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GQ'PIIIIM1ktlla 

ABSTRACT 

Thia Sixth Quarterly Progreu Report covers the re&ults of continued 

investigation of the many technical problems involved in the diltsemination 

of solid B W agents and the effort devoted to the deeign and fabrication of a 

liquid BW agent disseminating store for use as a weapon on high speed, 

low-flying aircraft. 

Progress on the theoretical atu.dies of powder mecha.nica are outlined. 

The di1tribution of energy du\'ing the process of compaction of a finely 

divided solid is discussed. New experimental devices !or these studies ~:·~ 

described. 

Experimental measurements of the shear strength of powders are 

reported. Of particular interest ia the finding that an e~ponential relation­

ship e:dats between shear 1trength and the bulk density. Data relative to 

the feeding of pre -compacted powders in piston-cylinder systems are 

reported. 

Results a1·e given covering experimenta.':n the loss of viability pro­

duced by exposing dry biological aerosols to heated airstreams. The aimu­

lant!! ~and.§.!!:!. were expoaed to temperatures in the range of Jo•c to 
13o•c. 

The findings of additional experimental studies of deagglomaration by 

slipstream energy are reported. The current emphasis is on assessment 

of the loss in effectiveness due to agglomeration. 

Progress on feeding systems for dry agents ia reported. A full-acale 

laboratory model of the feeding system for an airborne disseminator is 

described, and future test plans are outlined. 

The approach to be used in rleaigning the blow-down wind tunnel . 
apparatus for future dissemination experiments at Fort Detrick is dis-
cussed. The principal operating parameters of this system are given. 
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Progreu on the design and fabrication of the liquid agent diasemlnatlng 

store is reported. The main considerations in PBtabliahing the design are 

outlined and the status of this part of the project is summarized. 

Additional findings of the systems analysis effort are repot'ted. Flow 

rates (versus down-wind distance) required for a fixed infection pr.obability• 

were determined using the solid agents LE and N. 
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1.· INTRODUCTION 

. 
Thh ia the Sixth Quarterly Proareas Report on Contract No. DA-18-

064-CML~Z745 which deals with the diuernination of aolid and liquid BW 

• agent5, • 

During this reporting period, work waa continued on Phase n of the 

project. and Phase Jll, which covers an interim two-month continuation of 

the effort, waa initiated. 

This report covers progress on the theoretical and experimental 

studie• of the characteristics of finely divided solids which are be ina c:on! 

ducted on a continuing basil throughout this program to provide data per­

tinent to the deeign and development of diaaeminators. Progress on the 

design and fabrication of a liquid-agent diaaemina.ting store is also eum­

marized. Additional areas of investigation, closely related to the future 

design of a dry-agent disseminating store, are aleo covered. These are 

the wind tunnel studiea of du.gglomeration by aerodynamic breakup, th~ 

investigation of !eeding and meterins concepta &nd the system• atudies • 

• 
• 

1-1 .............. 

• 
• 
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l.. THEORETICAL STUDY OF THE MECHANICS O.i' PARTI~ULATE 

MATERIALS 

Theoretical atudiea durlng thia reporting period have been primarily 

concerned with the energy o! compaction o! dry powdera. On careful 

examination, the compactlon proceu it !ound to 'be very complex, even 

when vlewed a.a a. macroacopi.c phenomenon. Before a rational theory o! 

compaction can be developed, it is necessary to construct & model for 

powder behavi.or which is capable of describing the sener&l propertiea o! 

compacted powders. A dl .. .cuaaion o£ thue preliminary theoretical con­

aidera.tione h presented herein. together with new experimental da.t& on the 

work of compaction for several teat powders. 

2. 1 Theoretical Studies of the Proceu of Compaction for Dry Powders 

When a powder i• compacted, the work done on the powder may appear 

in tht'ee forma: 1) an incl'eaae in potential eneray auociated with inter­

particle banda, Z} stored elaatic eneriY in the bulk powder, and 3) thermal 

energy which ia dinipated during the proceu. The fiut two forme of 

enerav are reversible, whereaa the latter h not recoverable. If the 

1treeaea applied to the powder in the courae of compaction are removed, 

the elastic energy stored in the powder wjll be recovered externally, 

leaving only the potential enn·ay increment perma.n-=ntl'f stored in the pow­

der il\ ita compacted state. It is reasonable to auume that the potential 

ener&Y due to int~trparticle bonds depend• principally on the configuration 

of the particle making up the powder aggregate; i.e., on the number of 

particle contacts in a given maaa of powder. Furthermore, the bulk physi­

cal properties of a compacted powder will depend upon the interparticle 

bond energies. 

lt is apparent that several fundamental factor a must be coneidered in 

the compaction proceu !or a aiven powder. Suppose a powder of initial 

bulk density ~O ia compacted to a density ...01 by the expenditul'e o£ work W. 

• Z-1 

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13&a8, 8to\lon 3,1 

Oett: JUL 1 9 2013 

• 

• 

1'1 

I 
jj 
; ~ 

i . 



• 

j i 
ll 

1! 
I i 

I. 
I ' . 
i 

• 

l 

• 

The work done on the powder can be expreued la term• of the work done 

by applied aurfac:e atren .. during the compaction proceu. The following 

queattona ariae in regard to thh procea1: 

1) What fr&etion of the work W appeara aa elastic enerJY 
atored in the powder. with the atreue1 applied to reach 
the !laal compaction •tate maintained after compaction? 

• 
2) What fr&etton of W repre1enta the lncreaae in potentia.! 

eneray of interparticle bond1? 

3) What ia the proce .. o£ eneray tr&n•fer from the elaatic 
component (which is ma.croscopic&lly revertible) to the 
macro•copically lrrevenible potential energy and diuipa­
tive components durina compaction? 

4) How do the above relationship• depend upon the path, i.e., 
the manner of application of stresses durins compaction? 

In order to reaolve theae queationa, several intere•tlng experiments 

are being devi .. d aa described below. These exper1menu should furniah 

an iuight into the mechanism of compaction which h required in formulat­

ing an analytical theory of compactible powdeu • 

Z. Z .Fundamental Compaction Experiments 

Three types of experiments relating to the compaction of dry powder• 

are required for a better understanding of the compaction procel8. The 

£irat two experiments are concerned with the work (or enerf1Y) required to 

compact a aiven pa .. of powder between two density statee. The third 

experiment would meaaure the fraction o! the total compaction energy 

which La di811pated as beat. 

Z. Z. 1 Piston-Cylinder ComP!ction Experiment 

The pie ton •cylinder experiment i8 deaigned to permit meaaurement of 

the total.eneray W absorbed by a powder durin1 compaction, a• well aa the 

fraction of thb energy which ia atored in. recoverable form. i.e., elastically . 

• 

Z-Z 

• 
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The detailed atructure of the compaction proceu would also be explored 

• 
with thia appara.tua, that ia, the way in which the work done on the powder 

is abaorbed, It ia anticipated that the trana!u of eneray from the elaatic 

component by internal diuipa.tion or through an lncreau ln the potentl&l 

eneray of particle contacu will be discontinuoua. This behavior should be 

observable in tuta with a small powder aanlple if the deformation of the 

powder ia measured with a senaitive apparatua. 

An improved veraion of the piaton-c:ylinder c:'bmpaction apparatua uaed 

in previoue work 1 ia being duignecl for thia invutiaation. The device, 

shown schematically in Figure 2.. 1, will employ a strain gage transducer 

for meaaurement of the atreae a.pplied to the powder. A aenaitive differen­

tial trana!ormer will be uaed to measure displacement• of the pilton. The 

applied atress and reaulting displacement will be recorded aimultaneoullly 

during the experiment. 

Z. Z. 2. Hydrostatic Comp&qtion Experiment 

The piston-cylinder compaction experiment will provide numerical 

data on compaction energy aa a .function of density under the condition• of 

the teat, that la, •ubject to the conatraintl and loa.dina conditions impoaed 

by the appa.ratu1. Since the re1ults obtained may depend to a con•iderable 

degree on the apparatus ueed, lt ia delirable to mea•ure the eompac:Uon 

energy under condltion• where no constraint ia •mpoaed by the apparatus. 

Thia can be done with the hydrllstatic compaction apparatus shown ln 

Fisura Z. 2. In thia teat the powder eample, which is sealed within a thin 

·Nater~tight membrane, ia placed in a pressure chamber. A hydrostatic 

preaaure i• then gradually applied and change• in volum~ of the sample 

noted. The work done in compacting the sample ia j pdV, where p il the 

t;hamber pressure and V is the chamber volume. It Will be nece1aary to 

vent the powder sample as ahown in the !igure. 

• 
• 

Page determined to be Unclassified 
Reviewed Chief, ROD. WHS 
lAW EO 13526, Section 3.5 
Date: 

JUL 19 2013 

• 

• 

I I 



I: 
II 

II 

• 

• 

[' 
I 

• 

• 

Strain Gage for Meaeuring 
Compaction Force 

• 

Differentlal Trane£ortner !or 
Mea1uriag Piston Dbplacement 

• 

• 

Figure l. 1 Pilton-Cylinder Apparatua for 
Mea1uring Work of Compaction 

• 

• • 

Z-4 

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
tAW EO 13526, Section 3.5 
Date: JUL 1 9 2013 

" i 
I 



• 

• 

, .. 
i: 
:I 

I 

I· 
I 
I 

( 
I! 

i: 

I 

Powcler Sample 
Sealecl in Membrane 

• 

• 

Liquicl-FUlecl 
Preuure Chamber 

Ai.r Vent 

• 

• 

Calibrated Capillary 
Tube lor Measuring 
Volum" Change 

• 

.Figure 2. 2 Apparatua !or Measuring Work for 
Compaction uncler Hydrostatic Loading 

2-S 

• 
• 

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13526, iiGtiQO 3.5 

!Jato: JUL 1 9 2013 

r 



[: 
f r .. 

u 
[J 

n 
I i 
I 

I i 
t 

• 

L 

F 
r 
L 

L 

r 
E 
L 
[ 

r 
r 
F 
L 

F . 
,. 
J 

• 

It ia quite pouible that the energy of compaction obtained from the 

hydroatatic: compaction experiment will agree with reaults from the platon­

cylindezo teat. In. this caae, the compaction. en.ezogy-denalty relationahip for 

a powde:r may be conaiderec:l to be a fundamental of the property powder • 
• 

Thia conclusion would be of great importance in. the development of an 

analytical theory of powder mechanica. 

2. 2. 3 Meaaunment of Enersy Diulpation durin& Compaction 

Tht? enersy dissipated as heat durins the compaction proceu can be 

evaluated by directly measuring the temperature rl.e within the powder. It 

appeara likely that most o! the work done in compacting a. loon powder will 

bl'! di uipated by internal friction, at least in the initial atagea of compac. 

tion. If the fraction of the applied work which h diaaipated during compac­

tion of a powder can be experimentally determined, important concluMiona 

may be reached regarding the ease o! deagglomerating the material, aince 

the balance of the energy would be attributed to interparticle bond energie1. 

• An attempt to measure ttnergy di.,ipation within a powder undergoin1 

compaction will be made using the piston-cylinder appara.tua shown sche­

matically in Fiaure ~. 1. The temperature ri .. will be meaaured by usina 

•a thermopile h•ving a large number of junctions in aeries within the pow­

der, With intermediate junction• maintained at a .fixed temperature outside 

the powder bed. Preliminary calculations indicate that.the temperature 

rise corruponding to energy inputs of about 105 erga/aram would be about 

0. 01 "C (!or talc, this energy input would yield a bulk denaity o! about 

;0: 0. 55 g/cc). Thia eatimate o! the powder temperature rise assumes 

tha.t all of the energy input is dissipated as heat and that the apecific heat of 

the powder ia about 0. ZS cal/gra.m. It will of course be nl!lceuary to mea­

sure the apecific heat of the powder in ita compacted state in order to in­

terpret the experimental resulta. Although th11 experiment will be rather 

difficult to perform with satiafa.ctory accuracy, bec:au1e o! the very small 

energy involved in the compaction proceaa, positive re1ults will be of t:tlen· 

tial importance in the formulation of an analytical compalction theory • 
• • 
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Work ia presently in progreaa in designing apparatua and developing 

experimental procedures for these compaction experiment•. 

Z. 3 EX}l!rimental Studiee on the Work. o! Compaction 

Durinl thh reporting period, the work o£ compaction was determined 

at a function of density for teveral powders, uaina the apparatus and ex~ 
1 perlmental technique employed in earlier experiments with talc powder • 

The reaulh of these teats are thown in .'Figure 2. 3 for the following pow­

ders: saccharin, ~· corn starch and talc. Within the a.ccuracy of the 
measurements, the net work of compaction (i.e., the total work done on 

the powder less the elastic energy stored in the powder) was found to b~ 

related to the bulk density by a relationship of the form: W = cp, where 

W is the work in ergs/ gm. The constants of the equation are given in the 
!ollowing table: 

Powder n C X 10•5 

• 
Talc 4.37 9.75 
Saccharin 3,80 10. 5 
Sm 6.95 56.8 
Cornstarch 1 I. 80 4.4 

Aa pointed out in the 1lbove dilcuaaion (Section z. z. 2), these reaulta 
• 

may be influenced by the apparatus used £or compaction o£ the powder. 

However, it app.,ar• po1sible that the power-law relationship between com­

paction work and bulk density may be valid for a number of powder•. 

• 
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3. EXPElUMENTS ON THE CHARACTERISTICS OF POWDERS 

In order to determine thoee fundamental properties of finely ·divided 

dry powders which affect their feeding and handlina characteriatic:s, buor­

mation ia beirll obULined on the coefficient of friction of powdera •liding 
againat variou• materia.b, the bulle density of powders aa a function of 

comprea1ive load, and the shear strength uf powder beds. Tbeae charac­

teriatica will then be correlated to the output and energy required to 

operate auch powder feeding devices aa pilton and &crew feeders. 

3.1 Shear Strength of Powdeu aa a Function o! Compreuive Streu 

The shear strength of powder• ia being 1tudied a.& one of the important 

factors to be conaidered in determinittl the energy required to operate a 

puton or screw feeder. When fine powder la dlacharged from a cylinder 
or a screw there ia generally some powder remaining on· the walla. 

Therefore, energy haa been expended in shearing thi& powder from the 
• man of powder which wae dbcharaed. 

The "aliclins diae" method u1ed to measure the 1hear atrength of pow­
ders hu been described in a previous report and result• obtained on Sm. 
talc, and polyvinyl alcohol have been presented. z During the period -

covered by thl• report, •bear atrength mea1urementa were made on~ 
(Bacillue globigii) powder aa a function of moiature content. The .. m•a­

lurementa were made in a controlled humidity chamber described in a 

previous reportz. The humidity range of thete te1t1 w&l £r6m < 1 percent 

to 60 percent relative humidity at 78*F. For each humidity where ahear 

strength measurements were made, a aample of the powder wa1 analyzed 
3 for moisture content accord.ins to the method of J'lo•dorf and Web•ter . 

Thi• method involve• meaeuring wei1ht lou upon heating for ZZ to Z4 bouu 

at 50•c in a vacuum oven. at 50 to 100)" preeaure. Table 3, 1 show1 the 

moisture content o£ two powders, ~and !!!!_ a.t various relative bumiditiea. 
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Table 3. 1 

Relative Humidity 
(~at 78•F) 

1 
15 
30 
4S 
60 

Moi•ture Content of ~ an.d Sm 
at Various Relative :fruinicUtlu 

Moilture Content of 
!A Powder (ry.) 

z. 4 
5.0 
7. 3 

11. 6 
14.8 

Moisture Content of 
Sm Powder (ry.) 

~- 8 
3. 4 
5. 3 

11. 7 
17.7 

Figure 3. 1 ahowa the shear strength of~ powder versus the com~ 

preaaive load for varying powd-.r moisture content. It will be noted that 

the shear strenath c:ha.ns•• very little aa the moisture content of the powder 
• 

it increased from Z. 4 percent to 11. 6 percent. However, at 14. 8 percent 

moiatul'e content the shear strength definitely decreases. Figure 3. 2. pre­

aenta a comparison of the shear atrenath o£ two powders, !I. and S&n, for 

varying moi.ature content at a. constant compressive load of 15 x 1~ 
dynes/ cm2.. The ahea.r strength of Sm increase a with increasing moisture 

content until it reaches a maximum value at a moiature content aomewhere" 

between. 3. 4 percent and 11. 7 percent and then decrease• with increasing 

mo1ature content. The shear strength of .!1 powder remain• relatively 

constant up to a. moisture content of 11. 6 percent and then decreases with 

inczoeaaing moisture content. Shear teste on talc powder were extended to 

higher cOmpreuive etreues duriniJ the preaent period. Extrapolation of 

the orisinal shear strength data on talc: agrees very well Wi.tn the new data 

at higher compreaaive atreuea. Both the original and new data are pre­

sented graphically in Figure 3. 3, It ill apparent that a linear relationship 

between shear strength and compreuive stresl can be ueed to repreaent 

the data obtained thua tar. 

• 
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Shear strength measurementa on cornstarch aa a function of compree­

sive stt·eu were initiated during this pcn·M'd. The data obtained to date &re 

presented in Figure 3, 4. Again. a linear rel&tloftahip between shear 

strength and compreuive atreu was found in the region studied. 

Futu'Z'e work will be directed at extendina me&aurements on all powder a 

tu higher compreuive loads, a.nd auxiliary testa will be made to determine 

the bulk densities created by these compressive loads in order to correlate 

shear strength with bulk density lor thia particular teat. 

3. 2 Shea.t' Strength as a Function o£ Bulk Density 
• 

Previous teats on the shear atrengtha of powders were made by the 

"alidi.ng disc" method. Thl.a methoct-gives the •hear 1trength of a thin 

layer of powder which is subjected to a known. compressive atres8 before 

and during the application of a •heartna !orce. Thus, one can find the 

shear 1trength as a function of compressive atreaa. The bulk density 

created by the compreaaive atrees cannot be dlrectly determined in thia 

particular teat. Because data concerning the ahear strength aa a function 

of bulk dena1 ty are essential to thia program, a new tec:hniq,ue was explored 

!or obta1mng such in!ormation. 

The apparatus shown in Figure 3, 5 consists of three lengths of 1. 37-

ine;b 1. D. aluminum tubing. Two pieces, ?.-1/4 inches and 10 inchea in. 

length are held in concentric alignment by a piece of 90-degree an1le 

aluminum, to which they are attached with epoxy ruil'l. The angle alumi­

num ia in turn attached to a small atand. These two pieeea of tubing are 

apaC'ed .. uch that the gap between them 11 alightly greater than one-half 

inch. The thk-d piece of tubing b one•half inch in length and 11ipa easily 

into this gap. A small eyelet ia attached to the outer surface of this ring. 

The procedure in making a teat la aa follow•: the ring ia inaerted in 

place, and amall shima a.re inserted in the spaces between the rtng and the 

tubes, The entire apparatus ia placed on end, with the abort aectione 
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neareet the bottom. The tube La then filled with powder, a.nd the powder la 

compreued with a platon. The pilton is removed. the tube h returned to 

a hori:~~ontal position, a.nd the 1him1 are removed. A force, me;uured "'!tith 

a atra.in ga.ge transducer. 11 applied to the eyelet untll the powder ia 

sheared and the ring lifts. The ring and the powder within it are ~en 

wetcbed, and the average bulk den1ity ia calculated, The shearing force is 

the dtfierenc:e between the lUtins t'orce and the weight of ring and powder. 

The shear strength can now be calculated. Obviou•ly, dilferent bulk den· 

11tie1 are obtained by uaing different amounts of powder and different com­

pre• aive force a, 

A study has been made of the manner ia which local bulk density varies 

• 4 
with dJatance along a plug o! powder after compreulon. in a tube. It waa 

found that for some powders there ia a. regioa ne:s.r the bottom of the tube in 

I e 

which the local bulk denaity ta e11entiaUy constant over relatively large 

di1tancea. It ia, of course, deairable that the bulk density at both faces of 

the rin1 be aa nearly equal aa poaaible in the present teat method. With 

thi• in mind the apparatus was deaigned ao as to locate the ring in thia 

region. 

It was found that 1uch a flat region does not exist for talc, tpe powder 

which wa1 used for the initial experimenta. This doe• not present any real 

problem. however. The li!tina force ia given by 

(3. 1) 

where A ia the area of the •hearing aurfac:e and s1 ancl Sz are the ehear 

strength• at the two regions of shear where bulk denaity is ,.01 and .P2
. If 

s1 and Si. differ due to different valuea of ;01 and;Oz• we can say 

F = 1.A! (3. 1.) 
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(3. 3) 

Tbu•, it it the average ol the two shear strength• which it measured. 

Within any small interval~~ s ;'0 S/1• it is auumed that the shear 

~ttrength S~) ia a linear function of,.O: 

• 
(3. 4) 

Thus, the shear strength at the center o£ the interval can be approximated 
• 

by the average of the shear strengths at the end points of the interval. 

Alao, the value obtained !or the bulk density i8 the average bulk den­

Slty throughout the entire ring. Thia cloaely approximates the average of 

the lu~.;Al b1.l.llc densltiea at the end point•. Therefore, one can then aa.y that 

'the average ahear strength la measured corresponds to the average bulk 

density aa measured, provided the difference Jtetween the local bulk densi· 

ties at the shearing facee is not too great. 

The apparatus was constructed and te1ta were made to determine if 

bindinl between the ring and tube would be a Ptoblem. This e!!ect waa 

found to be negligible. 

A set of preliminary measurements were then made on talc and the 

ruults •are pre.ented i" Table }, Z and Figure 3. 6. When plotted on umi • 

los p&per (Figure 3. 7) a straight line ruulta. Thb indic&te• a !unction of 

the form: 

• 
(3. 5) 

or, In other words, the ahear atren!lth is an exponential function of the bulk 

density. 
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3. 3 Piston-Cylinder Experiment• 

Since the laat reporting period, the piaton-cylinder apparatua hae been 

modified by incorporating a dynamometer to meaaure the applied !orce and 

a Brush oscillograph to record the force. A further modification of th.s 

technique waa the use o£ compacted plugs o! powder, Information haa been 

obtained on the force required to move powder plug• which have been com­

pacted to a uniform density. Uniform density throushout the lensth of the 

plug waa achieved by a lamination proceaa in which amall &mounts of pow· 

der were added to and compacted in the cylinder in a stepwise fashion until 

• 
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the deaired plug lenath wae obt&inl!d. Previou• data were limited to pow· 

der columna which were uncompacted prio( to the application of the resia. 

tive force (F R). During the present reportinS period,. a comparl1on wa• 

made of the Coree required to move both uniformly compacted and uncom­

pacted plug• of talc, cornstarch, and !!I. powder through a cylinder. 

To review brielly the teet procedure, reference 11 made to Figure .3. 8. 

The applied force (FA) nece .. a:ry to initiate movement of the powder plua 

of length L le determined when the plug i• aubjec:ted to a reaiative force 

(J'R). In the cue of compacted plug• o£ uniform deneity, experiment• 

were performed in which the reeiative force (F R) waa varied from 4 per­

cent to 100 percent of the !orce which wa• uud in forming the laminated 

plug. • 

The cyhnder u11ed for the current experiments wa1 made of atainleu 

steel with an I. D. of 1. 5 inches and a aurlace rouahn.eu of 10 to 15 mic:ro­

inc:hel. 

For the uncompacted powder plua•• a plot of the ratio o£ the applied 

t'or'e to the resistive foree (F A/F ll) against the ratio o£ the final plug 

length to its diameter (L/D) yielded a etraiaht line when plotted on aeml· 

lo1 paper (Figures 3. 9, 3. 10, and 3. 11). Th\le, in the uncompacted state, 

the behavior or talc, cornstarch, and~ powders follows the relationehip 

repo1'ted: S 
• 
• 

4P,CL ro (.3. 6) 

When talc or corn.atarch wa" laminated with a compressive !orce (F C) 

to form a plug of uniform density and the movement waa restricted with a. 

reduced load (the reaittive force, F R) then the !orce required io move the 

plua (FA) waa identicd to that .req1.1ired to move an uncompacted plua of the 

aame length subjected to the same re1iltive force, provided that F R wa• 
greater than some critical value (C). In other worda, the results with 
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plugs of uniform density yielded the identical atn,igl).t line upon making a 

aemi··log plot ofF A/FIt versus L/D providing C S i' R!: F c· I! the resis­

tive force was leas than the critleal force, C, then a new curve waa 

generated. !'1gurea 3. 9 and 3. 10 which present the reaults for talc and 

cornstarch reepectively illustrate thie behavior. At small L/D the elope of 

the cul'vea obtained when F R is leu than the critical force is greater than 

the slope of the etraight line obtained when C S i' It~ F c· The elope in­

crea.aea aa the difference between FIt and F C becomes larger. However, 

at large L/D {1. 5 to 3. 0), the slope of the cu:rvea becomes approximately 

equal to that of the straight line. The ex&c:t value o£ the critical force, C, 

was not determined; however, it appear• to be eqU&l to approximately Z.O 

perc,..nt of the lamtnating force, F C' used in formina the plug of uniform 

denauy. 'fhe full slgn.tficance o£ then !indinsa has not been determined at 

this time. Further experiments will have to be performed before a. con­

cluaion can be reached. 

Piaton-l:'ylinder testa on~ powdera were per£ormed only with uncom­

pacted pluga. The result• obtained are presented in Fiaure 3. 11. The 

value of the slope (Cp) of the atraight line obtained ia 0. 2.37 for ~com­

pared to o. 315 for talc and 0. 134 for cornatarch. 

3. 4 Expertmenta with a Laboratory Screw Feeder 

Onf! of the technique• previouely considered for feedina and metering 

clry powders ia the screw feeder. Preliminary experiments were per• 

formed to determine the output of such a device as a £unction of advance-
• 6 

ment of the acrew. Reaulta obtained indicated that the rotational speed 

would have to be programmed in order to achieve a conatant output of pow­

der. To further determine the feaaibWty of this ayatem, experiment• 

were made to determine the torque, both atarting and maximum, required 

to operate auch a feeder, and the efliciency of the feeder in term• of the 

percent of !nitia1 powder charge which is ejected. 
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Six powders were te1tod in a laboratory scale unit. The powdera were 

~· ~~ talc 18, polyvinyl alcohol (PVA 7l·Sl), saccharin and eornatarch. 

The cornatarch uaed was a commercial srade containinJ about 3 percent of 

tri-calcium phoaphate additive to inhibit ealdn.g. An attempt wat made to 

conelate the reaulta obtained in the acrew feeder with other physical pro­

perties of the powder teated. 

3, 4. 1 Experimental Apparatua 

The screw feeder (Figure 3. 12) conehted of an aluminum cylinder 

4. 75 em in diameter and 25. 8 em long. The •crew, 4. 4 em ln diameter 

and conaiatinJ of ft'lre turne. waa made o! steel. A volume o! 351 crn3 wat 

avaUable lor the powdel'. The screw waa mounted in two ball bearing 

races, resulting in a non-load torque which wa• found ~o be intignificant in 

comparison to the torque required under !ull load condition•. 
• 

A 1econd aluminum cylinder waa placed around t~ •crew feeder. For 

convenience in loading, a 1lot a em wide waa cut the lensth of the feeder in 

the inner cylinder. A alot 4 em wide. centered over the opening in the 

inner cylinder, waa cut in the out6r cylinder. The material cut !rom the 

outer cylinder was uaed &I a cover !or the foeder to prevent powder from 

belns forced out of the feeder during operation. 

To measure the 111fficienc:y of the ecrew feeder, a technique for weiah· 

1ng the powder forced out of the feeder during revolution of the 1crew waa 

devi.aed. The technique used c:onsi1ted of two atrain aagu applied to each 

of 4 thin split rings fa.atened between a baae plate and a metal pan (Figure 

3. 13). A paper insert was placed in the pan to catch the powder &I it 

emerged from the feeder. The output of the full-bridge etrain gage circuit 
• 

was fed to a Sanborn 170 dual channel recorder. In thia manner, a con-

tinuoua record of the amount of powder that was ejected from the feeder 

during revolution of the screw was obtained 
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The torque required to operate the screw feeder wu meawred with a 

cantilever beam, atratn-ga.ae system. Two atrain gaaea.were faatened to 

each aide of a. thin aluminum beam. 'l'hh beam wa• faateued at on.e end to 

a movable cart (Fiaure 3. 13}. The .ea.rt waa pulled alona a track by means 

of a conatant apeed motor. The torque required to turn the acre• waa 

meaaured and !eel to the aecond channel of the Sanborn recorder. 

A photocell-abutter arrangement indicated the completion of each 

revolution of the acrew by a mark on the recorder paper. In thh manner, 

a complete record of torque and powder dbc:harged per revolution wae ob­

tained. 

3. 4. l E;xPerimental Techniq,ue 

Preliminary testa were made on the ac:rew feeder with each of the aix 

powdera. Routinea were eetabliahec:l th&t ga.ve orders of maanitude for 

torque and efiic:iency of the feeder. ln the cue of cornatarch, polyvinyl 

alcohol and talc, replicate meaauramenta were performed at least 10 

timee. At lea1t Z testa were made on the other powdere. No attempt waa 

made to compreu the powder into the feeder. Each segment of the acrew 

wat filled in approximately the aame manner yleldlnt nearly conatant 

value• for the total amount ~~ powder placed in the feeder in each replicate 

teat. Table 3. 3 givu the avel'age bulk delltity calculated for the po'Wder in 

the feeder. 

At the etal't of each experiment, the position of the screw W&l identical. 

The po'Wder was then placed into the feeder, and the amount o£ powder 
3 

determ1ned by weighin1. Based on the volume of the feeder (351 em ), the 

averaae bulk density was calculated. The atrain sac• weighing system waa 

calibrated With dead weighta prtor to the test. A cord of aufilchmt length 

to permit 12. revolutiona of the screw waa wrapped around the end of the 

acrew. The reaulting lever arm was 1. 91 em. The coTcl waa attached to 

the cantilever beam on the cart, and the pan strain-gage eyatem was placed 
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Table 3. 3 Torque Required to Wove Varioua Powders through Laboratory Screw Feed~r 

• Torque llatio Initial Apparent Anlount 
(dyne - ~m x Io-3) 'a;nhnum Torque Cbarae Bulk Den~ty Ejected Percent 

Powder Starting Uanxnum tarting Torque (gm) (gm/ em ) · (gm) Ejecte~ 

Cornst4&rch 600 890 1. 48 218 0. 6Zl 179 82 

PVA 72-Sl 390 540 1. 39 us o. 356 121 97 

Talc-18 350 880 2. 51 llO 0.313 86 18 
w • N • Sm 860 1940 2.26 135 . 0.385 98 73 i 

:I 

li 
~ 320 630 1. 97 79 0.225 54 68 I 

' 

• c-;o-o 
Sacch&rin 1120 1900 1.70 98 0.279 (.() 61 Ql)>(l)ll> 

a; ~ :5. cg .. m(!) 
0~~ ..... a. (I) 

c.,_ (,.) () .... 
c::: ~ ::T ~- 3 r- -:::J Volume of Screw Feeder: 351 em 9>~co - a. _.. CD;o.-
w ~oo 

-· 0 CT 0- CD 
~::I'Z.C 
z:s~:r:::J 
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(ll 
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under the o~tlet of the feeder. With both of the atrain gaae brld111 

balanced. the continuous speed motor W&l started which towed the canti­

lever beam over the track and rotated the Ierew. 

At the !tnt movement of the acrew, the photocell circuit noted the 

movement on the chart. The torque required for this movement was con­

aidered to be the 1tatotin1 torque. For each powder teeted, the torque 

continuedtto incre&Ut until approximately one revolution had been com­

pleted. This incrttaae wae probably due to compaction of the powder. 

After the firet revolution, the torque started to decreaae with little more 

than. the inherent friction of the feepr beins recorded during the laat of the 

revolutions. Each run required approximately 1. ·z mlnutee for the IZ · 

revolutions required to empty the a crew feeder. 

3, 4. 3 Exf!rimental Ruulta 

The re~ulta of th~ !uta on the acrew feeder are pruented in. two 
• 

forms. In Table 3. 3, the starting and maximum torque, the amount of 

powder uaed in the teat, the averaae bulk denelty of the powder, the amount 

of powder ejected, and the efficiency of the feeder are recorded. Fi1urea 

3. 14 and 3. 15 pretent the actual curves from which theae data were ob· 

tained. The tcalea noted on the C:l.lrVel in thete £1;uree are di!fcrent for 

the varioua powdera beca.ute of the diffetent attenuator 1ettlnga required. 

It thould be noted that each powder bae ita own "llanature11 • 

Cornata:rch exhibita the moat peculiar torque curve in that pronounced 

atick-tlip behavior c:auaea high torque tpikee. The amplitude and fre­

quency of the apilu:a deereaae with dec:reaalnl amount of powder remain• 

ing in the feeder once the maximum value o£ torque ia rea.cbed. The maxi· 

mum torque curve peak i• not as defined in the caae of cornstarch •• with 

other powden. The small plateau in the amount•ejected curve (fourth 

revolution) ia a a aodated with tlip ln the motor turning the screw durlnl 

thia particular teat. It is not typical of the powder. Cornstarch waa 

ejected in burata correapondina to the attck-allp torque curve. 
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Figure 3. 14 Screw Feeder Torque and Output Da.ta for 

Cornstarch, Polyvinyl Alcohol and Talc Powder 
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Table 3. 3 showa that col'n.ttarch had the higheat average bulk den•ity 

(D. 6~1 gm/ cm3), an..d the second highest eltlcien.cy (82.. 1~). In the caae o! 

each powder except PV A. a core the ai:ae of the a crew -.... sheared from 

the powder leavtn.a a coating on the walll of the feeder approximately 1. S 

mm thick. PYA left no auc:h shell and had the hi;heat efficiency (96, 8,), 

An a.tte1npt to relate the "coring effect" of the powclett to friction. 

between the powden and the aluminum feeder waa made. Becauae of the 

extreme difficulty 1n making a plua of cornstarch for use in the tilting table 

technique for determinina friction coefficient• 7, only a roup value. of 1. 30 

to 0,. 65 for the coefficient of friction against aluminum could be obtained. 

A similar measurement on PYA yielded a value of 0. Z6 .±. 0. 07. Testa on 

the other powdera yielded valuea of 0.58 .± 0. 10 for talc, 1. 01.± 0. 40 for 

saccharin, 0. 61 ±. O.ll foL' ~ and 0. 65..:!: 0. U for~· A murlmum of 

eight coef!tdent of frictior. tut1 were made on each powder. AI expected, 

the material with the lowe at coefficient of friction (PVA) was the one that 

did not leave a layer of powder on the cylinder. 

The powder output curve for PVA ia quite amootb, and a nearly uni· 

!o1'm rate of emptytna ia exhibited durintJ the firat aeven or eight revolu­

tions. The torque curve h highly peaked with the maximum torque being 

reached early followed by an immediate decreaae, 

The torque curve for talc ia nearly symmetrical for the firat five 

revolutions with the maximum torque oceurl'ing after the ec:eond revolutlon. 

Ejection. of the powder occur• at a nearly conatant rate for the flrat aeven 

• revolution• and then dec reaaea grachullly after that. 

Behavior of~ cf..1ring ejection ia nearly the same aa that for tale. 

The plat.ea.u 1nothe output curve after the third revolution is associated with 

a allp in the screw drive eyatem ;~., ta the dip in the torque curve. The 

ehape of the torque curve ia ainular to that for talc: except that the maxi­

mum torque occur• earlier. The torque curve during ejection of~ ia 

much smoother than that for talc with leal alipptns occurring. The irreiU• 

lar epa.cing of the revolution markina• ia due to variation in the screw speed. 
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A1. the ec:rew ia tul'ned by the cord attached to the atraln·gage cart, etick· 

in.g of the screw m&y cause it to. atop Juat after a revolution mark. The 
• following slip may turn the ac:rew almoat to the point where another revolu~ 

tton mark would be recorded, maldng the interval slightly lon1er than it 

would be if the 1cnw had turned smoothly. In like manner. a ahorter than 

average interval could be formed. 

Ejection of !1, from the ecrew feeder tend• to occur in small buuta at 

time• indicated by the small blip• on the powder output curve. However, the 

amount ejected per revolution of the screw ia quite uniform !or the fir at 

aeven rev()lutions. The torque curve indic:atea atick·sllp behavior 1imilar 

to but not aa large in magnitude as that obaervcd with cornstarch. The 

revolution rate of the screw wae unaffected by the atick-dip .-c:tion, The 

torctUe curve far !& resembles the cornet&!'ch curve in that a small plateau 

occurs at the maximum value of torque. 

With saccharin, ejection of powder in burata i1 more evident than with 

any of the other powden, and tbie behavior laata throuahout the entire run. 

'l'he torque curve is more irreaular than that obtained for other powders 

which exhibited little stick-slip action. The required torque appeara to 

level off rapidly, but more torque is required near the end of the run than 

waa found with the other powders teeted. 

Table 3. 3 givea the value• of atartin& and maximum torque, ~rcent 

ejected, and average bulk density for each teat run. 'l'able 3. 4 lista the 

powder• in their relative rank acc:ordini to starting torque, maximum 

torque, average bulk denaity, coefficient of friction, and percent ejected 

from the feeder. The hiaheat value for each parameter ba• been given the 

rank of "1". The uae of relative rank doee not appear to yield any correla­

tion a mona the varioue parameter a. When data on the shear atrength of all 

th~ powder• are available, further attempts at finding a correlation will be 

made. 
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Table l. 4 Relat1ve Ranking of Powders According to Screw Feeder P.ara.metere 

""' ' ""' 0 

C)>::O'U 
!!t<!Dill 

Powder 

Saccharin 

Sm 

Cornatarch 

PVA 72.-51 

Talc:-18 

!I! ~ ~· <:6 0~~ !!& 
~o.m-

C- "'03 c::: ~ ;;r -· r-- _!.ffi 
UJ ~ 

-t~o 
~o·Pg 

:::1~ 

if :X:§= 
(/)n. 

Ill 
Ill 
!!!. 
::::. 
~ 

Starting Wax:imu.w 
Tor~e Torque 

1 2. 

z 1 

3 3 

4 6 

5 4 

6 5 

Ratio Apparent Coefficient of 
Maximum Torque Bulk Friction veraua Percent 

Startins Torque Density Aluminum Ejected 

4 5 z 6 

z z 3 4 

5 1 1 2. 

' 3 ' 1 

1 4 5 3 

3 6 4 5 

• 
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General conclutiona ba.8ed on theae experiment• are: 1) the efficiency 

of the feeder could be improved hy reducing the c:learanc:e between the 

acrew and the feeder wall. a) the particular screw feeder uud in thie 

study will eject powder at a fairly uniform :rate per U'YOlution only for the 

fiut eix to aeven revolution•; however, at this point approximately half of 

the amount o! powder placed in the faeder haa been ejected. 
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4. EFFECT OF ELEVATED AIR.STREAM TEMPERATURES ON THE VIA­
BILITY O:F DRY AEROSOLS OF B. GLOBIGll AND S. MAR.CESCENS 

In a. previous report8 the equipment and methods deslaned for uu in 

thiB atudy were ducribed. Reaults were preaented showing the effect of 

elevated airttream temperature• upon S. marcescena aerosolized from 

liquid auepenaiona. 9 

During the present reporting pe;iod. the a.pparatua and techniques 

were modified to render the data more reproducible and to adapt the sys­

tem to the study of aero•ola produced £rom the dry powder. The viability 

of dry aerosols o! B. globigii spores and S. marceacena was studied after 

expoaing them to a aerie• o! temperatures ranaing £rom 75•c x I. l~ aec to 

130-c x 1. 68 aec. 

4. 1 Modifications in Equipment and Techniquu 

• 

It was previously reported8 that the 11 Y'1 tube which connected the car­

boy plenum chamber to th.e twin 91. 5 x ~. 5 em tube• was delivering unequal 

quantities of aerosol to the two lea• of the ayetem. This nec:euitated the 

use of a mathematical correction fac~or when calculating percent recovery. 

Thill 11 Y11 tube was reduigned and in.talled in the eyatam. A aeries of Z2 

triala. using both.!!& and~ aeroaola, determined that the previoua dlfil· • 

culty was overcome. The variation between the two legs of the apparatus . 
ia now randomized and ia sufficiently small to preclude the use o£ correc• 

tion !actors. 

Because of alight differences in the geometry o£ the two legs, it wu 

theoretically possible to confound re1ult1 by ruiduall of viable spores and 

cella which might be retained in non-random quantitiu. A technique waa 

developed whereby the apparatus could be easily diaauemblf'«i at the com· 

pletion of an experiment, washed, chemically dilinfacted. dried, and re­

auembled in a abort period of time. 
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Whereas dry aerosols o£ !!a aporea could be generated in the plenum 

chamber by previously described techniques to yield aathiactory and 

reproducible reaulte, some dif!ic:ulty wa1 experienced during attempts to 

aerosolize dry powder• of Sm With the vaponephrln nebulhler. It waa 

therefore neceuary to develop a new method which would produce rela­

tively stable aerosols of dry~ powdera, The following method was found 

to be aaiiafac:tory: 

A 10 mm diameter D~ntal Darn diaphragm waa fitted into a 4-incb 

length of 1/4-incb 0. D. copper tubing. Approximately 0. 30 gm ~which 

had been stored in a dry box for 14 hours W&l loaded into the pipe. The 

open end of the pipe was fitted tightly onto a dry nitrogen preaaure tank, 

a.nd the powder was exploded into the carboy under 74 pei gauge preuure. 

The powder was not allowed to settle but waa drawn immediately via the 

"Y" tube into the twin le1s of the apparatus, and sampling was continued 

ior 10 m1nuteain All Glass impingere. The procedures of diluting and 

plating were performed according to protocols previously described. 

4. 2 Reproducibility o£ Reaults 

The data reported in Table 4, l show the reproducibility obtained upon 

~tplitting dry aerosols of~ and Sm io the two leas o£ the elevated air­

stream temperature apparatus. In all of these trials, the organisms were 

aerosolized into the carboy plenum, passed through the twin lei• of the 

apparatus and sampled in liquid impingers by methods described in pre­

vious reports. Since these trials were deligned to measure reproducibility, 

no heat was applied in the insulated tube. Each replicate represents the 

average results of six plates. 
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Table 4. l Reproducibility of Flow-Sphttio.g DeVlce 1n Elevated Airstream Temperature Appa.ratus 

Date Culture Replicate LesA ~..e1 n Replicate Meaa. 

10/9/61 1 6 6 6 
~ 85 X 10

6 
7Z X 10

6 
78. 5 ;i: 6. 5 X 10 

z 63 X 10 68 X 10 65. 5 z 2.. 5 

10/10/61 .!!!. 1 101 X tg
6 100 X 1g

6 100.5 ... 0. s 
z 81 X 10 80 X 10 80. s ::t: 0. 5 

10/ll/bl. 1 6 6 86. 0 :C l. 0 .!!& 87 X 106 
85 X 10

6 z 98 X 10 83 X 10 90. 5 :1:: 7. 5 

.10/1.3/61 1 6 6 47- 5 :C 6. 5 !a 54 X 106 41 X 106 
1. 58 X 10 47 X 10 51.. 5 ::t: 5. 5 

10/2.4/61 1 
6 6 53. s ::t: z. 5 .. .!!!. 56 X 106 51 X 10 6 

I z 87 X 106 100 X 106 93. 5 z 6. 5 w 
3 86 X 10 113 X 10 99. 5. 13. 5 

10/?.6/61 1 6 6 2.9. 5 :i; 1. 5 ~ 31 X 10
6 Z8 X 106 

2. 30 X 106 2.0 X 106 1.5. D • 5. 0 
c-::o-o 3 2.4 X 10 Z4 X 10 1.4. D • "'1 
11 :1>cow 
;;:es.<g 

10/31/61 1 6 6 73. 5 :i; 8. 5 -- m~~> ~ 65 X 106 81. X 106 0~ 0.. 111<.1'. 1. 69 X 10 88 X 10 78. 5 :i; 9. 5 -oO..CD 

e-~n3 6 6 c:: t.> ::;[ :;· 
ll/1./61 1 43. 0 :i; 7. 0 r- .!»!a Ill !!&. 50 X 106 36 X 106 

lJ). 0.. 2. 53 X 10
6 47 X 106 90. 0 :;i; 3. 0 .::o--!loo 3 70 X 10 51. X 10 61. 0 z 9. 0 c_p-OCT 

0. CD 

~!~c ll/15/61 1 6 
148 X 1g

6 136.5. 11.5 • :I: :;I Sm 125 X 10
6 Ot(l)~ - 1. 97. 5 "' 13.5 Ul Ill X 106 84 X 10 6 

Ul 
1Z4. 5 * o. 5 :=; 3 12.5 x 10 12.4 X 10 

Ill 
0.. 

6 1 6 6 
All Triala: 69.5 X 10 71.5 X 0 70. 5 Z 1. 0 X 10 

_ .. _ -- ------.---- ..--~----
, ,; .• w,I.&A ,;. .o.,.·-... 1 
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4. 3 Viability of Dry Aeroaob of Bs and Sm 

Initial conditions used ~or inveatigatLns the effect of temperature and 

time of expoaure on a.eroaola of dry Bacillua globisii aporea were 1 Z5 •c 
ancl l. 68 uconda. The data obtained are aummariaed in Table 4. a and are 

plotted in Figure 4. 1. The data indicate that theae condition• ha.ve no mea­

lurable influence on the via.bility o£ the !J.aporet. In view of these results, 

no experiment• were performed at lower temperature• or shorter exposure 

times. 

In contrast, there was a. pronounced viability loss with Serratia 

marceacehs upon heating to tetnperatures between 1s•c and lJo•c for 

periods of 1. 1Z to 1. 68 seconds. These data are summarized in Table 4. 3 

and are plotted in Figure 4. 1. The ortsinal viability of the powder used in 

the aeroaola was 8. 0 x 10 10 Ism. These reaults confirm the conclu1ion 

which was reached upc)n the basis of experiments performed with aeroaola 

of Sm generated from liquid auapenaion; namely, that the viability of~ is 

substantially reduced upon expoture to elevated temperature alrstrea.ma 

for very short periods of time. 9 

These expertments with !1. and!!!!_ clearly illuttrate that the potential 

effect o£ hot ga~ea from jet engine exhauata on the viability of BW aerosols 

will depelld largely on the aenaitlvlty of the particular organism being die· 

aeminated. Future experiment• will inve1tigate the e££ect of shorter ex­

poaure times on viability lose in dry~ aerosols, and the effect of higher 

temperature on !i aerosols. Temperatures somewhat higher than l~s·c 

a:re of interest in certain cases. A recent analysis of jet plume mixing 9 

conduded that for the ('aae of a amall drone. where the di,.eminator 

mounting station il approximately three feet from the center line of the 

engine, the aerosol entering the plume would be exposed to tempt:"raturea 

up to 420°F (Z 16 •c) under certain aaaumed conditions of operation. 
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Table .o&. Z Viability of Dry Aeroaola of~ at ns•c for 1. 68 Seconds f 

I H (!!1. from Lot No. X-12 Aero so ised "Rith DeVilbiu Oenera.tor) 

[ 
n Reelicate Heated Control Avera1e 'A Recove!Y 

• 
r , 1 6 

Z2. 5 lt lo6 
! 

I! 
2.9xl06 

l z 15 X 10 11 X 10 102." 
3 12.5 X 106 aJ X 106 

i 4 13 X 10 13 X 10 

i II 
I:; Table 4. 3 Viability of Dry Aeroaoll of Sm at Various Expoaurea 

(~from Pool f7 Aero•alhsed"'Sy Exploaion) 

i : 
Temperature Time Heated Control Average ~ Recovery 

I 

1s•c 1.12aec 6 
ZJO X 10: 161 X 106 

86 X 106 119 X 106 71. 0~ 
130 X 10 182. X 1 () 

I 1. 68 sec: 37 X 10: 79 X 10~ 
39 X 106 63 X 106 55. 0~ 

I. 
51. 5 X 10 91 X 10 

too•c 1. 12 sec 77 X 10: 177 X 10: il 
I: 

68 X 106 113 X 106 48.3% li 
9" X }0 2.02. X 10 il 

1. 68 sec 76 X 10~ 6 II 
181 X 106 

I. 54 X 106 12.7 X 106 
44.0.,. 

61 X 10 U7 X 10 

55 X 10~ 175 X 10: 
i 

I, us•c 1, 12 sec 
80 X 106 2.61 X 106 34. O'h 

I 
117 X 10 302. X 10 

I; 13o•c 1. 68 sec: 8 X 10: 175xlo: 
I 

f 4. 5 X 106 141.5x 106 3. 90A 

I 5 X 10 149 X 10 

I i I 
H ~ 
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t 
I l! Page determined to be Unclassified 
i· Reviewed Chief, ROD, WHS 

t 
4-5 lAW EO 13626, Sec;:tion 3,5 

1I 
uatt: JUL 1 9 L0\3 

I 

~ \ 
~ • ........ -- -~-.... ---



;...: '-~·· .. ·---·--

n 
u 
f\ 
I i 
l : 
J 1 

1 i 
--

' : ~ 
Q) 

~ 
u 
u 

J ' 
~ 
'It -

\ : 
~ ,.,. 
:::l 
~ .... 

I 
> 

L 
I i 
I: 
ll I, 

I I 
fi 

) J f !: 
t 
I 

J ! t 
t 

I i i 
£ • 

90 

75 

60 

45 

30 

15 

30 

A S. marceacena (1. 68 sec) 
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• 

110 130 

Figure 4. 1 Vta.bl.lity of Dry Aerosola of B. :f:loblgii Sporee 

and S. marceacena ln ElevateCl r Temperature• 
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4. 4 Effect of Compaction on the Vlabllitx, o! S. marcucena 

A previoua report 10 ducribed the equipm•nt and techniques used to 

mea1ure the effect of compaction oft the viability of dry !!!l powdeu. 

Euontially the method involved determination of viable count of ~ pellet• 

(dentity: o. 48 am to o. 77 am) which ha.d been prepared under di!lerent 

compaction preuuret and compariton of viable count of the uncompreued 

powder from which the pellet• had been manufactured. The result. of aome 

of these trial• azoe aummarlzed in Table .f • .f. The reaulta auggut that 

there might be a slight effect of compaction on apparent viability Iince the 

hiahest preuuret ttudied yielded t.he loweat recoveries. However, it it 

pouible that the compre• •ion proc:eu introduce• artifacts in a viability 

1tudy. On the one hand, compaction pre11ure1 generate ehearinJ forces 

which can deaaalomerate clump• and perb&pa even bactu:re individual 

particle• yielding higher apparent recoveriet from the c:ompreated eample. 

On the other hand, a pellet produced by compaction ia exceptionally diffi-
• cult to diaperee by mechanical lhakina in a diluent, and woulcl yield 

apparently lower recoverie~ from the compreued •ample unleaa diaper­

lion it complete, Supe:rimpoeed on theae phenomena, ia the po .. ibility 

that comp:reuion miJht alter the ~ viabUity o£ the cell. 

In order to overcome some of the c:on£oundin1 variablea, and to etudy 

the effect o£ compreuion on true viability. aeveral dillerent experimenu 

were performed with the 30-pound compreuion weight. In one aet o! · 

experiment., the compacted pelleta were dialntearated by mech&ftical 

thaldna. re•ultln& in apparent recoveries ot 69. 5 to n. 5 percent. In the 

tecond set of experimente. both the control powder and compacted pellet 

were disintegrated into the diluting aolution by meant of a tis aue homo­

ganger. These reaulta ehowed tb&t the viability of the compacted eamplea 

r&niJed from 86 to 96 percent of the oriainal powder, On the baaia of the 

latte.r reeultt. it would be concluded &hat compaction ia not deleteriout to 

viability. 
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·obvi.~aly, further work remaiue to be done on developing techuically 

precise tnethode of diiUnguilhing between loas of true viability and appar­

ent change in count due to mechanical arti!actt. Once thb ls accom­

pliahedt the effect of l'ate of compreuioft Oft viability will be iftveatigated. 

Table 4. 4 E!!ect of Compnulon Oft Viability of Sm Powder 

{~ from Pool f7) -

Compreaaion 
Weight 

•1 soo am 

Density of 
Pellet 

0.5037 
0.!5225 
0.5568 
o. 5411 
0.5445 

0,5318 
0.5947 
0.5755 

0.7414 
0.7516 
0.798Z 
0,7!585 

o. 772 
0.762 
0.692 

Viable Count Percent 
(Control) Viability 

• 6 8~. 0% 78.5 x 10 /am 

70. 0 .x 106/gm 
76. 50/o 
77. O'Yo 
86. 01o 
76. 0% 

65. 0 x 106/gm 96. 01o 
90.0% 
86. Oft 

73 x 106/am 72. 5-AI 

66 x 106/gm 
69. 50/o 
71.5% 
69. 5'/a 

67xl07/gm 96'{. 
931. 
8611/o 

• Pellet and control diaintesrated into diluent by mechanical ahaking, 

.u Pellet and control disintegrated into diluent with tiuue homogenger. 
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5. DISSEMINATION AND DEAOOLOMERATlON STUDIES 

5. 1 Introduction 

Studies weu continued during thla reporting period to determine the 

description of the wind tunnel aero1ol. generated by a new, combined 

mechanical·pneumatic disseminator which waa built to simulate a de•ign 

concept being considered !or the prototype dia .. min&tor. 

Both compacted and uncompacted~ were tested in the diaaeminator 

at bulk densities ranging from 0. 33 to 0. 65 gm/cc, The!!!!, moisture con­

tent was maintajned at approximately 1. 7 percent by storing and working 

With the material in a dry box prior to the teat run1. 

Analysi• of the aerosol wa• made by two methods. First, fine 

agglomerates were studied by sampling them on Millipore filter• with a 

secondary sampling system which collected one percent of the material 

drawn into the high velocity sampling probe. In microlcopic analy1t. of 

the collected material, the amount of agglomerate• in the 1 to 5 microns, 

5 to ZO microns, and greater than ZO micron• ranges were counted. The 

majority of agglomerates in this category consiated of doublet• and triplets. 

To further determine the reduction in deagglomeration efficiency, the 

results were analyzed on the basis of the mass o£ elfec:tive 1 to 5-mi<:ron 

particlt!s which are cotnbined to form agglomerates greater than S microns. 

In thh work the aaglomeratea greater than S mic:rona were studied in detail 

as to their eompositi.on and lize. 

While running teata wi.th the !ilter system, it was observed that there 

waa present in the aerosol a relatively small number ollarger agslomer­

ates up to about 500 microns in size. However, due to their low concen­

tration it was not fea•1ble to atudy them with the filter sampling technique, 

where only a small percentage o! the aerosol ia collected. Therefore, an 

impactor syatem was deaigned and fabricated which collected essentially 
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all of the agglomerates greater thao ZO microns in the tu.nnel, The an&lyaia 

-conJiated of maae meaauremeote, microscopic observations. and Whitby 

centrifuge analysis. 

'I'wo runa were made with the pneumatic ayatem where high speed 

motioo pi~tures were taken to enhance an underatandins ol the aerosol 

aerodynamic breakup pro~e• a. 

5. 2 Pneumatic Diueminator 

All the wind tunnel testa and dudiea during this reporting period were 

conducted Witl1 a mechanical-pneumatic diueminator which aimulatea the 

injection region oi a particular prototype design, diacu11ed in Section 6, 
The eyatem, shown in Figure 5. 1, uses the 1ame piston-type disaeminator 

that hae been employed in all previou• testa. However, in tbia cau ~ ia 

injected into a small chamber which 11 maintained at an air preuurc of 

5 pstg. The air then is utilized to transport the material into the Wind 

tunnel air1tream. 

ln operating thia type of aystem it ia desirable from the standpoint of 

air or gas coneumption to maintain a highly concentrated bed of powder 

above the discharged orifice. Iq this manner the air flow rate ia minimized 

at the orifice. Thue, there ie no intention of aerosolizing the material be­

fore it rPachee the Wind tunnel - breakup should occur in the tunnel under 

aerodynamic forces of the airstream. 

It is apparent that in the caae of compacted mate:riala there is some 

breakup in the air chamber due to mechanical forces present when p&rt of 

the material is impacted on the chamber wall. These forc"a do not com· 

pletely break down the slugs into basic particles. We believe that the 

physical condition of the material it similar to that which will be produced 

in the actual prototype due to mechanical forces auociated with the shear­

ing procese and mechanical mixing. 
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As a reault of earlier tuta of thll injection technictue, it wae found 

that to obtain an in1tantaneoua bed ln the air chamber, it waa neceuary to 

inject the material juat upstream of the orifice. 'I'hua, the orifice wa1 

made longer than anticipated in a prototype. 

For wind tunnel operation the air pre11ure ia regulated to 5 p111 be­

fore the run; i.e., air flowa through the chamber before~ ia introduced 

1nto it. Since thil ia somewhat different £rom the ea1e of c:ontlnuoua 

operation in the prototype, it waa deairable to look cloeely at the flow of 

material a.a it enters the wind tunnel. Thus, high speed photography wa.a 

employed agu1n using the same technique and equipment aa wa1 pl'evtoully 

used. 
11 . 

The pictures show that there h a short period of high powder flow rate 

whtcb beaine soon after the mechanical injector 1tarte fUUn1 the air c-ham­

ber. However, a a the chamber empties, some material etick1 to the walla 

and breaka of! in chunks cauaing very thort burttl of high aero1ol concen· 

tration and a gradual trailinSJ off of the process in the form of a liaht aero­

sol cloud. 

lt appears very likely th.~t during 0. 01 ucondl of the runa a fairly 

dense bed exiats in t.he air cha.mber. Injection velocities taken from the 

pictures indicate that the a.vera.ge !low rate ia about ~. 0 pound• per minute 

during thie period. 

Other intereltina factors are aleo brought out by the pictures. For 

example, even though the injection velocity 11 from two to foul' tim•• that 

of the previous etudlea, the bulk o£ material doe• not penetrAte any further 

into the wind tunnel. The reason ia that the material ia diapel'leci quicker 

and accelerated faster down the wind tunnel. 

One difference exists as a result o£ increased injection velocity, The 

laraer a;;lomeratea. appro"imately 300 micron• in •ise, are eepa:rated 

from the denee cloud of dispersed~ due to their high inertia. Some of 

thue can be seen to penetrate into the airatream Without underaoing 
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aerodynamic breakup. These will be diacu .. ed later in terma of tbt>b' con­

centration. Comp&riaona of photoarapha at condition• of 0. 33 and o. 60 

gm/ce bulk density showed that a. aubatantially lar1er number o£ agglomer­

atee in the 100 to 300-mic:ron ran1• exiat in the~ enterina the tunnel for 

the latter case. However. a ta.r1e majority of these undeTgo a.erodynamic 

breakup by surface shear atreuee clu.ring acceleration. So the ntt dif­

ference bfltween the two condition• appear• to be small from the standpoint 

o! then large scale agglomerates. 

Another interesting observation that ba.a been made ia that the aeroaol 

cloud tends to epread in the tunnel by turbulent diffuaion which ia in part 

produced by the injection jet. 
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.5. 3 Sm Dtuemin&tion -Small Scale A11lomerate Study 

In aampling the wind tunnel aerosol it haa been found that a.gglomera.tea 

ranging from l to 500 microns are present in decreasing numbers with 

increasing aise. The amall acale agglomerates in the 1 to ~O·micron 

range can beat be analyzed by uainJ filtratioll and microscopic methoda, 

while those lar1er than thi8 are in aucb low concentration that it is not 

practical to analyze them in this way. Thus, an impaction technique dit­

cuued in the following section waa employed for agglomerates greater than 

29 microns. 

A secondary filter aampling system waa conatructed for the work on 

small agglomerates to enable us to dineminate approximately 1 cc of ~ 

into the tunnel and yet reduce the particle concentration on the filters to a 

low enough value that mic:roacopic method• could be used. Figure 5. 2 

sho•• the new filtering arrangement. The aec:ondary system samples from 

the large section of the high velocity sampllng probe where the velocity is 

on the order of 10 feet per aecond. A •tandard 47 millimeter membrane 

lUter holder ta employed with Type AA Millipore filtere which have a pore 

atze of 0. 8 micron. Thus, the secondary filter collects about one percent 

ol the aerosol which enters the hiih velocity sampling probe. 

The unit was tested !or ita l.sokinettc cha.racteristics by comparing on 

a number basis the partu:le size diatribution of the collected sample with 

the controlled distribution as shown in the previoua report12.. The agree­

ment between these eases was very good, indicating satisfactory operation 

of the new system. 

All testa conducted in thia part of the study were ea.rried out at wind 

tunnel Mach number 0. 5, The hish velocity sampling probe waa located at 

the polnt o£ h1gh •eroaol concentration, namely 0. 63 centimeter• !rom the 

top wall. The major parameter investigated wae ~ bulk density, which 

varied from 0. 33 to 0. 65 gm/ cc. The material had a moi•ture content o£ 

about 1. 7 percent. 
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In analyt~lng the filters a light microscope was used at X600 for su£fi. 

cient resolution to count particl81 down to about 0. 7 micron. The fint 

ttep waa to count a combined total of at least 1000 basic particles and 

agalomerates lor •ach teat. The latter were clasal!ied into three size 

ranges: 1 to 5 mtcrona, S to 20 microns, and greater tha:n ~Omicrons. This 

breakdowr1 wae made because those in the 1 to S·mlc:ron range do not re­

duce the et'fectivenees of the aeroeol as do all the others. 

Microscopic observations of a lar1e number ol particle• and 

agglomerates on the filteu indicate that these amaU-acale agglomerates 

wetre primarHy composed of doublets and triplets. In the analysis, all 

pat'hclea that appeared to have any contact whatsoever were considered as 

agalomet"atee. lt it obvious that some of the1e are formed as a result of 

filtratlOI'I, one ~rhcle fallini upon the other, The number of doublets 

formed due to this probability is now being considered; however, in this 

dacuulon we will omit this factor and diacuu only the upper limiting con· 

diU on. 

A photorn1c:rograph of a typical field on the !ilter ia shown in Figure 

S. 3. Note that to a very large extent the material appears as b&aic parti­

des .. doublets and triplets are quite rare. 

llesulta of seven teat• are ahown in Table S. 1 where the number of 

agglomerates in the three size ra.ngea are compared with the total concen­

tration of parhculate material on the Iilteu. It can be seen that the largest 

percentage of small-scale agglomerates is in the 1 to 5-micron aize range. 

Above ~0 nJicrona there were no agglomerates observed in any run when 

1000 particle• or more were counted. Figure 5. 4 ahows the data plotted 

over the Sm bulk. density range 0. 33 to 0. 66 gm/cc. 

Important conclu1ion• o£ thia work are that the amount of agglomerate• 

preaent in the aerosol increases only a small amount with bulk. density, 

Alao. the number of agglomerates in the 5 to 2.0-micron rani• are rela­

tively small on the number basis. 
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Table 5. 1 Small-Seale Aulomeratioa. of Sm Simulant Diaeeminated 

in Mach Number o. S Air atreamwith Pneumatic Syetem 

Sm Filter Percent of Particulate Material 

SUlk Particle as Asalomeratea 

Oenlity Concentration l to 5.u, 5 to ZO..Mo >20p, 
r 1 7 

0, 33 gm/cc 
4 5. 0 o. 3 Negligible 

49.5 X 104 
"' , ... ·-· .. ~c:.. 4 Y JO, 6.0 1.0 No~~nHn1'h}"t 

a. 51 iml~c 37.) x lv 4 
o.t. 1. 'l Negligible 

0, 59 gm/cc 46, ~X 104 
7. 0 2..5 Negligible 

0. 59 gm/cc 31. 1 X 104 
8.4 1.6 Negligible 

0. 65 am/cc 36,5 X 104 
9.4 3.7 Negligible 

0. 66 gm/ec 36. 5 X 10 7.5 2.. 1 Negligible 

To determine the effect that tmall-ecale agglomeratioT_l has on the 

effectivene•• of the disseminator the ana1yaia muat be placed on amasa 

baaia, Therefore, we have made calculatioas on the amount o! malll in the 

5 to ZO-micron aglomerates which conaiata of individual particle• in the 1 

to 5-mic:ron range. To carry out the1e calcula.tiona it waa neceaeary to 

determine the chara.cteriatica of the larger agglomerate•· Thua, 100 of 

them were observed in detail and the l.adlvidual particles contained therein 

were sized. Table S. 2 provides a deecript~on o! the a1slomeratea with a. 

tabulation of the baaic: particle• in the 1 to 5-microa size ranae. 

1n aenera.l, baaic ~ particle• are known to have a platelet shape. 

However, in. the 1 to 5 -micron aize range they can be aaaumed to approach 

a apherical 1hape lor theae calculationa. 

The maaa of material in the 1 to 5-micron range ia the original aample 

was also determined. It waa baaed on the particle size distribution by 

number for the material aa determined undor a llaht microscope. The dia­

tribuUon, ahown in Figure 5. 5, indicates that about 79 percent of thete 

partic:lee by aumber are in the 1 to S·micron range, while only 5 percent 

a.re areater than 5 microns. 
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Table 5.! Description of Agglomerates in the 5 to 2.0-Mic.ron Range 

Number of Total Number o£ 1 to 5-Micron Particles 

Partielu in Number of Comprising Agglomerate~ 

Asalomerates Asalomerates l to 2~ 
1-

Zto 3~ , 3 to '¥" 4 to 5/.' , 

l 72. 1 3 B 2.6 

3 16 z 4 5 7 

4 8 4 3 2. 5 

5 2 1 1 1 z 
6 1 1 1 z 
8 1 1 2. z 1 - -

100 10 14 23 41 

To determme the loea of e£fectiveneu of the dilaemination process, 

let ue uae ae an example the da.ta at bulk deneity 0. 6 shown in Figure 5. 4. 

.For each group of I 00 particles present in the aerosol (basic and agglom­

erated) there are 79 basic and asglomerated particlea in the 1 to 5-micron 

range a.nd·Z. 2 agglomera.tea in the 5 to 20-mlcron range. 

Baaed on data in Table 5. Z the mass of useful material in an average 5 

0 
-12 

to 2 -micron agalomerate is 37. 4 x 10 gm. The 79 particlee in the 

-12 ~! 
lower range have a total mats o£ 853 x 10 ;m. Thus, the loss in e.r. ec-

Uveneaa of 1 to S ·micron m&terlal in the diuemination process due to 

small -scale agglomeration in this case is: 

ineffective mass 
effective mass + lneHective ma .. • 

i.~x37.4x lo-lZ z = 8. 8ft 
853x10·l:Z t Z.Zx37.4xl0-l 
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Figure 5. 6 gl.vea the result• of theae calculations over the bulk denaity 

range 0.33 to 0. 66 gm/cc. It should be remembered that these ligures 

represent the uppar limita on a loss of ef!ectiveneu. The £actor of doubltt 

formation due to filtration tends to make thia value greater than in the 

actual ael't>st~l. 

5. 4 Sm Diuemination - Large Seale Agglomera.te Studz. 

h was stated eal'lier that a relatively small number of la.rge agglom· 

erates on the order of 100 to 500 microns were found in the study discussed 

m Section 5. 1. Due to their small number, however, they could not be 

etud1ed irom the sta.tistic:al standpoint. Consequently, an impactor was 

dea.lgned wh1ch coul.d sample the full discharge of the tunnel and collect 

auffletent material !or analysis. Baaed on the impaction efficiency data. of 

Ranz 13, it was found that by mounting the impactor a short distance down· 

stream of the tunnel ex1t a 50 percent cutoff could be obtained at about the 

b·nn cron size. This holds true for the wind tunnel Mach number condition 

0. 5. Thus, the collection efficiency for all agglomerates above 2.0 microns 

would be near 100 percent. 

The analysis technique employed was to weigh the material•on the . 
Impactor plate and determine the amount sampled which con1iated of large­

aC'ale 3gglomeratea. This quantity was then compared with the amount 

dluemtnated to obtain the percentage of the aerosol which il composed of 

these agglomerates. 

The 1mpactor ia shown in Figure 5. 7. The face of the unit consists of 

two ma.roacopic ahdea mounted end to end in the vertical plane. Surround­

tng these ia an aluminum plate wlth an outside dimension o! seven inches by 

&t'lven lflchea, The combined collector plate can bcs weighed in an analytical 

balance for tine accuracy. The glaaa slides make possible microscopic 

analysts of a representative portion of the collected material. 
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The aeneral collection pattern Oft the plate• revealed that the large 

&glomerate• were mainly concentrated in the bottom haU of the tunnel 

• while the larser basic particle• were found in hiah concentration on the top 

ba.lf ol the tunnel. A• an example, i'igu.re 5. 6 shows photomicroarapha of 

the top a.nd bottom aectiona on the impactor. Note the larie 120-micron 

a.aalomerate - many of ita individual particle• can be observed. 

The amo•1nt of material greater than ZO micron• waa estimated by 

ueina the Whitby centrifuge. Other methods aueh as countina and calculat­

ing were found leu accurate. A method of weighin.g the alidea separately 

and then eetimating the :relative rna .. in the larae agglomerates aareed 

quite well with the reeulta. It is believed that these larse agglomerates 

~re qul.te atrong in moat caaea since they withstand the <Usaemination pro­

ceu w~tbo\it breaking up. Since the amount t>f maaa in ag,lomeratea must 

be amall. it appears that any breakup in the centriJuae has a minor effect 

on the over -all ruulta. 

F;gurf! 5. 9 shows both the percentage of diaeeminated material col.­

lec:ted and the percent~ge of the ori11inal material which is in the greater 

than ZO ·micron range. The presence of agglomerate a is essent'ially in­

dependent of the bulk denaity. They represent about Z percent of the total 

maae diueminated in all cases which is considered to be quite small. 

The deagalomeration studies durina this period have shown that com­

pacted~ with bulk densitiea aa high as 0. 65 gm/cc ca.a be diueminated 

with the mechanical-pneumatic system almost as eHectively aa the uncom­

pacted material. Th~ result,. indicate that the maximum loaa in effective­

neu of the diueminator due to a.aalomeration of particles in the 1 to 5-

mle;ron rar.ge ia a.bout 12 percent by ma11, It ia anticipated that this figure 

will be reduced by future conaidera.tiona ae to the origin of the doublet and 

triplet agglomerate• observed on the filter samplea. Since this work has 

only been conducted at tunnel Mach number 0. 5 a portion o1 it will be 

reproduced at Mach number 0. 8 in the next reporting pe%'iod. 

5-17 

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
tAW EO 13526, Section 3.5 

Date: JUL 1 9 2013 

,, 
f I 
t I 
l I I. 
I 
I. 
{ 
I 1 

I 
. I 

' 

II 
I 

I 
l 
~ 
I 



• 

• 

Top Slide (X-300) 

Bottom Slide (X-300) 

.Figure 5. 8 Photomicrographs o! Impactor· Sample (~} 
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6. EXPElU),(ENT AL DRY -AGENT DISSEMINATOil 

A deai.an concept for a dry-asent diuemlnator w.aa preaented in the 

14 
flftil (\U&rterly proareu report , A pro1ram hat beeu int.ti&teV. in which a 

full 11ise diuemlnator b&aed on thia concept it to ~ teated ln the laboratory 

to clemonetrate the fea.ibility of such a diueminatol' and to obt&in necee· 

aary engin.eertna deai1n data. .An experimental di .. eminator and some of 

the auocia.ted e(\uipmen.t re(\uired for the teat program were deaianed and 

fabricated. The experimental unit and. some of the test plan.a are diacu11ed 

in the following program a. 

6. 1 Ducription of Experimental Dry-A1ent Disseminator 

The experimental dry -agent diueminator !or laboratory ttudiea b 

ahown in i'il\11'8 6, 1. This unit incorpor&tu the principal features of the 

airborne unit deacribed ln Reference 14, except that no attempt waa made 

to uae llghtweipt structural components in thia firat unit. 

Dry-aaent aimulant material ia to be compacted in the cylindera on 

both aidea of thf! center aection. The materials will be forced into the 

cent·er aection by phtona mounted at the ends ol the unit. The platona are 

moved toward the center by lona screws, one left·hand.ed and one right­

handed, driven from one end o! the di11eminator. The screwa are con­

nected at the <:enter through the hub of the dia&gJrei&tor which rotates with 

the acrewa. At the dhagareaator rotatea it ah&vea off powder which falla 

into the center section where it mix••. with aa• and flow• throush the dit• 

charge orifice in the bottom of the center section. 

The dimensions selected for the experimental unit are not neceuarily 

thoae wbkch will be uted in the airborne developmental modeL, but the 

lensth an.d diameter of the cyllnde.r are la.rge enough so th&t the experi­

mental unit il actually a full-scale model. Some of the mol'e important 

geometric data are pruented aa follows: 
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ln1ide diameter •.•••...••.•..•.•..••. 18 inche• 

In aide length overall • • . • • . . . • . • • • • . . • . 117 lnehe a 

Dieaggregator length • • • • • • • • • • • • • • • ••• 6 inches 

Maximum length of each powder alua • . • • • . • 54 inchea 

Maximum L/D ratio of powder •lua •••..••. l 
Maximum volume of powder • • • • • • . • • • . • . 15. 9 cu !t 
Maximum weisht of powder (..0• 0. 5 gm/cc) ••• SlZ lba 
Lead of piaton drive 1crewa .•••.••.•..•. 0. 2 inches/rev 

Powder feed rate . • • • . . . , ...• , ..••• 0, 059 cu f.t/ rev 

Drive speed range • , , ..• , ..••.••.•.. ' •. 8, 75 to Z6 rpm 

Powde\' feed rate ran~e , .• , ••• , •.•••••• 0. 515 to 1. 53 dm 

The cylinder is made in fiv~ section... Four of the sections are 27.75 

inches long and the center section ia only six inches long. Thus, \\'hen 

a .. embled, the cylinder ia 117 inche1 long. The dhagaregator occuplu 

the eix-inch center section, The hub on each pilton ie l, 5 inchu long 

leaving a maximum length of 54 inchel on each end !or the powder. Bear• 

ings and seals for the drive acrewa are mounted on the end plate• of the 

cylinder. On one end plate the driving end o£ the •crew protrude• through 

the cover of the bearinK housing (see' Figure 6. 2). The overall exterior 

length oi the unit ia 12.8 inche1. 

The disaggregator aa shown in Fi~Ure 6. 3 baa been removed from the 

center section. The auembled po1ition is 1howu in Fiaure 6. 4. The die­

aggregator coneiste of two 0. 1.5-inch thick circular plate• mounted on a hub 

with internal threads which engage with mating threada on the drive screw•.· 

Flat pin• are used to key the hub to the drive •crew•. Ea.ch plate haa eight 

rectangular opening• with a cutter positioned in each opening. A1 the plate a 

rotate, the c:uUere &have o£1 powder which falls through the opening• into 

the apa.ce between the plate1. Bafllea are mounted between the plates to 

stir the powder as it ia mixed with sas, Wire scrapers attached to the 

platee are used to prevent powder from plugging the orifice or clinging to 

the cylinder wall. 

Each piston i• a 0. 6Z5-inc:h thick flat plate ucured Lo a hub. Fipre 

~. 5 shows a piston and drive screw in a cylinder (pulled out of normal 

po1ition for photographic purpol .. ). A notch in the edge of the phton 
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engagea with a iuide running the length of the cylinder. This guide tosether 

'With the frictional forte of the pilton agai.uet the powder preventl the pilton 

from rotating with the screw. 

.Each drive ac:roew ia an Acme screw l. 375 Inches in diameter with five 

threads per inch. A right-hand thread ls used 011 the screw in the dt'ive 

end o£ the cylinder and a. left-hand thread on the other screw. 

Figure 6. 3 ahowa the removable plate !or gaining access to the center 

section. The fit\ina• for the ga• aupply and for preuure meaaurement are 

alto evident ln the photograph. (Presaure tap is partially obscured by 

handle or left eover latch.) 

Fitting• are also mounted in the end plates 10 that the apace• behind 

the piaton• can be 1\applied with a•• to balance the preaaure of the aa.• in 

the center ac.::Uor, where the powder h being fluidised. 

The ducharge orifice ia mounted in an adapter 1hovm in Fiaure 6. 6 

which aerewa 1nto the bottom of the center tec:tion. The orifice plate ll 

removable so tha.t different orUlc:e o~nina• can be tried. Initially, orilic:e 

diametera of 3/8, 1/2 and 3/4 inch .. will be available for teat. 

6. 2 T ut Stand and AuxUiary Eguipment 

The drive for the unit conti8ts of a 60: 1 gear reduc:tor clrlven by a 

1. 5 hp, 1750 rpm motor throuah a belt and a variable pitch pulley, The 

pulley provide. a 1peed ran1e of three 10 that the total reduction from 

motor to reductor abaft can be varied from approximately 60:1 to approxi· 

mately 180: 1 givinl a theoretical reductor output apeed range of 9. 7 to 

29, 2 rpm. The output of the recluctor ia connected to the drive screw of 

the cliaeeminator by means of & universal joint. 

The teat ata.nd ia de•lgned to hold the fluldiser aufliclently hi.!Jh off the 

floor to permit collecting and weighing the powder bein1 discharged. The 

powder will be collected in a largo drum rutlna on a platform tcale poai­

tioned below the disseminator. 
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Provisiona are being made for aupplyins i~LI from either at two 

_aourcea. For the initial trials air from the plant c:ompreued air system 

will be used. For tests where humidity ia to be controlled and where other 

design condition& are to be simulated more closely, compressed nitrosen 

will be supplied from aaa cylinders. Supply preuuru will be reduced to 

appropriate values somewhere in the vicinity of 5 paig. Qas flow will be 

mea•ured with a flow rueter aivini flow rate infort.nation. 

A aimple loa.ding stand was designed for manually Loading and compact­

ing powder into the cylinder. The cylinder will be loaded one-half at a 

time by pl.a.ctng the cylinder half-aection on end in the loadina 1tand. A 

predetuminad amount of powder will be placed in the cylinder and com­

pacted With a tpeciaL:~ ram and lever arraniement. The amount o£ powder 

used per charge will occupy only a. few inchea in the cylinder ao that it wilt 

be neceaaary to repeat the proceaa teveral times before the ha.lf-aectton ia 

filled. This ia the procedure which has been uud to obtain uniform denaity 

m the compacted powder when small cylinders are ua•ed. 

6. 3 Teat Plan• 

lt a planned thal the first teats conducted with the experimental dia­

aeminator will be run with talc a.s the aimulant material and eompreaaed 

air aa the gaa. These first teats will be uted to evaluate the baaic princi­

ples involved and to make nec:euary modification• to the unit. ln addition, 

data relating powder flow rates to orifice diameter, gas flow rate, gas 

preasure, piston feed rate, etc. will be obtained. All o£ thia work will be 

conducted at room conditiorut without attempting to control humidity. When 

the unit ts performing satisfactorily, a different dmulant will be used and 

humidity will be controlled. Compreued nitrogen (and perhaps C02) will 

be used as the motivating gas. Corn starch, pO'Ndered milk or powdered 

sugar will be uaed as the simulant material. These teats will provide the 

data required to design the prototype airborne disseminator. 
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Following is a listing of data which will be obtained during the teste: 

1) Material denaity 

a) Material flow rate 

3) Oa• preauure 

4) Gaa Oow rate 

5} Input t('rque 

6) tnput speed 

7) Humidity conditions 

8} Uniformity of material flow rate 

9) Other qualitative information regarding characteristics of 
materials or equipment which will be of value in de•igning 
the di .. eminator and reola.ted fillin~, loading, and handling 
equipment. 
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7. APPARATUS TO BE FURNISHED FOR DISSEMINATION EXPElliMENTS 
AT FORT DETR.ICK 

A aeriee of dieaemination experiment• wiU be conducted aa :3. coopara• 

tive effort involvina membert of the Tort Detrick technical ataff and techni· 

cal penonnel from Cieneral Mille, Inc. These expel'imenta will be con· 

due: ted in the large •pherical ("eiaht ball") aerotol teat chamber at Fort 

Detl'ick.. The apedal a.pparatu1 for these experiments will be furnished by 

General MHle, Inc. Thit apparatus i.nc:ludes a special bLow·down wind 

tunnel and a duaemination teat fixture. 

The experiment• will include a eeriee on diuemination of a dry agent 

etmulant and aleo a seriea with an actual aolid agent. The work with the 

etmulant will provide data for comparison with our findings in the wind 

tunnel experiment• condu~ted at General Mille, Inc. and with da.ta obtained 

at Fort Detrick 1n the past. The experiment• with an actual •olid aaent 

wtll proVide nec:e .. a.ry data on the effectivene•• of the diuemination con­

cepts currently 11nder study. 

Dur1ng this reporting period, the design o! the wind tunnel apparatus to 

be furnished to Fort Detrick has been initiated. This tunnel will be very 
• 

similar to the ont9 used in our laboratory, except !or changes required to 

make it compatible with the 11 eight ball" facility and improvements sua­

geated by our pa.at experience. The tunnel ln•talled in our labora.tory il 

illustrated and described in the .First Quarterly Report 15 on this proJect. 

Several detailed conaiderations perta1nin1 to the design ol the ap_paratua for 

the new aerie• of experiment• are discussed in the paragraphs which follow. 

7. 1 Safety 

Special attention haa been given to safety in telec:ting all c:omponente o£ 

the system, since some experiment~ will be conducted with an actual agent. 

In genera.l, the system Will be of welded construction. At locations where 

joints in the •ystem are required for installation and handlln11 purpo•••· 

~-1 
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the flanges will be modified to incorporate an acceptable 0-ri.ng type seal. 

At the loca.tion where the wind tunnel il joined to the glove-bo.x on. the teat 

aphere. a fiexible coupling (metal bellowe} will be provided which will 

maifttain a tight aeal and also allow for some misalignment between. the two 

component•. The entire ay1tem will be fabricated in accordance with 

applicable safety codee. 

7. Z !!:!r Supply for the Wind Tunnel 

The blow-down syatem will be capable of maintaining air velocities in 

the teet section up to Mach o. 8 for durations of 10 Jeeonds or more. Air 

will be stored in three vertical cylindrical tank• approximately 30 inches 

in diameter and 96 inchea high. These tanks will be suitable for an opera­

ting preuure of 2.00 peig (~S.M. E. code) a11d will be equipped with an 

app1"opriate aa!ety relief valve. 

Air will be debvered to the atot"ase tankp by oil-free two-stage 

reciprocating compres sora. A aurvey o£ commerc!al compressors has 

been made and it was found that the moat economical compressors for this 

a.ppli(lation are 3/4 h. p. light-duty compreuors made by Bell and Couett 

Co. (Model SYCO-lZ-I ). The capacity of these small compuasora ia Z. 0 

SCFM (measured at the inlet) with a dlacharae pressure of 190 psia. 

Several of these compreuora wUl be inst41lled in parallel to provide the 

required capacity. The use o£ aevera.l parallel units baa the advantage of 

minimizing the prob.'lbility of the ayatem becoming inoperative due to c:om­

preasor failure. With the teats at Fort Detrick scheduled for a short dura­

tion, this is an irnportant advantage. 

Calculations were made regarding the number o£ compressors re­

quired baaed on the time available to replace the air exhausted in a. test 

run. With six runa per day anlicipated. about one hour of pumping thne ia 

the maximum desirable period. 
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In the M • 0. 8 teats with a duration of 10 seconds, approxima.tely 45 

pounda of air wtll b~ required. Five compreuor• will meet thie require­

ment and will be fu.rnished for thie application. 

With re•pect to the power requirement for the•e air comp:rcuors, it 

is antic:ipated that a total of 2.S amps at 2.50 volta will be required. 

1. 3 Heat Zxchange.r 

In the normal operation of the blow-down wind tunnel, tb.e air in the 

11t.oragc: tanks ex.panda and is cooled substantially. In order to minimize 

temperature variation• in the air pasaini through the test aection, a 

storage-type heat exchanger will be provided. Calculation• and experience 

with our p.revioua heat exchange show that an eight-inch pipe section filled 

with approximately 500 pounds of amall.-diameter t~teel pipe baa sufficient 

heat transfvl' a!!ectiveneu and heat capacity to limit the temperature drop 

to approximately zo•F below room temperatura, 

7. 4 Stillins Chamber and Filter 

A atillina chamber ie important in the wind tunnel system to minimize 

turbt~lence. The stilling chamber to b• used ia & atraiaht section. of 8-inc:b 

diameter pipe located ;mmediately upstream from the nozzle. Thil cham­

ber will aho tnclude a acreen and a filter which will c:ontrtbute to the 

reduc.t!on of turbulence. The filter ia desirable bec:aute it will collect 

foreign particles in the ilirstream, It alao acts to reduce larae -scale 

turbulence, which may be introduced in the piping, to fine-arained turbu­

lence which readily diukpatu along the lenath o£ the atilling chamber. To 

take advantAge of thla characteriatic, the filter will be installed in the 

upstream end of the stillinJ chamber. It can be removed through an acceu 

flange for cleanina or replacement. 
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7. 5 Noule and Teat Section 

The nozzle provide• a amootb transition from the circular atilllnJ 

chamber to the smaller rectangular teat section. A molded plutic (rein· 

forced with gla .. fiber) nonle baa been deai1ned for this application. 

The teat section haa been aimplilied somewhat from the deeiJn used in 

the wind tunnel in ou'f laboratories. 'l'wo observation windows will be pro­

vided rather than aix, and the variable are& nosale baa abo been eliminated 

aince adequate control can be obtained without thi 1 feature. 

The teat section will be made to accept a dissemination teat fixtur.a, 

employing the principles currently under atudy on this project. Thb tix· 

ture Will incorporate a piston-type feeder in which a total •Rent charge of 

approximately 1. 0 gram will be delivered at high in1ta.ntaneoua mal8 flow 

rates, .::omparable to !ull-acale diaaemination ayatema. 
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8. PllOOllESS ON THE LIQUID DISS.EMINA'I'ING STORE 

As one part of. the work beina perfonned under~ .. II of thia eon­

tract, a liquid BW agent disseminator is being d .. igned and fabricated. 

Thit it an external store with a li<luid agent capacity of 180 gallons and a 

.Cixed fluw rate of 18 gallons per minute. The configuration attd operatinl 

principles of this store are described in our Fifth Quarterly Progreu 

16 
Report , which also outlines the p1•o;resa on this disseminator, up to 

September 4, 1961. 

Dur1ng the pret~ent reportina period, progress has been made on the 

deaign effort and also in purchasing and fabricating parts. Sections a. 1 

ancl 8. 2 describe progress in those areas. 

8. 1 Design Effort 

8. 1. 1 Design of Tank Auembly 

Aa uaed here the term tank auembly includea the akin, the structure, 

the inner tank, the ~oamed-in-place inaulation and the mountings ancl . 
bracket• for supporting the various ~omponentl that are included in the 

finlahed dlueminator. Prior to September 4. 1961, the aeneral require­

menta !or the tank a .. embly had been eetabllshed. Thue ;eneral req_ulre-

• 
menta included such things as the space within the outer tank, the weight of 

the load to be carried, the approximate location of the center 1 of gravity of 

the various loada And the external form of the tank. It was then neceuary 

to utablish the re<luiremenu in detail for the tank auembly. Theee 

detaUe were concerned to a areat extent with the provisions for mounttna. 

supporting and containing the many system components that muat be included 

in the finished disseminator assembly. Some examples of the item• that 

were con1idered are: 
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The turbine aupport ring and the method of attaching the 
turbine to it. 

The acce11 door 1 - their aizo and location. 

Bulkheads, and the proviaion1 for attaching part1 and 
making connectiona throup them. 

The method of supporting the inner tank. 

The supports that muat be provided for the fluid haruUin11 
ayatem. 

The requirement for the inaulation and ita relation to the 
loads it beare and the ccmditiona it must reaiat. 

Required clearances for moving parts, an.d for aaaembly of 
parta atld compotlente lnto the structure. 

The boom wells. 

The structural requirements impoaed by the many different 
loada applied to the atructure under condition• of handling 
and £light. 

Aa a. result of eatabliahing the requirements for theu and other details, the 

deaign waa completed. Theae dra.winJ•• a.a well as those coverina the 

entire deaign will be submitted at the completion of the fabrication of the 

dl11eminator. 

8. 1. Z Deaian of the Fluid Haodllna Byatem 

Durina this reportins period the dealgn layout for the fluid lu&.ndling 

ayatem wa.a completed. Requirements for the apeci£ic component• were 

established. These requirements include auch items aa the flow capacities 

for tubes, fitting&, valves •nd hoaeaj the allowable pre .. ure loeaea in all 

parta throush which liquid fiowa; and the pre .. ure required of \he pump. 

llequirementa !or other characteriatica auch •• leakage. corroaion reail· 

tance, temperature resistance, formability and method of aeaembly were 

eatabliahed. Additional reatrictiona were impoaed by the limited apace 
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available and the need for keepins the weight to a minimum, With these ,...,. 
requizoements established, it waa pouible to ulect the ma.jor purchaaad 

components in the fluid handling system such aa valvee. the !low indicator, 

the pump and abo the tubin1 and fitting•. 

8. 1. 3 Design of the Electrical Syetem 

On!! of the design objectives of the project 11 to make the disseminator 

compatible with the F-lOOD aircraft. In order to achieve this. it was 

neceeeary to determine the detailed c:h11.raeteriatica of the eleetrleal ayatern 

in thi• 11ircra.ft. For this purpose, General Mills. Inc. personnel vhited 

McClellan Air Force Base near Sacramento, California, to discuu the 

electrical ayater.n with Air Force personnel. Aa a result of thia meeting, 

a 1ystem was deaigned tha.t i8 compatible with thia aircraft, That port1on 

of the syatem for which the compatibility requirement exiats includes con .. 

trol of the power supply, loweriDI and raising of the boom•, control of the 

pump and the transmitting of flow aignal• to the pilot. 

Deatgn requirements were also established for operating the •ystem 

usina either around-power or air-turbine-power for operation of the sya­

tem. 

An important element in the system il the control box and panel that 

the pilot uses for operating the diaaemina.tor, While our peraonnel were at 

McClellen Air Force Baae, they determined what apace w&a available for a 

control box and the necessary mounting provislone. Tho dbaeminator con­

trol unit will occupy the apat:e normally used for control of tbe 11buddy' 1 

refueling ayatem. 

Baaed on the requirement• outlined above. and on the eelection of 

suitable electrical components, the control system circuita were laid out 

and the design of the control box and panel was initiated, 

:3.3 
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8. 1. 4 Design of the Boom• and Boom Actuator 

Deaign work on the booma and the boom actuator wae continued. The 
16 

mock-up referred to in the Fifth Quarterly Report wae completed. It 

demon1trates that the actuatina system will operate 1atiefactorily within 

the available apace in the tail section. 

Work waa continued on the fabrication of nozzle slits. The method 

finally accepted was the ultra1onlc grinding technique. By ulecting the 

proper tool aize, the right grit size and maintaining the necessary control 

of other "-a.ria.ble•, a proceaa was established that provides good control of 

alit cllmenaion•, The boom nozzle slita are to be o. 400 inches in length 

and 0. 0048 inches wide, nominally. Theae dimenlions were eetabliahed aa 

a reault of the experimental work done in making 1lit• and abo as a result 

of flow teats conducted with tube• containing from one to nine alita. 

'I'he ultrasonic grindinJ technique wa1 eelected in pre!erettce to the 

apark ero1ion method and chemical etching proceu which were ~lso irNeati~ 

gated. Both of these methods failed to pt-oduee slits having atraigbt edgea. 

Analyaea o£ the boom aaaembly a111 a atructure waa continued, This 

included calculation of the atreaaea resulting from the aerodynamic lo&dic\g 

and aho a 1tudy of the vibration cbara.cteri•tic a. 

Further study was also made of the heat transfer characteristics and 

the beatins requirements. Aa a. reault of this study, the areas ·which are to 

be coated with Electrofilm beaten were determined. 

The decision waa made to protect the booms ift the boom wells by 

(;Overins the wells with Mylar fUm, taped to the tank skin. The booms 

ha.ve knife edges on tllem that cut through the Mylar a• the booms are 

lowered. The Mylar film cover muat be replaced (by a simple operation) 

before re-use. 
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8. Z Purchasing and .Fabrication of Parts 

As a result of the design effort deaeribed above, it wa1 poaaible to 

place orden for all of the major purchaaed parte during thi• reporting 

period, The major part• ordered included the reinforced plaatlc inDer 

tank, the main tank assembly jakin atructure, etc. ), the air turbine genera­

tor, the flow indicator, the variou1 fluid·ayatem valves. the boom actuator, 

and numerous other parts including relays, wire, tubins, thermostats, 

littin11• and fasteners. Of the major item11 o1"tiflrfttf. thA rAinfo1'Cf!d nl.a.-tt<" 

inner tank was received at General Mills, Inc. and the remainder are to be 

delivered during December and January. 

It is anticipated that the main tank a. .. embly (with the inner tank 

foamed-in-place) will be received from Fletcher Aviation Co. by December 

15, 1961. permltttna installation of the other compone11t1 thereafter. 
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9. SYSTEMS STUDY 

A continuint BW diuemination 1y1tem1 1tudy ha1 been underway on 
17 

thia contrac.t. In our Fourth Quarterly Progre .. Report , a mathematical 

model wae introduced which haa been uaed in thi1 1tudy alnce that time. 

This model is a modification of the one attributed to K. Calder. The modi· 
I 

fication deals with variable rates of decay of the agent vereus time. 

During this reporting period, the model has been applied to the deter. 

mina.tion uf the a.a~:tnt flow ra.tea (versus down-wind distance) required for a 

fixed injection probability, Two solid BW agent1, LE and N, have been 

selected for the calculations perfo~med during thia period. Since the re· 

quired flow rate depends on many facton including meteorological para.· 

metera, height and 1peed of the delivery aircraft, efficiency o£ diuemina­

tion, and efficiency of particle retention by man, we have investigated 

several apecific case a. 

ln. the analyail which followa, the nomenclature ia the same aa ueed 

pr~vi.ouely. Table 9. 1 definea this nomenclature. 

Symbol 

b 

c 
d 

DL 
E 

Er 

%1' 
erfe(x) 

Table 9. 1 Nomenclature 

. 
Definition 

Breathing rate of a man 

Agent concentration 

Agent dosage per peu~n 

Ground level donge of the aaent 

Diauminatioa efficiency 

Efficiency of retention of particles with "aise11 r 

Mean efficiency o! retention oo 

Complement&ry error function J exp ( - f ~I Z) dg 
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Table 9. 1 (Continued) 

Definition 

Dluem~atton (low ra.te­

Heiaht of'~. aircraft 

Adjusted height of re lea•e 

Nwnber of organisms required to infect 50% of the people 

Agent decay 

.H..i.i ui .i.t:m~~u c.tf release 1ine 

Diata.nce along the aircraft path 

Probability of infection 

Source etrensth 

Particle "eize" 

Time after release 

Wind speed 

Aircraft apeed 

V( eather parameter 

Weather parameter 

Height for which rf and~ are dl!termined 

In addition to previoue analyaes, equations have been written describ­

ing the decay proceae for the a1ente LE and N. The data for 30 percent 

relative humidity given in Refel'enc:e 18 are approldmateci by the equations 

below: 

For the agent LE, the "decay factor" ie: 

3. 7S (~) I 
1. 59 

( ~ + 1) 
u 
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For the a.gent, N, the "decay factor 11 ia: 

I 
l.. 93 

0.0985(!.) '(-!.+ 1) 
u u 

(9. Z) 

The equation relating the total dosage, d. and the probability o! infec­

tion, P. ia 

It t"'\' d .. 

where the dosaae for an infinite instantaneous line source is related to 

other parameters by 

d =~ 
b! EC~ r exp 

exp [ - decay factor ] 

IQ ~\ 

(9. 4) 

In the previous analyna, probability o! infection was plotted aa a func­

tion of down-wind cloud travel lnr different value• of the parameter•. A 

typical plot it shown in Figure 9. 1. For a fixed probabUity, ta.y P 
0

, the 

reaion enclo•ed by Unet X = xl .~nd X = "a &n.d abo the region near the 

relea.e line have the probability of infection greater than. P 
0 

while every­

where else it is leas. WG can say then. that theae region• will have an 

e!!ective coverage for ~L certain flow rate, i.e. , for a preaelected infection 

pl'obability, P 
0

, an apJ•ropriate How rate can be determined such that the 

region will be effectively covered. It is thta aspect of the analysis that we 

Wi.ah to consider presently. 

9-3 

wrn :ciNtlit 

DECLASSJFJ!O IN FULL 
Authority: eo 13626 
Ch1ef, Recorct & 
Date: - s Declass Dlv, WHS 

JUt 19 201 



I' 

), ; 

I 
f. 
.I I I : 

I 
., 

I: 
I I! 

!r. 11 
t L 

l I! 
r 
i j i 
r !: 
f 
t IT t i 
~ 

~ - 1. 0 
c 
0 .... ... 
u 

~ .... 
0 o.s 
~ 
d 
i 
,.!l 
u 

"' 

CUAFIDIAIIM 

I 

f: 
~----~r~~-1------~x-z _______ o_o_wn-----w--l-~-J-o--,.-L-.-u-~-c--~~)~~·==--~> 

Figure 9. 1 A Typical Curve for Probability of Infection 

versua Down-Wind Dittance 

A typical graph lor preunt study is 1hown l.n Fiaure 9. 2. He.re the 

flow rate veraus the down-wind dbtance ia plotted for a fixed probability, 

say P 
0

• It i1 clear tha.t a con1tant flow rate correeponding to xz will 

guarantee an infection probability of at le&at P 
0 

for the entire region. If 

only a. portion of the region for x < x1 (for example) i1 to have an infection 

probability of at least P , then the flow ra.te to be uaed must correapond to 
0 

x 1 o£ the curve. The reaion extend.in1 beyond thh will have a lower value 

of P for the same flow rate. It i1 asaumecl that the release line i~ long 

enough 10 that the contamination is uniform, c:roa•wind, for a fixed dil­

tance from the source. 

Based upon the diffusion depoetton model pre~ented above. a set of 

curve• were dra.wn by the .Sendix PA-3 plotter, coupled with the Bendix 

G-15D digital computer. For a.ll the c:urves, the infection probability, 

P = o. 5; efficiency of particle retention, %1 = 0. 33; efficiency of cliaaemina­

tion, E • 0. ZO; speed of the aircraft, v = 545 mph; and breathin& rate of a 
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man, b a ~5. 4 ft3/hr. The c:oncentration·to-inlective-dose ratio, 

C/m50 • 1.67 x 107 ml- 1 for agent LE and C/ID50 = 1.~~ x 108 ml-1 for 

agent N. The laat two value a are estima.tes. In connection with blolo1ical 

decay, Equations (9. 1) and (9. Z) muat be c~nsidered u approxlmationa 

only due to limited availability of data. The weather conditions delined 

arbitrarily by other lavestigatora19 aa 11 good11 and "average11 refer to 

valuea of 0'"'3 andfias a-3 = 12.47 feet, .4 = 0.66 and o--3 = 19.03 feet, 

;3 = 0. 88, respectively with x1 • 300 feet for both cases. The curves a.re 

pr~~r::-nt~d ln F;l:''""~S ?. 3 through 9. 8. 

Down-Wind Diatance (x) 

Figure 9. Z A Typical Curve for Flow Rate 
versus Down-Wind Distance (x) 
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It ia noted by c:omp&ring Figure 9. 3 with F\auro 9. S and i'ii'LU CJ. 4 

with Figure 9. 6, all of which pertain to the a.gent N, that the flow rate is 

a.Ueeted very little when the aource elevation ia nearly doubled. Thi• com• 

parbon ia shown. in. Figure 9. 8 for the agent LE where the flow rate for 

ail'era1t heighu of 5S feet and 100 Ceet aTe compared. Near the aource 

there la some deviation between the two curve•, but this diminishes with 

!ncr'!';>!!in:,:t dt.:'""'·op;l"\d d!!:'!'\!"'"· ln lllll thP. !!'t'aph"' thr flow t'atr iA infinity llt 

tbe •ource, as 18 to be expectect trom tlle c1UlU8lOn. mocte.1 anoptea, ·.1·ne 

minimum value of this flow rate ia assumed for x aatilfyin.g the equation: 

k lx2 + k .. - ;3hzu 1.4 ..... - - C(1 x • + _4u = 0. 
C1'.7./x l. 

(9. 5) 

3 1 

For the caaea considered, the above equation ha• a root for x < 1. 5 mile•• 

ae is seen from the graphs. At approxima.t~ly this diltance, then, the 

probability of ~~fectlon will be highest for a aelected flow l'ate. 

Figurea 9. 3 throu1h 9. 6 thow that effective coverage over very large 

areaa can b4t achieved with low to moderate flow ratea of the solid aaent N. 

the low clecay rate of thi• agent ia an important factor in this connection. 

For agent LE (sea Figures 9. 7 and 9. 8) note that the flow rates are 

11pecified in £t3/min. This change in unita (from lb/min. in Figures 9. 3 

through 9. o) wa• eonaidered neceuary becauae the concentration of the 

agent wa• knuwn on a volumetric basis and density was not available. The 

agent LE requires very high flow ratea, except for ca•e• in.volvina dis­

tance• below five miles Cor good weather and a.pproximately two milea for 

ave rage weather. 

To date, the solid ag~nt UL, which is of con1iderable intereat, has not 

been atudied becauae the data relative to decay at extended time perioda are 

not available. We believe that additional basic reaeareh in thia area would 

be very valuable. 
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10. SUMMARY AND CONCLUSIONS 

During thlJ reportinJ period aubatantial proareu waa n1ade in several 

of the important areal of inveatigation concerned with the pl'oblema in­

volved in diaaemination of solid BW a;enta, Also, the et'fort devoted to 

desig11 and fabrication of a liquid BW agent diueminatio11 atore has pro­

vided good reaultt. Progreae on the aever~tl ac:tivltie• ia tummarized 

below. in the order t."ltt topica c.pJI*&~o· i.11 the mi&in bodv ot this renort. 

In connection with the theoretical study o! the mechanic• o! particulate 

matet"tala. the lnveatigation• of the proeeu of conlp&Ction of dry powden 

havo been continued. Careful examina.tinn h~s •hown that the compaction 

proceea le very complex and that the energy spent in compac:tion may 

appear as 1) an increaae in potential eneray aa•ociaied wlth interparticle 

bond•, 2) atored elaatic eneray in the bulk powdsr, and 3) thermal ener1y 

which is diuipated in the proceu. To further explore the energy diatl'ibu­

tion in tbb proceaa, three typea of expuinu9htl have bet~n deviud and 

apparatus ia being developed to conduct theae uperiments. Additional 

experiment• with current apparatua have ebown tl,lat the net work of com• 

paction ia related (!or talc, aa(;cbarin, ~and corn•garc:h) to the bulk 

doneity by an exponential equation (Section Z). 

The experimental meaaureme11tl of the physical c:haracteu of powdere 

have been continued. Exteneive work haa beon done on inveati;ation of 

powder shear strength as a function of compreasure atreea, moiat'llre con• 

tent and bulk den•ity. One of the moat lnteruting finding• wae tha.t the 

ahear atrength of the talc powder in.creaaea very rapidly when compacted to 

bulk denaitiea above 0, 4 im/cm3• Upon closer examination, lt W&l found 

that the shear atrenJth ia an exponentl.&l function of the bulk den1ity. The 

meaeurementa of the force required to move a powder plua throup a cyllrt­

der with a piaton were extended to cover pre-compacted powder•. It wae 

found that the ratio of applied force to reaiative force was identical to that 

required to move an uncompacted plus o£ the 1ame length, aa lona aa tho 

realstive force Wlla above some critical value. U the reeiative fcrce was 

leas thAn the critical value, a new relationship exiats (Section l), 
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Expfltrimental 1tudie1 of the ef!ect cf elevated airstream temperature• 

on the '"'iability of dry aeroeols of~ and§!!!. were continued. The re-

covery of viable organi•ma wa• determined over the range of temperature~ 

between 3o•c and 13o•c. It wa.a found that exposure of dry!&. for a period 

of 1. 68 seconds had M measurable effect on the. viability. In contraat, 

there was a. pronounced viability lou with~ upoo exposure to airatreama 

bet.ween 1s•c and 13o•c tor periods of 1. U and 1. 68 aecond1 (Section 4). 

been. C\Jntinued, with cnlph;uio on determinat.io~l o£ the numbel' and maaa o£ 

&gJlOmeratea in the genet"ated aerosol. The deagglomeration 1tudi~a 

during this period have shown that compacted~ with bulk densities aa 

hi&h as 0. 65 gm/cm3 c~n be diueminated with a mechanical-pneumatic 

ayatem nearly u effectively aa the uncompacted material. The reaulta 

indicate that the maximum lou in elfectiveneu due to agglomeration of 

pa.rti.clea in the 1 to 5-micron range is approximately 1Z percent by man 

(Section 5). 

With reApect to the inveatigationa o£ feeding aystem• for dry agent 

dhaeminatora, a full·IIC&le laboratory unit W&l d"aigned and fabricated. 

This unit is baaed on the operating principle• we have advanced tor an air· 

borne dry-agen~ diueminator. 'fut plan• have been eatabliehed for future 

work with thjs experimental model (Section 6). 

The deaign effort on apparatul to be furnished to Fort Detrick waa 

initiated durin;g this period and good progresa waa made. A blow-down 

wind tunnel quite aimUar to the one uaed by General Mille. Inc. will be 

installed at the "eight--ball" teat sphere facility !or u .. ln diaaemination 

experiments (Section 7}. 

Considerable progreu wae madtt durlng thil reportin1 period on the 

design and fabrication of the a.irborne liquid BW a1ent dleaeminator. 

Detailed requi:rement• for the overall unit and itl many corllponentl were 

established. Ordera were placed !or all o1 the major purchased com­

ponent• of the store. Delivery of the reinforced plaatic inner {agent con­

tainer) tank waa received (Section 8). 
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The systems atudiu were continued. with apec:lfic: c1uea being 

evaluated uetng the v&riable-dec:a.y mathematical model. Line aouc:e dis­

semt.nat\on o! asenta LE and N were ttudied. Plott of flow rate veraua 

down -wind travel are given (Section 9). 
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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 infonnation you can shed on this question. 
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