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ABSTRACT
4

This Secund Quarterly Progress Report covers research on dieremination
of solid and liquid BW agents. The objective tawani which thie research 1is
directed iz the development of weapon syatems for the dissemination of thasge
agents a3 a 1ine‘source from high ?eed low-flying manned and unmanned air-
eraft. )

The resu’ts of experiments on feeding of finely divided solid materials
with helical’ screws and piston devices are presented,

Experiments on dissemination and deagglomeration are described. These
include preliminary investigations of aercsol gersration by erosion and also
with a liquid carbon dioxide system. Deamgglomeration experiments in & high-
subsonic wind tunnel mre described,

Results of studies of the characteristics of finely divided materials
are given. These studiss include la literature search, theoreticeal investi-
gations and experiments. .

Aerodynamic data for wing-mounted external stores are presented. The
effects of the external guometl'.ry and the pylon design on ti:a incremental
drag coefficients®are discussed.

»
The status of design studies on a reseerch prototype of a liquid agent

disseminating store which i35 covered in a separate report is briefly outlined.
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1. INTRODUCTION

This is the Second Quarterly Progress Report on the progrem of reﬁéarch
on disgemination of solid and liquid BEW agents being conducted under Qcmtmt
Noo DA-18~064-CML-274%5. The research work is directed tovard the development
of external airborne disseminating stores for use on low altitude delivery ve-
hicles, operating i{n the speed range of 0.70 to 0.90 Mach Ntm'ber;

8ince both solid and li@d agents are congidered in the scope of this
project, the subjects discussed in this report cover a vide range of technical
fields. In presenting the progress in esch of these areas, we have tried to
shaw the relationship of the individual areas to the total project.

The major fields of study during this querter include faeding and hand-
ling of finely divided dry materials, dissemination and deagglomeration,
characteristics of rinely divided aclids, and aserodynamic charncteristics of
external sireraft stores.

The proéress on the degign studies on a reoea.rcf: prototype of a liquid
agent disseminating store is very briefly gummarized. This part of the work

is covered in deiail in o separate report..l‘l

T.1 Horth American Aviation, Inc., Report No. NA-60-1403 Submitted to
General Mills, Inc., November 15, 1960 (SECRET)
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2.  EXPERIMENTS ON FEEDING nm‘r POWDERS

2.1 Experimante with Scijew Fasdars

The .passibility of employing screv reeding.systems in the design of
external ator.es for dissemination of sclid BW dgents was discussed in ocur
Tirst progress report..a‘l'l Two 1llustrative configurations were described,
one employing & large helical screw which occupied the full diameter and
iength of the sgent storage cha.n’oer, so that the problem of feeding material
to the acrcwlvas eliminated; the other employing a a;na.ll screw feader at the
bottom of the agent chamber, with a system of rotating rods to prevent bridg-
ing of the material. ¢

The experiments wvhich are described herein vers made to explo;v the
characteristica of the first configuration: the large screw which receives
no additional particulate x;utaritl after it has besn 1nitially filled, Two
potentiml probdems mentionsd in Keference 2.1.1 were (1) the possiblity that
the particulete' material in the screw might rotate with the screv as a solid
slug, because the friction at the w‘all of the enclosing cylinder was not
great enough to cause relative motion between the mgent and the screw, and
(2) the poaaibilit& that & omall clearance between the screw and the well
might be required for efficient operation, and that this restriction on
clearance might cause aeriouﬁ problems in the design and manufacture of a

flexible structure of this type.

2.1,1 General Mills, Inc., Report No. 2125 "Dissemination of Solid and
Liquid B¥ Agents" (Unclassified Title) October 13, 1960, (SECRET)
p. 9 .
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As a result of the seriesyof experiments described below, it appcaré o =7 .

that neither of these potential px‘-oblems are serious. The particulats mater- ~

{al did not rotate as a solid slug in any of the cases investigated. Experi-

mente vith relatively small and large cleamnc;s showed that there was no

i [ serious effect of the large clearance.

Felid I 4 Wit h S SNTRARARON N - "
' i
N
)
-
-
W o ok 0

2.1.1 Description of Apparatus

it

The screw feeding apparatus used in these experiments 15 shown in Fig-
ure 2.1.1. Two screw configurations vere used. The first was a helical screw
o with a solid center section, and the second was a helical "ribbon type' screw
1 with sn open center section. Both of these screws were Li mm in dismeter and :
| 230 mm long with a pitch of 51 mm. The diameter of the solid central shaft
aE of the first screw wad 22 mm, and the width of the ribbon on the screw with
the open center section was 11l mm. '
The cleavance between the screv and the inner surface of the cylindri-
cal lucite encl{osum vas 3.5 mm. A special glass sleeve was also made which
had an internal diemeter of 46 mm, leaving only 1 mm clearance around the
gerew when it was inserted into the lucite cylinder. This arrangement made
it posaidle to inveatigats the effects of a substentisl change in clearance
with a minimum of aluemtiogx of the apparatus,
. The discharge end of the apparatus was open except for a narrow spider
! to support the e,nd bearing. Tho diameter of this opening was equal to the ~

intearnal diamster of the lucite cylinder. %he feeding hopper which is shown

in Figure 2.1.1 vaa cnly used during the process of injtially rilling the o
= Zcrew. The experiments were all started with particulate materianl only in

the cylindrical part of the apparatus, and no material was added.

Lo

/
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2,1.2 Genaral Prdeedure
In this series of experiments the cylindrical section of the appiratus
was [illed with a mensured mess of the selected particulats material. This

wug done by temporarily sealing off the discharge end and rotating the screw

by hand, A small electric vibrator was held in contact with the center . K
.,han'. to improve the distribution in the screw.

After the discharge had been opened, the procedure was’to collect and
waigh the quantity of materisl diechsrgad for a recorded angular rotation of
the shaft. A knife dlade was used to remove ma‘terial protruding beyond the
ver:ical plane of the discharge opening.

The early experiments were made by weighing the material discharged
after every revolution, and the resulting data showed'a nearly lineer decline
in quantity discharged per revolution as a function of the total revolutions
from the start. However, further measurements of the discharge per half re-
volution revealed a considerable variation in discharge rate between these
smaller rotational increments. The technique cf measuring dischargs svery

half revolution was therefore uged throughout the seriés of experiments.

- 2,1.3 Experiments with SM Simulant

A series of experiments on the feeding characteristics of the above
degcribed acrevw conlﬁ'gumtiona vere made using SM simulant. These measure-
ments were made with the feeding apparatus in & controlled humidity chamber. o
The effect of humidity on the characteristics of the helical screw with the
s011d center section vas avaluated at relat{ve humidity values of 5, 15 and’ (-
5¢ percent. The SM was placed in an open flat container in the controlled
humidity chamber approximately 16 houra before each experiment was started,

DECLASSIFIED IN FULL
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The material discharge rate (gu/l/2 revoluticn) waa uasmd‘qs & mnc- -
tion of the total revolutions from the starting position. Each case Was
repeated three times, to explore the reproducibility of the proce;f.

The results of these experiments are summarized in Figwhes 2.1.2, 2.1.3
snd 2.1,4, Pertinent 1nformation‘on the conditione of the test are given on
each graph. All of these tests vere corducted with semples or’_?sm taken from
the lot degignated as GBL-A-341655k, vwhich is the number of the Goverrment
Bill of Lading identifying the shipments received from Fort Detrick. The par-
ticle size analyses performed an these semples are discussed in Section L.k
of this report. '

The experiments covered by Figures 2.1.2 through 2.1.h were made with
the glass alseve (described in Section 2.1.1) i:n place, so that the clearance
between the screw and the anclos\,me was 1.0 mn

Examination of Figure 2,1.2 shovs that (at 50% RH) the discharge rate
de'cruses as a function of the total revoluticns from start, and approsched
zero at about 10 revolutions, In these experiments, approximately 95 percent
of the material griginally loaded into the screw was discharged. The fact
that this high petcentage of the original material was reliably discharged
by turning the screv through ten revoiutio'ns suggests that this feeding tech-
nique deserves conasideration.

In order to provide a constant feed rate versus time, the rotational
speed of the screw could be progrurmed tc compeneate for the natural charac-
teristic. The high rate of discharge in the firat half-revolution is a re-

suit of the geometry-of the end of the screw. It appearc that this could be
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Figure 2.1.2 Delivery lharac....sties of Cloced-Center Helical Screw,
Fllled with S at 50% Atmospheric Relative umldity
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‘modified if a more nearly linear characteristic was desired. The graph shous

considerable fluctuastion in the feed rate, particularly towards the end of
the process. 1If this device were employed in a disseminating store, it
appears that tpe final metering an& deagglomeration compartment would have
to be capable af smoothing out this aurging tendency.

Figure 2.1.3 shows the performance of this device when the relative hu-
nidity in the chamber vas reduced to 154, The results are very similax, with
the exception that small qluantitias of material were being delivered after
12 revolutions in contmgt to the process in Figu.re. 2.1.2 which was complete
in 10 -revoluticms. In the experimgnta of Figure 2,1.3, approximately 94 per-
cent of the original materisl was discharged. .

Figure 2.1.4 gives similar information for experiments conducted at 5
percent relative humidity. Rather important changes vere observed in this
iaae. The material appeared to be highly cherged, and adhered to ths metal
rotor, The total quantity of material discharged varicd considersbly. The
percentags of the material which was discharged in Runs 1, 2 and 3, wvere
respectively, 79, 9% and 91 percent., These numbers are lower than the pre-
viously daécribed cases, due to residual material adhering to the screw. It
should be mentioned, however, 'cha.t a substantial fraction of the residual
material was located on the ra.thn'r laxge center shaft. This effect might de
insignificant for a ritbon-type screw.

The characteristics of the ribbon-type screw with an open center sec-

tion are shown in Figure 2.1.5, The resulta are quite similar to those

discussed previcusly. However, it should be noted that the numerical values
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“of the discharge rate are substantially higher than for the solid-center screw,

reflecting the increase {(about 25%) in totel capacity for particulate material.

The performance was better in every respect, and 35 to 99 percent of the ma-

terial was discharged in 13 to 13.5 revolutions.

2.1.4 Experiments with Tale

Several measurements of the performance of these screw feeders vere
made with Sierra Mistron #18 talc. The results are very simtlar to the re-
sults presented above for SM, and are therefore not shown in detail.

In these experimints with talc, ve also investigated the effect of
additional clearance arcund the screw. With the glass slseve removnd from
‘the apparatus, the clearance was increased to 3.5 mm. The main effect of
this change was to increase the residual uteriil. The friction betwesn the
particles and the wall vas sufficient to stop the material in the lower parts
of the clearance spsce from being advanced by the screw. This configuration
delivered approximately 80 parcent of the material originslly placed in the
apparatus, This reduction ir delivery is rather subctantial, but should be
considered in light of the fact that the clearance was 16 percent of ths
radius of the screw. It does not appear that there would be any incentive

to deaign a feeding system with a clearsnce of this megnitude.

2.1.5 Summary
These experiments with the ribbon-type and closed-center screw configu-
rations show that, for the rather limited cases investigated, the device

reliably delivers a high percentage of its contained particulate material.
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This was accomplished in 10 %o 13.5 revolutions from the starting positicm.
o tendency o lock or 'b:{nd vas observed.

When the device was £1119d with 8K which had besn stored in a controlled
atmosphere at 5% relative humidity for 16 hours, some effects of electrostatic
charging were noted. In this case some material adhered tc the surfaces of
t;m gcrev.,

The delivery of the device fluctuates somevhat within each revolution,
3o that it appears same "smoothing" would be required in a final metering
section of a disseminator ulsing this principle. It has been noted that vhen
the avérage discharge per revolution is plotted, a relatively smooth curve
ig obtained. \

If a device of this type wag required to provide a nearly constant

delivery-versus time, apeed prograaming would be required.
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2.2  Experiment on Piston Feeding

To f‘uru;er explore the feasibility of using a simple piston es a feed~
ing device in a BW disseminating store, a gerievs of laboratory measurements
on the forces in such systems have been initiated. During the reporting per-
iod one such experiment was made which determined the force required to
translste a piston in s horizontal cylinder, thereby discharging the con-
tained particulate material.

A description of the apparstus for this experiment appears in our last
2.2.1

Progress report. It consisted of a piston in the form of a thin Teflon
disc, 38 mm in diametes and a lucite cylinder. The force was applied with a
campression type spring scale which had been carefuily calibrated. The appa-
ratus was rilled with Sierra Miastron No. 18 talc, the characteristics of
which are given in Section 4.4 of this report, The atmospheric relative hu-
midity during the experiment was 20 percent. The results presented in
Figure 2.2.1 give the piston force and the mass of material delivered as a
function of the linear diaplacement of the piston.

It can be seen from Figure 2.2.1 that the required force was constant
over approximately cone-helf of the distance and then diminishad, indicating
reduced fr'iction betwean tho‘cylinder wall and the remaining particulate
material., The magnitude of thé maximum force was approximately 6 x 107 dynes,
which corresponds to a very small pressure. Note that the length-to-diameter

ratio‘of this device is approximately 4.7 which 1s comparsble to & realistic

maximum for a cylindrical section in an actusl store.

2.2.1 General Mills, Inc, Report No. 2125, "Dissemination of Solid and
Liqu:a B4 Agents” (Unclassified Title) October 13, 1960, SECRET,
Po. b2, 43
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3,  DISSEMINATION AND DEAGGLOMERATION EXPERIMENTS

3.1 Investigations of Brosion as a Method of Dissemination of Finely Divided

Materials. ,

1t has been observed many times that a 1iquid or gas stream impinging
on, or flowing over, the surface of a packed bed of finely divided material
will carry w:ltk} it some of the materiaml which ie removed by erogion. 8ince
the delivery vehicles considered in this B diusqumﬂon. study will cperate
at velocities approaching sonic speed, the possibility of employing high ve-
locity air streams to dicscminate the solid DW agesnts by erosion deserves
.considhration.

A prelimiim.y expesizental evaluabion of this technique has been made,
in which the erosion rates were determined for nodels formed by compacting
gamples of finely ground flour and talc. The general conclusion from these
experiments was that high velocity eiy atresms will erocde such materisls at
significantly high rates, but that the proceass is strongly dependent on the
configuration and the packing procedurw, a@ vill be discussed in same detail
in the following.

3.1.1 Initial Experiment

An initial erosion experiment was made with a model formed by compact-

ing flour in a tube, with a metal 1;xsert in the center to form & channel for

alr flow. This model is d¢ketched below.

Compacted Powder

Direction of .

Alr Flow

. \\_.-Tube Well (I.D. « 38 mm)
Air Flow Channel (3.2 om Diameter)

-17-- DECLASSIFIED IN FULL
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The model wag attached to a system which permitted mevering of the mtq '

of air flow from the vampressed air cylinder, through the ervsion model, as

sketched below.

4

Erosicn Model

Manual Valve ’@ -
‘Pressure Cage \— Flat Plate Orifice

Connection to

Compressed Air Cylinder "< Manameter

- Y

''he model was formed by compacting flour in the cylinder with a pres-

sure of 1.5 atmospheres. The aversge mags flow rate of the flour was deter-
mined by weighing the model at time intervals of uwpproximately 10 seconds.
The air velocity through the system was maintainad at sonic velgcit.y through~
out each erosion period.

The results of this initial experiment are shown in Figure 3.1.1.°
During the first 30 seconds the discharge of flour was intemittent. Then,
.cont.lnuous dissemiiation was observed. ‘The appearance of the model after

105 seconds of exposure was as sketched below.

—— ez )
Mr Flow WtssrrrrsdVY)
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During the next 10 seconds, the form of the inlet was broken down and the mass
flow rate of air increased sharply. This increased air flow caused very high

erosion, und after 115 seconds the model was as 1llustrated below,

]

D';i.recti.on of l <& w
Air Flow /N 2777

N

In an attempt to eliminate this sudder increase in flow caused by the
inlet bresking down, the aubslqtfent experiments, which were conducted with
Sierra Mistron No. 18 tale, were conducted using a steel inlet section i{n
the moé:cl, a8 digcussad in Seetion 3.1.2.

3.1.2 Erosion Experiments With Tale

The model of revised design ia illustrated below:

ST /777
B0

Alr Flow

N\—Compacted Tale

' Juminum Inlet Section
(4.75 mm 1.D.) .
Two experiments wvare made with this configuration. The tale was compacted

under a pressure of 1.5 otmoaspheres. The alr pressure upstream of the model

vas maintainad constant at 1.4 atmospheres absolute, with a mass flow rate

{air) of 6 d/sec,

. . .
Figure 3.1.2 shows typical photographs of the sercgol stresms produced

in these experiments,
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The results for the riret experiment with talc are given in Figure 3.173‘.
It can be seen that the serosol was discharged continuously, btut with consi-
derable variatfon in mags flow rate. The appearance of this model, as a func-

tion of time is illustmmted in the sketches below.

Elapsed Tims = 10 Sec.

17 Sec.

25 Sec.

35 Bec.

hs 5ec.

The paak in Flgure 3.1.3 at about 22 seconds is believed to be associa-

»
ted with the faet that the cavily reached the wall and the entire front
[

section was diacharged in a short pariud.
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The results of the secondy experiment with talc are given in Figure 3.1.h.
All measured conditicns for this last were equal to those of the first experi-
rent. {Figure 3.1.3) The appearance of, the model as a function of time is

.tllust.ra..ted in-the sketches below.

Elapsed Time = 5 Sec.

Se————

10 Sec.

15 Sec.

25 Sac.

35 Bec.
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In this cese, the rise in erosion rate near the 25 second mark vas not =
ng proncunced 88 in the first case. The variation between Figure 3.1.3 and

3.1.4 illustrates the fact that, with the techniques amploysd, this process

is not a clogely controllable one, 1

It is interesting to note that the most pronounced variations in powdsr
Iflow rate occur while the volume just downstream of the inlet orifice is be-
ing clesaned out. After the cylindrical cavity is formed and the primary
effect of further erosion 1s to ircrease the length of this cavity, the pro-
cegs is much more prediciable.

Although these ercsion experiments were quite rudimentary, they indicete
that the erosion process is quite sensitive to geometrical configuration. It
appears that a dissemination system of this type would be restricted to spe~
cific preparation procedures, and probably does not offer the flexibility

desired in the solid agentsdigsenination gystem under study.

»
-
* ! [
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3.2 - Experiments on the Uss of Carbon Dioxids to Disperse Finely Divided
Solids

Preliminary expariments have been conducted to explore the rossf{bili-
ty of using liquid carbon dioxide as a carrier for solid B4 agents. Carbon
dioxide is generally considered to be compitible with viable agents (in the
absence of water) and could also supply the energy required for feeding the
material.

In these experiments samples.of finely ground flour (7-9 microns MMD)
were placed in carbon dicxide cylinders before adding the liquid. The ob-
Jective vas to explore the range of sclids concentration which could be
satisfactorily discharged from the cylindsr.

The cylinders used {n this work had & nominal iiquid capacity of 5
pounds, and were fitted with an internal standpipe so that the 1iquid s
discharged by the vapor presgsure of the gas in the top of the cylinder.

A range of solids concentrations from 1/20 to 1/2 (solids/liquid mass)
wvere explored. It was found that the highest concentration for which es-
sentially all of the flour was removed (vhen the tank was discharged) was
1 part solias in b4 parts liquid‘by veight,

Microscopic {nspection of samples collected on slides by impaction
indicated that ‘this process also deagglomerated the material quite well,
The additional deagglomerating forces available in the glipatream of a high
spmed delivery vehfcle would alsc be available to improve this process,

The potential advantage of a system of this type are (1) no external
power 15 required for fecding the naterial ; (2) the carbon Aioxide may as-

sist in the deagglomeration process, and (3) the system appears to be simple.
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liowever, there are scme very large velght penalties associated with the -

presence of the large quantity of inert liquid snd the requirement for a

 §
pressure vessel capable of withstanding the vapor pressure of 60 or 70 atmos~

RO

pheres.

Purther work on this concept has not been ¢onducted due to these probe

lems.

ugl
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3.3 ligh Velocity Sampling Probe Tests

In connection with the expe?imenta on deagglomeration by slipstream
energy, a high velocity aerosol sampling probe has been designed and rabrie
cated, as previously mported.3'3'l This probe 1is designed to provide
isokinetic sempling in the test section of the high subsonic blow-down
wind tunnel and to decelerate the aercsol to a low velocity cu;pa.tible
with conventional sampling techniques such as membrane filtera, impactors
and {impingers. .

Befdre using this prode in the deagglomeration experiments, it was
desirable ‘to study 1its MrﬁMic characteristics. Therafore, performance
tests were conducted in & 22 x 22 inch subsonic wind tunnel, located at the
¥iuldyne Engincering Corporation, Minnespolis.

Four static precaure taps (opsn to the inside of the probe) wers in-
stalled along the length of the probe at the following distances from the
inlets

No. 1 « 1 inch
No. 2 « 4 inches
No. 3 « 10 inches
No. 4 - 18 inches
Thaae'pru-ure measurements together with the vind tunnel stegnation and

static preasure measurements provided the ncccbury data for cslculations

of the, recovery pressure ratio and tha diffuser efficiency.

337 Teneral Mills Report No., 2125, "Disseminatioh of Solid and Liquiad
B Agents" (Unclassified Title) October 13, 1960, SECHKET, p. 27T.
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£ . ) By using & vane-type vacuum pump downstream from the probe, the mass

—

St

{low rates were controlled above and below 1sokinetic inlet conditions at

free ctream Mach mumbers 0.5, 0.6, 0.7, end 0.8. The pump flow rate vas

R IL

fr e

calibrated against the inlet stagnation pressure in such & way that a pre-

determined mass flow rate was cbtained by setting a throttling valve upotream

P
.

i from the pump. »
r ot ' For the present application, it is intended that the probe will be
- 'z L mounted with zero angle of attack, However, to gat a more complete under-
f ;' standing of its chamte.riaticu , it was felt recessary that an investiga-
b tion of the effect of variable angle of attack be made at one Mach muber.
An angle of 5° at Mach number 0.5 was chosen for tbﬁ purpose .
Figure 3.3.1 shows the diffuser pressure ratio, p/pos, plotted againat
the mass flov rate ratio w/w* defined as follows:
p'= static pren‘:g at the different locations in the diffuser
Po, = stagnation pressure of the tunnel free streanm
\ ¥ = mass flow rate in the diffuger

w¥* = maximum mass flow rate in diffuser {i.e., choked throat
reondition - 0.945 lb/min)

i Since the data at Station 3 vere nearly identical with those at Station },
' i they were omitted, ' ' =

P Due to & choked flow condition at w/w* = 1, the curves drop sharply

at this point.

At Btation k, the velocity is ou Lhe order of 10 feet/sec and the
L ]
C i static and stegnation pressures are essantially tdentical. Thus, the curve

through these data points represents the stagnation pressure recovery and

.
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provides & good indication af the pressure losses due to separation and

skin friction. The curve shows that the recovery pressure data are in good .

agreement for congtant mass flow'rates, vith the exception of the data at
Mach numders 0.5 and o'.,B with angles of attack of 5° and 0° respectively.
This seems tc indicate that there was no severe separation at the inlet
for these runs even though the flow rates were above and below the isckin-
etic inlet conditions. The very slight downward deviation of those valuea
mentioned may be caused by inlet losses. However, they. are small and it
1s velieved that they wild not be detrimental to the sampler operation.
Since the pressure losses are the same for varicus stream Mach numbers at

constant mass flow rates, it is felt that the 1088 is primarily due to

’

skin frietion.

The aiffuser uentropi: efficiency is shown as & function of the mass

flow rate parsmeter in Fignre 3.3.2. The tem is commonly used and is de-

fined as followa:

. {hy = he)
nd..h_“:___ht*_‘s_i

vwhere h = static enthalpy
subseripts:
1 » isentropic cage
4 » diffuser station number
t = tunnel stream
It 1s possible to rewrite t.l'u aquatioh in & more usable form by sising wel)

known thermodynamte relationships between energy, temperature and pressure.
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D = static pressure
¥ = ratio of speci‘fic heat values
Mt = tunnel Mach number

At isokinetic inlet conditions for all the free streem Mech numbers

te.stcd, the efficiency is nearly the sa:n'e, approximately 77 percent. Ace

cording to A, . 8hap1ro3'3'2 efficiencies of 75 percent are most common

in wind tunnel diffuser applications which are comparable to the sampling

probve.

The tests at Hach mumber 0.5 at 5° angle of atteck produced interest-

ing results. At v/w* » 0,664, substantially below the isokinetic condition,

the efficiency apparentfy is not affected by the angle of attack. However,
»

a rather sharp decrease sppears to take place at o scmewhat higher mass

flow rate, indicating the alight effects of undesirable inlet conditions.

From Figures 3.3.1 and 3.3.2, it appears that the diffuser csn be

. '
operated satisfactorily at stream Mach numbers up to 0.85. Alsc, sn axcu-
]

rately calitrated vacuum pump is necessary for successful sampling.

3.3.2

e —

Shapiro, A. K. The Dynamics and Themodynamics of Canpressible
Fluid Flow, the Ronald Press Co., New, York, 1: 152, (1953).

.
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3.4 Deagglomeration Exveriments

Preliminary deagglomeration experiments have been made, utilizing the '»

high subsonic blow-down wind tunnel described in our previous technical
report.3-4.1
3.4.1 Apparatus

In these experiments a piston-type feeding device was used to dis-
charge the pample of finely divided material into the test section of the

wind tunnel. Figure 3.4.1 shows a cross-section of this davice. The pow~

der chamber 13 0.80 cm in diameter and 2.5 cm in langth, with a volune of
1.28 3, Operation of the releass handle opens the slider valve and re-
leases the compressed driving spring to pemit discharge of the powder
sample. The piston travels until its lower surface is flusﬁ with the {n- .
side surface of the wind tunne‘l well. The actuating spring is inter-
chmgeaﬁle to pemit'variation of the discharge rate. |

Tha feeding device is mounted on top of the wind tunnel, 12.4 cm
downstream from the inlet noztle, as shown in Figure 3.%.2,
3.4.2 Preliminary Exveriments

The preliminary experiments diocussed herein were performed before
the iﬂ.gh velocity sampling probe discussed in Section 3.3 was ready for

use. The aeroscl cloud from the wind tunnel was discharged directly into ™~

the laboratory. Glass microscope slides were mounted on a panel perpsndi-

cular to the high velocity Jet, 2.4 meters downstrcam of the tuntiel exit. __4
)

Samples were collected on ihesc nmicroscope alides by impaction. This pro-

cedure creates a bias toward the larger particles, due ta the tendency for ;

3:4.1 GCeneral Mills Report No. 2125, “Digremination of Solid and Liquid B
Agents” (Unclassified Title) October 13, 1960, SECRET, p. 21.
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the smaller partioles to follow the streamiines., Therefore, the experiments

i » gave cnly an indication of the size of the larger agglomerates which were
' .
Y

p::enent in the aerosol stream.

z . , Samples of talce and finely ground flour were disseminated in these
L]

C0] T LA ST g P AT w2 o A S T | B U SRRSO KT L R e,

experiments. The tunnel Mach mumber was 0.60 for the tale and 0.60 and

: e . 0.80 for the flour.
i The mechanical operation of the disseminating device was found to be

satisfactory. After releasing the piston, the powder appeared in the jet,

downstresam frmlthe tunnel !a'a confined cloud.
I Tvo methods were employed to chtain estimates of the agglomeration
- SR of the powders before the wind tunnel experiments. These were {1) nicros-
cope observation of a sample of the bulk material and (2) analysis of the
particle size distribution by the Whitdby centrifuge technique as described
in Section 4.4, Figure 3.4.3 is a microphotograph (600X) of the flour be-
fore dissemination, showing large agglomerates. The talec, which is trang-
lucent and therefore Aifficult to photograph, did not appear to de
agglomerated. However, the centrifugs results tabulated below indicate

1

that both powders were not significantly agglomersted after being prepared

[
{ i for size analysis and centrifuged, since they were in the size range speci-

‘ fled by the scurce of supply. An explanation for the diffsrence between
t ‘ ]
H the flour ?hotograph and the centrifuge results may be that.the primary |
particles gre held together veakly by moisture, and are broken apart in _

the procesa of dispersion for dentrifuge analysis.
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Material MMD GSb 8ize Range

Talc 2.3 microns 1.8% SU% from 1 to 15 microns

Flour §.55 microns 1.67 70% from 5 to 20 microns

yFlaure 3.0.4 18 & ?xicrophotoguph of the flour after dissemination.

Many of the particles are in the 3-to-5 micron rangs and aggamerates are
also present which are approximately 1C to 15 microns in aize. Since the
microscope field of view is quite limited, the photographs do not reveal
the fact that there were also &8 few very large agglomerates approximately
500 microns in size. trheu‘l?.rge agglome rates vere present to a much smaller
degree in the serosols produced when the Mac'h sumber vas 0.80 than in the
cases vhere the Mach number was 0.60.

. These results, which are very prelim'inary, indicate that this dissemi-
nation device does not cause stroug agglomerations during the ejection of
these powders which cannot, in most cases, be broken up by the high sub-
aonic air stream,

One important aspect of dissemination which can be studied with this
modal is diffusion of powders in & high velocity jet. It is believed that
to efficiently dngglaur;tc powderé it is necessary to acceleyate them at
B high rate in the air stream and to eliminate areas of very high concen-
tration. Since theie is & low velocity boundary layer along the tunnel
wvall, it .u desirable to get the powder into the center of the stream vhere
maximon a¢celeration can be achieved. Also, under such a condition thers
¥i1l te a minimum amount of powder collcqting on the tunnel valls whiéh

may agglcmerate and leave the tunuel in relatively large pieces.
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Oboservations of the wind tunnel after thess preliminary runs indi-
cated that the main aerosol jet followed the upper tunnel wall. In the
case of the talc tests there vas only a small amount which' asdhered to the
vall. On the contrary, in sach of the flour runs a considerable amount of
the material was collected on the wall extending back to the tunnel exit.
It 1s belisved that this dercsol flow condition was the result of a rela-
tively low injection velocity. The necessity of sampling at different
positione across the wind tunnel vwith the high velocity sampling probe in
future tests is borne out. by these tests.

In the use of an injection type model such as described here, two
factors determine the penetration of the povder into the air stream: the
injection velocity and the turbulent diffusion of the strewam. Both of
these paramesters will be investigated in the subsequent studies.

Future studies will be carried out with talc, flour, and 5M to deter-
mine the effacts of the following factors:

(1) atr stream Mach number

(2) injection velocity

(3) agglomeration and powder cumpaction

(4) air stream tur‘ou-lcpce

The aerosol will be sampled by using the high veloeity sampling probe
and 76 nm dia., type AA, Millipore filters which have aun 0.8 micron pore
size. The particle diptridbution will be determined before and after each
Tun by the microscopic and Whitby Centrifuge anslyses.
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b, ' INVESTIOATIONS OF THE CHARACTERISTICS OF FINELY DIVIDED MATERIALS

4,1 Literature Search

As a result of the literaturs search on the properties of finely
divided materials, several papers have been reviawed which contiribute to
the total understanding of the factors influencing behavior of bulk pow~
ders. These papers deal primerily with specific surface area msagurements
and the relstion of size distribution to plasticity, dilatancy and force
tmnﬁission in bulk powder.

L.1.1 3pecific Surface Area

The specific surface area differs widely for powders of various chemi-

cal and physical types, Cas adsorption, air-permeability and microscopy
methods have been uged to determine values of the specific surface area of
,samples. For particles below § microns in diameter, the air-permeability
method gives lower values than does microscopy or gas adsorption. The

agreement betwasn each method depends upon the size and other characteris-

tics of the powder; also, the results from each method depend on m difrerent

characteristic of the pawder,

D. H. Mathewsh'l'l compared the specific ourface areas of ninsteen
fine powders by: (a) sdsorption of nitrogen at 77°K and (b) aireparmeabi-
iity ﬁethod. descridbed by mgd..nlf'l'e By method (aj. the specific area mea-
sured wvas larger. Mathews suggeated that the discrepancy between the two
nethods of measurement may be due in part to the existence of an intermal

surface in saue powders vhich vere not measured by the air-permeability

method.
4.1.1 Mathews, D. H. Journal Appl. Chem. 1, Nav. 1957

b.1.2 Rigden, P. J..Journal Soc. Chem. Ind. 6§: 130, 1947
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Car}:wright , Wheatley and Singl"l'3 determined the specifié surface

area of different samples of silica and glass spheres in the size ran-
ges 1-12 microns by: (a) gas-adsorption, (b) air-permeebility and (c)
microscopy. They established an smpirical relationship between the dia-
meter caelculated from microscopic measurements of volume and the diameter
calculated from the specific surface by gas-adsorption. The relationship
vas shown to apply to all samples tested except unetched quartz.

A ntudy of how the surface area depends on the‘ conditiong of drying
and steoring of precipitated alumina was made by larris and Sinc.h‘l’h Cone
aiderable variation in surface area was found. This study of the literature
rlveglc the impcrtance of surface arsa as A characteristic of powder; and
measurementa by the various methods indicate the existence of & large {n-

ternal surface area in many powders,

4.2,2 Relation of Size Distribution to Plasticity, Dilatancy and Force
Transmission in Bulk Powder,

Car;. I.!.umrj.gl“l'5 stated that the most important property of loose
bulke, insofer as agglomeration is concerned, are particle size distribution
and plasticity. He noted that uniform size particles are not the optimum
for agglomeration. Clusters of unifoim size particles are easily separated

slong symmetrical planes and resist movement along non-symmetrical packings
of mndom'assembly. )

5.1.3 Cartwrignt, J., K. Wheatley, and K. 8. W. Sing. J. Appl. Chen. 8,
April 1958

h.1.4 Harris, M. R., X. S. W. Sing. J. Appl. Chem, I: 397, 1957
4.1.5 Ludwig, Carl. Chem. Eng., 156, Jan. 1954
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Ludwig {1lustrated how a cluster having a predominance of one size
forms & truss-like structure in compression and resists compreasive flowv.
Conversely, a random assembly df particles varying in sizs is plastig and

can be molded or compressed.

X T

1" i -‘A ) '///,/’ "’aéb
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Unifcrm Particle
81ze Distribution

Brown and navknleyu'l'é studied the mechanism of the flow of particles

_Random Particle Size,
Non-Symmetrical Pack

in two-dimensional beds. Their study of the literature revealed that dila-
tancy is sn important factor in the flow of granular materials. A dilatant
material 1s one which incresses in voluic vhen the shape is changed, due to
vider spacing of the particies. Dilatancy was found to apply to any stable
regular ox 1rfegtuur packing of graied or ungreded particles of any size.
Photographn of their two-dimensional model coneisting of & single layer aof
ball bearings vere scrutinized and conclusions drawn., One important con-
clusion was that inhomogeneity in a bed under deformation ia caused by
movement of groups of particlés. Dilataney may be unnoticeable in loose
packings, since large reductions in volume may result from collapse of the

particle structure,

4,1.6 Brown, R. L., and P. G, W. llawksley, "Fuel in Bcience and Practice,
£ 261 159-73, 1947 :
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]' W, Meadh'l"{ describes several of Osborne Reynold's experiments which
1 illustrste dilatancy. One eftample i1s deacribed as follows: a rubber bal-
| -loon is filled with sand, shaken, and enocugh water is added to just £{11
the voids_. When the balloon is deformed, dilatancy increases the void vole
ume sc that more water is required to f1ll all the voids.

Jenkinb"l'a tried rypeatedly to measure the “"coefficient of friction"

.

of granular matcrial to confirm theories on sarth pressure. 'fis failure

to obtain reproducible resulis led to a study of the influence of dilatancy

i on force transmission in packed beds. Although this vork was not compre-

hensive, &t provides a background for further study of the problem.

b An ahalysis of force transmission has been made on the current pro-

Jeet which 13 presented in Section 4,2 which follows.

4.1.7 Mead, W. J., Journal of Geology 33: 685, 1925

4,1.8 ¢. F. Jenkin, "Pressure Exertod by o Granular Material: An Appli-
cation of the Principle of Dilatancy” Proa. Roy. Soc., A, 1931.
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h.2  Theoretical Investigations

'An analysis has becn made of static load transmission in particulate -
puckings vhich reveals several possibilities for future research on the pro-
peérties of finely divided materials. This analysis is presented below.

No general theory of load transmission or stress distribution in granu-
lar packir;ss 18 available sty the present time. Ctmaaquantly, an effort is
being made to develop a theomi':ical bagis for studying thu ttress-yleld
charagteristics of particle beds. These charmcteristics are expected to
have an important bearing on the haruilins p;'opcruca and characterization
teats for various dry agent materials.

In examining the characteristics of particulste packings, it appears
that o distinction must be drawn hetween salid, auséntially elastic particles
such as sand, glass beads, metal shot, etc., and porous campressible ma-
terials such as biological materials, flour, cornstarch, ete. In the former
case, the concept of dilatafion may hold the key to load transmigsion within
the bed. A.ample and iuteresting axsaple of the role played. by Allstancy
is given below for a hexagonal pecking. In ganenl, random peckings are
fourd to be statically indsterminate so that scme knowledge of tho streas-
strain or conpnuibility characterigtics of the material is rcquirad in
ordsr to detamine the load distribution in the bed. For beds composed of
80114 elastic elements (glass beads, ahot,etc )} an annlysis vased on the
elastic propcrtias of aggregates of the pu'ticlen should ensvls a specifi-
cation of the stress disctridution in the bed, Certain restrictions on the

stress distridution must be cbeserved, hovever, such as limits in permicsable

tensile stresses, |
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It appears likely that en esgentially’ different aprroach may be re-
quiredl for compressible materials since thé yield stresses are probably
related to the compaction of the material which occurs during loading.
Materials of primary interest :Ln the present study are expected to fall
into this category. Investigatiors of both types of materials &re being

undertaken in order to gain §e much insight as pcasidble into the behavior

of particle beds as it affecté'tho handling and conveying aspects of dis-

semination systems for dry materials.

4.2,1 Analysis of Static Losd Transmission in Granulor Packings '

_ Considerable wvork has been done in studying the propsrties of granu-
lar packings made up ‘of solid perticles., Thuse packings are characterized
by dilatant behavior. Thus 1f & packing has a volume V in an initial equi~
librium stats, the volune Wwill generally incresse by A V when a disploce-
ment 13 produced within th!'l hed, If'the bed volume is fixed, exporiments
indicate thet motion of the granular material within the bod is+ imposaible
without fracture of the granules’'2'l With no confinement, pressures ap-

plied to the bed ultimhtely work against the weight of the material. The

work done jy the applied losding can be equated ta the change in potential

energy of ¢he system plus the work done againat {riction in displacements

|

of material in the bed. In gexiarnl, the elastic energy stored in the bed
must be included in the potential energy of the system, although in many

instances thie energy may be amitted with negligid’e error. The above

k.2.1 C. F. Jenkin, "Pressure Exerted by a Granular Materisl: An Applica- ’
tion of the Principle of Dilastancy” Proe. Roy. Scc., A, 1931, 33, 53. K

i ified
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statemant may be formulsted in texms of the eguation:
d’kh-Fd'x-ivi d’y,14~ef‘\'f+d'!’ (l)

where F is the applied force, P is the change in elsstic emargy stored in
the bed, end o Wy 18 th.e frictional work done in displacing the bed. Te
temi vy °§r, 18 the change in potential energy of the bed summed over
tie u pax;ticles contained in the bed, Although the general energy relam.
tionship expressad by Bquation (i) is not susceptible to straightforward
analysis, it is fm_qunntl;: possible to justify omizsion of the elastic energy
tem P in pmctieul' calculations. Furthermmore, the frictio@ tem o Wp
may be approximately evaluated in scme instances (an example is pru'cntcd
in the follewing section of this report). An importent consideration in
spplications of Equation 1 18 that complex static internal load distribu- °
tions do not have to be deten‘umd in order to compute the work done on

the bed since no net work 1a done by such forces. Of course, this is not
true sl_ong lines of aiip vhere frictional dipsipation occurs. It will be
noted that for packings composed of hypothetical t‘riéti,opv.'l.o-‘;'l,wi'mlggtic'

particles, Equation 1 reduces to:

FPdxa 2::“1 d.y,i (2)

For granular materials, it appears that the relative displacements of par-
ticles in & bed may be relate‘d through the interparticle geomeiry of the
ved. Thus if & force F is applied st a point in the packing, producing a

small locsl dinplacement o'x, displacements Jyn,x will e Adeveloped in u
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maaner dependent essentially on the configuration of the particles in the

bed, In ganeral, these displacements would have to be determined on a stat

istical basis. However, for regular packings the displacements may be

easily found in many cames, as illustrated in the following discussion. l :

4.2.2 Static load transmission in regular packings.

The ‘basic principles presented in the above discussion find a pndy
application to regular packings of discs or spheres. Two-dimensional
arrays !;re considered herein for the seke of simplicity. Extension of
these results to three-dimensions does not appear to present any bhasic a1~
ficulty, but this will be deferred to e later report.
k.2.2.1 gguare Arrays. The simplest regular packing is the square arrange-
ment illustrated in Figure 4.2.1. For a bed of n tiers, the force per
contact at the floor is n W vhere W is the weight of each element. It 1s
clear that thiz force is not altered if one of the Aiscs (or spheres) in
the bottam row is dio?laced upward, since only those discs lying directly
above the bottom disc are affescted. This result is not altered by fric-

tion, assuming that no horizontal compression is applied to the bed. A

second square armngmpnt is obtainad by arraying the contacts between

discs along lines inclined 45° to the horizontal as illustrated in Figure ~
L.2.2." Neglecting friction, it 1s again found that no increment of force

is required to displace a disc at the bottom of the pile.

h.2.2.2 Hexagonal Arrays. The hexagonal arrangement of Aiscs 18 much more

interesting. Two regular configureticns are possible as shown in Figures

4.2.3 and b.2.4, Considering first the configuration shown in Figure 4.2.3,
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Figure 4.2.3. " Hexagonal Array - Configuration I
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Figure 4.2.4. Hexagonal Arrey - Configuratiom 1I
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it is found that the upward displacement of a disc &t the bottom of the

plle will raise all of the discs in the trisngular region MNO. Along the

slip 1ines MO and NO, the dlagonal contacts marked with s small circle are
opened while mdditional loads are transferred to the horizontal contacts.
For'frictionless disca the loading can be found very easily. It follows
immediately from Ei;u.ation 2 that the force F is simply the weight of the

discs contained in the region MNO, 1.e.:
n
Fez(n+ 1)U (3)

If m diges at the floor level are displaced the total force is:-

Fan(ms By )
The :two end disce each support the load: .
n
Flap{ns3)w {(5)

vhile the intarior discas merely support the discs directly above them.

This is & two-dimensional analog of the three-dimensional platform (Jolly

balance) tests reported in our isst Quarterly irogress Repoz;t.
The horizontal loads X, applied to the discs lying on the diagonal |

CM' are given by the formula:

x,_-'-lv.‘;-:(z.l,e «is @) (6) .

th

where 1 denotes the 1"" row of discs from the top of the bed. An approxi-

Dute analysis of the effects of friction can be carried out by adding to
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the load given by Equation 3 the frictiogal loadirg along the slip lines.
a .
F=(1+7\‘/*'37)§(n+1)w 1)

vhere /4 1is the coefficient of friction. This result deperds on the assunp-
tion that the.contmcta along (M and ON are simultaneously on the point of
slipping.

Another hexagonal configuration ig sha;m in Figure 4.2.4. Displace-
ment of a disc at the point "0" by an amount Jd'y clearly displaces the discs
directly a‘bove "0" by an equal amount. However, the discs on either side
of this vertical coluwmn mre displaced at an sngle as shown on the figure,
the upward component of ‘this di;pl‘acement veing 32‘ Jd ¥. Using the energy
principle expressed by Equation 2 the yield force for this case is:

Fx{(nel)(n-1)W, (8)
corresponding to n tiers of discs. Comparing the above result with that
obtained for the first hexagonal configuration on the basis of equsl bed
depth h, the following results are found {for large n):

- Configuration I:

h Zh \
Fa 7 (1 + -‘m) W , (3")
Configuration II: -
L LY (3')

These results are valid for large values of 3- By inspection of thene equa-
ticns it can be seen that the yield force for the first configuration ap-

proaches two-thirds that of the second” configuration for large h/a ratioa.
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The slip lins in the above examples of regular packings corresponds

4.2,
to the so-called angle of internal friction, 2. 2.2 Cenerally, axperi-

mental véluce of A3* 1ie in the range 60° plus to 50°, whereas the theoreti~

woeiar

cal values for regular packings correspond to 50°, 60° and 30°, sccording

to the present snalysis. For skewed regular packings and for random pack- .
ings it is appsrsnt that intermediaste angles may be obtéined-‘ In random
a.rran.gmnts, local slip lines which vary from point to point may lead sta-
tistically to an overall angle of slip for an aggregate of granules, which

may be interpreted as the internal angle of friction. BSome investigations

along this line are planned for the future. Other areas which will de

studied include:

(1) Investigation of the losd distribution in particulste beds on the
agsumption that the material bshaves as a continuocus medium. It is antici-
pated that analyticel techniques from the theorics of elasticity and plas-
ticity might be brought to bear on the problem vhen viewed i.n this light.
For compressible, compactible materials it appears likely that a thecretical )
approach along these lines would be very fruitful in conjunctlon with experi-
ments to typify the compressidbility and yield-stress c!*;amcte:'igtics of

these materials - deta wideh would bo rwoquir « U o . M itimate

goal of these studies 1s to relate the static behavior ‘of particulate pack- ~

1

ings to basic physical properties of particulate materials,

{2) Flcw propertiss of particulnte materials will be studied insofar

-
a8 poesible for those materials cai:able of flow. No work of a general
4,2.2 Zenz and Othmer "Fluidization and Fluid-particle Systems” Reinhold
Publishing Corp. New York (1960).
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nature hae been done to dute along these lines aside from & survey of availa
able litersture.

In future vork, an effort will be made to define conditions rbr the
onset of flow {(from a study of stati'c yield characteristics as discussed

sbove ) and to examine the types of flow possible. '
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4.3 Experiments on Characteristics of Powders
Experiments of three types are discussed in this section. These deal

with (1) translation of pari!.cles above & moving piston, (2) gravity flow
of particles, and (3) the torgue required to rotate a helical screv confi-
guration in a powder bved. These experiments are discussed in the paragraphs
which fallow.

4.3.1 Translation of Particlea Above a Moving Piston

An experiment was conducted to visually explore the translation of ‘
relatively large particles sbove & moving piston. 'mQ apparatus is shown
in Flgure 4.3.1. The‘mate'rinl uged in this experiment was steel shot, 200
to 300 microns in diameter. Alternate layers were colored so that the
relative motion could be seen. As the piston was moved upward, the material
above the piston was translated voth vertically end horizontally. In Figure
4.3.1 note that the vertical displacement of the piston g many times larger
than the verticle displacement of the top of the bed, Likevise, note that
the width of the area which is disturbed on the surface is several times
larger than the width of the piston. ’

It can also be seen that'the boundasries of the displaced material are
not closely defined, indicating the difficulty of applying theoretical ana-
lyses to a problem of thin type. It appears that determination of the
total volume displaced b:r‘the piston, may give & useful ident{{ying charace

teristic of the material being atudied.
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4.3.2 Cravity Flow of Particles )

The apparatus shown in Figure L.3.1 and the particle colori;xg teche
nique were aleo used to study gravity flow characteristics. Thl‘200-300
micron steel shot was also used in this experiment.

After opening the discharge orifice, the upper part -of the ded &id
not show movement until the material in the vicinity of the cpening was
diochargud. Dilation was quite evident at this point.

The following sketch is useful in describing the subsequent flow.

Region A slides over Reglon' B, and Region B slides over the sgtation~
ary Region E. Region B moves more siowly than A. Reglon C consists of
particles from both Ragions A and B. Once the particles are uear dr in
Region D, they fall at a much larger veluviiy. The angles the.regions make
with the horizontal remain constant during discharge. When the Regions A
and B contact the orifice, the discharge quickly ends.

'I‘l;ia experiment illustrates the fact that the gravity flow process
18 dependent on very localized conditions. In the process described above »
the slope of the boundary between Regions B and E may be o useful identify-

ing characteristic of the material.
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4.3.3 Torque Required to Rotate a Helical Screv Configuration in s Powder

Mesgurementa of the torque required to rotate a screw configuration
in 4 powder bed have been made to explor_e the usefulneas of this approach
to identification of powders.

The apparatus used in. these measurements ia described in Saction 2.1
of this report. 1% consieta._or a helical screw bbb mm in diameter, enclosed
in a lucite cylinder wi?h' an interval diameter of 51 mm.

As a first step, tho raproducibility of measurements of the torque re-
quired to rotate the screw was evaluated. In a series of 50 tests, the
torque required to rotate the screv (when it was filled with Sierra Mistron
$18 talc) tas found to be 3.66 x 10 dyne-centimeters, + 7 percent. (The
particle size dia'bributic;n of this material 1is 'givtn in Section b,4 delov.)
This reproducibility indicates that the varia'f.ionu introduced by the filling
process are relatively amall. .

The torque required to rotate the same configuration in a bed of poly
vinyl alaeohol powder wes found to be approximately '50 percent of that re-
quired for the talc. This was a most interesting finding, since the bulk
density of the p.v.a. is 0,569 gn/em3 while the density of the tale is
0.222 gm/ce. 'The data ffan the disc-lifting experiment preaviously des-
cribedl‘":”l showed a strong density dependence. These torque measurements
are apparently more sensiti{ve to friction batween particles. '

We plan to extend these experiments to other materials and tlo; condi-

tions,

4.3.1 General Mills, Inc. Report No. 2125, "Dissemination of Solid and Liquid
B4 Agents” (Unclassified Title) Cctober 13, 1960, SRCHET, p. 46.
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+ cantrifuge equipment, manufactured by the Mine Safety Appliances Company.

[ U——

L4 Experimental Perticle Size Analysis

In connecticn with the experimental work which has bean and will ve L

conducted in the fields of characterization, feeding, dissemination and

. deagglomeraticn of finely éivided’ solid materials, the particle size disz-

tributions of several materials have been measured. The Whitby centrifuge
technique vas employed %o determine the particle size distribution of bulk
samples of three separats lots of 3SM, samples of Sierrs Mistro'n No. 18 tale
and also General Mills' "Jet" flour, which is & finely ground high protein

flour.

The apparatus used in this work is the current model of the Whitby

This apparatus includes e two-speed (600-1200 RPM) centrifuge, an 1300 RPM
ccnt‘rimge and a centrifuge tube viswer, vhich is an optical device for

measuremant of the sediment height in a centrifuge'tube.

t

L.k.1 Centrifuge Opersting Principle

Thie particle size analyzear operstes on the principle of sedimenta-

4.1 fully describes the apparstus

tion in & liquid, Whitby's original work
and method of application. The use of the centrifugs mathed greatly de-

creases the tims required to analyze particles in the 1 to 5 micron size . S

range. As an illustration, Whitby states that in analysis of A.C. Fine i
Test Dust (68.2% less than 12 micron diameter) that would take 5% hours by
natural sedimentation can be accomplished in about 25 minutes by centriftus

gal analysis. .

b.4.1 wWhitby, K.T., ASHAE Journal Section, Heating, Piping and Air Con-
ditioning, Junuary 1955 (pege 231) and June, 1955 (pegesl39-45).
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Most centrifuge methods of size analysis start with an initially
homogeneous suspensioxi of particles in the tube. BSerious problems exist
in using this methed since:

{1) particlen of various sizes are settling out of n.uapenaion at any
given time ,'and (2) the forces acting on the particles vary with the radius
in the centriru.ge. These factors make impossible an exact sclution to the
differential equetions that describe the rate of sedimentation. These
probleme are overccme in the Whitby centrifuge by all of the particles te-
ing 1n1"clally situated :Ln.a. layer at the top of the gedimentation liquid.

‘ The.proced.ure used with the Whitby centrifuge is biiefly summarized
as follovs: (1) the clean tube is filled to a lines near the top with a
suitable sedimentation liquid, and placed in the viewer; (2) a suspension
of particles is made up (by blending) in a liquid that is miscible with
the sedimentation liquid and has a slightly lower density and a slightly
nigher viscosity; (3) an aliquot of this suspension s placed ir: the feed.
'1ng chamber and relessed in such a way as to leave a sharp layer of sus-
pension on tocp of the sedimentation liquid; {4) then, at time intervals
calculsted from Htokes' law for the desired sizes, the height of the zedi-
ment in the capillary 18 real., Sedimentation i{s allowed to proceed under
gra¥ity for a predetarmined period, then the tube i transferred to the
lowest spead centrifuge and rotated for a precalculst=d time. The tube
is removed to read the gediment height and then is replaced n the centri-
Tuge for the next ‘time interval. This is continued until there is no
chane in gediment height or unti] +he iast centrifuge time in the scheduls

has dbeen run,
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The procedure for calculetion of the time schedules for the gravity
settling perfod and the.centrifuge cperating pericds is cutlined in Appendix

.

A of this report. .
The direct results of this experim?ntal size analysis are values of

the percentage (by veight) of material of particle sizes smaller than each

oi‘.several preselected partic.le diameters. These values are proportional

to the ratio of the sediment heignt in the capillary of the centrifuge tube

at the end of the time pericd (correspanding to the size in question) to

the tétnl sadiment height at the end of the analysis. These data are con-

ventionally plottad aa the cumulative distridution on log normsl gréiph

paper. A straight line on this plot of percant-finer-thane-size vensus

particle diameter, indicates a log normsl size diatrihution.' The mass

median diaseter {(MMD) and the gecmetric standard deviation (GSD) may alsc

be determizned from a plot of this type.

4.%4.2 Regults .

The results of these particla 'size determinations are presented in
Pigures h:h.l through 4.4,5. Each of these graphs gives data from two sepa~
rate determinations so that the reprnducibility of the data is illustreted.

With respect to the three separate lots of SM (Figures 4.4.1 through
L.4.3) 1t is interesting to note that sample GBL 13-0807001‘ which bhad been
stored since ite pnpar'ation geveral years 2go had an average MMD or‘k.9
microns,. while the other I samples {which were prepared in 1560} had

averags MD values of 3.20 and 3.25 microns,

-
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4 Finer Than Size
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FIGURE 4.h.1
DUPLICATE SIZE ANALYSES ON SM SAMPIR GBIFB-0807006

MMD 03{_)__ f_c‘é &
#1 e 3'3/' 1,84 75.0
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FIGURE %.4.3
DUPLICATE SIZE ANALYSES ON SM SAMFLE G3L#A-3416691

WD g8 dese

#1@3.25 1.82 77.6
#I11 © 3.1,5 1.80 18.6 .

NOTE: Duplicate size apalyses were run on 1nd1v.1dual samples.
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The analysis of the Mistron No. 18 talc (Figure 4.4.4) gave values
) t
of the MMD of 2.30 and 2.37 microns, with approximately 90% less than 5

'micron diameter. '

Figure 4.4.5 gives the values for the Genefnl Mills “Jet” flour, which
was found to have an average MMD value of 6.55 microms.

The materials coversd in these purticle size determinations have been
usd in the experiments on feeding concepts and deagglomerstion by aerodynamic

forces.
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5. STUDIES OF THE ABRODYNAMIC CHARACTERISTICS OF WING-MOUNIED EXTERRAL
ATRCRAFT STORES

Installation of extbml: BJ disseminator storas on the delivery aiyereft
will result in s reduction in its performance capsbilitiea. An evaluation of
the effacts of the extarnal store installation is therefore an important part
of this study. The merodynamic drag caused by the stors installation iz s
very important consideraticn, since it will define the increase in thrust
required to maintein a given flight speed or the reduction in speed vhich
will occur with a givc.n avallable thrust. .

The incremental drsg that is imposed on an sircraff wing by‘nn exter-
nally mounte'd store arises from two main sources. The first {s the isolated
store drag (the drag of the store itself) aad the second i3 the contridution
to the incremental drag from the interference effeats that arise vhen the
store is installed on the aireraft wing. Since both of thase contributions
are of significant msgnitude, and the interferance drag ccntrﬂ:ution'il
strongly dependent on the deteils of the 1nstnllation,. simple, general solu-
tions for this problem do not exist. The most useful available data sre
balieved to be those from the systematic investigations of specific store

inatallations.

5.1 Installed Extermal Stors Data

A Eagprahansivo inveatigation of this subject was conducted by Spreemann
and Alford.” L' Thys inveatigstion was made in the langley high-speed
7=ft by 10-tt tunnel thpough s Mach number range of 0.41 to 0.96 to deter-

mine the effects of externalesiore fineness ratio, store shape, stomw

5.1.1 BSpreemann, K.P. and ¥W.J, Alford, "Investigaticn of the Effects of Gesometria
Changes ir an Underving Pylon-Suspended External-Store Installation i the
Aerovdynamic Characteristics of a 45 Degree Bweptback Wing at Huh Subcocuc
Spesds.” RACA Research Memorandum HM L50L12, 1951
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chordwise position, pylon thickness, pylon length, and pylon sweep sagle on
the sercdynamic characteristics of seversl underwing pylon-suspended external
1; stores in combination with a 45 degree sweptback semispan wing and fuselage.
The store profiles corresponded to NACA 65A-series bodies of revalution, the
pylons were NACA-65A series airfoll sections, and the wing vas an NACA 65A006
airtoll section.

The coordinates for NACA 65A-series hodies of revolution of various
fineneas ratics sre given in Figure 5.1.).

Valuss of the incremental drag coeffitient based on wing ares, cns, are

given in Refarence 5.1.2. Ilowaver, it ie considered prefersble in our studies -

of B4 stores to sdopt s definition based on volume to the 2/3 pover, as un:i
by Heaslet and Nitz.bcrg5 ‘1'2, since the volume of the store is an important '

variable in our analyses. This definition is:

D _ )
%0y = 172 RUZ (V)73
wvhere D = incremental drag of store, pounds
Sy = sir density in the fres stream, slugs/re3

U, = velocity in the free stresm, rt/aec

V = volume of the stove, ft3

This dreg coefficient, CDV' may be chisined from values of the drag

coefficient based on wing ares, Cpg 88 follova:

5.1.2 Heaslet, M. A, and G, E. Nitzverg, "The Caleulastion of Drag for Airfoil
Sections and Bodies of Revolution at Suberitical Speeds”, NACA Research

Memorandum RM No. A7B0O8, 1947. ]
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Reference 5.1.1

Source:

PIGURE 5.1,1 ORDINATES, IN PERCENT LENCTH, FOR FIVE NACA 6SA-SERIES

BODIES OF REVOLUTION USED AS EXTERNAL STORES
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%y = ng [\'1%75']

where S is the wing area {0,125 £t2 or 18 1n?).

The volume of the RACA-65A series body of revolution was obtained from
the dita given in Refarence 5.1.1 by graphicel n_megrstinh. For & store
with a length-to-dismeter ratic, £,/d, of &, the total volume of oné store
{s 0.835 in3. The general relstionship for calculan;m of the voluma of an
NACA 65A-series body with Z5/d = 8 1s V = 0.0067 ,2'3. Since the ‘experi-
ments discussed in Reference 5.1.1 were conducted with one store mounted on \

e samispan model wing with an area of G.C 1n2, Coy becomes

9.0
—t = 10.1
Coy = Cpg ‘;.835)’27'5] > g
Typical values of the drag coefficients from Referenca 5.1.1 are tAdu-
lated below for the case of a store of finenese ratio Za/d = 8, mounted on

a vylon with a length®-to-chord ratic Zp/C = 0.0945 (With zero degree

‘sweep angle) at valuas of the 1ift coefficient, Cys of zero and 0.3.

CL = 8 Cl - 043
tach Deter By 2
- 0.50 0.00l0  0,0L06 0.007T0 0.0TI0
0.80 : 0.0055 0.066¢ 0.0085 0.0863
9.92 0.0170 0.1726 0.0185 0.1878

For the above cases, the angle of attuck, & , at Cj, = O was approximately

0.5 degrees and at Cp = Q.3 was approximately ®=4.5 degrees. The Reynolds

* The pylon length is defined as the distance between parallel tangents to the
lower surface of the wing and the upper surface of the store.
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uwnber, Np, baged on the wean aerodynsmic chord of the wing, varied as
follows: .

At M = 0,50, Ng varied from 0.55 to 0.60 x 1076

AL M = 0.80, Ny varied fram 0.70 to 0.75 x 1076

At M = 0.92, Ny varied from 0.72 to 0.7T x 10°6

A mora. cctplete presentation of this drag information is given in
Figures 5.1.2 and 5.1.3, which show the drag coefficient versus Mach N.\mb;sr
for several configurations &t two values of the lift coefficient. Conver-

sion of values of Cpg to CDV were performed in the same manner as illustreted

Bbove for the case where £./4 « 8.

In addition to the values from Reference 5.1.1, Figures 5.1.2 and 5.1.3

present values from Reference 5.1.3 (Bielat and Harrison) and Refersnce 5.1.4 -

(Yorth American Aviation, Inc.).

From Refsxence 5.1.3, values werc obtained for a body with a cylindrie
cal center section. This body had an ogival nose and tail section each &
inclies long and & cylindrical center section 6.27 inches in length.' The body
diapeter ves 1,50 inches. Thio gives an Zg/d equal to 9.3L.

The body volume was obtained in a manner similar to that outlined pre-
viously and is equal to 18,22 cu in.

Tho values of CDB for various Mach numbers were cbtained by unil‘ls & wing

area of 165 sq in. Therefore, the relstionship between Cp, and Cpg is given
%
a3 follcwa:

Coy = Cpg [\727’5]

.5.1.3 Bielat,ﬂﬁ“. P, and D, E, Harrison, "A Transonic Wind-Tunnel Investiga-

tion of the Effects of Nacelle Shaupe and Position on’the Aercdynamic

Characteristics of Two U7-Degree Sweptback Wing-Body Configurations”,
NACA RM L52G02, 1952

5.1.4 North American Aviation, Inc. Report No. NA-€0-1403 (Secret) Now., 1960.
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Incrementa. Drag Coefficient, Uo
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L

Dimensioniess

t~2
'

A

W\Mx

\

L4

.5 .6 .7 .8 .9 1.0
Flight Mach Number, My, dimensionless

X= Lafd ab NACA-65A Series,

0. fa/a =8 Bodies of Revolution, {RMLGOLY )

A= La3fd = 10 :

o= £5/d » 9.51 Cylindrical Center Section, Forward Swept
Pylon (RML52C(: )

o= £s8/d = 9.51 Isclated Nacelle (RML5200%)

®= Proposed 150 Gal BW Store - North American Aviation
‘Ivg. No. 2521-500C01

NOTES : 2/
(1) . 1s based on {(Volume) 3

(2) ALl data at 1€t coafficient, Cp, = O .

Figure 5.1.2 Incremental Drag Ccefficient Versus
Flight Mach Number for Various External
Store Configurations at Zero Lift Coefficient
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£s/d = 6 ) NACA-65A Series
£s/d = 8 [ Bodies of Revolution, (RMLSOL12)
23/& = 10
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LI |

»
"

£8/d = 9.5 (vlindrical Center Sec:ion, Forward Swept
Pylon (AHL520C2)

O
®

P NOTES ¢ 2/3
: (1) €, 15 based on (Volume)

(2) All aata at lift coefficient, Cp, = 0.3

¢ Figure 5.1.3 Intrementa! Dy Coefficient Versus Flight
Mach HNumber fpr Various External Store
ConTigurations at 110t Coefficient (cL) of 0.3
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] ,_} vhere . 5375 = fi’%: 11.91
P ; i The resulting drag coefficient values alre tavulated below:
% I ’ ¢ = 0 Cp= 3
| ‘ 1 Mach Mumber o g _ny _05 _ %y
: . 5 0035 Q7 L0075 0893
i 8 .00k0 . 0476 10075 0893

" 92 .0070 .0834 .0080 9953
: The pylon length-to-choxd ratioc, ﬁp/c = 63.5% (approx. 75° swept forward).
‘ Reference 5.1.3 also gives the drag coefficlent for isalated nacelles
. as determined from unpublished rocket data, The values of Cpg were based on
the wing area of the model or 165 1n%.

Tne values of Cpg and ch are tabulated belov:

Mach Number Cpg. oy
o L ' 0.50 o—.?o;zs 070—2-98
' | 0.80 0.0025 0.0298
0.92 0.0030 0.0357

A method for calculating the drag coefficient cps of an isolated dody
of revolution is presanted by Heaslet and Nit.zberg.s“l'a To apply the method

it is necessary to know the voloc;lty and boundary layer thickness distribution

of the air flow around ths body of revolution, and alsc tha Mach number of the

S S

free stream transition point from laminar to turbulent flow and the Reynolds

number btased on the axjal length. Spreemann and Alrord"l‘l used the Heaslet

i

Y

[

l B and Nitzverg 2'1'2 method to calculate the isclated store drag for their NACA 65A-

Vi series bodies of revolution. A valus of Cpg of 0.0035 was obtained for a store

; having £g/4 = 8 &t & Mach Number of 0.8.

b .

b ' :
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The store which is considered in Reference 5.1.4 is 220 inches long,

25 inches in diameter (,Zs/d - 8.8) vith' 8 velume of 43.36 £t3 and a plan

.
'

apea of 31.4 rte,

13

The reportsd values of the drag coefficient for this store were based

on the plan area of the store. These values wers converted to Cpy for pur-

poses of compsrison, and are tabulated below:

Mach Number Reported By
Drag Coefficiemt .
050 00245 0.062
0.80 0.0245 0.062 .
. 0.5 0.0315 8.080
Tl =
cormomme ST
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5.2 Discussion of Aecodynamic Data

Figqi:es 5.1.2 and 5.'1.3 show that the drag coefficients for most stare

installations increase substantially at high subsonic Mach numbeys. These

increases are quite pronounced in the Mach number range (0.7 to 0.9) of pri-

mary interest in this study. The increase in drag cosfficient of the NACA 65A-

‘saries stores sbove Mach 0.7 i ocsused primarily by interfersnce effects.

The importance of the intarfererce drag contribution is spparent when ve com-
pare the drag coefficients for the store installations with that of the iso-
lat:d nacalle.

Parameters which affact the interference drag are store fineness ratio,
store shape, pylon,length, thickness and sweep angle, and the position of ths
store both chordwise and spanwise on the wing. Spmmr;n and Alfordd-d+l
coneluded that the sweep anglae ig & very important variable and that it is
desirudle %o place the store either sxtiremely far forward or n(t on'the wing
chord. The benefits of forvard sveeping of the pylon are {llustrated in
Figure 5.1.2 which shows a reduction in incremental drag at Mg = 0.9 of ap-
pryximately SO‘ﬁ for this case.

Figures 5.1.2 and 5.1.3 indicate 'that there is no serious deperture
fram & nominal incremental drag coefficient when a eylindrical center sec-
tion 18 used instead of & smooth NACA-GSA series body of revolution. A

store configuration of this type 1s currently used for standard sudbsonic

aircratt stores. The coordinates of this skape are shown in Figure 5.2.1.

5.2.1 U. S. Alr Research and Development Command. ARD(M-00-1. Handbook of
Instructions for Aireraft Designers. Tenth Edition, 1958.
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Figure 5,2.1
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Shapy Definition, Subsonic Extrrnal Store
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The final choicw of & store shape and fineness ratio vill ?Epundoﬁ” Wy T T

detailed limitation c¢n the installation such as clearance snd center of gravity
congiderstions. However, it is belisved that the data reported in this section

will se{ve as important guidelines in the later design studies.
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© 6. INVEGTIGATIONS’OF PROPERITES OF SLURRIES S
6.1  Properties of Egg Slurries
In onder to provide design data for liquid agent dissemination sys-

tems, we have initiated work to experimentally determine the density,

viscosity, heat capacity and thermal conductivity of égg slurries. : :
In this reporting pariod, measurements of density and viscosity have

been rmde. Special apparstus will be required for the thermal property g

measurements. '
Four frozen egg slurry samples Qere recejved from Fo_rb Detrick for

this work. These were designated as W.E.S. #, #2, #} and #4, They were

. uninfected whole-egg slurries which had been ;;uri.ﬁed, to differsnt dege

rees, in the preparation process.
S8ince aase of the samples were Non-NMonian‘, it wvas necessary to

collect data for consistency curves, rather than make conventional visco-

sity measurements. These data were collected by evaluating the sample in
8 modified* Stormer viscameter, which is equipped with a closely controllsd. i
constant temperaturs bath. ‘I’he least viscous sample (W.E.S. $4) was evelu-
ated using an Oatvald (orifice-type) viscaneter. . |

The data obtained for these samples are summarized below:

1. Sampls W.E.S. ﬁl', aralyzed in the Stomer viscometcr, vas found |
to be Newtonian within-a shear rate range of 70.4 teo 363,5 om/sec-cn at
20°C. The absolute viscusity of th-is slurry wee found to be 25.1 centi-

poises, The density of this slurry is 1.0304 gn/cm3 at 20° centigrade,

*These modifications are descrived by E. K. Fisci.sr in "Colloidal Dispersions”
John Wiley and Sons, Inc., New York, 1950. Applicetion of the modified
Stormer Viacanmeter is discussed by 8. P. Jones in the Journal of Collotd
Science, Vol. 7, Ne. 3, June 1952, p. 272-283.
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2. “Sample W.E.8. #2, also analyzed in the Stormer videdne‘fﬁ;;_ﬁji\-

found tc be Non-Newtonian, Tests were made at 20°C in & shear rete mge
of 214 to 433 am/sec-cm. - Following are the valuss of apparent. viscosity

_of this slurry, at the stated shesr rates.

Amnt. Viscosity, Centipoises

Shear Rate, om/sec-cm

as 8.4
352 . 10.3
433 12.7

The density of this siurry was 1.0210 gn/em3 at 20°C. The curve of shear
rate versus shear' stress is compared with that for sample W.E.S. #L in
Figure 6.1.1.

3. Semple W.E.S. ﬂ. An effort was made to determins the viscosity
of this slurry on both tﬁe Ostwald and Stormer viscomaters. Meaningful
measurements were not obtainable. This slurry contained solids vhich
elogged the Qastwald viscometer. The viscesity was also found to be tao
low to be properly hundled on the Stormer viscometer.

The density of this; semple was found to be 1.0006 m/cm3 at 20°C,

4. Sgmple W.E.3. #4 was analyzed wvith the Qstwald viscometer, It

was found to have a viscosity of 1.12 centipoises and a density of 1,0012
gn/em3, This sample had been purified by a Freon process and had proper-

ties very nearly egual %o those of water,

L
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6.2 Proparties of Slurries of SM in Inert Fluorochemical Liquid

The possibility of disseminating nomally dry HJ agents by suspending
them in an inert liquid has been considered. This approach could substan-
tially reduce the problem of feeding the agent to the point of discharge at‘
a uniform rate. '

of the geveral technical problems involved in this approach, the weight
penalty mcurrad by adding the liquid is parn;pu the most apparent.

A series of expermnts has therefors been initisted to determine tho
physical characteristics of such slurries, as a function of the concantra*:lon
of solids. ,

Slurries of 'SM émmﬁt in Minnesota Mining 'F}uo;bchmicnl FCu75 are
being studied. The compatibility of this liquid with g&ala;pgd .kmntl is
currently being ﬂtukued at Fort Detrisk. Ccod 'canpeu'biﬁlity 18 indicated.

Sume of the properties of FC-75 are as follows:

Density gm/cc: 1.77
' gpecific Heat Cal/gn: 0.248 at 25°C

.
L3

Boiling Point: 95% minimum betwean
99 and 107°C. _ .

Concenteated slurries of & in FC-75 are non-NMoMm and have s high uppt'-
rent viscosity. Figure 6.2.1 shows the effect of aha;r rate on the apparent
viscosity of the slurries with 20 and 25 percent SM by veight. These data
vere obtained from tests on the moéific;d Stomer Viscometer, equipped wit@m
a temperature control bath. .

Note that the apparent viscosity is quite sensiuve tc the concentra-

tion of su. . For example, at a shear rate of 100 cm/sec-cm, an increase in
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concentration from 20 percent “toles percent increases the appaxint viscosity

from approximately 2.8 polses to 11.5 poises at 20°C. :
‘ . !

A much more detailed series of measurements is undervay to explore the

»
aeffects of varying concentration and temperature.

W
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7. WORK ON LIQUID AGENT.DISSEMINATORS

During this reporting period, the Phese I study on an airborns line-
source dissemination system was completed. This work was performed by North
American Aviation, Ine., under a subcontract from Cenersl Mills, Inc.

The technical report covaring this work was submitted in Novemder 1960.
This report 1s denignated as North American Aviation Report No. NA-60-1403,
dated 4 Nov. ‘1960, and i classified SECRET. ‘

AL the end of the Phase I study, the status of work leading to the
design end manufacture of 8 research prototype external store for dissemina-
tion of liquid BW agents, may be summarized as follows: ,

1. An extsnsive study has been made of the capabilities (for carry-
ing sxternal gtores) of & large number of operational sircreft,
and the characteristics of acceptadble stores have been established.

2. Studies of factors influencing optimum flow rate have been made
and conclusions drawn. .

3. Several technical prchblems including tsmperature control, antie.
icing requirements and effects of the local flow fields have been
studied and promiaing spprosches to the sclution of thase proh-
lems have neen found.

The reader ie referred to the above menticned technicel report for

the details of this Phese I study. !
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8.  SUMMARY AND CONCLUSIONS ,

During thié reporting period oxperimhta were made on feeding of dry
povclersl by screv feeding devices and piston-type feedsrs (Section 2).

‘The experiments with screv feeders explored the aauv;ry characteris-
tics of ewo helical screw configurations. One of these had a closed-center
design and the oiher was an open "ribbon“type. These experiments pertained
to the usc of a very large screw which ocoupies the full ddsmeter and length
of an external store. Both configurations were found to have reproducidle
delivery chura.ct:'ristics. The delivery rate of these davices decresses aa
the contained material is discharged, so that & prograzmed increase in rotee
tional speed is required for constant aversge mass-flov versus time.

investigationa of the effect of exposing the 34 aimulant to atmospheres
with Aifferent relative hiumidities vers made. It was found that exposure of
the SM to 5% relative humidity increased the residual material in the screw,
due to attractive forces which were attributed to electrostatic chakging.

The experiment cn feeding of Sierrs Mistron No. .18 talc with a piston
device indicates that the compressive stresses are below the level wvhich will
appreciably incresse ths bulk dansity of the matverial.

Several studles were made in the field of disseminstion and desggicmera-
tion (Seetion 3), Ceneration of serocsols by erosion was explored. Models
fomeé by caupacting finely divided pt;vdar were exposed to alr flow at velo-
cities near gonic speed. It was found that aerosols cowld be generated by
this method, ’“f gsignificant mass flow rates, However, fluctuations in the
flow rates vere tound and ft appears that very close control of the prepara-

tion of the powder would be requived to give sdequate control of flov rate.
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Experiments with suapensiona cf poﬁder ino 11quid carbon digxide indica-
ted that t.he' powder can be totally aerosolized if the concantratfon is kept
bglov 1 part solids ip & parts liqui@. The principal factors against this
anproach are the weight penalciés due %o the liquid and the required pressure
vessel, ‘

A piston type powdar feeding device has besn installed on the test sec-
tion of the high-subsonic blov-dewn wind tunnel snd initial experiments have
been made. The number of large agglomerates in the generatsd sercsol was
found tO decrease when the Mach nuaber was increased from 0.6 to 0.8, A much
more detailed investigation along these lines is planned..

The characteristics of finely divided dry meteriels have been studied
theoretically and experimentally (Section 4). The theorstical study _dull
with static load transmission in particulate packings. Force transmission
wes analyzed for granular packings and rsgulsr packings with square and hexa-
gonal arrayus, and general equations were derived.

 Experiments were conducted desling with translation of particles above
a moving piston, vwhich showed that vez'bic'al motion of a piston in a bed of

relatively large elastic particles causes a complex pattarn of horizontal and

‘verticel translation, Studids of gravity flow of such particles indicated

that the velocity of flow by gravity is strongly affacted by local conditions.
Meagurements of the torque required to rotate a helical screw surrounded by

powder showed that this taest sharply distinguished between talc and poly.v'inyl
alcoho) powder.

-
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Studies of the aerodynamic cha.rn'_ctcristica of external py'len-neuntad-:
stores vere made (Section 5) which showed that dats on the incremental drag .
coefficients fram several sources agreed guite well, vhen reduced to & come~
mon basis, i.e., that of the (volume )2/ 3 of the external store. The magnitude
of the interference drag contribution was found to be very important, parti-
cularly at the highest.subsonic spseds. The pylon deaign is an Iimportsut
consideratisn in minimizing this interfevence drag contribution. The sources
of data used show that forward or rearward swept deaigns are best.

The proyert.iés of slurries werc studied exparimentally (Section §).
These included measurements of thd viscosity and density of uninfected egg
slurry samples and ulaeo an initisl evaluation of the variation of a;;ptnnt
viscosity of slurries of SM in an inert fluorochemical liquid. The experi~
nents on cgg slurries showed that the sample designated as W.E.3, #l, vhieh
had been'purified by Freon, had properties nearly equal to those of water,
while the other samplen were considerably more viscous, The measurements on
the SM slurries showed that concentrations of 20 to 25 percent solids resul-
ted in non-Hewtonian behavior. fThe apparent viscosity is strongly deﬁond.cnt
on concentration.

The Phase I studies on liguid agent dissemination (Sectioni7) are
cpvered in a separate report (ssued by North American Aviation, Inc., desig-

nated as Report No. MA-60-1403.
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APFENDIX A
PROCEDURE FOR CALCULATLION OF TIME SCHEDULES
FOR WHITEY* CENTRIFUGE PARTICLE SIZS ANALYSIS TECHNIQUE
The time durations for gravity sedimentation periods and centrifuge
operating periods in this size analysis method are calculeted by the equa-.

tiong given below.

.
Al

l. Gravity Sedimentation Period

The gravity settling time is calculated from the usual form form of

%18 x 108 P h)
t8 i ',OO,Sd (l)

vhere tg = time ( seconds) for a particle to settle a distance h under

Stokes' law:

the influance of s'nvity '
d = particle diameter (micrcns)
h = settling heigf\t (centimeters) (10 cm for all tubes)
/= true density of particles (gm/cc).
A = d.ansity.oi‘ _aecnmntétion liquid (am/ec)
7, = absolute viscosity of sedimentation liquid (puise)
g = gravitational constant
Lf ve let K= 18 x 108 N, h

then Equation (1) becoues .
Kg : |
t;s n d.2 (J)

* Whitby, K. T. ASHAE Journal Section, Heating, Piping and Air Conditioning,
January 1955 (page 231) and June 1955 (pegesl39-45)
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2, Centnifuge Operating Period

Centrifuge settling times are calculated from a form of Stokes' law
for a centrifugal field, which is derived as follows:
I velet (r) ‘rep:.'esent the ra.dit.m of rotation of & particle of mass
(m) rotating about an axie at an angular velocity (W), at equilibrium, two
forces will be acting on the particle, s centrifugal force and a frictional
force, the lutter detemi.ned by Stokes' law. Equating these forces we
obtain: ‘

3TN, 0.('2':7:) x 10 2 aw?r -
The effective mass of a sphericsl particle in a liquid is:
) 1w
. ne () & (8- )

2,2
therefore: I o (P=A) wdr
18 x 10°7,

Integrating between the starting rsdfus (r,), and the final redius (rp),

we chtain:
18 x 108 T
b=ty - by m D yop (B (b
(2 - Ry ) w34 2
where

tc = the centrifuge time required to centrifuge a particle of size &

from ry tAc ra.

K values mey alsoc be defined from Equation 4 for predetermited centrl-

fuge spesds. If K, represente the K value associated with a given centrifuge
speed ¢, then:

18 x 1087,
s

* W“ﬁo)wsa

X (5)
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then Equation 4 becomes:

ty = (§§) log, (':.‘E) ' (6)

e Ty in Bquation & is constant for any.speci?ic centyrifuge apparatus,

but r is dependent upon the radius of the top of the tube and distance

: which the particle has already settled under the influence of gravity;

| e

. thereforn;
t
r,=r + 10 B . (7~
l o (tcg) .
where:

'; tg = time for last gravity particle nize cls to settla 10 cm under
gravity '
t,. = time for first centrifuge particle size 4, to settle 10 cm under

gravity

r_ = starting radius of all particles in the feeding layer at t « O

Substituting Equstion 3 into EBquation 7, we obtain:
aé
r)er + 10 (Eiz) {8)

8ince r) is a function of the last gravity size and the centrifuge size
o ' ucdar consideration, 1t is simple to calculate the centrifuge portion of the
run from a tabulation of velues of a constant, Q, which is a function of dg

by v

and d,, as shown below:

From Equation 6, let us define Q as:

@ = (T2 108, () ()
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then

ty = Ko Q . (10)
Substituting Equation 8 into Equation 9 yields:

1 T2
Q= (a?) J-OSe [;o + 10 (H 2)} ' (11)
d?

A table of Q valuss may be computed from Equation 11 for any centrie
Tuge system having congtant r, end ry values.

Since zentrifuge size analysis runs are of short duration, the start-
ing-stopping correction makes up & major portion of the running time. This
Aecessitates an accurate determination of the starting-stopping correction.
mt.n is acccmplished by means of a atrotoscope to ocbtain accurate angular
velocity-time measuremants which are plotted as angular velocity squared
(w?) versus tin;e (t). The net correction is obtained by integrating the
areas of the sterting-stopping curves to cobtain the nat correction ms fol«

lows.

Net Correction = Area A - Area B
Y (Xo the same acale as t)

vhere A, B and Y are as dafined in the sketch below.

by
()
KIOKXD

¢,

0%
00,05
00'

XXX
RN
SROSEN\

Time - ¢

s Figurs A-l. Typical Starting and Stopping Curves
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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






