stores has been initiasted. Questionuaire¢ have been sent to per-

tinent aircraft menutacturerc. Adaitlional information is available from
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tl_;ght' handbooks for 33 aircraft. The requirement for heating to prevent

“agent freezing has been studied. Satisfactory solutions for the nozzle heat-

ms requirement and the storage tank insulation problem have been found.
Studies of the effect of local flow have veen advanced, and a method for
analyzing the tempersture gradiants f)roduced by zngine exhaust has been de-
veloped.

Several studies are in progress which will be ceovered in the final
report. These 1‘nclude (1) an investigation of thre characteristics of non-
Newtonian fluida, (2) experiments on unconventional disseminating concepis,
including liquid and solid phase, carbon dioxide systems and ram-air erocsion
systems and {3) & study of air flow around external stores as it affects
solid agent store deaign.

The work planned for the near Tuture is discusséd in the technical por-

tion of the narratives which are submitted monthly to the Chemical Corps.
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¥ - . "APFENDIX A
- woqr s PRELIMINARY THEORETICAL STUDY OF
? z' : FORCE DISTRIBUTION IN POWDERS
! i‘ I. TMO-DIMENSIONAL ANALYSIS (Particle Analysis)
v The initial two-dimensional analysis will assume particles in the
P :
H 1; shape of unifomrm circular cylinders. ‘The axes of the particles will be
¥+ .
4 .
¢ T assumed normal to the two-dimenaional plane. The angle of rvepose, 4, ia
B
3 defined in Figure 1.
il
_' FIGURE 1
] If the size of ihe pile 15 reduced such that the ungle of inclination is
I kept constant, then, ideally, the pile size cun be reduced until only three
particles remain. Thie is shown in Figure 2.
!
| i
%
‘ |
PIGURE 2
= For circular cylinders, the angle of repose should be the relationship
A = E0°
¥or Figure 2, .3 - 60°. It gsecms reasonable fo nssume that 3 « 60° for
i non=cs reular sliapes.
)
A-1
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A. Three Particle AnalySis

.Central forces such as electrostatic forcqg, Van der Waals' forces, etc.
may exist between twn particles and between a particle and the surface. Cen-
tral forces will be assumed negligible iif two particles or a particle and
the surface are kept from contact by & third particle. In Figure 3 the sur«
face pushaes up with normal force N‘,a and attractsg particles IT ;nd III with

central force Cpt

TN -
{ [ 11I
\ v w)
. / \ . )

Mtz iy oty MMy

FIGURE 3
Summing forces in the vertical direction:
LY: 2N, -2C-3W=0 (2)
_ M
or \ Ny = Cp= 2
K1
or NQ = Cy + 2 (3)

Next, an analysis of Cylinder-I of Figure 3 is carried out: Its free-body

diagram 13 shown in Figure h,

A-2
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At 1e the coefficient of fricticn betwsen two cylindrical surfaces and i6
asgumed constant. Cq is the central force between two particles in contact.
Particle sigze, electrostatic chiarges, molsture content are some of the phe-
nomena that may affect the central force between two particles. How the
variation in central forces will affect the coefficient of friction, i,
itg not known. The vartical rérce au:mationﬁs the only one of any conse-
quence :

Yy 24 N cosB -¥ e 2(N - c,) singd -0 {(14)

A free-hody diagram of Cylinder II {s shown in Figure 5:

/U1N1 .
b Y
n ¥
v 1 L
et j‘ FIGURE 5

SN ool 228
Since particles tend to spread out when poured in a pile, the normal force

between two adjaceni particles in the same horizontal piane will be assumed

zexv. There may be, however, & central force C3 where

cy %0y (5)
STx: Cy = (¥ + €)) cosd 4ty ly v Uy N sin3 =0 (6)
LY: - (N - ¢} sin o - Ay Ny wos 3 W4 My - Gy 0 (7)
LMg: My MR - iy HR - O (8)

- Equations {(2), (b), (63, {T), (B) permit the solving of 5 unkoowns.

S5ince there are 9 variables, 4, , Ny, Wy, C, 4z, Ay, N , Cp, and Cq, uvoms
‘ IR R 2r Mar M2 3

A-3
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of thede varigbles must be considered known. The angle .G 1s readily mesg~
ured and it will be assumed that the weight W can Dbe detem‘xihed or eastimeted.
If the coefficient of friction, /ﬂtz, hetween the particle and the surface,
can be correlated with the sngle of slide, then it too may be considered
determinable, It can also be assumed that
¢, = C2 = c3.
Making these nssumptions, we can obtain expressicms for N, Ny, ;u.l

and € in®terms of the other variables:

W l-24s (1L+sin8) + (1 -34M4) cosd
Ny = o 2 2
173 Ao+ (My + 1) sind ‘ (10)
te =W Ao -sinBcos B+ 3up sind cosF - Ao sin?g - 3 sinfy
232 ['/L?_ cos 4 - aingd  Ap {1+ sin/3) + ain/.'?]

Ly = fs My '+ ainB cos 8 (3ug - 1) - 51084 (Ao + 3)
(Mo cosd - 8in/g) {l' -2y (1 + sind) + {1 - 3,4s) cos 3]

‘/“a cos ;’3 - g8in /3; {% (l + nlu_lj) + 8in

B, 8ix Particle Analysis
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PICURE O

Anlt

- N .8 2 i .
WMo - 3iin cos s - 3M, sin S ccsB + 34p sin B + 2.4, 81n"d - sindcos #
/‘3%

(13.
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Gy

FIGURE 7

Yy: 2 “) Ny cosd + 2 (&l - Cl) ain/d - W =39 (1%)

Analysis of Cylinder II:

Ny o
/u]. l/
9'0_£\.

¢

FIGURE 8

’

- [
L‘Y: - (Nl - Cl) sin.d - 4y Ny cos A - W + (N2 - C;) sin g + A Ty cos.d

+ (N3 - Cl) ain 4 + “, N3 nos B = 0 (15)

}:x: -4y Np sind + (Ng - Cl) ccs A3 - (N’l - Cl) cos 4 + 4y N 8in 3+ Cy

v My N3 sin.3 - (N3 - cl) cos 2 s 0 (16)
(IR . -
LMyt Mg MR - LgNaR ¢ M TR = C
or N - r:3 +Hy =0 (17)
»
A-5
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ZX: - (N2 - Cl) cos & + My No sind+ Cp + Mg Ny = O {18)
L¥: - (My-Cy) stnd - sy Bycosd-Wely-Ciad (19)
IMy: My NoR - 4y MR = 0
or U Ny - up W =0 (20)
Analysis of Cylinder 1V:
v
N.} C.
5% 3
FICUKE 10
T =/ - \ . - - =
Y¥: -2 (Ny = 1) 00,8 - 2; Ny cos. 88 - W + lg - C, = 0 (21)
Analvsis of all Six Cylinders
4
FIGURE 1l
2.t R ANy
2l c} , ‘cssrrs CBH N,
-G - 2N « 0 22
3 (73 + Lt N? (2z)
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There are 9 squations and 12 variables, which include &, My, W, &, C

Y
i )
i 1 Cg) Py N3: C3, Nlp Nss /“2'
a

_: - The known quantities will be sssumed to be .3, W, ,462. Becauza of the
I
i & difficulty of solving nine simultaneous non-linear algebraic equation=. fure
: I ther simplifying assumptions will probobly be necessary. The equations may ]
; be summarized thus,
g
r 1 ; g+ C; sin g ‘ (23)
g 1 A cos 4B+ sin/d -
s W+ Cy Binﬁ )
¥ a N 4 N, + N 24)
: 17727 3T o5 v sin (
‘ My - Np+ Ny = ¢y cos . Cp (25)
\ cog 3 - 44 singg :
} Hy + N, - N, = 0 (26)
4 1+ Np - Iy . )

N, - Cy cos L+ Cp (27)

co8 L3 - A, 8ing - /“'l
iy = €y sinG@ - W - C3
(°8)

VRN WA Gn BN NS MED MEel b beew  emed s e

P s

s

Ay cos 3 + sin -
pi)

These are six independent equations. The ~“uowns are Ny, N 2 NB’ Cl‘ Cos
C3, /ul, which totals 7. 1t will then be azsumed that:

€ = Cp " (29)

Omitting the detoils, one finds the tollowing relations whicii are of intexvest.

W+ € sin g LG cos,d + C; . ‘
2 (A cog,3 » sin,é) 2 (cos.d - 4 5in3) (30)

Ny =

AT
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From this analysis the angle of vepone, 5, a0 & direel men
nure of the
coelficient of friction, .%,, belweer cyllnders. Irom Fduation (31) :
N It 1a

seen th N )]
at the central force, €, between eylinders {a a function of 7 and

W. Ny, Ny, and Ny are also fonrbions o .7 and W,

'
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- ;
" . :
2 ( cos :
4y cosd + sind) (30)
coa4(cos 4 + 1) (5 sin 4 + 3),,a$(l2 - {5 cosd + 5 (ennSs - "ine'j) ‘
sins, ?
+ sin B (2 cos, 5 - 3)]/41 - 5 sin Beos 4 - 0 ( Loy
i2) B
. This is a quadratic in /4, where the coefficlents are funetio ¢ :'1
; ng of the
" asgumed known angle of repose, <5 . i
- . - ;
That is: ' :
2
a (B)u, "+ (Bl +c(B8)=0 (33)
W 33
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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
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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.
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