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ABSTRACT 

TIlis Sixth Quarterly Proare .. Report covers the re,ults of conti.nued 

invutiiatioo of the many technical problem. involved in the dl.semination 

of Bolid BW agents and the effort devoted to the desill1 and fabricahon of a 

Uquid BW asent diueminatina .tore lor use a. a weapon on high speed. 

low-flyina aircraft. 

Prolres. on the theoretical stu.dies of powder mechanics are outlined. 

The distribution of energy du\"ing the proc:eu of compaction of a finely 

divided soUd is discussed. New experimental devices {or theae studies :l.:'lS 

ducribed. 

Experimental measurements ot the shear strength of powders are 

reported. Of particular Inter.st i. the finding that an .~pon.ldial relation­

ship exi.ts between shear strength and the bulk density. Data relative to 

lbe feeding of pre-compacted powders in piaton a cylindel' systems are 

reported. 

Resulta au jiven covering experiments.~n the 10 •• of viability pro­

duced by expo.inl dry biological aeroacl. to heated airatreams. The aimu­

lant!! !I. and!!!!. were exposed to tempel'a.t\u·e. in the range of 30·C to 

130·C. 

The findings of adeBUonal experimental studies of deagglomeratiDn by 

slipstream energy aro reported. The current emphasia 18 on assessment 

of the 10 •• in effectiveness due to agglomeration. 

Proare .. on feeding systema for dry agents is reported. A full-scalc 

laboratory model of the fseeling system for an a.irborne disseminator is 

described. and future teat plan. are outlined. 

The approach to be used in designing the blow-down Wind tunnel . 
apparatus for future diasemination experiments at Fort Detrick i. di.-
cu ... d. The prillcipal operating parameters of this system are given. 
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Pro,re .. on the deeign a.nd labrication of the liquid agent diaaeminatlng 

store 11 reported. The main con.iderations in ... tablilhing the delilD are 

outlined and the .tatue of thie part of the project 18 aummal'lzed. 

Additional finding. 01 the syetems analYlie effort a.re repoTted. Flow 

I'a.tu (veraul down-wind distance) required for a fixed infectiot\ pr.obabUity· 

"'ere determined uling the solid agent. LE and N • 
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I., INTRODOCTION 

. 
Tbh i. the Sixth Ouarterly Pro.re .. Report on Contract No. DA-18-

064-CML.2745 wh1c:h deal. with the di ... minatloll of solid and liquid BW 

alents • • 

Durin, thit 1'8portio, period, work wu continued on Ph ••• n gf the 

projecc, and Fhaae Jll, which coven an interim two-month continuation of 

the elfort, wa. initiated. 

Thia report cover. prolre •• On the theoretical and experimental 

.t"elie. of the characteristic. of finely divided .olide wblch are beinl con! 

dueted On a c:olltinuini ba.i. throu.hout &hi. prosram to provide data per­

tinent to the deliln and development of di.aeminatorl. Progre .. on the 

de.ign and fabrication of a liquid-agent di ... minating .tore i. also lum­

marised. Additional area. of lnve.lilation. clo .. 1y related to tbe future 

de.iln of a dry-al.nt dill.minatin, .tore, are al.o covered. The .. are 

the wind tunnel .tudie. of de .. ,lomeration by aerodynamic breakup. the 

inveetigation of feeding and meterillS concepta and the 'Yltem •• tudie •• 

-

1.1 
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a. THEOaETICAL STUDY OF THZ MECHANICS OJ' PAP.Tl(,ULATJ: 
MATEJUALS 

Theontical .tudle. durlnl thil repol'tinl period bav. been primarily 

concerned with the energy of compaction of cll'Y powdel"l. OIl caulul 

eumiaatian. the compaction procel' 1. found to be very complex, even 

wh.n vie .. ed al a macrolcopie phellomenon. Before a rational theory of 

compaction can b~ developed. it i. nece •• ary to con.tl"uc;t a model lor 

poriel' behavl.or which il capable of de,cl'ibin& the ,ennal propeni •• of 

c:01npacted powder.. A dl .. ~u .. ion ol t"41.e preliminary theoretical COb­

.tderation. 1. pre •• nted herein. together with new ,xperlmental data on the 

work 01 compaction for .everal telt powder •• 

Z. 1 Theoretical Studl,. of the Procea. of Compactlon £01' Dry Powders 

When a powder i. compacted, the work done on the powder may appeal' 

in th~ee form.: 1) aft inc!'ea.e in potefttial ene1"IY ... oelated with inter­

particle bonel., 2) storeel .la.tic enerlY in the blllk powde •• and 3) thermal 

enerlY Which i. di .. ipat.d during the proce... The lirat two form. of 

enerty are revorsibl.. where •• the latter 1. 110t recov'l'able. If the 

.tr ••••• applied to the powdel' in the cour.e of compacUcm are remov,el, 

the elaltic eftergy atored in the powder wjU be recovered externally • 

leaYina only tbe potential enerlY increment permanentl'l .tared ill the pow­

<ler in ita compacted atate. It il rea.onable to a""mI that tbe potential 

enulY due to int",rpartlcle bond. depends principally on the conftluration 

of the particle makinl up the powder a'irelate; i. e •• oll'the number ot 
particle contacts in .. liven ma •• of powdel'. J'urthermol'e. the bulk physi­

cal properUe. of a compacted powder will depend upon the interparticle 

bond "nerlie •. 

It i. a.pparent that aeveral fundamental factorl mu.t be con.ldered in 

lb, compacUon proce .. lor a liven powder. Suppose a powd.r of initial 

bulk denaity /-'0 i. compacted. to • den.ity .;01 by the expenditul"e of work VI. 

• Z-l 
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Tile work doft. Oft tb. powdll' caD b. expr ... ed in tum. of tb. work cloftl 

bT applied .uface .tr ..... duriftl tbe compaction proc.... The fol1oWSnl 

que.tionl ari •• in relarel to tbI. proc ••• : 

1) What fraction of the work W appean &e ela.tlc efterlY 
.tored ill the powder. with tbe .tr ..... appll.d to reacb 
the flul compactioo .tat. maintaiDlel after compaction? 

• 
2) What fr&ctiOD of W r.pre •• nt. the lncna •• in potential 

en.raY of lnterparticle bODel.? 

3) What t.. thl proe ... 01 .nerlY tl'AD.llr fl'Om the elaltle 
compoftent (which t. macro.coplcally revenibl.) to the 
macro.copical1y lZ'Z'lVuelbl. potential eDer" and dtaalp&­
tiv. compon'Dte duriDI compacdon? 

4) How do the above relation.hip' depend upon the path. i .•• , 
the manner of application of .tJo ..... ciuriD, compaction? 

In order to 1'e.o1v. th ••• Clueetionl, .everal interl.tln, expll'im.ftt • 

are beinl devi .. d •• de,cl'ibecl below. Thes. exp4Jrlmenta .hould furni.h 

aD lui,ht into the mechaniem of compaction whicb it req\llreelln formulat­

ing an analytical th.ory of compactibl. powde,.. • 

z. Z J'undamelltal Compaction Experimeftt. 

Thr •• type. of experiment. ulatinl to thl compaction 01 dry powdeJ'l 

are requir.d for a beUer under.tandlnl of the compaction proc:.... The 

lirat two experiment. are c:oncemed with the work (01' enersy) required to 

compact a livln pae. of powder between two den.ity stat... The third 

experiment would mea.ure tM fraction 01 the total compaction enel'" 

which L. dtllipateci as beat. 

2.2. 1 Pt.toft-Cyliftcier Compaction Experim.nt 

The pi.ton -cylinder experiment 18 d.,llnld. to permit mea.UI'.ment of 

the totalaener,y W absorbed by a powder durin. c:ompaction, &I w.U •• the 

fraction of thle energy which t. •• tored in recoverable form, 1. e., elastically_ 

• • • 
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The detailed .truc:ture of the compaction pS"oc ••• would alia be explorecl 
• 

with thl. apparatul. that ii, the way ill whicb the work done on the powder 

tl abeorb.d. It i. anticipated that the tranller of ... erIY lzoom the elastie 

component by internal di .. lpation 01' throulb .11 lncr •••• In the potenital 

enerlY ol particl. contacta will be dilcontinuoul. Thie behavior Ihould be 

ohl.nable in t .. t. with a Imall powder .ample if the deformation of the 

powder i. mea.ured with a len.IUvI apparatul. 

An improved verlion of the phton-cylinder compaetion apparatu. und 
1 in prmou. work ia b.la, d •• llned for thla lnv .. ttlation. The de.,1('e. 

Mown .chematically ill ripr. 2.. 1 J will employ a .train ,a •• tran.duclr 

lor mea.urement of the .tre .. applied to the powder. A .enaitiv. diff.ren­

tial tran.£orm.1' will b. uI.d to m.alun dl,placementa of the pilton. The 

applied .tr ... and relulthtl elilplacement will be recorded e1mult.aeou.ly 

durin, the experiment. 

Z. 2.2. Hydro.tatic Compstlon Experiment 

The pi_ton-cylinder compaction exp4lrhnent will provide numerical 

data on compactioll enlrlY a. a tUfU:tiOIl of den.lty under the condition. of 

the telt. that 1., .ubJect to thl conltraint. and 10&dinl cOlldltion. impo •• d 

'by the app&r.tl.l.. Since the re.ults obtained may depend to a con,fderabl. 

de,l'ee on the apparatu. u.ed. 1t i. de.irable to meaaure the compac:Uon 

enel'lY under conduion. where no con.traint ia empoaed by the appal'atu •• 

Thi. call b. done with the hy<lr".tatic comp.ction appara1Ua shown ill 

J'il11ra Z. Z. In thie teat the powder tample. which i. aealed within a thin 

w.ter-tight membrane. 1. placed in a pr ... ure chamber. A hydroltaUe 

pres.ure ia then Iradually applied and chanlel 1n volume 01 the .ampl. 

notecl. The work done in compactillg the sample i. J pdV J where p 11 the 

chamber pre .. ure and V il the chamber volume. It "Ul be nec ••• ary to 

veat the powder sample ••• hown in tbe figure. 

• 
• 
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Strain Gal. fo~ W ••• urin. 
Compaction .i'ore. 

• 

DUferenUal Tran.lortner for 
Wea.udal Pi.ton O"placement 

• 

• 

lI'ilUl"e 2.1 Pbton-Cyllnder Apparatu. lor 
Wea.urinll Work of Compaction 
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It ia quU. poui1)le that the enerlY of compacUoD obtaiDed from the 

hydro.tatie: compaction experiment will .,ree with renlta from the piaton­

cyUnder te.t. In thia caae, the compaction ,nezon-denalty relado"ahlp for 

a powdu may b. conaidtred to be. {unume"tal of the property powcler. 
o 

Thia cone:lua10n would bt of ,reat lmportance lG the development of aft 

analytical theory of powcler mechanic •• 

Z. 2. 3 I.c. •• urement of Edti'll D1 .. 12&tion elunD, Compacttoft 

Th~ eDer,)" cliuipated .t heat durlD' the compactioD proce .. can be 

evaluated by directly meaturinl the temperatare rl8e withiD the powcler. It 

appeara likely that moat of the work done in cDmpacdnl a 100 .. powder will 

bfl di .. ipated by JnternallrictiDn, at 1 ••• t ln the tnittallta, •• of compac­

tion. If the fraction of the appUed work which 11 dla.ipated durinl compac­

tion of a powcler can be experimentally determined. important cOftcluMion. 

may be reached regarding the ea •• of dealilomeratin. the material, .iace 

the balanc. of the enei'D would 1)e attributed to iDterparticle bond e"erlle •• 

• An attempt to mea.ure enerlY di .. ipation within a powder underloinl 

compaction will b. made ultnl the pl.ton-cylinder apparama Ihown .che­

matically in Filur. 2. 1. The temperatuu 1'1 .. will be m.aaured by usi"a 

·a thermopile ~Yinl a larle number of junctiona in urie. within the pow­

dol', With intermediate junction. maintained at a fixed temperature outlide 

the powder beel. Preliminary calculatione indicate that-the temperature 

1'i .. c01'l'e.pondinl to ennlY input. of about 105 u.I/,ram would be about 

O.OloC (for talc. thi. enerlY input would yield a bulk deMity of about 

~,. 0,55 glee), Thi. e.timate of the powder temperamre rile ... umes 

that all of the energy input il di .. ipated a. h.at and that the .pecific heat of 

the powder i. about 0.25 cal/lum. It will of cour,e be nec ... ary to mea­

.ur. the 'pecific heat 01 the powder in it. compacted .tate in order to In­

terpret the experimental re.ult.. Althoullh thil experiment will be rather 

difficult to perform with latie£a.ctory accuracy, beeau •• 01 the very .mall 

enerlY involved in the compaction proce .. , poaitiva reeult. will be of elleQ­

Ual importance in the formulation of an analytical comptlction theory • 
• 
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Work 1. p1'8"ntly In prolre .. ill delilninl apparatu. and developinl 

experimental procedure. for th.s. compaction experiment •• 

z. 3 Experimental Stu4ie. on the Work of Compaction 

Durin. thi. reportina peri04. the work of compactlon ..... determin.ed I.. a function 01 denl1ty for leveral powdert, ullnl the apparatu. a04 ex-
1 perimenta1 technique employed io oal'l1er experiment. wlth talc powder • 

The relult. of the .. tut. are .hown in .l'ipt. Z.3 tor the followina pow-. 
dera: saccharin.~. corn starch and talc. Within the accura.cy of the 

meaflu'ementa, the not work of compaction (t. e.. the total work done on 

the powder Ie., tbe ela.tic enel'ay stored in tbe powder) wa. found to btt 

rela,ted tQ the bulk density by a relationship of the form: W = Cpt. where 

W i, the work in erss/lm. The con.tant. of the equation are liven in the 
{ollowinl table: 

Powder n ex 10-5 

Talc 4.37 9.75 
Saccharin 3.80 10.5 
Sm 6.95 56.8 
Cornetarch 11.80 4.4 

AI pointed out in the '-bove diacu •• ton (Section Z. Z. Z), th ••• re.u1t • 
• 

may be influeQced by the apparatul uled for compacticm of the powder. 

However. it appears po •• ible that the power-law relation.hip betweon com­

paction work a.nd bulle density may be valid for a number of powders. 

• 
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3. E%PUD4EHTS ON THE CHAaACTElUSTJCS OJ' POWDDS 

In ordeZ' to determine tho.e fundamental prop. rUe. of finely -divided 

dry powdera which affect their feedinl aad hancWll, charactertltlcl. iDlor­

mation il bela, obtained Olk the coefficient of friction of powd.ere .Udin • 

againlt variou.. material.. the bulk denllty 01 powderl a. a function of 

compre .. lve load. aad the .hear Itrenph of powder bed_. Thele cUrae. 

tert,ticI will then be cOI"J'81ated to the olltput and euerlY required to 

operate luch powder feeding device. a. pie ton and acrew feeder •• 

3,1 Shear Sta-ellith of Powden a. a Function 01 Compnulve Stre .. 

The ahear stren,th of powdeu i. beiDI atudied a. one of the important; 

facton to be con.leSereel il\ dete rminill, the enerlY required to operate a 

putoa or .crew feeder. When fine powelel' II cUlcharl.d from a cylinder 

or a _crew there ia JeneraUy lome powder remalninl on' the w&l1 •• 

Tberefol'e. HerlY hal been expend.clln Ihearln, thil powder from the 
• ma •• of powder which .al di.char.ed. 

The "didio, dilc" method ".ed co mealUre the .hear dreftlth of pow­

den hal bun delcribed in a prev1o\1. report andl'8lUlt. obtained 011 Sm. 
2-

talc. aDel polyvinyl alcohol have been prelented. Durin, the period 

covereel by this report •• bear Itren,th mea.uremellta w.r. mael. on!l 

(Bacillu. slobilii) powder a. a function of motltlue c:ontent. Th ... mea­

lurement. were mad. in a controlleel humidlty chamber de.crib.d in a 

previoua reportZ• The bumidity ranll of the.e t.at. was fr6m < 1 percel'll 

to 60 percent relative humidity at 7S-F. FOr each humidity where ahear 

.tren,tb mea.urementl Were made. a .ample of the powder wa. analysed 
3 for molature content accordinl to the method. of I'lolclol'l and Web.ter • 

Thil method involve. me •• urin. weilht 10" Upoll heatin. for 2Z to Z4 houra 

at 50·C in & vacuum oven.at 50 to 100), pr ••• ure. Table 3, I showl the 

moisture contellt of two powdel'l. !A aa.d !!!. at variou. relative humiditi ••. 
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Tabl. 3.1 

1l.lative Humidity 
". at 18-1') 

1 
15 
30 
45 
60 

Moiatuu COllten\ of ~ an.c1 Sm 
a.t Varioul Relative RUinlclitIii 

Mol.ture COIltellt of 
!I Powder (~) 

Z.4 
5.0 
1.3 

11.6 
14.8 

Moi.lure Content of 
Sm Powder (r., 

1.8 
3. " 
S.3 

11.7 
17.7 

1'11U1'O 3. 1 .howl the .hear atrellsth of !I. powder verau. the coin. 

prouive load for vary1nl powder mohture content. It will b. noted that 

the 'hear .trenlth chanso. very little •• the mOilture content of the powder 
-11 increased from Z.4 percent to 11.6 percent. However, at 1".8 percent 

!not.ture content the .hear Itrenlth definitely d.crea.... I'tl"~c 3.3 pre­

.. nt. a c:ompariaon of the Ihear Itrenlth ot two powder., !I. and SID. for 

varyin, mOieture content at a. con.tant c:ompr ... lve load of 1 S x lQ3"'" 
dyne.' cm2.. The .hear .trenlth 01 ~ increas •• with lncrea.lnt molatur. 
eontellt untn it reaches a ma.ximum value at a mol.iure content lomewhere 

between 3. " percent and 11. 7 percent and then deer ••••• with iner ••• in, 

mOl.lure content. The .hear strenlth of !I powder remaln. relatively 

conlt&nt up to a molature content of 11. 6 percent .nd then deerea.e. with 

inc:r .... ing moilture content. Shear telt. on talc powder wen extended to 

higher c&mpr .... vo .tre .... durina the pre.ent period. Extrapolation of 

the orilin.1 shear atrenath data an talc a.ll'ee. very weU With the new data 

at bilher compreesiv. Itr."." Both the orilinal a.ad new data I. ... pr.­

sented Irapbica.lly in Filun 3. 3. It i. apparent th&t a linear relation.hip 

between .hear at:renlth and compreulve 8tre •• can be u •• d to repre •• nt 

the d.ta obtained thu. far. 

• 
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Shear atrlnlth measurementa on con.tarch aa a fU1lctiotl of compre.­

aive .tre •• were initiated durinl tbiB peridtl. The data obtained to date are 

preeente4 in Fi,ure 3.4. Alain. a 11lleu relaUollihip hetween shear 

atl'enlth and compre .. ive atre.s was found in the relion .tw:liad. 

Future work will he directed at e.tendina meaauremen.ts em. all powder. 

to higher eompre .. lve load •• and awrlUary t.sta will b. mad. to determine 

the bulk. densities created by the •• compressive loads in order to correlate 

Ihaar atrength wtth bulk dan.ity lor thie particular t.at. 

3.2 Shear Stren,th a. a Function at Bulk I)enatty 
• 

Previous teat. on the .h.ar strength. 01 powder. were made by the 

".1idin8 di.e" method. This methoIPsive. the .hear .tr'ength of a thin 

layer of powder which ill subjected to • known compreaaive litre •• before 

and during the application of a ahe.rinl force. Thu •• one can lind the 

ahaar atrensth a. a func.tion of compr ... iv •• tr.... The bulk den.ity 

created by the compl'e .. ive atreal eallnot be directly determinecl in thi. 

particular teat. Beeaule data coneerllinl the .hear aarenlth aa a function 

of bulle. denilly are ••• ential to this prolram. a new technique wa. explored 

{or nbtain)ng .ueh leuormation. 

The apparatu. ahown in P'lpre 3.5 conli.tll of three lenpha of 1.37-

inch I. D. aluminum tubing. Two ptece •• Z-I/" inche. and 10 inch •• in 

1enlth are held in coneentric ali,nment by. piece of 90-delree anile 

aluminum. to which they are attached with epoxy r •• ill. The an,l. alumi­

num il in tum attached to a .mall .tand. The •• two pi.cel of tubing are 

apaC'ec1"uch that the gap between. them 1 •• lilhtly Ire.te .. than one-hall 

inch. The thk-d piece of tubiD.1 i. one-half inch lD length and .Up •• a.lly 

into Chi. lap. A .mall eyel., t. attached to the outer surface of thi. rinl. 

The procedure in makinl a teat 1. a. follow.: the rinl i. in •• "ted In 

place. and amall .him. are in •• rted In the epacel between the rinl and the 

tube.. The entire .pparacua il placed on end. with the ahort lections 
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n,"re.t the bottom. The tube 1. thea fUlad with powder. and the powdel' il 

comp:re •• ed With .. pl.ton. The plltoll 11 removed. the tube 1. retumecl to 

.. hori_ontal po,lUon, &ncl the .him. are remov.d. A force. m .... urecl 'lC.ith 
a .train ,ase Ctan,due.,., 11 "pplied to the eyel.C UIlCU the powder i • 

• 11"'2'ld and the rlns Hft.. The riftl and the powder wlthin it are 4then 

welsbed, .. nd the averaS. l»uUt den,tty il calcul .. tad, The abeuinl force is 

the dl:U'el'ellCI between the llftbll fOl'ce and the welaht of dnl and powdel'. 

The ahear Itt'enlth can now be calculated. Obvtou.ly. different bulk den­

'iUe, ate obtalned by u.int dWel'ellt amO\lntl of POWUI' and dtffel'ellt com­

pre.aive fore e •• 

A ltudy hal b.en made of the maftfte1' ill which local bulk den,ity variee 
• 4 with cUltance along a pbll of powder alter compn .. ion 1n a tub., It .... a 

Cound that '01' some powden then t8 .. relion ne:u the bottom of the tube il'l 
• • 

which the local bulk den.ity l. u"ntially con.tant over relatively lara • 
dtatance.. It ia, of couna. delirable that the bulk denlity at both facee of 

the rin, ba ae nearly equal a. po.aible ift the prete.t teat method. With 

thia in mind the apparatul wal duiln.d 10 .. to loc .. te the rin, in thil 

re,ion. 

It wae found that auch .. flat re,lon doee not exiat for talc. tpe powder 

whicb wa. u.ed for the initial experiment.. Thil do .. not pre.ent any real 

problem. however. The IlfUn. force il ,iven by 

(3,.1) 

• 

whe,.. A i. the area of tbe .bearins eurface and 51 and 5Z are the ,heal' 

Itrength. at the two region. of .hear where bulk den..ity 1.;01 aDd. "oZ' If 

51 a.nd S~ differ due to d1fferent val" .. of ""1 and,..oZ' we can .ay 

(3. a) 
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w&el'e: 

(3.3) 

Thus. it i. the avera,e of the two .hear .trenlth. which t. mea.ure4. 

Within any .mall interval ~ • ~ S""it it i •• uumed that the ahear 

,treRlth S(A) is a linear function of,..o: 

• 
e3.4) 

Thu •• the Ihear lu.n,th at th. centel" of the Interval can be approximated 
• 

by the averale of the ahear etren,th. at the end pOiDta of the interval. 

Abo t the value obtained lor the bulk den.ity ia the average bulk den-

11ty throughout the .nUre rin,_ Thi. clos.ly approximate. the average of 

the lu,".J bulle d.n.ltle. a' the end point.. Therefor., one can then .ay that 

the average ahear Itreaath 1. meaaur.d cone_pond. to the avera,e bulk 

denaity a. mea.ured. provided the dlaerenee ~.tw •• n the local bulk den.l­

liea at the ahearing faCei I. not too Ireat. 

The apparatus wa. con.tructed and te.t. w.re made to determine if 

bindinl bet.ween the ring and tub. would be a P10blem. Thi. effect was 

lound to b. n.,Ugjble. 

A .et of preliminary me •• urement. were then made on talc and the 

rt.ult."are p ..... nt.d in Table 3. Z and Fiaur. 3.6. When plotted on .emi­

la, paper (Figure 3. 7) a atraiaht line re.ult.. Thl. indicates a fUnction of 
the form: 

• 

• 
f3.5) 

or, In other worde. the ahea.r etrenlth is aft exponential fundion of the bulk 

den.tty. 

3-10 
• • 
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Further .. 1ya1l of this technique ia planned durin. the next quarter to 

determine whethef this particular t •• t is mea.urina pul'e ,hear Itrensth. 

or a combination of. 'hear .tre .. plu, force of compaction durinl lifllng of 

the rinl. 

• 
Table 3.2 Shear Strenlth of Talc Powder 

COmpr .... d to Diff"reot Bulk Den.iti •• 

Liftln, Force 
(dyne. x 10-3) 

Shearin, Foree 
(dynes x 10-3) 

Shear StreDlth 
(dynea/c:m2 x 10-3 ) 

Bulk Denlity 
(en/eml) 

16.7 1.30 0.404 0.1~9 
ZS.O 15. I 0.833 0.30" 
46.3 35.7 1.91 0.371 
66.0 54.9 3.03 0.408 

135 124 6.81 0.463 
259 148 13.6 0.525 
406 393 ZI.7 0.5"" 
482 "69 25.9 0.560 
565 552 30.5 0.576 
81" 860 48. Z 0.625 
982 968 53.4 0.637 

1,830 1.820 100.0 0.686 

3. 3 Piaton-Orlindel' Elcperiment. 

Since the last reportinl period. the pilton-cylinder apparatul hal be.n 

modified by incorporatinl a dynamometer to mealure the appUed £ol'c:e and 

a Bru.b o.cUlo'l'aph to record tbe force. A further modification of th. 

technique wa. the u •• of compacted pluge of powder. Information hal been 

obtained on the force required to move powder plug. whlch have be.n com­

pacted to a uniform denlity. UnUol'm density tbrOUPODt the 1enatll ol the 

plul wa. achieved by a Iamillatioll proce •• in wblch Imall amount. of pow· 

del' weu added to allC compacted In the cylinder in a stepwi.e fashion until 

• 

3.13 
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the el •• ired plu. l_lth was obtataed. Puvtous data weu limited to pow. 
del' colum.u·wbich weu ullCompacted prlo~ to the application of the r .. b. 

tive force (J'a'. D\lrinl the pr •• eat nportial pulod •. a comparl.oa wa. 

. made of the force required to 1l'I00e both ul1110rmly compacted and uncom. 

p&cted plUl1 of talc. cornstarch. and !I. powder tlu-Wlh a cyliDder. 

To review briefly the t.st procedure. referenc. 1. made to J'igure 3.8. 

The applied force (I" A) a.c .... ry to bliUate movement of the powclel' plUI 

o! l.nlth L I.. det8l'mined when the pIu, i •• ubjected to a n.istive force 

(Fa)' 111 the ea •• of compacted plUI' o! uniform denltty. experim.nt. 

were performed in which the relistive fOl'ce (J' a) was varied from 4 pel'· 

cent to 100 percellt of the force which wae uI.d tn formin, the laminated 

pluS' • 

The cyhnder u.ed for the current expel'imeat. wa. made o£ _taint ... 

Iteel with an I. D. of 1. 5 inch .. aDd a '1I1'1&c:e I'OUlblle .. of 10 to 15 micro­
inch ••• 

'or the uncompacted powder plual, a plot of the ratio of the applied 

101'(.e to the n.leUve force (I' Airs.) a.alDat tbe ratio of tbe final pl"'l 

len.th to it. diametel" (LID) yielded a etrailht lifl. wben plotted an .emi-

101 paper (1"llIre. 3.9, 3.10. and 3.11). Tlw., in the uncompacted etate. 

tb. behavior of talc. cornstarch. and!l powdere foUow. the relationehip 

reported: " 
• 
• 

(3.6) 

When talc or cornstarch .... illl laminated with a c:oll.lpzoeulve loree (Fe) 

to form a p1uI oi uniform den.lty and the movement wa. r .. tricted with a 

reduced load (the rui.tlve force. r Il) thea the force required to move the 

plUI (FA) wae identical to that .uli",lred to move an uncompacted pl111 of the 

.ame length subjected to the aame rest.sUve forc •• prOvided that Fll wae 

Ireater than aome cZ'itical value (C). la other ..orela. the "'esuU. witb 

3-14 
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i J: Notation 

I 
3.0 

• Fe:l Fa Lamina.te.d r X Fa Uncompacted 
I .. 

I!I Fe .. 1758 1m; Fa. II usa 1m 
1. t • J" e .. 5Z6~ 1m ; Fa ,. USB 1m 
r I Fe S Z2S8 1m ; Fa. :II USB 1m . , 

[ 
• Fe :I 627S am:, Fa .., lSI am 

• • o Fe :I 5271 am: Fa :II 151 pi r 

I [ • Fe .. 6l73gm; Fa .. 158 am 

(LID) [ 

[. 1.0 

I 0.0 1.0 ~. 0 1.0 

t J"ilure 3. <) Plston-Cylbuier R.sult. 011 Ta.lc: 118 
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Notation 

• Fa I: 4Z73 1m (wu::ompa.ctt)c1) 

X Fe. Fa ;& aa58 am (la.miDatecl) 

o Fe" 1758; ~B = US88m 

• F C I: ZZ58; Fa. = usa 8m 

~ Fe I: 5Z7~; Fa = US88m 

• F C ;; 6Z73; F B = 758 am 

I Fe = 6Z13} Fa • Z~8am 
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plUI' of uniform dan.tty yielded the identical .tn,lnt liDe upon rnaldnl a 

•• mi·.lol plot of r A'''' a vel'lU. LID pravidinl C S r II ~ F C. U the re.l.­

ttve force wa. Ie •• than tAe critical fOl'ce. C. theft a ftew curve wa. 
lenent,d. !'lprel 3.9 and 3. 10 which pre.ent the l'e.u.1t. lol' talc and 

cornatarch reapectlvely lUu.trate thh behavior. At amall LID the .lope of 

the Curve. obtained when Fit i. I, .. thaD. the critical force i. lreater th&ft 

the alope of the .tralllhl lin. obtained wh.n C 5.,. R. 5 F c. Th •• Iope in-

cr ......... the dlUerence betwe.n Fa and Fe become. larl.r. However, 

at larlle 1./D (1.5 to 3.0). the elop. of the clIrv .. become. approximately 

equal to th .. t of tbe .tratgbt lifte. Th. exact value of the critical force, C. 

wa. not det.rmin.d; howev.r. it app.al'. to b •• qual to appl'oxirnately 2.0 

perciltnt of the Iamlnatins force, F C. u.ed in forminl the plUI of uniform 

den.tty. The full "Inlfie.nce of tbe .. lindinl. hal not been determined at 

tht. time. Further n:periment. will have to be performed b.lol" a con­

ciu.ion can be r ... ch.d. 

Pi.ton-('ylinder tut. on !I. poriu. were perform.d only with uncom­

pacted plull.' The re.ult. obtained are pre.ented in Filure 3. 11. The 

value of the .lope (Cp) of the .tl'aiaht line obtained 1a O. Z31 tor ~ com· 

pa.red to 0.115 for talc and O. 134 for corn.tarch. 

3.4 Experiment. with .. Labora.tory Scre. Feeder 

Onft of th. tec:hnlque. previou.1y con.ldel'ed tor fe,dina and meterinl 

dry powden i. the Icrew feeder. Prellmlftary experiment. were per­

formed to determine the output of .uch a device a. a function 01 advanc.· 
• 6 meltt of the Icrew. Reault. obtained iDdica.ted that the rotatioltal .peed 

would have to be pro,rammed in order to achieYe a. con.tant output of pow­

der. To further detel'min. the fea.ibWty of thl •• y.tem, exp'l'lment. 

were made to determi.ne the tot' que. both .tal'tin. and maximum. required 

to op.rate .uch a f •• der. and the efficiency of the £eeder io. term. of the 

percent of Inltia1 powder chari' which i. ejected. 

3·19 
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Six powclel's were te.ted 11l a laboratolY 1~a1e uDit. The powderl were 

~, ~I tale 18. polyvinyl alcohol (PVA 72.51) •• aechariQ and cOl'nltal'ch. 

The cornstarch u.ed wa. a commercial ,rade contalnin, about 3 percent of 

td-calcium pholphat. acld1tlve to inhibit ealda.l. An attempt wa. mad. to 

conelate the relults obtained in the Icrew lee del' with other phYllc:al pro­

perttel of the powder' t .. ted. 

1. 4. 1 hp,rime"tal AppaZ'&tu. 

The Icrew leeder (Ftlure 3. 12) conli,ted of an aluminum ~yUn.der 

4. 75 cm in diameter and Z5. 8 em lona. The .erew, 4. 4 em in diameter 

and conliatinl of li". turtla. was made of ateel. A volume of 351 em' was 

avaUab1e for the powde.... The ecre. was mounted in two ball bearlna 

racea, reaultina 1n a non-load torque which wat found ~o 'be 1nliinUicant in 

comp.d.on to the torque requ1l'ed uncleI' !ul1load concUtlon •• 
• 

A aecond aluminum cylinder wal placed around tMI IcreW feeder. For 

convenienu In loadin., a .lot I em wide waf cut the 1.nlth of the feecler in 

the inner cylinder. A alot .. cm wide. centered over the openina in the 

inner cylinder. waa cut in the out'r cylinder. The material cut from the 

oater cylindeZ' wa. u.ed a. a cover for the f •• d.r to prevent powcler from 

bel". forced out of the foeder dUl"inl operatlon. 

To measun the efficiency of the acre. ! •• der. a technique for welp­

:lng the powder forced out of the feeder durin. revolution of the ecrew was 

devi.ed. The technique uled conlt.tecl of two .tl'a1ft la ••• appUed to .ach 

of t thin 'plit rin •• faatened between a ba.e plate and a metal pan (Fllul'I 

3. 13,. A paper lDurt was placed in the pan to catch the powder a. it 

emera.d from the f •• del". Th. output of the full-bridle atrain lale circuit 
• 

was fed to a Sanborn 110 dual channel recorder. In this manllel' , a eGa.-

tinuoul record of the amount of powde r that was ejected from the feeder 

during revolution of the acrew was obtained 
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Screw Feeder Assembly 

Helical Screw 
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The torque required to opera~e the ICl'a. f.eder w .. m.aMared with a 

cantilever beam, lt1'ain·saae _y_tem. T-.o .lraillaal."w,,,, faltelled to 

each .lela of a. tbiIlalumillum beam. 'rbi. b.am wa. fa.toed at one elul to 

a movable cart (J'iIUI'8 3.13). Th. ,carl wa. pulled aloBl a tuck by mua. 

of a CODatant Ip.ld motor. The tos-que rectuLJ,.d to t\lrn the aCl'ew ... 

mea.ur.d aDd In to the .. cond cUllDel of the Baabo1'1\ record.l'. 

A photocell-.hutter arranaemeat indicated the compl.tion of each 

revolution of the Icre. by a mark on the l'ec:orclel' papel'. In tIlla manner • 

.. complete record of torque and powder dbc:harged pel' revolutiOft wal ob­

laill.d. 

3. 4. 2. Experim.lltal T.chnisue 

Pr.liminary 'uti were made OD the Icrew f.eclu with .ach of the .be 

powd.rl. R.outln ... 8re eatabtlahael that ... ve orderl of ma,nitude for 

torque and efUc:iellcy of the feeder. In the cu. of corn.tal'c:h. polyvinyl 

alcohol and talc. replicata m .... v.m.nt ••• re performed at lea.t 10 

tim... At le •• t Z teah were mada on the other po_clu.. No attempt ..... 

maele to compn .. the powcter into the f.eder. E&ch leament of the .crew 

waf filled in approximately tbe aame mannel" yl.ldla. nearly coeatant 

v .. lu •• for the tocal amount ~l powder placed in the fe.clu in each l'eplicate 

t .. t:. Tabl. 3. 3 givel the averase b\llk deft.it)' calculat.d fol' the powd.r in 

the fe.der. 

At the .tart of .ach experiment. the polition of the acuw .al iclefttical. 

The powder waathen placed iato the {eecter. and the &mOUDt: of powder 

deteJ'mlfted by .elahinl. Baeeel on the volume 01 the I •• del' (351 em3" the 

av ... aa' bulk. denlity wal calculated. The .train .... "8i,hin. I,stem wu 
calibrated With dead welshta prtor to the tut:. A cord of .1Ifllci.nt 1.Dlth 

to permit 12 revolutions of the acre,., wat wrapped around the end ol the 

8crew. The re.altiDI lever arm was 1. 91 cm. The cord was attachecl \0 

tile ca.ntilever beam 011 the cart. and the pan airaill-,'" .yltem was placad 
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Table 3.3 Torque R.equired to Move Vuioua Powder. throqb Laboratory Sere.., "-"r 

• Torque aauo lDitial Apparent Amount 
(clyue - em x 10-3) ~:;,r T0!:.9ue a:-r~e Bu.lk DeD\ity Ejected Powder StartiDl Ua:Ei.JDum (1m/em) (P) rti Torque 51111 

Corn. larch 600 890 1.48 218 0.621 179 82 

PVA 72-51 390 540 1.39 US 0.356 lZl 97 

Talc-II 350 880 2.51 110 0.313 86 '18 

,I 8m 860 1940 2.26 135 . 0.385 98 73 
II 
II !J. 320 630 1.97 19 0.U5 54 61 ! 

• 
Saec:b&riD U?O 1900 1. 70 98 0.279 60 61 

VohllAe of Scre .. F •• cler: 351 cm3 

.... '. --.• ----.-~--:"---,~II'_a... . "'iUc!t~ 
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under th_ ~d.t of tb. 1' •• del'. With both of the .tJ'~iD ga,l brldi .. 

balanc edt the continuou. speed motor wa •• tal'ted wblch towed the callti-

1.ver beam over thl track aDeI rotated the Icrew. 

• 

. AI. the £iret movement of the .cr.w, the photoceU circuit noted the 

IDOVlmant on the chut. The torque r.quired for thb movement wa. con­

aicle:red to be the .tal'tinl torque. 1'01' each pow4e1' te.ted, the torque 

conUnuedtto lnel'8a .. until approximately one revolution bacl been com­

pl.teel. Tbl. inerene wa. probably due to compacti.oD of the powder. 

After the fir.t revolutioD. the torque .tarted to decnae. with little more 

tllaa. the 11lheJ'eDt fdction of the fee;'r beilll recorcleci darin, the la.t of the 

revolutions. Eacb rull requlnd approximately 2. -2 mln.ut •• lor the 13 ' 

revolution. requinci to empty the .crew feecier. 

3 ••• 3 Exp!rimental ae.ults 

The re.ult. of th~ Eut. 011 the 'Cl". leed.1' an pn.eDtad1D two • 
form.. In Table 3.3. the .tartinl anet maximum torque. the amount of 

powder u.ed in the te.t, the avera,e b\&lk du.lty ot the powder. the amount 

of powder ejected, and the efficiency of the feeder are recordecl. ripre. 

1.14 and 1.15 pre.ent the actual curve. from which the.e data .ere ob­

tained. The .eal .. noted on the c\,u·v •• in. the •• Illu ••• ar. cUtter'IlI tor 

the val'ious powden beca.&1 •• of the ellaetent attenUAtal' .ettlnl' required. 

It .howd be noted that each powder haa it. own. ".llftature". 

Corn.tarch exhibit. the mo.t ]HIcu.lin torque curve in that pronouoced 

.Uck-.lIp beharior cau ••• high tol'quI .pik... The amplitude ancl fre­

quency of the .pill .. decrea., with d,erea.lnl arnoUDt of powclel' remain .. 
in, in the fe.elel' ODCI the maxlmum value of torqu is reached. The maxi­

mum torque curve peak I, not a. defined ill the ca •• oi cornstarch a. with 

other powclen. The .mall plat.aula the amouat-ejected curve (fourth 

revolution) 1 ... uodated with .llp In the motor tul'mn.1 the .cr .... clurin. • 

tbil paJ'Ucular telt. Jt i. DOt typical of the powder. Corn.larch - ... 

• Jected lD bunt. c:orre.ponclln. to the .Uck-.Up tOI'qu8 curve. 

3-U 
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Cornstarch. Polyvinyl Alcohol ancl Talc Powder 
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Tabl. 3. 3 show, that cOI'Il.tuch h&cl the hlpeat avera,e bulk dln.tty 

(D. bal Iml em3), &D.G tbe .,collcl hlp,.t eUlcle1lcy (81. 1,,). til the ca •• 01 

each powder except PV A, a ear. the lise of the .Cl'ew wa. aheaud !l'om 

the powder 1eavlnl a coatina on the wall. of tbe feeder appl'oxiD'lately 1. 5 

mm thick. PYA, left nO .uds .hen aDd had the hilhe.t .Incl.nc, (96.8". 

An .. ttempt to relate the "corinl effectl1 01 the powelen to biction. 

between the powden and the aluminuIn f.,der w •• made. B,eau., of the 

extreme difIlculty in makinl a plu, of cornltarch lor u •• in th, tilting table 

tlcbDtqu, for determinilll friction coefficient. 7, only a roup value. of 1.30 

to 0.65 far the coefficient of frietio" alaill.' aluminum could be obtained. 

A dmilar mea.u.rement on PYA yielded a value of O. Z6 ! O. 07. Te.te on 

the other powden yielded value. of 0.58 .! 0.10 for talc, 1.01 ± 0.40 for 

aatcharln, O. 61 ±. O. 11 fo I( !I! and 0.65 ..t 0.11 for!!!!. A mUlimum of 

ellnt coe1fident of lrictlor. tut •• ere made an each powder. All expected, 

the material With the lowcat coefficient of friction (PYA) ."a. the one that 

did not leave a layer of powder on the cylinder. 

The powder output curve far PYA is quite smooth. aRei a nearly uni. 

tOl'm rate 01 emptytn, t. exhib1ted durinl the lb'.' .even or eisht revolu­

tionl. The torque curve ia hllhly peaked with the maximum torque beinl 

reached early followed by an immediate deere •••• 

The torque curVe for talc i. nearly eymmetrical for the first five 

revolution. with the maximum tOI'Clue oceul'l'tnl aiter the aecone! S'evoluttoll. 

Ejlctio .. of the powder occur. at a nearly conltant rate for the firat a.ven 

• revolution. and then deere.a.a ,radtulily after that. 

Behavior of!!!!. durin, ejection i. nearly the .ame •• that for talc, 

The plateau InChe output curve &ftllr the third revolution ia auoeiated with 

a llip in the acrew dn ve 'Y'1em ." t. the cUp 111 the torque curve. Th. 

shape of the torque curve ie .imllar to that fol' talc: except that the maxi­

mum torq,ue occurl earher. The torque cUl'Ve dul'in, ejection of ~ 1. 

much smoother than that for talc wUh 1 .... lippin, occurring. The irrep­

lar _pacini of the revolution markinl' i. due to variation in the SCrew speed. 

l-Z8 
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A •. the .cnw 1, tu~Ded by the corel attach.d to the .traln-Iage cart, .tick­

lill of the .crew may eau •• It to .• top Ju.t after a revolution mark. Th • 
• {oUowin, alip may turn the Bcnw almo.' to the polDt wh.1'8 anothu revolu:-

tion mark would be recorded. malitia I the inhrval .Uptly lOftier than it 

would b, it the ,en. had tUl'ned amoothly. III lik. maDlUtr ••• horter than 

ave rag. tntuval could be formed. 

Ej,cUoft of !a bam the .e1' .... f.eder t.nd. to Occur in uDall buret. at 

timn indicated by the ,man blip. on the powcler output curve .. However, the 

amoUllt eject.d pel' J'8volutloft of the screw ia quite unUono fol' the nut 
.even r.volution.. The torque curve indicat ••• Uck-aUp beJaavlor .'milar 

to but Rot a. lar,8 in malnituele a. that oblerved with cornstarch. The 

revolution rate of the ,cl'e. was unaifected by the atick-.lip acUon. The 

torque curve for !A re •• mble. the cornat&J'eh curve in that a .man plateau 

O(:C'&I', at the maximum value of torque. 

With a.cebarin. ejection of poweler ift bur.t. i. more evldent than with 

any of the otber powde .. , and thi. behavior laat. tbrouahout the .ntlr, run. 

The torque curve i. more irr8.ular thaft that obtainecl fnr other powdeu 

which emibited little .tick.aUp actioll. Tbe required torque appear8 to 

level off rapldly. but more torque 1. requinu near tbe eDd of the run thaa 

waa found with the other powde ... te.teel. 

Table 3.3 live, the val" .. of ata.n1nl anel m&x1mum torque. per~ent 

ejected, and average bulk, elen.ity for each te.t run. Table 3. " U.ta the 

powdera in th.ir relative rank accordinl to etartlnl torque. maximum 

torque. average bulk deftalty. coefficlent of friction. and percent ejected 

from the fe.der. The hilhe.t value for .ach param'ter baa been liveft the 

rank 01 "1". The u.e of rela.tlve rank doe. not appear to yield any correla· 

ttOIl amon. the val'iou. parameter.. When c1ata aD the .hear atreftlth of all 

the powd.er. a .. e available, further attempt. at flndinl a eorrelatloft will be 

maele. 
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Table 1." RelatIve aanldnl of Powder. Acc:ordiRa Co Screw Fee_I" p ... ~tcrr. 

~ , 
~ 
o 

C);::01J 
.~CDQ) 

~mfi 
~&i 

c- i9§ c::.-5" .- - !!. CD 
Ill' Q. 

-l~o 
~g5'i' 

If~a 
I. 
~ 

Powder 

SaCChariD 

Sm -
Corn.~rc:h 

PVA 72-51 

Talc-18 

~ 

Starrinl Maximum 
Tor~e . Torque 

1 2-

2- I 

3 3 

4 6 

5 " 
6 5 

Ratio Appareut Coefficient of 
Maximum Torque Bulk Friction ver.ua Percent 

Starting Torque DeIl.tty A.l.umlmma EJectecl 

" 5 2- 6 

2- 2- 3 4 

5 I 1 2-

6 1 6 I 

1 4 S 3 

1 (, " 5 

• 
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, 
aeneral conclullonl ba •• d on th .. e experimenta are: 1) the efficiency 

of the f.eder could b. improved by reduclnl the clearance b.tween the 

acr ... aDd tbe l •• der waU. 2) the puticular acre .. feeder ue.d in tbl. 

study wlll eject powder at a fairly \lnUol'm l'ate pel' l'evowtion only for the 

lint ata to .even nvolutionaJ however. at thla point approximately ball of 

the amount o! powder placed 1ft the faedol' hal b.ell ejected. 
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4. UI"ECT or ELEVATED AJIlSTllJ!.U( TEMPERATUllES ON THE VlA­
BILlTY 01' Day AEllOSOLS OJ" B. GLOBlGU.AND S. MAACESCEN8 

In a previoul repol't8 the equipment and methode deallned for ule in 

thil ltudy .ere d .. cribed. a.lulta Were prelented .howlnl the effeci 01 

.levat.d air.Cream ttmpel'aiurt. UPOIl S. marct.cenl aero,oll.ed from 

liquid IUlpea.ion •• 9 

Oudn. the prOlent reporUn. Peltod. the apparatu. and techniquea 

were mOdlCied to render the data more reproducible and to adapt the sye­

tern to the atudy of aerolo1, produced from the dry powder. The viabiUty 

of dl'Y aero,011 of B. ,lobipi .pore. and S. mazoceacea. wal .tudled after 

expo.iDI them to a aeriel of temperaturel ranllnl from 7,·C x 1. 12. .. c to 

130-C x 1.68 lee. 

4. I Modification I in Equipment aad Techniqu •• 

• 

It wu previoue1y reported8 that the "Y" tube whlch connected the car­

boy plenum chamber to the twin 91.5 x 2..5 em tub .. ."., dellverial unequal 

9,uantitie. of aero.o1 to the two Ie,. of the aYltem. Thi. nec ... itated the 

Ule of a mathematical correction fac~or when calculatinl percent recovery. 

Thi. lIytI tube was I'ed .. ilned anel inda1l.d in the .,atem. A .erle. of ZZ 

trial •• u.in. both !land!!!!. aero.o1a. determined that the prevlou. dUn- • 

culty W.8 Overcome. The variation between the two lell of the apparatus 
I 

i. now ranclomiaed and i. aufficiently small to preclude the u •• of correc-

tiOIl facton. 

Becaue. of IU_ht diflerence, in the leometry of the two le,8. it wa. 

theoJ'etic:a1ly polilble to confound relultl by residual. of viable sporea and 

ceUa which m1aht be retain.d in non-random quantlti... A tec:hni'lue waa 

developed whereby the apparatus could be e •• ily di.a .. lmbl .. " at the com­

pletioll of an experiment. wa.hed. chemically dblnfected. dried, aDd re­

as.embled in a ahort period of time. 
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Whereas dry aerosols 01 !& spor •• could be generated to the pleo\Un 

c:harnbel' by previously described techniques to yielcl .ati.factol'Y and 

reproducible results, 80me diUiculty was experienced during attempt. to 

aero.olise dry powder. of 8m with the vaponephrlD n.bull •• r. It wa. 

thsrefore n.c ..... ry to develop .. new method which wou1c1 produce r.1a­

Uvely stable aero.ol, of dry!!!!. powdeu. The fonowin, method .al found 

to b. saUefactory: 

A 10 mm diameter D~fttal Dam diaphr"am .a. fitted lnto a 4-inch 

1enlth of l/4-inch O. D. copper tubin,. Approximately 0.30 am !!!l which 

had been .tored in .. dry box for 14 hour. waf lo .. ded into the pipe. The 

open end of the pipe WIL. fitted tiahtly onto a dry nltro,en pr ... ure tank. 

and the powdar wae exploded into the carboy uncleI' 74 pet gauge preuure. 

The powder wu not allowed to lettle but was drawn immeclla\ely via the 

"Y" tube into the twin Ie •• of the apparatus. and eampling wae contlnued 

for 10 minutelin AlIOl ••• lmpln,e.... The procedure. of diluting and 

plating were performed according to protocole previou.ly de.cribed. 

4.2 ReprodUCibility of Result. 

The data reported in T~ble 4. 1 .how the reproducibility obtained UPOIl 

"plittin. dry ae1'o.ol. of !J. and ~ in the two lei' 01. the elevated ail'· 

.tream temperature apparatu.. In all 01 the •• tria1e. the orlanbm. were 

aero.olh:ed into the carboy plenum, pa •• ed throulh th. twin Ie,. of the 

apparatu. and .ampled in liquid implilser. by method. de.cribedln pre­

vious reportl. Slllce the •• triab wer8 deeiBned to mea.ure reproducibility, 

no heat wa. applied In the in.wateel tube. Each replicate rapr.unta the 

avera,e results of six plate •• 

.-- .. --... ----
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Table 4.1 Ileproducibility of Flow-Spbtliq Device in Elevated Ai~.t~eam Temperature Apparatus 

.Di&te Culture Replicate LeSA LegB Replicate MeaG 

10/9/61 !!l- I 85 x 10: 72 x 10: 78. 5 ;t; 6. 5]1[ 106 

2 63 x 10 68 x 10 65.5 * 2.5 

10/10/61 !I. 1 101 x :J,6 100]1[ Ig6 100.5 :i: 0.5 
Z 81 xl 80 x 10 80.5. 0.5 

10/11/6.1 1 6 
85 x 10: 86.0.1.0 !!a. 87 x 106 z 98 x 10 83 x 10 9Q.5*7.5 

.10/n/61 !s. 1 54 x 10: 41 x 10~ 47.5 * 6.5 
Z 58 x 10 47 x 10 51..5 .5.5 

10/1.4/61 1 6 51 x 106
6 53.5 * Z.5 .. !!I. 56]1[ 10

6 I Z 87 x 106 100 x 106 93.5 .6.5 w 
3 86 x Hi 113 x 10 99.5.13.5 

10/1.6/61 1 6 6 Z9.5 * 1.5 !!I. 31 ]I[ 106 28 x 106 Z 30 x 106 ~o x 106 ZS.O * 5. 0 
c-:;o"O 3 :l.4 x 10 :l.4 x 10 :l.4.0 * c: 1 
&~~~ 6 6 • _.<1> 

10/31/61 1 73.5 * 8.5 ""'10. ~ 65 x 106 8~ x 106 o&~ ~ 69 x 10 88 x 10 78.5·9.5 ... <I> 
c:... wo § 

50 x 10: 
6 c::: §;r. s· l1/z/61 !!a. 1 36 x 106 -(3.0*7.0 ~- ~8. 

-180 1 53 x 10
6 

47:1t 10
6 

9O.0::t 3.0 

CD ~16 3 70:lt 10 52:1t 10 61.0 * 9.0 

i!w~c 11/15/61 Sua 1 12.5 x 10: 148 x 19
6 136.5 .11.5 • :I: a 

UlCI)IIl z 97.5 * u.s 
1 

111 x 106 84 x 10 6 
3 US x 10 U4x 10 124.5. 0.5 

69.5:1t 106 71.5 x 106 6 
All Trial.: 70. 5 • 1. 0 x 10 

.... - .- •.. __ .. - A_A. A_ - ---_. - .• --.- -.---.. --... --.. -~ • --;-~' ':"" oIJ. ~ 



II 
I 

4. 3 Vlabilltl ot Dry Aero.ob of 81 aDd 8m 

Initial conclltione used ~or Invuti,aUn, the effect of temperature anel 

time of expoaure on aeroaol. of dry Bacillus 110bilU aporea W81'e lZ5·C 

anel 1.68 •• conds. The data obtainecl are .wnmari •• clln Table 4. a and are 

plott.dln I'ilure 4. 1. The data inelleat. that th ... eonc1ition. have no mea­

I,uable influence Oft the vtabllity of the !I. .pore.. In view of th ••• r .. u1t •• 

no experiment. were p.rformed at lower temperalure. 01' shon.r apo.ure 

times. 

In c:ontra.t. there wal a pronounced viability 10 •• with Serratia 

marc •• eab. upon heatin, to telnperatUl'e. between 7S·C and 130·C for 

period. of 1. 1Z to 1. 68 •• cond.. Th ... data are .ummarlHd 1ft Table 4. 3 

and are plotted in Filure ".1. The orisinal viability' of the powder u.ed in 

the aero.o1. we. 8.0 x lOla/1m• Thele re.ults conltrm the COIlCIUlloll 

which wal reached upOn the baat. of experlmentl performed with aero.o1. 

of 8m lenerated from liquid lu.penaionl namely. that the viahility of!!!!. ia 

.ubitaillially reduced upon expo.ure to .levated t.mpel'atun air.treame 

for very ahort period. of tim •• 9 

Thele expIl'lm.nt, witb!J. and!!!!. c1eal'ly iUu.trate Chat the pot.nUal 

effect of hot ga.el from J.t enline axhauat. on the viability of BW aero.o1, 

WiU deplnd 1ar,Ily on &he .en.ltlvlty 01 the particular or,aniem belll, ell.· 

a.minated. Future experiment. will illv.,tigat. the effect of shortti' G­

pOlur. time. 011 viability 10 .. lft dry !!!!. aero.ol •• and the effect of bilher 

temperature On !.1aerosoll. Temperature. lom.what: hilher thall 1~5·C 

au of intere.t in certain ca.... A recent analyat. of jet plume mtxin.9 

cOl\eluded that for the ('ase of a .mall drone. where the ell ... minator 

mounting .tation i. apPl'oximately three f •• t from the cenler Un. of the 

enaine. the aerolol Intering the plume would be exposed to temp~ratur •• 

up to 4Z0-F (Z16-C) under certain a .. umed condition. of operation. 
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Tabl. ".2 Viabl11ty of DI'J Auo.ob of hat 1Z5·C fOI" 1.68 Seconda 
(!lfrom Lot No. X-12 AeroioH.ad w1th DaVilbi .. Oenarator) 

Reelicate Heated Control Avera •• la.cove!! 

• 
1 

(, 
U.S a 106 1.9 x 106 z 15 x 10 11 x 10 1031 3 12.5 x 106 21 x 106 

4 13 x 10 13x 10 

Tabl. 4. 3 Viability of Dry Auo.ola of 8m at Various Expo.ure. 
(!!!. from Pool ,., Aero.oll.eny ExpIolion) 

Temperat"r. Time 

1.68 .. c 

1.68 .. t 

1,12 aec 

1.68 •• c: 
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30 

A B. slobllill, (1.68 .ee) 

70 90 110 13D 
30 50 

Temperature "C 

Figure 4. 1 Via.billty of Dry AerOlol1 of B. liObl, ll Spon. 
and S. marc. IceD. 111 Elevated" temperatar •• 
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4." Effect of CompactloD on the VlabUltt 01 S. mal'c .. cena 

A previoua report 10 d .. cribecl the eqll1pmeat aud techDlque. u.edto 

mea lure the elfect of eompactioa Oil the vtabUity 01 dry !!!. powde". 

Z .. eRUally the method involved determiD&UoD of vtUle cO\Jllt of ~ pelletl 

(dlnltty: O.48,m to O. 77 am) wbich ba.cl b.eD prepued \ladel' cWIer.nt 

compaction pre .. "I'" and compad.oD of viable C:OUDt of the ,,"compre .. ed 

powder from which the pellet. bad b .... mamdactved. Tbe l'e.ult8 of lome 

ot th ... trial. are ."mmariaeel III Table 4.4. The r •• ulta ,uI,eat that 

th.re might b. a .llpt effect of compaction OIl apparent viability ,tllce the 

blaheet pre .. urea .tudied yield.d the lowe81recoverle.. Howev .... it 1. 

pollible that the compre .. ion Pl'oc." iDtl'Oduc •• anilact. in .. viability 

.tudy. OD the ODe handi compaction pre.lUu .... rat •• IMarin, fore •• 

which caD cleal.1omea-ate clump. aad perllap •• V," traamre individual 

putlcl •• yieldlns high.r apparent rlcov.de. from the compr •••• el .ample. 

Oa ch. other hanel. a pellet producecl by c:ompacUDft 1. exceptionally dll1'i-
• cult to eli.pere. by mechanical lJIakinl In a diluent. aIUS wou14 yielel 

apparently lower r.coveri •• from the compl' .... el .ample unl ••• di.p.r­

.ton i. complete. Sup.rimpo •• d on the •• phenomena. 1. the po .. ibllity 

that comprll.iOll mipt alter th.!!!!. viabUlty of tb. c.n. 

In ord.r to overcome .ome 01 the confoullclinl yariable •• and to.lUdy 

the enect of compr ... ioa on true yiabUity. ..vera! dUf'l'Int aputm.nt. 
wlr. pel'fol'm.cI with the 30-pound compr ... lon w.ilbt. In on ••• t of 

exp.rimen.t.. the compacted pen.ta were cU.lnte.ratec1 by mechanical 

.hakinS. re."ltln. in apparent recoveri •• 01 69. 5 to 72. ']HIrc.nt. In the 

•• cond •• t of 'XPeriment' t both the contro1 powcler aDd compacted peU.t 

were ell.integrat.d into the dUutlnS .olution by mean.. of .. U .. u. homo­

s.nl'l'. The •• n.ult •• howed that the viabtlity of the compact.d .ample. 

rAllied from 86 to 96 p.rc.nt of the 01'11ina1 powdel'. On the ba.l. of the 

latta.r r .. u1U. it would be conclud.d that compactlon i. not d.1.t.riou. to 

viability. 
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'Obvi.oully. further work ramal"a to ba dolle 011 dev.lopiaa tech.lcaUy 

pnei •• l'ft.thocte of dilUllpilhill1 belW.ell 10 .. 01 tl"Wl viability aad appal'­

ent thalli' in count due to m.challlc&1. al'tiIact.. Once fhia I. accom-

pli ,hed. the effect of rate of compr ... loll Oft viabUity will b. illva.tiaated. 

Table 4. 4 Effect of Compn •• ioll Oft ViabUlly of Sm Powder 
(!!!!. from Pool '7) -

Compre •• lon 
Welsht 

*SOOsm 

*1500 1m 

Deillity of 
Pellet 

0.5031 
0.5225 
0.5568 
0.5411 
0.5"'5 

0.5318 
0.5941 
0.5155 

0.7414 
0.7516 
0.7981 
O.75S! 

0.711. 
0.762 
0.692 

Viable Count Percent 
(CoMl'oli ViabUltt 

• 
78.5" 106'am 82.0~ 

70.0 x lO6',m 
76. 5~ 
77. O~ 
86.0, 
76. O~ 

65.0 x lO6'Im 96.0.,. 
9O.0~ 
86.0". 

73" lo6'am 11.'" 
66 x lo6',m 

69.5'" 
71.5'" 
69.5'" 

67 x lo7/ lm 96.,. 
93". 
86.,. 

* Pellet alld cOlltrol ciiailltesrated into d1luellt by mechanical ah&kill,. 
· •• PeUet .. nd control dllinte.rated into diluent with tt .. ue hamolenler. 
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S. DISSEMINATION AND DEAOOlDMERATION SroDUCS 

5. 1 Introduction 

Studies were continued durln, thls reportlnc period to decel'mine the 

de,cl'iption of the wind tunnel &11"0.01. ,enerated by a new, combined 

mechanical.pneumatic di ... minator which waa bullt to simulate a deelan 

concept beiD, considered for the prototype die.eminater. 

Both compacted and ullcompaeted !!!!. wet'e te ated in the dlsaeminatol' 

at bulle denaities ranalna from 0.33 to 0.65 am/ce. The !a moisture con· 

tent was maintained at a.pproximately 1.7 percent by atoring and working 

With the material in .. dry box prior to the teat rUna. 

Analysts of the aer0801 was made by two method.. Firat, fine 

aillomerate. were .welted by ... mpling them Oft Millipore l11tel's with a 

secondary aamplifts .y.tem which collected one percent of the material 

drawn into the hip velocity sampling probe. In micl'Oacopic analyate of 

the collected material, the amount of asslomerate. ln the 1 to 5 micron., 

5 to ZO micron.. and gr ... t8r than ZO ml<:rona ,anges .ere counteel. The 

majority of alglomerate. in thia catelory con.lated of doublet. and triplets. 

To further determine tbe reduction in d.alilomeration .Ulciency. tha 

r.aults were .. naly.ed on the b •• i. of tha mas. of effective 1 to 5-mic:ron 

pal'tiel~a wht~h are cOI'l1blned to form a"lomeratea 11'.ater than 5 microns. 

In due work the alllomerat.1 greater than 5 micron ... era studied in detail 

•• to their composition and atae. 

Whi1. running testa with the filter ay.tem, it waa observed that the1" 

was pre.ent in the a.er0801 a relatively small number oIlarler aglomer· 

ate. up to about 500 micron. in aia.. However. due to their low concen­

tration i.t was not feaslbl. to study them with the filter lampling technique. 

where only a small perc.ntale ot the aerol01 11 collect eel. TberGore, an 

impa.ctar ayatem was designed and fabricated whicb collected .. eentially 

5.1 

"'''5'1.11115. 

DECLASSIFI!D IN FULL 
Authority: EO 13526 
Chief, Rec:orcIs & Dec/ass DIY. WHS 
Date: JUl 1 9 2013 



I " II 

Jj 

n 
1.l 

r 
H I , 

: Ii 
I; 

r 
r 
L 
, 

J : 

I 
I: 

f I : 
I 
t, Ii ~ 

~ 
l n I 

1 If !, 
h 
~ Ii , , 
f 
f 
t I ; t 
\ • 

.:alAN' •• 

ill of the aillomeratel lreatel' thaD 10 micron. in tbe tuullel. Th. aDaly.1a 

. coneietad of ma •• meaauramaDtI, micro.copic ohaervation,. and Whitby 

centrifuga analy.iI. 

Two rune ware made with the pneumatic .y.tem where hi,h .peed 

moUo" pi~tur •• wu'. taken to enhance an unclerltandiq ot the a8rolo1 

aerodyrtamic hreakup proc: •• I. 

S.2 Pneumatic Die.eminator 

All the wind tunnel teet. and .tudiee duriftl thi. :eportiDI period were 

conducted witl~ a mechanical-PReumatic di ... minator which Ilmulat.1 th. 

i~jBction region of a particular prototype deli,n. c:lt.cu .. ed 1n SeetioD 6. 
The .,atem, shown in Figure 5. I, uae. the .ama piaton-type cii •• aminator 

that hal been employed 1n all previo\1I tuta. Howev4ll', in thi. caae !!!. ia 

injected into a amall chamber wbich 1. maintained at an ail' pre.",I', of 

S Pltl. The air then i. utill •• d to tran.port the material into tbe wind 

tunnel ah·ltraam. 

In operating thie type of 'Yltem it la de.irable from the atandpoint of 

air 01' g&l cOft8umption to maintain a highly concentraCed bed of powder 

above the dilcharged orifice. 11} thil manner the air now rate ia mlnimbecl 

at the orifice. ThUl, there 1. no intention of aerololbinl the material be­

fore it uache. the Wind tunn.l - breakup should occur in the tunllel under 

aerodynamic 10rce. of the airlCream. 

It il apparent that in the ca •• of compacted mat.riala tbet. ia .ome 

breakup in the ail" chlLmber due to mechanical forc •• pr ... nt when part of 

the mat.rial il impachtd on the chamb.r wall. The •• forcu. do not com­

plet.ly break down the .1uSI into basic pal'ticle.. W. b.ll.v. that the 

phYlical c:ondition of the material i. aimitar to that which will be produced 

in the actual prototype due to mechanical fore .. a .. ociat.d with the .b.ar­

inl pro(. ... and mechanical mixing. 
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GlU."". 
A. a re.ult of Buliel' t .. t. of thl. inJ.ctlon techniClue. it wat found 

tb", to obtain an in.t&ntaneou. bed in the air chambel'l it .. a. nec .... ry to 

iaject the materiit.l ju., up.tream of the orifice. ThUt. the orille ... a. 

made lonler than anticipated in a prototype. 

For wind 'tUDnel operation the abo pre .. uZ'e i. np1&t.d to S p.ll be­

for. the run; 1. e.. air flowa tJuooup tbe chamber before ~ fa introduced 

mto it. StCCI thi. i, aomewhat dlf£erent from the ca •• of continuoua 

opu.tioft 1ft the prototype. it wa. de,lrabl. to look do .. 1, at the flow of 

matnial aa it enterl the Wind tunnel. Thu.. hlah speed pIloto,raphy .... 

employed a8~ln Ullna the lame technique and equipment a. wa. prevtoully 
11 . 

u .. d. • 
Th. picturee ahow tbat there h a .hort pertoel of hilb powder flow rate 

whlch beltnt .oon alter the mechalalcallnjector atal'ta flUinl the all" cham­

ber. However. a. the chamber emptle,. lome material ,tick, to the waU, 

and breakl of! in chunk. cau.ina very .hort bunt. of hiah .ero,ol coneen­

tl'a~lon and a gradual traUh" off of the proce .. in the form of a U.,ht aero-

101 cloud. 

It appear. very likely th.a.t durin. O. 01 .econell of the I'UQ' a fairly 

deue beel exilta in the air chambe... Injection velaciUe. taken from the 

pictur •• indicate that the avenge flow rate tl about 1.0 pound. per minute 

durin, thi. period. 

Other i.nter •• Un, factor, are al,o brought out by the picture.. For 

example, even though the injection v.loclty II from two to foul' time. that 

of the previou •• tudle., the bulk of material do •• not penetrate any furth.r 

into the wind tunnel. The re.lon il that the materiall. cii.pened quicker 

and aeulerated ra,ter down the wind tunnel. 

One diff.rence exiata as a rel"lt of incr8I .... ellnj.ctloft velocity. n. 
lar,er a"lomarat •• , app.o~dmat.ly 300 micronl in .l.e. are •• parated 

from the elen.e cloud of dbpeued ~ due to their high inertia. Some of 

tbe.e can be ,.en to penetrate into the air't1:eam without underloinl 
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anodynamic break!!p. Th ••• will be dlecu ... d lat.1' in. term. of th.iJo COll­

cen.tratio~. Comparison. of photo,faphs .t condition. of O. 33 and O. 60 

ami cc bulk denaity .howed that a .\\b.tanU~l1y larl8l' number ot a"lomer-

at •• ill the 100 to lOO-micron l'anse lxi-It ia the!!!!. ent,rinl the tunnel for 

the latter c.... However, a lar,. majority of th,., ourlO ~erodynaU'ic 
breakup br IUd.ce .he.r .tr ..... cl\&rlns aceeleratioa. So tbe nat elif-

ference be,,*,en the two conditioal .ppeau to be amaU from the standpoint 

of th •• e larae Ical. all.lomerat ••• 

Anothll' inter •• Un. ob"l'VaUon that bat been made il that the aerolol 

cloud tend. to .pread ill the tunnel by Nl'wlent diffuaion which 1. in pal't 

produced by tbe injection. Jet. 
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5. 3 Sm Dillemillation - SmaU Scale Asllomer.te Study 

In sampling the IWlnd tunnel aerosollt h •• been lounel that agglomerate. 

ranltn, bom 1 to 500 microll' al'8 pre lent in deere •• Lnl numbera with 

inereaalnl'i... The small .eale a"lomerat •• in the ] to ZO-mlcrOll 

ran,e ~an be.t b. analysed by ullnl filtraaioA and microscoplc: method,. 

while tho .. larsel' than tbi. are in .ucb low concentration that it 18 not 

practical to adaly.e them 1n thia way. Thu •• an imp&ctlon technique dia­

cu •• ed hl the followinl s.etion wa. employ.d for agslomeratea Ireater than 

29 mIcrons. 

A .econdary IUter .amplina .y.tem wa. conltructed for the work on 

.mall _"lomerat .. to enabl. u. to di,.eminate approalmately I cc of !m 
into the tunnel and yet reduce the particle concentration on the filters to a 

low enoush valul that micro,coplc methode could be u.ed. riaure 5.2. 

Ihowe the new filterins arranseraent, Th. '.COI1«1&I'Y .y.tem lIampl •• from 

the large .action of the blah velOCity ,ampUna pl'obe where the velocity 1. 

oa the order of 10 feet per eeconcl. A 'tandal'd .. 7 milUmeter membrane 

lUtltt' holder ta employed with Type AA Mllllpore fUten which have a pore 

It.e of 0.8 micron. Tbu" the secondary fUter collect. about one percent 

01 the 1.81'0'01 which enter. the Mih velocity aamplinl probe. 

ne unit wa. t •• teellor it. i,okinetic: cha.racterilliCl by comparins on 

a number ba.i. lbe partu:le ,i •• cli.tributlon of tbe collect.d .ample with 
U the controlled distribution. ••• bown in the previou. report • The alre.-

ment between theu ca.e, wal very looel. indic:atlnl aaliatactory operation 

of the new eyetem, 

All teat. conducted kn thie pan of the .tuely "',re carried out at wind 

tunnel Mach number O. 5. The blab veloc:ity .ampUna probe WI.. locateel at 

the POlllt of bllb .'1'0.01 concentration. namely 0.63 centimeter, from the 

top wall. The major parameter illv.atillateel WI.. !!!!!. bulk den.tty. which 

vadecl from 0, 33 to O. 6S ami ce. The material had a mol.ture content of 

about 1. 1 percent. 
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In analy.lill, the LUterl • li.ht miero.eope w ... u •• d .. t X600 for .u£fi­

dent relolutlon. to count putLcle. down to about 0.7 micron. The fu·.t 

.tap wa. to count a combined total of at le •• t 1000 ba.ic particle. an.d 

a •• lomerat •• lor each te.t. The latter ",ere eta,.llied into three sl.e 

Tan.e.: 1 to 5 mtcron •• 5 to 20 micron •• andlreater than ~OmlcroDI. Thi. 

breakdowrl wa. made beca"s. tho •• in the 1 to 5·mlc1"on ranle do not re­

duce the effeeli.vene .. of the aerolol •• do all the other •• 

Microscopic obeervation. of a 1ar,. number 01 particle. and 

alll.omeratea on the filten indlcate that the.e .maU-.cale aSllomerate. 

were prt.mal'Hy composed of doublotl and triplet.. 1ft the analYlta. all 

pa .. tu:l08 tbat appeared to have any contact what.oever were considered as 

.Ialomeratel. It ia obv1ou. that lome of the.e are formed as a reeult of 

ftltre,tlOI'l, one ~rh('le lal11nl upon the other. The numb.r of doublet. 

formed due to thi' probabHity ia now beinl considered; however. in thi, 

duC'u"10n we Will omtt tbt. laetor and cit.cus. only the upper limitinl can· 

dltton. 

A photomscrosraph of a typical field on the liltel' is shawn in Figure 

5.3. Nate that to a very 1arae extent the material appear ••• baaic parti­

cles .. doublet. and triplets are q,uite rare. 

a •• ulta of s.ven teat. are ahown 1n Tabls 5. 1 wh.re the numbel' of 

alillomerat •• in the three ab. range. ar. compared with the total concen­

tration 0{ pal'hc\llate materlal on the filter.. It can be Been that the 1arsut 

percentall1 of amall·leale alllolDerat •• is in the 1 to 5-micron .i •• range. 

Above 20 IIllc1'on. there we!'e no aSllomerates ob.arved in any run when 

1000 particlea or more were counted. FilJUre 5." .how. the data plotted 

over the ~ bulk density ranle 0.31 to 0.66 am/c.e. 

Important concluaion. of this work are that the amount of _lllomarate. 

pr.sent in the aeroaolinereaa.s only a amall amount with bulle den.tty. 

Als", the numbar of I.illomerate. in the 5 to ~O-mlcl'on l'aule &re rela­

tively amall on the number basia. 
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Table 5. 1 Small-Seale AglomentioQ of Sm Slmulant Di ••• mill.ted 
in Mach Number 0.5 Air.tream With Pneumatic Sy.tem 

Sm rUter Percent of Par"cwate Material 
Siillt Particle a. Asllomerate. 

Den.lty Concentration 1 to 5. 5 to 10,it > 2.0..u. , , , 
0.33 pice 4 5.0 0.3 NesliJible 49.5 x 104 .. , ...... , .. ~'.41r)D.: 6.0 1.0 N .. .,Ht7;'hl .. 

0.51 im/cc 37.lXlV4 
0.1. & •• Ne,ll,ibl. 

0.59 ,mIce 46.2. x 10 .. 7.0 1.5 Ne III lib le 
0.59 ,mIce 31. 1 x 10 .. 8.4 1.6 Ne.Ulibl. 
0.65 am/ce 36.5x 10 .. 9.4 3.7 Nellilible 
0.66 am/ce 36.5 x 10 7.5 Z. I N •• liSible 

To determine the effect that .mall-.cal. aillom.~atlo~ h ... on the 

efleetlvene .. of the die'emillatol' the analy.l. mu.t be placed on a mI. •• 

ba.i.. Therefore. we bave made calCUlatlOlll all the amoant of ma .. in the 

5 to ZO-micron aalomerata. whlch coni leta of IAc:Ilviclual particle. 1n the 1 

to 5-mJcl'on ran,e. To carry out th •• e c:alcul&tion. 1t w •• necellary to 

determine the cilaractni.tic. of the larler aillomerate.. Thu., 100 of 

th.m were ob.et'ved ift detail and the lftdlvlclu&l particle. containecl therein 

were .i.ed. Table S.2 provide. a cle,cl'lp'io" of the aillameratee with a 

tabulation of the ba.te particle. i" the 1 to 5-rnlcrol'l .i •• ran.e. 

ID ,eneral. ba.ic Sm particle. ar. knuwn to have a platelet .hape. -However. in the 1 to 5.miclon ,1 •• rani' they can b. a.nmed to approach 

& .ph.rlca! .up. for the.e calculation •• 

Th. ma .. of mat. rial in the 1 to 5.micron rallie in the original .&mple 

wa. al.o determined. It waa ba.ed on the partt.cle .t. •• dl.tributioll by 

number for the material a. determiucl u~Gr a lllht micro.cop.. The di.­
tl'ibuUon •• hown in 1'1,ur. 5.5. indicatee that about 79 perc.nt of the •• 

particl •• by .umb.r are in the 1 to 5.micron ran,e. whil. only 5 puc.nt 

are Ireatel' than S micron •• 
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Table 5.2 Duc1'iption of Aglllomerat .. la the 5 to 20-Nic.rou Ran" 
Number of Total Numbe&' of 1 to 5-Micron Particl •• 

Partielu in Number of Compriainl AllIlomerat .. 
ASllomerate. Mllomeratu 1 to ~ Z to Y' 1 to $" 4 to 5", , 

l n 1 3 13 Z6 
3 16 2 4 .5 7 
4 8 4 3 Z 5 
5 Z 1 1 ) Z 
6 1 1 1 Z 
8 1 1 Z Z 1 

100 10 14 U 43 

To determIne the 10" of eUectivene .. of the cii •• emination proce •• , 

let UI u.e at an example the data at bulk denlity 0.6 .hown in Fipre 5.4. 

For each .roup of J 00 particle. pre •• nt i1\ the aerolol (ba.le and a.lI10m­

e,.ated) thore are 79 ba.ie and a.8lomerated particl •• in the 1 to '-micron 

ranle and·a. 2 al.lomerate. an the .5 to ZO-mlcron ranle. 

Ba .. d on data in Tabl, 5. Z the ma .. of ueeiul material in an ave rag. 5 
~o -IZ to ~ -micron aillom.rate i. 37.4 x 101m. The 79 particle. in the 

-11 ~f lower ranle have a total mal. of 853 x 10 lin. Thu •• the 10 •• in e .. ec-

livene •• of 1 to 5·mit'fon material i.n the dl ... mination proce •• due to 

.mall -.eale ailiomeration in this ca •• i.: 

ineffective ma.. • 
en.cave ma .. + Inenectlve ma •• 
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Ftlu", 5. 6 gl.ve. the zoe.ult. of the.e calculatlon. o ... er the bulk deluity 

rang. O. 33· to o. 66 Iml ceo It .houle! be remembered that th ••• nlur .. 

l'epr"el2t the upper llmiu on a 1018 uf eUecttven.... The factor oj cloubl,t 

formation due to filtration tenda to make thi. valu. areator thaft 1n tbe 

actual a.ro."l. 

5. 4 3m Piu.min.lion - Larle Scale ASllomerato Studx 

b wa. ltated eal'1ier that .. relatively .mall number ollarlO a"ilom­

erate. on the ordor of 100 to 500 micron. were found in the .tudy di.c:u .. ed 

1n Sectioll S. 1. Due to their amall number, howevel', they could not be 

.'\ached tram the atati.Ucal lt4ndpoint. Con.oquontly, an impactor W.I 

desllned WblCb eQujd lample the fun dileharle of the tunnel and collect 

sufflctent material for analY'i.. Ba.ed Oil the Impaction efficiency data of 

Ran.
13

, it w&. found tbat by Jnf>unHn. the impactor a abort diatance down­

stream of the tunnel eXIt a SO petcent cutoff could b. obtained at about the 

&·mt cron 11 •• , Thil hold, ttue for the wind tunn.l Mach number condition 

0.5. Th"s, the collecuon elficiency for all al,lomeratel above ZO microna 

would b. near 100 percent. 

Th. analy'.' technique employed wa. to wei,h tb. material-on. the . 
Impactor plate and detol'mlne the amount samplecl wbich conliated of 1a1'l8-

uale ag,lomeratea. This quantity wa. then compared with the amount 

d' .. emtll&led to obtain the percentage of the .erolo1 which iI compo led of 

tb ... a"lomeratc: •. 

l'be Impactor i.. ahown in Figure S.7. Th. face of the unit conll.ta of 

two mJ~l'o,cop1c alid •• mouftted end to erid in the vertical plane. SUl'l'ound­

In, the .. 18 an aluminum plate with &n oullida dimenlton 01. leven inches by 

aflve" 'ncn.e. The combined collector plate can bit weighed in &n analytical 

halanee for hn. accuracy. The ,1 ... slidea make pOI.lble microlcople 

an.ly,l. of a 1'eproaentative parttoll of the collected material. 
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The .eneral coUectian pattern on the platea reve&1ed that the 1arl. 

alilomerate. we,. Dlainly concentrated ill the bottom haU of the tURnel 

• wltU. the 1ar.er ba.ic partielea were fO\l1Ul in JUab concentra.tian on the top 

balf of the tunnel. Ae all example. F1pl'e S. 8 ahawl photomicrolrapha of 

the tap and bottom .ectione all the impactor. Note the lal'18 UO-mlcl'on 

a.pornerate - many of it I indivic:lual pal'ticl •• can be obaerved. 

The amo'.1nt of material greater tha" 20 micron. wal .etlma.ted by 

u.ina the Whitby c:entrifuge. Other method. luch at countinl and calculat­

in, were found 1 ... accurate. A method ot welJhinI the alide. aeparately 

and then eatimatilll the relative maal in the lal',. al,lomerat •• alreed 

quite we)) with the r .. ulta. It ia believed that ~e.e 1.1'8. aSllomeratea 

are Cl\ltte Btroftl in mo.t ca.e. atnce they with,tand the cU ... mlnation pro­

ce .. W:.tbo\it branin, up. Since the amount 1)1 ma .. in alslomerate. mUll 

be amall. it appea ... that any breakup ift the ee"trifule ha. a mi.nor effect 

on the over -all r .. ult •• 

F'lure 15. CJ show. both the percenta.e of cU ... minated materlal col.­

lected and the per,entiCle of the ori,inal material which i. in the luatel' 

than ZO ·micron range. The pr .. ence of aillomeratea il e •• enti&1ly In· 

dependent of the bulk den.lty. They rep .. e.ent .bout Z percent of the total 

mae. diu.minated ill all caae. whicb i. considered to be quite Imall. 

The eleaSllomeration atudl .. durin, tbia period have .hewn that com .. 

pacted!!!!. with bulk denlmea aa hilh a. 0.65 gm/ce Can b. cU .. aminated 

with the mechanical-pneumatic .y.tem .lmast a. effectlvely a. the uncom­

pacted material. T1t~ result- Indicate that the maximum 10 •• in elfective· 

ne .. af the di .. eminator due to ."lomeration ot particle. in the 1 to 5-

ml(;I'On rani. is &bout 1Z percent by m.... It ia anticipated thAt tbi. figure 

will b. reduced by future con.ideration, aa to the orilin of the doublet aftd 

triplet agglomerate. ob.erved Oil the fUter .ampl.,. Since thia work haa 

only been conducted at tunnel Mach number D. ~ a portion of it will be 

reproduced at Mach number 0.8 in the neJd l'eport1nl pedod. 
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Figure S.8 Photomicrograph. 01 Impactor" Sample (Sm) 
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1n.ide diameter •••••...••••••• 0 •••••• 18 inchl. 
In.id. length ove rall ••.••.•.••••.•..•. 117 lncb .. 
D1I&1lrll&&Or lenlth ••••••••••••••. 0 •• 6 inchel 
Maximum 1enlth of I&Cb powdel' Ilul •••.••• 54 inch .. 
MaxJmum LID ratio ol powder slUI •••••••• 1 
Maximum volume of powder ••••••••••••. 1 S. 9 ell it 
Maximum wellht of powdel' tp. o.!s Im/ce) ••• 512 lb. 
L.ad of platoll drive acrewl ••• 0 0 • 0 • 0 • 0 •• O. Z incheal rev 
Powder feed rate •• 0 ••••••••• 0 •••••••• O. 059 ell. it/rlv 
Drive Ipe.d ran.e •• 0 ••••••••••••••• to • 8.75 to 16 rpm 
PORn feed raCe ranJe • 0 •• 0 • 0 •••• 0 •••• O. S15 to 1,53 elm 

The cylinder i8 made in five .ecelOM. Foul' of the section. are Z7,75 

lnehel lon, and the center sectlon i. only aix 1I1ch •• 10na. Thu .... 'hen 

a .. embled, the cyUndel' 1. 117 inchea lonl. The dha'irelator occupl .. 

the .ix-inch center 'Iction. The hub on .ach pl.ton 1. 1.5 Inch .. lonl 

leavinl a maximum length of 54 inch •• on each end for the powder. S.ar­

ingl and .eat. for the drive Icrew. are mounted on the end plat .. of the 

cylinder. On one end plat. the drlvinl end 01. the ecrew protrude. throulh 

the COver of the bearinK bou8inl ( .... Filur. 6. Z). The ov.rall exterior 

lenlth of the unit i. 1~8 inche'. 

The diaagl:regatol' a. abown in I'ipre 6.3 haa been removed £rom the . 
centsI' lection. The a ... mble4 po.iUon i •• boW1t. in Flpl'O 6.4. Th. dil-

9.llrelator conliltl of two 00 25-inch thick circular plate. mounted on a hub 

with internal tbreads whleb engal' With matina threada on the ddve Icrew •• • 

Flat pine at. uled to leey the hub to the drive Icrew.. Each plate ba. eilht 

rectangular op.ninll with a cutter politioned in each openin,. ~ the plate. 

rotate, the cutt.,.. ill.· ... oU powder which fall. through the opentnal into 

the apace between the plate.. Baffles are mounted bet •• en the plate. to 

aU I' the powder al it 1a mixed with la.. Wire scrapers attaehed to the 

plat •• are u •• d to prevent powder from plUllinl the orifice 01' clinlinl to 

the cylinder wall. 

Each piaton t. a O. 62S-inch thick flat plate .. cured to a hub. Fipre 

6. S shoWI a pilton and drive IcreW in a cylinder (pull.d out of normal 

pOlition for photosraphic purpo ••• ). A notch in the Ida. of the pilton 
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ensa.e. with a plde J'UIlnilll the len,th of th. cylillder. Thi. plde to,.u.u 

with the frietlonallorce of the pilton •• ain.t the powder prevent. the pi.ton 

from 1"otatl1l1 with the,er .... 

Each drive .erew i. all .Acme len. 1. 3'1S Inch .. in diameter with flve 

thread. pel' ineh. A rlpt.hand tbreaell. u..e4 01l the Icrew til the elrlve 

snel oI the cylillder aael a left·ulld ibna" on the other .er ... 

I'I",re 6. 3 .bow. the removable plate for laiDln, aeee •• to the cellter 
'ection. The fIUbt., for the .a •• upply anellor pre"U.U m,a.urement are 

al.o '''ident III the photolraph. (Pre .. ure tap I. pal'ti&Uy obllcureel 'by 

handle or left cover latch. ) 

FUtilll' are al.o mounteelin the end plate. ,0 that the .pace. behind 

tbe piatonl can be .uppUed witb .a. to ba1aau:t the pre •• ure of the .a. la 

th. center •• ,Uor. where the powder II beln, fiulcll.eel. 

The cinebar,s orifice it mounted 1n an adapter .howe In I'tlur, 6. (. 

whleh .cre"l lnto the bottom of the celleer .aetlon, The orillce plate 1. 
"emovabl •• 0 that dilf .. ent orille. openl., can be tried. Initially. orillu 
diametera of 3/8. 1/2 and 3/4 Inche, Will b, avaUable for te.t. 

6. 2 T .. , Stand and AuxUia!y E9,ulpment 

The drive for the unit eon.i.t. at a 60: 1 lear reductor driven by a 

1.5 hp. 1750 rpm motor throUlh a belt and a variable pitch paUey. The 

pulley proVide. a .peed ralll' of thr ••• 0 that the total reductlOft bom 

motor to reductor ahaft c:aa be varied (l'om approximately 60: 1 to approxl. 

mately 180: 1 livill, a theoretical reductor output .p.ed raft" of 9. 7 to 

29.2 rpm. Th. output of the reduc:tol" i. conaeetecl to the drive ae:re. of 

the di'.eminator by milan' of a univet'.a1 joint. 

The teat .tanel 1. ci .. iped to hold the fluiell.er .ufficiently hlp off the 

floor to permit collecUnl anel .eipin, the powc:ler beinl ell.cbar,ed. The 

porier will b. collected ill alar,. cb'um rutin, on a plat.iol'm .eal. po.i­

ticmeel below the dia •• minator. 
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Proviaiol1l an beiol mad. for .upplyLD. ,n. from .lther of two 

.source.. For th. initial trial. air from th. plant c:ompr .... d au ay.t.m 

will b. UI.d. For te.t. wh.r. humidity i. to b. c:oatroll.ci and when oth.r 

deaip condition. are to be .imutated more clo .. ly. compre ... d Dlt%'O •• n 

will b •• uppli.d from aa. c:yUad.u. Supply pr ... ur •• will b. reduced to 

appropriate valu ••• om.wher. in the vic:lnity of 5 pel.. 0.. flow will b • 

mea.ur.d With a flow rueur ,lviII, fiow rat. intoI'Jn&tion. 

A aimple laadinl stand wa. desilned for maDUally loaclinl and campad­

ing powder into the cylillder. Th. cylinder wUl b. loaded on.-halt at a 

time by placlng the cyUnder half-.. ctlon on .nd in the loadinl .tand. A 

predet.elmined amount of powder will be placed ill the cylinder and com­

pacted with a .p.cia~ ram a.nd l.vll' arranl.m.nt. The amount of powder 

uaed per charie will occupy only a few inches in the cylinder ao that it will 
be nec:e.aary to repeat the proc .... evel'al tim •• before the half-aectton 1a 

blled. Thi. ia the procedure which hal been u,.el to obtaill uniform denaity 

In tb. compacted pt'Wder when .mall cylinders are Ulled.. 

6.3 Teat Plan. 

It Ja planned that lhe first teata conducted with th. experimental dis­

seminator will be run with talc a. th. aimulant material and eompr •••• d 

air a. the la., The Ie flut tuta will b. u .. d to evaluate the baeic prlnci­

pI .. involved .Ild to make nec.nary modlficatloll1 to the unit. In addition. 

data relatina powd.r flow rat •• to orifice diamet.r. ga. flow rate. ga. 

pua.ure. pieton feed rate. etc,will be obtained. All of thi. wol'k will b. 

conducted at room conditione without attemptinl to control humidity. When 

the untt 18 performlnl aatbfactorUy. & different .imulant will b. u.ed ed 

humidity will be controlled. Compre .. ed nitrol.n (and perhaps COZ' will 

be uled a. the motiv.tinl la.. Corn starch. powdered milk 01' powdered 

81.1ial' Will be u.ed a. the aimulant matel'ial. Th ••• t .. t. will provide the 

data required to dUillll the prototype airhorne dilleminator. 
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Followinl ta a IbURg of data whieh wUl be obtained durin, the te.ta: 

1) Material clenlity 

3) Materia) now rate 

4) Cia. now rate 

S) Input torque 

6) Input ap •• d 

7) Humidity conditione 

8) Uniformity of material flow rate 

9) Other qualitative information reSardinl characteristics 01 
material. or ectuipment whieh will be of value in deailnlnl 
the di ... miutor and re'lated f1111IlR, 108.&118' and handlin, 
equipment. 
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7. APPARATUS TO BE FUllNlSHED FOR DISSEMINATION EXPElUKENTS 
AT FORT DETlUCIt 

A luia. of cli •• emln.atloll experimentl win b. c:oaclucted a. A coopera­

tive .ffort illvolvin, member. of the Fort Detrick techllical .taft and techni­

cal perlonnel from O.netal MUI •• Inc. Th ... expel'lment. will b. con­

ducted in the u-rg •• phuieal rlel,ht ball") aerol01 te.t chamber at Fort 

netriclL. The apeelal app&ratua for th .. e experiment. wiU b. !\u'nlued by 

Oenerll l41l1l. Inc. Thl. apparatu. include. a .pedal blow-down wlnd 

tunnel and a diueminatioa t •• t fixture. 

The experiment. wUl include a .erie, on dl,.eminatioft of a dry a.ent 

eunulant and a1ao a aeriee with an actual aolid alent. The work with the 

eunulact Will prOvide data for comparteon with our finding' in the wind 

tunnel experimeall conducted at Oeneral Mill., Inc. and wlth data obtained 

at Fort Detrick 1n the pa.t. The experiment' with an actual loUd a,ent 

wUl proVide nec ... ary data on the ,fleetiven ... of the di .. emin&tion con­

eepte currently \lnder atudy. 

Du:r1R8 thie reportinl period. the design of the wind tunnel apparatus to 

b, furnished to Fort Detrick baa been initiated. Thil tunnel wUI bs very 
• 

similar to the on, u.ed in our laboratory. except lor chan, •• required to 

make it compatible with the "elght ball" iacUlly and improvement. IUI­

Selted by OUI" pl .• t e"Perience. The tunael In.tall.ella our laboratory il 
iUuatrat.d .. nd deacribedln the i'irst Quarterly a.port 15 on thie project. 

Several detailed considerationa partalnin' to the de.ian of the ap.paratu. for 

the ne .. aerl". of ex.periment. aI's dileu •• ed in the paz-alr_phl which follow. 

7.1 Safe~ 

Special attenUoD. haa b.sll liven to lafety ill aelectiq all component. 01 

the Iy.t.m. eince lome expertmeot. will be conducted with an actual alent. 

In lenera1, the .,stem will he ol ... elded conatl'Uction. At location a where 

jOint. in the .y.tem are reqUired lor tnatalladon and haneUbll Purpo ... , 

~-l 
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the nange. will be modified to lncOI'porate an acceptable O-rb'l type .eal. 

At the loca.tion. when the wind tUMel 11 joined to the ,love -bow: on. the te.t 

'phel'e, a nexible coupUna (metal 'bellow.) will b. provided which will 

maifttain a tisht .eal and abo a.11ow for lome miaalignment between the two 

component.. The .ntire .y.tem .. ill 'be fabricated in accol'c!aa.ce with 

applicable .afety code •• 

7. Z ~1' Supply fol' the Wind Tunn.el 

The blow-down .y.tem wUl be capabl. of maln.tainins air veloeitie. in 

the te.t .ection up to Mach 0.8 for duration' of 10 .econel. or more. Air 

.. Ul be .toreel in three vertical cyUnell'lcal tank. appl'oxlmately 30 inche. 

in diameter and 96 inch •• high. Th ... tank. will be .uitable for an opel'''­

tinl pr.IIUI" of 100 p.ill (A. S. M. E. cod.) aDd win be equipped with an 

appropriate .afety relief valve. 

Air wUl be dellvered to the .tora,e tank, by oU-lree two-.ta,e 

recipl'ocatina c;ompre •• or.. A. ,ul'vey ot commel'c~al compre •• or. haa 

been made and it wa. found that the ma.t economical compre •• ora {or thi. 

~ppli cation are 31" h. p. liaM-duty comprenor. made by Sen and (]on.1t 

Co. (Model SYCO.IZ-l). The capacity of thea. small eompl'euor. 11 Z.O 

SCJ':t.f. (meal\1red at the inlet) with a ell.cbarl' pl' ... ure of 190 pai •• 

Sevel'al of the •• compr ... ou wlll b. lnstalled In parallel to provide the 

required capacity. The " •• of aeveI'al parallel unit. hal the advantalle of 

minLmiain, the probability of the IYltem becomln, inoperative due to com­

pr, •• ol' failure. With the teat. at Fort Detrick .cheduled for a ahart dura­

tion. thit i. an important advantage. 

Calculation ... ere made rGsardinl the number of compre •• orl re­

quired ba.ed on th. time available to replace the air .xhau.ted in a te.t 

run. With six runs per day anLiclpated, about 0118 hour of pumpln, time ia 

the maximum de.irable perioel. 
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In the M • 0.8 te.t. with a duration of 10 .. cond., approximately 45 

pound. of air Will be required. Flve comprellon will meet thi. require­

mlllnt and .. ill he fUI'Ilished for thi. application. 

With re.pect to the power requirement for the •• ail' compl'caaore. it 

i. anticipated that a total of as amp. at 250 volt. wm be required. 

7. 3 Heat ~challier 

In tb. pormal operation of the blow-down wind tunnel. tile air in the 

.\or&ltt tank. eapand. and 11 cooled .ub.taIltially. ID order to minimi •• 

temperature v81'iatlon. in the all' pa .. loi thl'OUp the te.t .ectioD. a 

.tol'ale.type beat exc:hanjer Will be provided. Calculation. and experience 

with oW' p.l'evlou. heat exchan,e .how that aD alibi-inch pipe .ectlon filled 

with approximately SOD pounda of .mall.diamet,1' 'teel pipe hal .uHicient 

beat tran.le.t .ilt.clivene .. and heat capacity to limit the temperature drop 

to approximately ZO-F below room temperatv •• 

1. 4 SUllins Chamber and FUter 

A .Ullln, chambu i. important in the wind tunnel Iy.tem to minimise 

turbklence. The etillinl chamber to be Ia.ed II & .trai,ht .ectlon of '-incb 

dtameter pipe locatect immediately up.tream from th. nosale. Tbb cham­

ber will aleo Include a .creen and a £Utel' which will contribute to th' 

reduetlon of turbulence. The filter i. d .. irable beeau.e it .. ill collect 

foreign partIcle. in the air.tream. It alao acta to reduce lar,.-.cale 

turbulence, which may be introduc:ed in the pipin" to fine-,ratned turbu­

lence which readily di .. kpate. alon, the lenlth of the .tillln, chamber. To 

take advantage of thL. characteristic, the filter will be in. tailed 111 the 

up.tream end of the .tUlln, chamber. It can be removed throulh an acc ••• 

£1aQle for deaDinl or replacement. 
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The no .. 1. provide. a Imootb tran.itioft bora the circular .lillin, 

chamber to the smaller reet&npl&r tnt •• eUon. A mold.d plaatic (rein­

forced with 11 ... lib.l") nosal. baa D .. n eLI.l,ned lor thi. appllcatlon. 

The teat .ectioo hal be.ft .1mpUli.d IOmewhat from the de.illl \U.d in 

the wind tuan.1 in 0"1' laboratoriu. Two ob'eJ'Yation Window. will be pl'o~ 

Videe! rather than six. a.nd the variable area no •• l. hal al.o been .llminated 

.inc. ad'quate control can b. obtatned Without thi. feature. 

The te.t •• ction Will be made to accept a dl ... mioation t •• t fixture. 

empLoyil1, the principle. curreotl, under .t11ciy on tbi. proJect. Thil fix­

ture W111 incorporate a pi.ton~typ. , •• dll' in whlch a total alent chari' of 

approximately 1.0 gram will b. delivered at hip in.ta.lltall'ou, rna .. flow 

rate •• comparable to full-.eal. dl ... minatioQ sy.tem •• 
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8. P100llESS ON THE LIQUID DISSEMINATING STOKE 

A. On. part 01. the work betftl pel-Iormed uncleI' ~ •• II of thb COIl­

tract. a liquid BW a.ent clbaemlnator i. beinKde.ianed and fabricated. 

Tbi. i. an external atore with a liquicl alellt capacity of 180 ,allons and a 

fixed au. ntll of 18 gallon. pel" minute. The c:oa£iluratlOll and ope:ratinl 

pl'inclplea of thi •• t01'e are d •• cribeclin our Fitth Quarterly Progre .. 
16 aeport ,which alao outHne. the pl'o,re •• on Ws dia.emlnatol'. up to 

SepteEnber 4, 1961 • 

During the prll.ent repol'tinl period, prOlr ••• has b.en mad. OD the 

design effort and alao in purchasing and fabricatina part.. Section. 8. 1 

anel 8.2 ele.cl'ib. prolr ... in tho .. areal. 

8. 1 De.isn Effort 

8.1.1 .De,i,n of Tanle A .. embl! 

A. u,ed here the term tank a .. embly include. the .kin. the .tnlcture. 

the innel' t.nk, the (oamed-tn-place in''\ltallon and the mountinl. and . 
bracket. for 8upportiDI the variou. (:omponent. tbat are included in the 

finished di"eminator. Prior to September 4, 1961. the gelleral require. 

ment.. for the tank a •• embly had been .. tabU.hed. Th ••• l.ne~a1 l'IIClub •• 
• 

mint. included .uch thin •• a. the lPace withi~ the outer tank. the weilht 01 

the loael to be carried. the approxlmate locatiotl 01 the centen of Iravity oJ 
the varioue load. And the external form of the tank. It ... then nec .... ry 

to .. tabll.1I the requirement. in detail lor tbe tank a •• emoly. Th .. . 

delath were concerned to a Ireat extent with the provi.ion. for mountlD" 
wpportinl and containing the many sy.tem components that mu.t b. included 

ttl the flni.hed di •• eminator a •• ambly. Some examplel of tbe items that 

were con.ielered are: 
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Z) 

3) 

4, 
5) 

6) 

7) 

8) 

9) 
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Th. turbine support rin, and the method of attacbin, the 
turbine to it. 

The acee •• doon - their 11 •• and location. 

Bulkheads, and the proyilioa. {or attaehta, pal". and 
makin, conneelioal throup them. 

Th. method of supporllftl the inno .. tank. 

The SUPpol'tl that mu.' be provided for the nuid bancUla, 
Iyatem. -

The requirement lor the inlulation aAd itl rela.tion to the 
loada it bear. and the condition. it mua' 1'.,1,t. 

aequired clearance. for movin. parte. an.d lor a ••• mblyof 
part. and tompon.ente lnto the Itnetu"e. 

The boom well •• 

The .tru.ctural requirement. impoled by the many different 
10adl applied to the .trueture under COlldition. of handlin. 
and flllht. 

AI a l'elu1t of •• tabliehinl the requirementl for the •• au other d.taUI. the 

de.i,D was completed. Thea. drawin.a. a. well a. tho •• coyerin, the 

enUre d.sl,n .111 be submitted at the compi.nOll of the fabl'ication. of the 

eli •• eminator. 

8. 1. Z DeailD of the Fluld HaDclllRI Sy.tem 

Danin, tht. r.portin, period the de.lln laycnat for tha fiuld handlin • 

• yatem wa. completed. Requirement. for the 'pecific: compon.entl .ere 

eatab1bbed. The.e requirement. include luch item. al the llow capaeiti •• 

lor tube., nUiR,a. vuvee and bo •• aJ the allowable pre .. ul'" 10 •••• in all 
part. through which liquid flow., and the pre .. W'e uqulred of lh. pamp. 

aequb-.mant. lor other c:baracterbtlca .u~h aa l.ak .... corro.ion .... 11 .. 

tance. temprrature re.tsta.ftce. !ormabiUty a.a.d method of as.embly were 

e.tabU.bed. Additional re.triction. we ... impa •• d by the limited .pac. 
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available and the 118ed for lteepilla the weipt to to millimum. With thea. 

l'8quirementa e.tabU_hed. it wa. pOlilbLe to ... 1ect the mtojor'j;urchaa.d 

compOnenta in the fluid han~Un, Iy.tem lucb .a vaLvel. the flow indicator, 

the pump and alao the tubinl and fittiDal. 

8. 1. 3 Design of tbe Electrical §Xltem 

One of the de.iln objectivel of the project il to make the diueminator 

compatible with the 1'-1000 aircralt. In order to acbieve thi •• it wa. 

nece"ary to determine the detailed chll.racteriltic:s of the electrical Iyetem 

in thi. ;a.irerait. For thia purpoae. General Mml. Inc. personnel vilited 

McClollan Air Fore. Ba •• near Sacramento, California, to dilCUII the 

electrical ayltCSt'tS with Air Force peraollilel. AI a re.ult of thl. me.Unl, 

a 'Ylt.m waa de.ianld th&1 ia compatible with thi. aircl'ait. That portton 

of the system for which the compatibility requizoemem exists inc Iud •• can· 

trol of the power supply. loweriDI a.nd r&1linl of the booml. control of the 

pump and the transmitting of flow signal a to the pilot. 

Deltan I'equirementl were alao ,.ta.bUlhed lor: operatinl the .,Item 

ueinl eith.r around-power or air-turblne-powel' lor operation. of the Iye­

tem. 

An important element in the wy.tem ie th. conel'ol box and paDel that 

the pilot uses {or operating the die.eminator. While 0\11' pel'lonnal were at 

McClellen Air For"e Bal •• they determined what spac. wae available for a 

(;ontrol box and tbe nec.ssal'T maunlinl provisiona, The di ••• minator con­

trol unit will occupy the spac. normally uI.d for control of the "buddy" 

ufuellng IYltem. 

Billed On the requbement. outlined above. ancl on the eelection of 

auitable electrical componenU. the control system circuits were laid out 

and the desiln of the control box anel panel wae initiated. 
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8. 1. 4 De 11gn of the Boom. an.d Boom Actuatol' 

Duian work On the boom. and tho boom actuatol' WA' continued. The 

moc:k·up refined to in the Fifth Quart ... ly alpo~tl6 wa. campleteel. It 

dernon.trata. that the Actuatinl ayltem will opel'ate latl.fac:torily withlll 

the available apace in the tail lection. 

Work wa. continued on the fabrication of noszle .11tl. Thc method 

11a&llyaceeptedwa.1 the ulCra.onlc ,1'1!uiin, technique. By eelectina the 

proper tool liae. tb, right Irit sis. and maiDtainiJlI the nec ••• ary control 

at othezo "'&riabl", & pl'oce81 WIU .atabUBhed that provide. lOad control of 

.Ut dimon.iona. Tbo boom noa.1e ,Uti lore to be O. 400 inche. in length 

and O. 0048 Inchel wide, nominally. The.e dimenlioll' Were .. tabU.heel a. 
a relu1t of the experimental wOl'k done in makin, alit. aDd allo al a re.wt 
of flow teata conducted with tubes contalnilla from on. to nin •• Utl, 

The ultraeonic ,rtftdirl, technique wa. lelecteclln preferellce to the 

epark erosioll method and chemical etchiDl pro~ ••• which were ~lIo lhveatt· 

lated. Both of theu methode failed to p!'oduce .litl hanna strai,ht ed, ... 

Analyaes of the boom a. ••• mbly a. a atructu .. e waa continued. Tbie 

incluclecl calculation of the Itr.ssee re.ultin. from the aerodynamic load1ng 

aftd a110 a atudy of the vibration cbal'acteriatica. 

Ful'ther atudy WI.. 1.110 made of the heat traft.fer cha. .. acteriatic. aad 

the beatin, requiremente. A. a r •• ult 01 thb study. the aJlg. which al'e to 

be coated With Elec:trofUm heaten were d,termlDed. 

The dad,toft Wh made to protect the booms 1ft the boom wella by 

eover1n. the weU. With Mylar fUm. taped to the tank akill. The boome 

ha". kRUe ed,l. on tbem that cut throuSh the Mylar aa the boom. are 

lowered. The Mylar film cov.r mu.t b. replaced (by a almpl8 0p8I'ation) 

before l'e ." ••• 
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8. ~ Pureha.inl a.nd Fabrication of Part. 

Aa a result of the d.ailn effort de.c:ribed above, it wa. po •• ib1e to 

place orden lor aU of the major p1Il'ch ... d part. durinl Uti. reportinl 

period. The major part. ordered included the reinforced p1&.Uc inaer 

tau, the main tank "nembly ,akin .tncture. etc.). the all' turbine lenera­

tor. tbe flow indicator. the variou. fluid-.,..tem valv ••• the boom actuator. 

allli fturnerou. other part. includinl relay •• wire, tubinl. the%moatat •• 

flttinll' alld faatener.. Of the major item II orrlfl .. ,.d. thfl rfltnfO'l'(,!fld nla"ttt" 

inller tank wa. received at Oeneral MUI •• Inc. &lid the remaind.r ate to be 

delivered durinl Decembel' .. nd January. 

It i, anticipated that the main tank a. .. embly (with the lMel' tank 

toamed-in-place) will be received from Fletcher Aviation Co. by December 

15, 1961. permlttln.insta1lation of the other componeftta thereafter. 
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9. SYSTEMS STUDY 

A cootinuin. BW dll.emiution .,.tem •• Ndy ha. b •• D. underway OD. 

thi. contrac.t. In OlU' roul'th Quad.rly Prol!'''' aepart
17 

t a mathematical 

model wa. lnll'ocblced which hal been uled lD. thoi. 'Ndy .lnee that time. 

Thi, modeli. a moc11fleatioa of the on. attributecl to K. C.ldazo. Th. modi-. 
lication cleala with variable rate. of decay of the a.ent v.r.u. time. 

Durins thi. reportinJ pe rio~t the model hal be.a applied to the detar. 

mination of the a.llnt flow n.te. (ve1'8u, down-wind dl.tance) required for a 

fixed injection probabUlty. Two solid BW alentl, LE and N, have b.en 

•• lected for the calculation. perfo~med during thl. period. Sinc. the re· 

qulred flow rate depends on ma.ny factora lneludins meteorological para­

metera, helght and .peed of the delivery a.ircraft, efficiency of dlll'lJ\lna­

tion. and efficiency of particle retention by man, we have inve.tigated 

leveral .pecifiC: case •. 

In. the analy.ls wbich follow., the nomenclature i. the sa.me a. uled 

pr"viou.ly. Ta.ble 9.1 defifte. thta nomenciatul'e. 

symbol 

b 

C 

d 

DL 
E 

1:1' 

"1'1' 
erfc(x) 

Table 9. 1 Nomenclature 

. 
Definition 

Breathing rate of a man 

Asent concentl-ation 

Alent dOla.e per penon 

Grouncl level do.a._ o! the alent 

m •• eminatioD .Hid.ncy 
Efficiency of retention of pazotlclea with tt.i •• " l' 

Mean efftciency of retention joo 
Complementary error function exp C - g a /2) dg 
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Symbol 

f 

h 

ha 
1DSO 
Jt 

L 

t 
p 

Cl 

-r 
t 

u 
y 

cr 
/oJ 

sl 

•• ,,' is"" LJlIa 

Table 9. I (Contirmecl) 

Definition 

Dl .. em~ation fiow -rat .. 
Heilbt oi~ aircraft 

Adju.tecl height of rele ... 
Numbe.,. of organism. required to infect 50'" of the peoplo 

A,ellt decay 

Hot.ii u;. ill:ml~" «.If reIeaua line 

Di.tance alona the aircraft path 

Probtlbtltty of lntection 

Sour~. atrenath 

Partida "Iise" 

Time after releal' 

Wind .p.eei 

Aircraft .peed 

Weather patametel' 

W'eathe1" parametel' 

Heiabt (or which (J"and's are determined 

In addition to pl'8ViOUI analy •• I, equatlons have been written de.crib­

in, the decay proc:u. for the alenta LE anel N. The data for 30 perc'ftC 

relative humidity slven in Reference 18 are app1"oxlmated by the equatioftl 

below: 

For the a.ent LE. the "decay factor" it: 

3. 75 (~) I 1.59 
(~ + I) 
u 
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For the a.sent, N. the "decay factoI'" LI: 

I 
1.93 

0.0985 (!.) '(!' + 1) 
\l U 

(9.2) 

The equation relating the total dOlag •• d. and th. probability of infec. 

tion, P. i, 

, t "" • .. 
where the doaa,. for an infinite lnatantafteou. Une .ource i. related to 

othu parameten by 

exp 

exp ( - decay factor] 

(9 ... ) 

In the previoul analy •••• probabillty of infection wa. plott.d a. a func­

tioD of down-wind cloud travel Inr different valuel of the parameter.. A 

typical plot il Ihown in ripre 9. 1. For a fixed probabWty. .a, Po' the 

relion enclo.ed by line I x = Xl and x ::I Xl .. nd al.o the ulion near th. 

rel.a.e lift. have the probability of lDfectlon Ireatel' than. Po .bUe every­

where else it is 1eaa. We can ... y then. that th ••• relion. will have an 

.UecUve covera.e for 'L certain f1o"N rat •• i. e., £01' a pre.elected infection. 

probability, Po' an apl1ropriate flow rat. can b. determined .ucb that the 

filion will be effectively covered. It i. tbi. a.ped of the analy ... that .e 

wiah to conltd.r pr ••• ntly. 
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Down-W"l"J Di.Lau\;c (A) 

Flaure 9. 1 A Typtca.L Curve fo~ Pl'obabill.ty of Infection 
vel' au. Down-Wind Diltance 

A typical graph tor pre .. nt .ruely ia shown in rl,1II" 9. Z. Hue the 

flaw rate ver.". the down-wind dl.tance b ploned tal' a fixed probability. 

say Po' It i. clear that a constaDC flow rate correspondilll to x2 will 

lu .. rant •• &ft inf.ction probability of at leaat Po (or the enUre relion. If 

only .. portion of the resion for x " Xl (for .xample) ie to bav. an infection 

probabUlty of at le&at Po' then the flow rate to be ueed must COl'rlUpond to 

Xl of the curve. The rellon extencUftl beyoncl this w11l have & lower value 

of P £01' the .ame now rate. It i. allumeet that the relea .. Une ie Inn, 

enoulh .0 that the contamination i. uniform. cro •• wind. for a fixed cU,­
tance from the source. 

Ba.ed upon the di1lusion depo.tion model pr ... nted above. a. ee' of 

curve. were duwn by the Bendix PA-3 plotter. coupled with the Bendix 

0-15D digital computer. For all the curv.s. the lafection probability. 

P a 0.5; efficiency of particle retention. Zl = 0.33; effidency of dI •• emloa­

tiOD. Ie • O. ~O; apeed of the aircraft. v. 54! mph; and bzoeathin, rat. of a 
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man. b • 1S.4t ft3/hr. The concelLttatioD-to.tDfective-cio .. ratio, 

C/ID
SO

• 1.67 x 107 ml- l for a.ent LE and C/IDSO " 1.25 x 10
8 ml- l 

fol' 

alent N. The la.t two valuee ate •• timat... In connection wttb blolo,lcal 

decay. Equa.Uona '9.1) and (9. Z) muet b. coneldered a. approximatione 

only c:tu. to llmited availabUlty of data. The " •• thel' cortditlon. deftned 

arbitrarily 0, other lllV. eusator. I ' a. "good" and "avera,." ref.r to 
valu .. of 0"'3 and j1 •• 0"'3 II 12.47 f •• t, ;0 • 0.66 &4d Ci", .. 19. 03 feet, 

/J. O. 88. reapeetively with Xl • 300 feet 101' both ca.... Th. cul'v •• are 

~r~!,:"nt~d In Ft::""cI 9.3 thrQugh 9.8. 

Flpl'e 9. l. A Typical Curve 101' Flow Rate 
vern. Down-Wiod Di.tan.c:e (x) 
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It i. noted by com~rina i'ilUl'e 9. 3 with F\IU~e 9. 5 ancl Fipre 9." 

with Fiiure 9. 6. aU of which putaln to the ... nt N, that the flow rate t. 
aUected very Uttle wbe. the lcure. elevatioD la Dearly doubled. This com .. 

)ari.on iI .hown in Figure 9. 8 for the agent LE where the fiow rate for 

.. irerd heightl of 55 feet and 100 feet aTe compared. Near the lource 

there i. sOlne deviation between the two curve.. but this diminish ••. With 

incl''!'l''!lina d~.,.,··w;l'\d d!gt"'~I'''. Tn!l11 tb" !!,l'aphll th .. nnw ~3t,. t .. infinity Itt 

the SODrea. as 1. to be expectea trom tAe dumSlon moee! adoptee, ·Ut_ 

minimum value of thia flow rate h a.lUm.d for x .ati.fying the equatioD! 

k l .. Z +k" _ Ah1u .1.,4 A 0 .. .... - ~ x + """U It • 
0". 'l./x ~ 

(9.5) 

3 1 

For the ca.e. eon.ider.d. the above equation hal a root for x < 1.5 mile •• 

a. ia .e.n from the araph.. At appl'oxbnately this cU,tance, thea, tbe 

probability of ~~fection will be hiah •• t for a leleeted fiow nte. 

rigures 9.3 throulb 9.6 .how that effeetiYe coverale over very lar •• 

area. «:an be achieved with low to mod.:rate now :rate. of the soU.d aaent N. 
the low decay rate of tht. a"ent 1. an important factor In tlul connection. 

ror &Ient LE (apo Flaun. 9.7 and 9. 8) note that the flow rat .. are 

.pecified in ft 3/min. Thi. change in units (l:rom Ib/min in Vipl'e. 9.3 

throulh 9.6) ,,1.. eon.ldered neee .. ary becau.e the concentration of the 

alent wa. kn~Wft on a volumetric ba.is and density W"I not availabl.. ne 
agent LJ: require. very high flow rate.. except for cae •• involving di.· 
tane .. b.low five mU.a {or good weather and. apprOXimately two mUe. for 

ave tale weather. 

To date, the .0Ud a8~nt UL. which 11 of con,iclerabl_ inte:relt, hal not 

beea. .tudied becauae the data .. elative to decay at ext_nad Ume Pll'iocia are 

not available. We beUeve that additional basic re •• azch in thla area would 

b. very v&luable. 
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10. SUMMARY AND CONCLUSIONS 

Curinl thi. repartil\' period .ub.taalial proare .... a. made in .. veral 

of the important ar ••• of lnve.t1I&tlon conc.rn.d with the problem. ill­

volved in dillemination of solld BW al_t.. AlIo, the effort devoted to 

d"i,1l and fabrication of a liquid B'W a,ent cll ... minatioa .core hal pro­

vided lood 1' .. \&1t.. Pro,r .. , Oil the .. ve .. al activIU •• i •• UJnmaris.el 

belew. ill the ol'dor t..~ topi;;a ~P}le.'" ill the m!&in bC)dv ot tilt. renort. 

In connectlon with th. theorotical .tuciy of the mechanic. 01 particulat. 

materials. the InvuU,atian. of the proces. at COn,lpaCtiOft of c:lry powd.r. 

hALVG been c:onUtlue4. Careful examinA&inn tva- .hown that the compaction 

prac ••• i. very complex and that the eneflY .p.llt tn compaction :may 

app.al' a. I} an Irleuaa. in potential 8IlerIY ... oeiated wl1h lnterparticl. 

bond., 2) stored elastic enerty ill the bulk powdu. aM 3) thermal ener,y 

which i, di •• ipat.d In the proc.... To lW'thel' -"Plol" the enuay eli'tribu­

tion in till. ,roc ... , thr •• typ •• of experilblt"t. have be.1l devi •• d And 

apparatu. i. b.in. developed to concluct thea. esp.riment.. Additional 

exp8l'im.nt. with current: appal'atu. have shown ttla1 the net work of com­

paction ia relat.d (for talc~ .accharin, !!!. and corneta.rch) to the bulk 

dan.ity by an exponential equation (Section Z). 

The experimental m.aaullementl of the phYlical characteu at powd.re 

have b.ell continued. Extenlive work hal be. Gonion inv .. ti,ation 01 

powder ah.al' ah'enltll aa a fUnction of comprea."I'. 11:l'e'l, moiaenra con­

tent: and bulk den.tty. One of the rno.lintere.tibl findinga was that the 

eear atrenath 01 lb. talc: powder lnena ••• v.ry rapidly wh.n compacted to 

bulk den.mea aboy. 0.4 Im/em3• Upon c10.er examination. It waf found 

that the .b.ar .trensth ia an expoDenUal funcUon of the bulk denalty. Tb 

me •• vementa of the forc. req,uil'ed to move a powd.1' pIli' throap a cylill­

del' with. pl.ton were at.Deled to cov.r P1'e-compacted powder •• It ... 

foutld that the ratio 01 applied foree to re.ieHve force .... Identical to that 

required to move all uncompacted plu, of the .ame len,th, a. lonl a. the 

reahClve f01'ce W3. above lome critical value. U the reeietlv. force ... 

1 ... than the criti~al valu.. a new reiationahip di.t. (Seetion ". 
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Expttrimental .tudie. of the efleet of elevated air.tream tem~r&tll1"e. 

011 the ,"iabilUy of dry aero.ola 01 !l and !!!. werl contlnued. The re­

covery oi viable oraanl.m ..... determined over the ranle 01 temperature. 

betwela. 30·C and 130·C. It \ft. found tbat expo.ure of dry !I. fol' a period 

of 1. 68 .econd. had no mea.urab11 effect on the. viability. In contl'a.t, 

there ... 1 a. prollouftced viability lou with!!!!, uPOrl expo.ure to aintream. 

beLweea. 7S·C and 130·C tor perioda of 1. U &Ild 1.68 .. condl (Section 4,. 

been c~ntinued, with omphaai. on cl.t.rmia.aLio~ of the number and ma •• ot 

aillomerat .. ill the ,enerated .ero,C)1. The de •• ,lomeration atudie. 

durin, thi. period have 'hown that compacted Sm with bulk denlme. aa 
1 . ---

bt,h all 0.65 ,m/em can be di ... minated with a mechanical-pneumatic 

'yateul nearly •• effectively a. the uncompacted material. Tbe remal 

indicate that the maximum lo .. in eftecUnn ... due to &lllomeration of 

particlea in the 1 to !i-micron l'anse Is approximately U percent by ma .. 

(Sectlon 5,. 
With re"ped to the invutisation. of feedin, syatem. for dry alent 

di ... minatora, a f'lll.scale laboratory unit wal d •• ilneel and fabricated. 

Tht. unit la baaed on the operating principle. we have advanced tal' an air­

borne dry-alent, diu.minator. 'rut plan. have been eatablbhed fol' future 

work With thi8 experlmental mod.l (Section 6). 

The de.lln effort on apparatus to be furnished to Fort Detrick .al 

initiated cNriall Lhie period and load pro,re ••• a. made. A blow-down 

Wind tunnel quite aimilar to the one u.ed by aeneral MUI., Inc. Will be 

in.talled at the "etlht·.ball" ta.t .phere lacilley 101' ule In dl •• emination 

explriment. (Section 7). 

Conatderable prolr.a I waa made durins thie repol'tin, pel'locl on the 

d.a1l n and fabrication of the all'borne liquid BW a,eat dl •• emlnatol'. 

Detailed r.qui~em.nt. for the overall unit and it. many component •• el'. 

establ1.bed. Orden W81'0 placed fDa- all of the major pul'cha.ed com­

ponenta of tho atore. Delivery of the reinforced plaltlc lnllll' (a,ent con­
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down -wine! travel Ue given (Section. 9). 

10-1 

en IF2SLltI2£4 

DeCLASSIFIED IN PULL 
Authority: EO 13526 
Chief; Records & Dec/ass DIY WHS 
Date: \.ftJl 1 9 201 . 

I 
i 
I 
II 
II , : 
I , , 
I 
: , 
~ I , 

I 
I 

I' 
I 
I 

I' 
I 
I 
I 
I 



I I] 
t 

[! 
~ 

I: ~ 
r 
I 

! Ii f-

t !. 
!. 

I ~ ! 

1\ 

\ Ii ~ 

~ 
j 

I : ; 

~ I : 
i 
I I ! ~ 
1 
; 

1 I i 
J. 

I I i • 

If 

If 
t 
Il' 

If 

J It 
I -.- --- ---_ .. 

.. ---- ... ~ .. - ...... _. - -'-'-.- --------_10; 
<. 

11. !U:l'DBNCES 

1) Qelleral Mill •• Illc. Report No. zz.,. rUth Quart.rly. Prol:re .. 
lleport aD m ... mlDatiQD 01 SoUd and LlquidlSW Aiellt. (Uncia .. l­
fled Title), Nov.mber 30. 1961 (ConIld8llUal). p. 8. 

2) G8Il.ral Mill •• lac. Report 'Ho. ZZ'9. .l'Uth Clunerl, Pro.ru. 
R.pol't On Dl ••• mlaaUon 01 Salid and Liquld BW A.ent. (Ullela •• i­
ned Tltl.). Nov.mber 30, 1961 (Confidential'. pp. l1-U. 

3) Flo.dod and Web.tn, I. BlolOlieal Chemillltry 121:353 (1937). 

., Uenel'aJ Mill., 1nc • .Keport No. ZZZ9, FUUl QU&I'terly Proll"" 
a..port on Fundamental Studt •• of the Dl.p.nlblUty 01 Powder.d 
Materlal., Contract No. DA-18-108-40S-CML.8U, Septembezo 30. 
1961. pp. 3-9. 

5) aeo.u1 Millt, Inc. R.port No. 2Z00. Thll'd Quanel'ly Pr0lre .. 
Report on J)l ... minalioll of Solie! ancl Li1uld BW Aleote (Voc:w.i­
fied Tltle). May 15. 1961 (ConiideIlUal). p. 15. 

6) G.neral Mill., .tnc. R.port No. 2161. SecoDeS Quarterly PI'Otl'." 
1\e,.,1't on m .. emlnatlOIl of Solld and Liquid SW Atent. (Unclll"si­
ned Tltl.). rebruary 13. 1961 (Conftclentlalt. pp. %.13. 

1) General MUl •• 1M, Report No. 22.16, J'O\ll'th Quarterly Pro,re .. 
l\epDl't all Di ... mination of SoUd and Liquid BW' Alent. (Uncla .. l. 
fi.e! Titl.), Aupat 10, 1961 (Conlld.ntial). p. 18. 

8) aeneral MUll. Inc. Report No. 2Z16, Fourth Quarterly Pro,I"" 
It.'pDl't on Dl .. eminadoD of Solid a_ Uqule! BW Alent. (U1lCla •• l­
fied Title). AlIl'I.t 10. 1961 (Contld.ntlaU. pp. 2·,. 

9) G.neral Milb. Inc. llePOl't No. 2Z49. FiItb Ouartldy Prol"'" 
alport 011 DiI'lminadon of Solid &ftcl Liquid BW A ... ,e. (Uncla .. i­
fled Title', Novomb ... 10. 1961 (Contldentla.l). pp. 47-51. 

10) 

ll} 

12) 

Gon.,..l 1.1111 •• Inc. Report No. ZZ16. roul'th Quarterly Pr0lr ••• 
Rlport OD Di ... minadoll of Solid .. nd Liquid 8W Alent. (Uncla •• i­
fi.d Titl.). Au.,..e 10. 1961 .CaDftdanual). pp. 101-103. 

Oeaeral 14111.. Inc. Report No. 2316. J'ourth Qual'tezoly PrOll'e •• 
R.port Oil Di ... mlaat1on of SoUd and Liquid BlY Alent. (UncIa .. t. 
fled Title). Aqult 10. 1961 (ConAdendal). p. n. 

General Mill., Inc. aeport No. U49. Fifth Quarterly Prolzoe .. 
aeport Oil DI .. eminaUon of Solid and Liquid BW At.nt. (Uncla •• l-
fted Tttlca). New.mbor 10. 1961 (Confldendal),' p. ZI. , 

11-1 

Page determined to be Unclassified 
Reviewed Chief, RO,? ~: 
lAW EO 13526, Section . 

!Jate: JUt 1 9 -

-- _ .... ..,. -~, -- --_ ... _-----

• 



·~." --- .... ,_ .•• _ ••. ~_~. __ .... _ ... _ ....... ____ --..... ~_ .. ~_._ e ... -, 

I " 

I ' . 

;; 

'\ 

II 
D 13' aana, w. E.. and J. B. Wanl. "Impaction of Du.~ and Smoke 

Pal'ticl .. on Sudace aDd Body! Coll.cton". Il\duatrial ancS J:a.&i- i 

l\e8l'inS Ch.mlltry. vol. 44, 195Z. p. 1311. . 
.! 

II 14, O.no"d MUl.. Inc. 1leport No. 22..9, J't1th Quart.l'ly P1-0 lu .. 
" 

a.port on Dl ... minatiOft ot Solid au 14Cltaid BW A,elltl(Unclaell-

1 It 
Bed Title). November 30. 1961 (Canfldontlal). pp. 31-46. 

15) General Mll1.. In.e. a_pori No. 2125, "Dl .. amiAatlon 01 Solld and 

1- r 
Liquid BW As-nU" fUnclaaallied Titl.), October U. 1960 (S.cnt). 
pp. 21-15. 

1 
' . - ,1111, Inc. aeport r.:". la·u, rtftJI ~.rl.I"y 1-1';1.1' .... 

[ 
aeport Oil Dl ... mlna&ion of Solle! aad Llquid BW Ale .. t. (Vllcla .. ,-

I 
lle4 Title', Novembe, 30. 1961 (ConOdeatlaU. pp. 59-68. 

r 11) General Mille. Inc. I.epon No. 2116, Foulth Qua.t.,l, P.oSI'." I 
R.epol't on DI"eminadoll 01 SoUd and Liquid aw Ai_nil (UDe alll-

, 

t 
1 

fted TiUe', .AuPI. 10. 1961 (Conliclanti.U. pp. 104.1". I' 
I 

f r 11) )"on Det-rlc)t "'port No. 61.I"OS.39I. "BloIG.teal Wa.ta,. A.entl 

(- U. Alent Characterl.tlc:.II • April I, I'" Cleallt,. 
\ 19) North Amerlc::an Aviation. lac. aepor' NG. N.\·19·'U. ".\lrbol. 
i. t : 

Biola,lcal Warfare at Low Altltud .. ". Vol. D. ,f""e 16. 195. 
(Secret). 

" 

i l I i ~ J 

( , 
i 

!:. n t , 
t 

11 ,l-

I 
I I j i 

I I! 
I 11 Page determined to be Unclassified 

' , 

i I 

[ 
Reviewed Chief, ROD. WHS 

II 
lAW EO 13526. SectIon 3.5 

II Date: 
JUl 19 201 

( !: 
I; I! " " 

I 
it 

11·~ 
! 

U 
I .... _._-----------_ .. _. -, 


