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Thil Seventh Quarterly Report prelent. the relultl of continued work 

on a lar.e number ot teehDical .. peets of B W di.nminadon. 

Pro,re .. all the theoreUcal and experimental ltudiea of powder 

mechanic. il reported. Several new experimental technique. are dis-

cu ... a and more complete al1&lys.8 01 the previously obtained experimental 

data are alve". 

The de.ian and fabrication of a new aerolo1 chamber. equipped with 

lillht-scatterln. instrumentation i. delcribed. This chamb.r will permit 

.tudl .. ot uroeol ltabUlty. The aeroeol,eneration and umplin. apparatus 

ate dilculsed. 

Studies of the viabUity of!!!!. and !i. in the bulk and aerolol forms. 

a.re pre.ented. The •• au invIsCi,atione of the .fiect. of elevated tempera

ture and additlvu. 

Wind tunnel etudi •• of di .. emination and deallllom.ration are dl.-

cu .. ect. Th. reellit. of !urther etudte. of .mall.leale a •• lomeratee anel & 

deBcription of a new high-flaw-rate di .. eminat01' model are liven. 

New experimental work on meterin. and conveyini dry powder. ia d .. -

cribed and da.ta are given on the performance of .. (uU-.cale laboratory 

feedin, model. 

Proll'e .. ift completin, the wind tunnel alu! a. .. oclated a.pparatue for 

in.tallation at Fort Detrick ie reported. 

Oe.ip .tudf •• coverift, .everal featurel of the dry-alent airborne 

die •• mil1ator &1'. de.crib.d. 

The t •• ult. of computer .~udiee dea11I1' with the line-.ource diuemina.. 

tion ot the a,ent U1.-1 are siven, 

Th •• tatu. of work on the duign and labrication of .. liquid-alent alr

boS'ne di .. eminator ie reported. and many detailed .epecte of the d.eilD 

are pre •• n~.d. 
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SEVENTH QUARTERLY PltOGl'U!:SS UPORT 
ON 

DISSEMINATION OJ' SCUD AND LIQUID BW AOENTS 

1. INTRODUCTION 

Thh is the Seventh Quarterly Progrela Repol't On Contract Number 

DA-IS-064-CML-Z745 wblch i. a program of neearch on the di ... mination 

of solid and liquid .aW ag.nt •• 

During thia repol'tinl period. Pha.e IV of the pl'olram waa initiated. 

which providu lor a ZZ-month continuation of the contract. The .cope 01. 

work ulldel' Pha'e IV ineludes: 

1) Contitlu&tion of theoretical analys.e and expel'imentalin
vestigations of the parameters which influ.nce the behavior 
of finely-divided materials. 

Z) Continuation of .tudie. of method. for uni!orm metering, 
conveying. diuemination and deagglomeration of d.l'y 
linely-divided materiala. 

3) Continuation of d •• iln studie. and preparation of a detailed 
d.sign of a dry-agent dt ... mination svst.m capabl. of di.
s.minating dry powdeu at a practical and effective rate, 

4) Fabrication and teeting of dry-a.aent line-source .xp.t'i
mental hardware. 

st Preparation of final drawin •• and .pedfica.tiun. of the dry
ag.nt diuemination sy.tem. 

6) Preparation of an operatinl ane! inetruction manual (or tht. 
equipment. 

Thi. report coveU pros'!"u. on Itudiea coveTed by It.m. (1) throulh 

(3' abov. as well a. work which was initiat.d und.r Ph .... n anelUIof th. 

project. Worle on Item. (4), (S) and (6) above i. scheduled for a later pal"t 

of the prollram. 
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SNcU .. of the mechanical properti .. and behavior ot clry powcie1'l were 

continued durinl the period covered by thi. report. The major eHort durin, 

this period .... devoted to de eilD.in, and Cabrieatinl improved apparatus for 

rneal1ttll1l 8i,niflcant mechanical propertiel of dry powdeu. Recently ob

tained experimental reeulte relatin, to powder ahear strength and wall 

friction phenomena are preunted. Al.o included 1. an analytlcal ltudy of 

the Itre" dl.trlbuUon in a powder subjected to compaction In & ptaton

c:ylinder device. 

z. 1 Development of Experimental Aepar&tu. 

Two typ •• ot experimental apparatul have been delillied and fabricated 

durinl the palt ~hree-month period: 1) an improved device for m •• lurement 

of the enerBY requh·.d to compact a powder to & liven. clen.ity .tate, and 

a) a triaxial Ihear teet device. The triaxial appar&tul Ihould enable a more 

preei.e rnealurement of the .hear etrenlth ot a powder than wae p018ible 

with the direct shear apparatua uud in earlier te.tl. It b hoped that teltl 

carried out with the .. devie .. will furnbh ba.le imol'mation required for 

an underatandin, of the behavior of dry powdeu. At the lame time. suc:h 

apparatu8 may prove u •• ful in developing characterisation t •• tl for powdere. 

z. 1. 1 APfJdratul for Determinilt, ComecUon Characteriitici of Drx. 
Pow e,.1 

Experimental rosults reported earlier in the current study prolram 

have indicated how the bulk denltty of a powder dependl on the energy in

ve.ted in compac:tinl the powcuu·1. The apparatul u.ed in the.e experiments 

wal .ubJect to aeverallimltatlon •• however. The mOlt ael'iaUI problem 

encountned with thil apparatue was a lack of Ifen.ltivity in me.aurin.a tb. 
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deformation 01 the powder IAmple. Thi. precludecl ... accurate mea81tte .. 

ment of the elastic properties of compact.d powclel'l. Allo. 1t was not 

po .. i~le to apply hiah cumpaction .tl'." •• to the samp" bee a" .. 0' exca.

.ive elaatic: clllormatioll of the c:ompac:tioa clevie •• 

Theta limitations have been l&l'.ely eliminatecl with the &ppu'a~. ehown 

in riFe 2. 1. Thi. device enables simultaneous m.a.urem .... t. of th. 

appUed cODlp~ ... ive .t~e .. and the ,. •• uleinl clelol'mation of the powder 

.ample. Lar •••• cal. movement of the platon il mea.ured by meanl of the 

dial icdicator slunm in the photo.raph. Tbe ela.tic recovery 0' the lample. 

which 1. oblerv.d when the applied load i. Il'aduall, recluced, 18 measured 

electrically by means 0' a lenlitive dtHe"ential trullormer (locat.d 

directly behind the central column of the device in ri,ure 2. 1,. Both the 

elaltic den.cUon and the applied .tl'e .. al'l record.d durin, the experiment 

by m.anl of a dual chann.l Sanborn recorder. 

Thh apparatus is preaently und.rlol .. calibration elleeks with ia.dica .. 

ti0l11 that the d .. ign objective. have beln achiev.d. Preliminary relult. 

for talc air •• nther wen with punou.ly I'epo~ted datal. It La e.,ected 

that a detaUed account of compaction experiment. with our improved 

apparatue will be included ill the next quarterly repod. 

2. 1. Z Tl'iaxial Shear Apparatul 

The 'hear .trenltb chal'&c:teJ'iattce of dry powele ... appeal' to be of 

fundamental importance with rupect to the handlin, charact.riltic. of th •• e 

materials. However. it hal beea fouad to be verr difficult to meallJure the 

.h.ar It!'ea.lth of .. powder ill an unequtvoeal muner. 

SlLear measur.menU made to date in the cu .. r.nt .Ndy have employed a 

direct .heal' technique (I •• I'llure Z. 6, pale i.,). Thil technique i. (ully 

described In a previoue reponl • WhUe havin, the advant_I' of aimplicity. 

thl dizlct .hear te.t call1lot b. "flUed upon lor ablOlute ,heal' me •• u .. emente 
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.ince the material b.ing tuteel in con.traineelln an illdeterminate manner 

by the apparatu.. Tbl. conltratnttl likely to be evidenced ae an a.pparelSt 

inc rea •• in .hear atren,th of the material. 

Tbe triaxial teet mftthod. which h .. allo been de.cribed in all earli.r 

report~. ia bal.d upon controllilll the .tre .... applied to the lamp Ie durin, 

the ,hear test. The aheal' rell.tance 01. the powder can then b, fenlnd from 

the known applied Itr ..... a. ducribed lubuquently. 

A prototype triaxial telt device hal been develop.d in order to apply thla 

t .. t tecbnique in dry powder r .. earch. The device. .bown in Yip!', 2. ~. 

will be unci in the following way: 

The sample i. compacted in a thin tubber membranft which it used to 

leal the .ample durin. the teet. Ae can be s.en from J'ipn Z.3. the telt 

lample bal the form of a right circular cylinder. with a cylindrical flttin, 

placed at each end. The end fittingl inlure tha.t the axial Itl'e .. ea applied 

to' the sample are properly dbtrtbuted allel al.o facilitate I .. lin, 01 the .am

pIe. A vellt 1. prOVided In the top fitllo, to avoid entrapment 01 ail' due to 

comprellioll 01 the sample (FiJure Z. <I). The sample i. placed in the t •• t 

device a •• hown ift Fiaure Z.2. and the chamber il prellurls.d. An. a.xial 

load il then gradually appUed to the .ample until shearilll OC:cuu. The 

axial force i. mea.ured by means of Itrain. la,e. mounted ineide the cham

ber. Failure il detected by meant 01 a senlitive line.r potentiometer which 

indicate. the motion 01 the Iodin, pilton By f.eelina both the potentio

met.r and Itrain la,e output. to a dual channel recorder. a aimultaneoul 

,ecordinl of data i. po .. tble. 

The .hear characleriltica are found by conducting triaxial teltl at 

.everal chamber pl'ellure. and conltrudln, a Mohr .tre .. circle at each 

load conditioll. Two .tree. circle •• correlpondinl to the chamber pre.

.urel Pz and pl.l. are .hewn in Flilure Z. 5. Th. point. <7"1 and 0""1
1 

on the 

dia,ram repr.ullt lateral .tusa .. applied to the lample; thus. we have 
1 1 1 O"'z = Pz and oz = PZ' The point. C1j and O'i are the &leia,l .tre .... 
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appli.ct to the .ample. 11 the applied load 'a 1'. tile &Xi&! .u ... 11 Pz +'1 A. 
wher. It. b the cro .. ·.ecttoaal area of the .ample. 

ae .idual Shea,. Str8lllth. 

, 
c7i 

Compruslve Sh' ••• , 0-

In the .en.r.l c •••• the .hear .tren,tIl characterbtic t. defined by the 

envelop. ot" •• ri •• of .tr ... circle.. The illtercept of the ahear .treftJth 

charaeterhtic curve at 0-. 0 1. of particular Inter"lt .inea thil yield. the 

re.idul ahear aireneth 01 the compacted power .ample. i. e •• the Itr1lllth 

of the powder und.l' sero load. 

Pnlimillary tull with thl. apparat.\11 have revealed aevl1'al problem. 

connected with le.lin. the .ample to prevent inliltration of hilh-pre •• ure 

air from the pre .. ure chamber. At the pr •• ent time. tbi. problem and 

.. veral other minor di!fieWUe. have b •• n deared up and it i. expected that 

routiue 'hear te.t. \Vith tIM tr1ax1al .hear appa .. atul can now be undertaken. 

Experimental r .. ulta obtained with the triaxial apparatu. will b. com~ 

par.d with ,heal' characlert.tic. obtained bom direct .hear te.c.. If. a. 

u:pectcd, th •• e method. yield diff.rent r .. ult •• a critical .valut1on of both 

~:;~ 
. ,;-~. 

J 
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axial te.t becaul of can.uaint. applied to the powder I.mpl. ill the direct 

uear te.t. Another point of diHenoc. b.tweell th.a. teet method. t. til dl. 

compactiOll proc •••• or mO .. 1 epacifically. in the way .b •••••• re .pplied 

to produce .ampl. comp.ction in each cale. A .elllr&1 dlacu .. ioll of thl •• 

mattel" will be det.",ed uctU expel'imelltal aata .re .vailabl. from t •• t. 01 

id.ntical powder aample. by hath tecbn.lqua., 

2. Z a.lated B:!p!rlm.n.ta1 Studies 

A number of exp.rimellt •• e1'8 canted out durin, the paa' quarterly 

pulod for thl purpo •• of providiftilDlight into the ltatic behavior of dry 

powdeu. Th. n.ult. of the •• teat. are pr .. ant.d balow. Alia. pl'eviou.ly 

reported r •• ult. of compaction .tudie. l have beeD reviewed aDd are pre

.ented be2'ein ill a dUferaRt and more meanin.M form. 

Z. 2. 1 Reeidual Shear Stren,th of Compacted Powder. 

• 
The ruidual .he.r Itl'ln,th of talc powd.r wa. icv.IUlated by ultng 

the dir.ct .hear appal'&tu. cl .. c:rlbed in an earlier reportl. The •• te.t. 

were conducted in the UIUa! marmer, with one important chance. Priol' to 

application of & tan,ential m.arinl farce to the upper ehear diek (88e 

I'l,ure 2.6). the aampl. wa. compact.d by application of a compre .. iv. 

·Itr ... 07:' Thi •• Ue .. wa. then reduced to the value cr, and the .hearina 

1&1'.", ~c required to ehear the .ample wa. detumined. A •• rie. of t •• t. 

oi thie type were carried out o,ver • ranle of eompaction It2'.".' o-c whU. 

ke.pinl err ftxed. The re.ulte of th ••• teet. are .hawn in i'lpre 2.6 for 

0"'1' .. 4. Z x 103 dyne./cm'], and a; = 8.2 X 103 dyne./cmZ, Eac:h data paint 

shown in the flllne ia the avera._ of 5 or more run.. The maximum devi.

tion from the mean value •• u wttbill:t5 percent. 
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Tha aheat' .tren,th of the powder wae found to iacna •• With the com· 

paction atru. a'c: in. accordance with the power relatiOll.hip: ~ .. conltaat 
D .. 4 Co 

x ~. for ere.l: 10. The r .. idual Ihear at!'eDlth of the cOlnpacted pow. 

del' can b ... timateel by lubtractina the shear atre. I correapondilll to the 

compre .. ive Itre .. CT"r ltom the mealured valu... The ruultinl Ihear 

.trenllth chAracteriaticI ahowftinFilure Z. 6 were determined in thia manner. 

It fa apparent that the relldual abear Itrength of the powder i. cIepenunt to 

lome extent on the compre .. ive atre .. fTr malfttaineel clurin. shearing 01 the 

sample. Althouah the .. experiment. and the interpretation given above may 

not be conclu.ive. the tnnd exhibited in Filure Z.6 fa of coneiderable in. 

tere.t. 

Comparina the .hear atrenatta of talc under load with thl reeidual Ihear 

Itrenath of the compacted powder, it ia apparent that the ulative effect of 

compaction on Ihear .tren,th decreas •• With incra.lill, compra.live 

.11' •••••• 

A deci.ive telt 01 tIlil conclueion will be po .. ible by "Iinl the triaxial 

le.t apparatu. deecribed in the pucldin, aection of thl. report. It win of 

courle b. "ecellary to teat a number of powder. in tIli. manner III order to 

dl'aw lenera1 condu.ion. a. to the behavior of dry powdere. 

~. 2. Z Wall Friction Ph.nomena 

ID many practical lituation.. it i. n.cellary to uDderetand the nature 

01 the mechauical interaction b.twe'D a powder and a lolid ludace. In 
particular, the biction al'll11 or co.fllci.nt of lriction for a lurlac. expoled 

to a powd.r t. 01 importaDc, ill the compaction of a powder in pi.ton. 

cylinder d.vice •• 

Accordil'lsl,. an experim.n.tal inv.etiaatiOD of wall friction ha. been 

undertaken, U,iDg .... ntially the same apparatu. employ.d fol' direct Ihear 

mealuJ'ement.. In the .. teat •• the ro".b disk u~uaUy employed in the 

.hear t •• t. t. replaced by a leometricaUy .imilar elbk. one fac. of which 

2.-10 
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I 
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ha. b •• n prepared lor the friction teet. Thi. face i. placed in contact with 

the powder and. from thia point·oD. the tnt ie carried out in exactly the 

lame manner •• the direct ahear teat. 

Friction te.t. of tbie type have bee~ performed for leveral materia1e of 

v&ryil18 aurface I'oulhnua hi contact with talc powder. a. •• uUa of the •• ex

perimenb are plotted in J'llure 2.7. Thl'ee ty~. of sudace. were inve.ti

lated: .talnleea eteel, alumillum aUoy and aluminum covered with an epoxy 

ruin yieldiRI a amoath, 110 .. y .udac.. !'rom J'ilul'e Z." it can be a •• n 

that the !rictionall'eailt&nce i .... entially proportional to normal Itre .. tor 

eacb lurlace teated. Furthermore. a aub.t&ntial variation in friction anile 

wa. oq.el'ved for the different Illrface •• raopn, from e :I 35.5- for an UD

poli.hed etaial ... ateel lurface (10 to lZ microinch •• nomi.nal.udac. rou,h

ne •• ) to. minimum of • = 30· for a poUehed aluminum .urfac. (6 to a micro

inch .. a. r.). Theee friction angl .. are lubltantia.lly below the Ihear anll.· 

for talc powder <fl = 40·). 

Further teatl of chi. type a.re plaa.neG foJ' the immediate futU2'e. It i. of 

par&icula.r interu' and importa.nce (or theoretical a. well aa pra.cticaL n.
'ona to cletermine the influence of lurface roulhne •• on the friction anile. 

".a.nl fur minimillinl WlLU £rlctlon are a1.0 01 practical importance. 

2. Z. 3 Compa.ction Charactel'i.th:. of Powd .... 

I Data from compaction experiment. reported in a previoua repon have 

been re -examined durinl the current report period and lubjected to further 

an.lyll.. The .. result. are pJ'e.entecl in FilUrea Z.8. Z.9 and Z. 10 lhowing 

reapectively the compAction atre ... compaction enerllY &I1d equivalent elaatic 

moduli .a a. function 01 den.ity for talc anel ~ powders. 

Z-ll 
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Z. Z.l. 1 Stu .. Required fo~ Compaction of a D't"I PoWder 

The compre .. ive Itre .. required to achieve a Jiy.n powder dellalty in a 

pt.atoG-cylinder compaction device (ae. Reference 1) i, plotted •• a function 

of the .pacific volume in FilW'e 2. I. Two curve. al'e .hown for each 

material: 1) the cOn2pJ'e .. iv •• tre •• required to obtain the den.tty WIde" 

loaded condition., and. 2) the atr ••• required to obtain the den,ity alter n· 

mayalol the load; 1. e •• alter aUowance 1. made far ela.tic recoyery of the 

powder. 

2. 2. 3. Z Ener" Req,ulred for CompactioR 

The eneray per ,ram required for compaction of a powder to a liven 
den.ity i. shown. in. Filure Z. 9. When aUowaace 1, made for elastic ro

covery of the powder a .hilt in the o.urlY and den.lty of the .ample occuu 

al indicated in the lipre. It i. of internt to ob.erve that FilJure Z. 9 indi

cat .. that the ela.tic onerlY .tared in the powder i. proportional to the total 

energy at a liven denatty for the conditiona of the .. experiment.. 

Z. Z. 3.3 Effective Elastic Moduli for Dry PoWder' 

In order to de.crib. the al •• tic propertial ol a powdel', .e may define 

an. equivalent ela.tie moc1ulu.e of the form: 

(2-1) 

where: 

a- • the applied .tre •• 

he :: the compre .. ed depth of th_ powder IAmple 

Ax :z the me •• ured .la.tic J'ecovery after removal 01 the load 

2-1.3 

1 
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The eCluivalent .laatic mocNlu i. platted .. a function of apec:Uic volume in 

FilW'e Z. 10 for talc. !2!. and aaccharill. It i.. appatent from the fiFe that 

the ala. tic propel'tle. of the three powdeu are remarkably aimilar. at 1 ••• * 
under the c:ollditl.on. 6f th ... teat •• 

Further ltucJie. of the elutic properU .. of powdera will b. carried out 

with 'be more •• n.ltive compaction appal'UUI dilcuueli in Section 1. 1. 1 • 

1.3 Bulk Tenane Stre",th of PowdU'a 

A verlatil. ne. appa r&t"a for the det ... minaUon of the INlk tenan. 

.tre"lth of a columft of comp ..... ed powder hal be." dul",e' and pedected. 

The apparatua permitl the bulk tenane atrenlth meaaurement to be made aa 

a function 01 1) bulk den.Uy. ~) eIlatane. from compressive force application' 

to fr~.tuf.!, pla~e. and 3) total columll 1enlth. In addition to thie. we should 

by proper eztrapoiation 01 clata bom ~) and 3) b. able to obtain a value for 

the bulk tenane Itren8th of a c:ompre .. ad powder wblch i. dependent only 

upon tb. phyaieal properU.a 0' the compreued powder anc OD the maanitude 

of the compre .. ive force appUed and therefore tndep~ndent of tb. ,eometry 

of the appall.lul. Thil .hould provide an abaolute method for the compan.on 

of the bulle t.uUe Itrenlth of variOUI compre ... d pori.n. 

Theoretically tb. bulk ten.Ue Itrenltll of a c:ompu .. ed powder ia an 

exponential function of the diltance from the c:ompu .. tve pi.ton to the 

fractul'e plane 1. 

whe .. l: 

-kL rr ,. a; e 

(/" :: bulk tenlil. at .. enlth of Ii column of compreued powde&' 
at dlltanco L frOID the ptawn 

~ II bulk tenln. atrensth of compr.uecl powder immediately 
below tho piaton 
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k • constant 

1.. • diatance from piston to fracture plaD' 

An experimental apparatus mUlt therefore b. capa.ble of tr&Cturinl the • 

columll 01 compre ... d powder at uveral cliUerellt diatancu from the pi.ton 

applyin, the compre .. lve torce. An apparatus hae been deslped and par

[.cted to accompli.h thie. 

Z. 3. 1 ~paratue and Technique 

The column to he packed with powder it fabricated of alwnimam aad bas 

ac I.D. of 3/4-inch ( •• a FiIUI' •• 2.11 and 2.12). Th. bottom half of the 

column is divided into Ilx lIZ-inch leament. (Filure Z. 13) who.e cOa,true

tion eliminate. horisollt&l Mation but allows a vertical forc. to brea1c the 

powder column at the boundary of each aesment wthout a .i,niiicant error 

bein, contributed by frictional foree. between the metal aesmentl. Prior 

to fracture of the column. the eolumll selm.nts ara hald in place by m.tal 
\ 

SPl'inl clip.. A vertical compuuive force Le applied to the powder by tba 

pistoll a.sembly shown (Figure 2. I Z). The platforM at the top of the pilton 

a.sembly ia recelled to accomanodate the .pedal set of wet,hts which hava 

ua.ilorm diameter. and varyin, hai.htl. Thb te~hnill\le aida the op.ratol' in 

applying the force vertically above the powder column. After the column ot 
powder ie compre ... d tha individual 'e,ment. are caused to lracture by a 

vertic&lforca exerted by a lever arm and pul1ey .... mbly contaitlinl a 

.train lau,e .v.tem to me.lure tbia appUed lore.. The ei,nal from the 

strain I.u,- .yntem ia electronically recorded by Sanborn equipment lor • 

permanent record 01 the experiment. The entire apparaCUa with. tbe excep

tion of the electronic equipment is houled in all isolator lab maintained at 

conatant humidity by a .ynthetic mi~ure ol dry ~d moist air. The hun2ldity 

within the isolator lab ie conetantly monitored by an inlraud hygrometer. 

\ 
1 
1. 
j 
J 

1 . . 
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Figure 2. 13 Column Segment Cro •• -.Section 

In expel'iment. conducted 10 (al' sillc cadmium .ulfide h •• been uled aa 

& te.t powder. Althcnap it. tenanc .tren,tll ia eompal'atively 10. it il known 

to live reproducible rnultl for thia type of pby.leal mea.urement3. 

In .. typic ... experiment the powder i. preconclitioned in the ilol.tor lab 

at the duired humidity (15~ in thi. ca •• ) lor at l •• ,t 48 hour.. The column 

i. thin filled by .iftinl the powder thl"ou.h a Ila .. powder funnel fitt.d With 

.. tin. melb .cr.en to ... ut. unilorm paekin, of the powd.... The pilton 

.... mbly t. then clamped i"to po.ition and tbe vertical force ia applied. 

~rinl c.rly experim.ntatlon it wal lOUftd n.c .... ry to clamp the eDtire 

column rilidly prior to application of the comprellive force .inc. the In

dividual .esmeDt ciampI .I .. e not Itronl enoulh to pr.vent bendinl of the 

column and thu. caua. pArtiall:racture of the compaetcd powder prior to 

mc •• ur.mellt ot the tenlU. t'renlth. Aft., compl'e"ioll, the pbton a •• em

bl, alld upper fHUn. tube are c.l'8lu11y removed. A ''lill cap" ••• embly de

.i,nld to cl.mp firmly to the top of each ... ment 18 lheld ineo place alld 

I 

I 
I 
I 
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cOllUded CO the lift a .. embly. By turniftl a crank in the lilt ... embl, the 

column 1. fractured at the bottom of each .. pent after it it \U\clamped. 

Tb. te\:..Ue force i. recorded by the .train aau.e a .. embly. 

Z. 3. a Di.cu •• iOD of Experimenta11tuult. 

The primary purpoee in thi. preliminary .. t of experiment. wae to 

check th. reliability 01 the equipment _ael apparatu.. A •• hownln Fllure. 

Z. 14 a.nd 2. lS, the 'el18i1e atrenath data follow the exponential relation a hip 

quite well. It i. believed that the .catt.r of pointa at lar •• value a of t. can 

b. diminished by refinement of technique. It .hould be noted that the data 

indicate A dependence of ten.ile st .. enlth upon lanlth of time of compadlon. 

When the weiaht. weI" allowed to compr ... the powder overnipt (16 hour.) 

a sipiflcant chan,. in ~ occurred. Thb phenom.Don wUI have to be ex
plored further, but for the purpo •• of comparin, one powde .. with another it 

may b. [oUAd espedient to a.ree upon a standard time of compre .. lorl. 

A. each ae.ment of powder L. broken. its weipt can al.o be recorded 

'0 that we can alao follow the chan,e in bulk teneile .trenatll With bulk den

lity. 

In our mea.urement. we are actually mealurina the tenli1e etrenath at 

the fracture point at a dl.tAnce 1tL" from the platon IFilUre 2. 16,. We then 

plot the tenlU •• trenltk Ita" vereue t. a. Ihown 1n Fipu 2.17. 

By extrapolation to L • 0 we obtain CT'0' the bulk tenlU, etrenlth of the 

powcler at the aurface of the piston. nt. a .. ume. that 0; i. independent of 

"L". the total pI", 1en,th. aecent experimentl indicate that thi. i. probably 

not the ca... The d .. ip of thi. apparatu. i. such \hat we can al.o vary the , . 
value of L (total plu,lenSth). Thul by plottinl L' veraul CT'a and extrapolati0l 

to L' • 0, .s ahown in Fiau'" Z. 18. We would obtain a value CT"o I for the bulk 

Cen.lle Itrenath of the powder which i. depend eDt only upon the pby.teal pro

perti .. of the poweler and the malaitude of the compre .. ive forc' appUed 

but independaOt of the ,.om.try 01 \he apparatue. Thi •• hould provide an 

.--~ 
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Fiiure Z. 17 Bulk Teneile Streulth "er" a. a Function of 
Dlat&l1ce tiL" from the Compre .. tve Forc:e 
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ablolute method fo~ comparieon of the balk tell'U. etuftJth of a comp~ •• eed 

powde~. The determination of ct'a t would of cour .. involve a ~on.id'l'able 

amm,nt of laboratory time per powder and for pzoactic:a1 pupa •••• impl.,. 

compaJ'taonl of ten.u. ttl'e1lath call be made by further clefinin. the method 

by which the mealUl'~ment i, made. 

, 
ct'o 

L' 

Fipr. Z. 18 Bulk TenlU. Stnclth "0"0" Immediately Bel0;W Compr ... t". 
Pi,ton'" a FURction of Total Plu. L.Rltb, L 

Z. 3. 3 Future Wo~1c 

The apparatue ae d .. laneel it capable of givinl a wealth of information 

concerninl the variation of bulk ten.ne etren.th throuahout .. IVltem of 

comp~e .. ed powders. aeliable relultl do. howe"er. dep.eel upon very eare

fill work. The effect o.f tim. of compl'luion upon buUt tensUe etrentth mu.l 
be etucUecl further to determinl what tim. f.cto~ ebo"lcl be consld.reel EoI' 

mo.t lati.factory r .. \11t.. When thie Ie done meaeurem.nt. of bullr. t41nell • 

• trel1.th will be made on other powderl. 
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1.' Mathematical Analyaia ot the Pilton-Cylinder Teat 

The pietoD-cyliDdel' teat haa been deacrlbed ill prevloua report. trom 

both the experimental and theoretical point. of vie. l • '. Experimentally it 

hae been found that the ratio of applied force F A to reai.tive force r a at the 

poil1t of aUppal. can be expr ... ed by mean. ot the empirical ectuation: 

WAne: 

L = 

"XL 
= e ~ 

the length of Ihe powder plUI 

D = the cylinder diameter 

(Z-3) 

The tactot' X wa. found to ba ilidependent of the load for tOit. conducted with 

a given powder in a given cyUnder. Thl. relult i. of con.iderable import

ance linea it impli .. that the atre .. di.tribution in the powder i. independent 

of the de.ree of compaction produced by the appUed load.. From thi. it may 

be inferred that a powder element und.rlolnl compaction tancia to mailltain 

a fixeel ratio ot minor to major principal .tre..... If we allume thll to be 

true of the compaction proce ••• it i.e po .. ibl. to deter min. the atr.a. db· 

tl'ibution in the poweler. Thi. aDalYli. may b. carrieel out u foUow.. For 

atatical equilibrium. the .tre .. di.tribution mu.t latilly the followinS 

equilibrium conditione ( ••• Fllul'e Z. 19 lor notation): 

O<T'r 
+ 

f)'O' 
+ 

Or ~II 

at" + 
c'.lo-; 

+ or d. 

or - Q""o 

r 

1: 0 :: 
r 

Z·Z,7 

:: 0 (2-4&) 

Page detennined to be Unclassified 
Reviewed Chief. ROO. WHS 
lAW EO 13521,ltotlon 3.6 
Date: 

JUl 19 20IS 

I 

i 

I 
J 



• 

It 
t' 
t [~'.~ 
• ;; if 

'. 
" 

I 
I 
I 
I 
I 
I 
I 

l 
I 
f 
r 
r 
r 
r 
r 

+. 

: 

~ 

I 
IP(~. 

I 

, 

r 

I 

...., 

\ 
\. 

.. - .. ---.-~.-.. ~. 

'. ---

Detail of Powder Element .howina 
Notation for Stre .... 

J'tgl1re 2.19 Notation for Piston-Cylinder Analy.ia 
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U the Ibear Itru. i •• maU. w. may a •• um. that: 

= c (Z·5) 

when; i. the .hear &l\81e of the powder. The meanin, of thb ... umption 

can be .een by referrin, to Filure 2. 19. In the .t ..... plAne. it we impo.e 

the condition that't' i •• mall relattve to the diU.unca in pl'lnelpal .tren •• 

C1i, - Oi' it i. apparent that 0; • <7", " OZ and cr. ' C1i. Ful'thumoJ'e. II 
.hearin, i. imminent. w. mu.t have <7"1.1 C7j, • C or ~I ~ ~ C. 

With th •• e a.lumptioD., the above equatione become: 

0""'1' • C cr. (1.-6&) 

dO; 
+ e.! '" 0 -C>r 0' 

(2-6b) 

01 r'C") ~ 0'". + r = 0 
Or d. 

(2-6cl 

Thi •• y.tem of equation. can be ,olved in a Itrai,btforward ma"ner, yieldin, 

the follo",lnl expre .. ionl tor the .tre .... : 

1 + .... ~ r { Loa "" 2n - 2.n } 

1 Z'l.n (n I )Z 
(2-7.) 
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where: 

K • 2~ 

a Z = 4J'l c 
CD 

ex ~Il t(a) • 1 + L % 
fb + 2) 1.'J.D. (n I )1. 1 

Thh lolution applie. at the point of eUppal_ of the powder plul. the 

wall friction coeUicint beiD.,.I'" By intelration of Equation (2.1a'. the 
appUed force FA 11 found to be: 

(2-8) 

which alre .. tormally with Equation (2.3, if we take K = pC • 

• 1 Since by hypothella the friction an,le eo: tan )" i •• mall compared 

with the shear an,le ~, we have a,Z « 1. Consequlntly. it 11 p."miulble 

to tlnore hiaher ordu term. in the 181'1 .. ",pl'e •• tonl for the .er •••••• 
yieldin, the tollowln, approximate eCLuUonl: 

a2 -2 
+ r .. 

2-30 

(2-9a) 
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A. &D example, 11)6:1 O. 25 and 4 • 40·. We obtain CliO. 116 and aZ • o. 054. 

The variation of ~ OVe" a 1:1'0" - .. cUon of the powder .1". i. ,iven .., the 
term: 

a Z r -2- -2 
1 + 4 II 1 + O. 014 r . 

'nN •• the axial .tr ••• hat a maximum variation of about 1.4 pe.e.nt over 

the cro',-•• ction. On the oth.r hand the .h.ariftl .tr ... iDerea ••• Un.ad, 
from .'1'0 on tll. axil to tb_ vaille: 

(2.10) 

at th. wall. 

Th. above analy.it 1.ad. to conc:l".ion. which i. no way conflict with 

.xpeJ'im.nt&l re.ulh for the pilton-cylinder conflpra1:ion. Thh lend. a 

de,,..e 01 .upport to the principal a •• umptlon on Which the analv.i. waf 

ba •• d: that compaction of a dry powder occur. under conditiona 01 immlneftt 
.heal'. 
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3. AEROSOL 8'l'UDID 

Tho d •• iID aad labrieation of an aerophilometer, .. lilht-.c:attutnl ift

.trumillted aero.ol chamber, tor ule 111 ltuclyil1l the aettlinl properti •• of 

aer0801e I. almo'l complete. A photoarapb a!ld .eh.matic drawin, of thit 

devic. in tte prelont .tate as'. pr ... llted ill 1'11'11'" 3. 1 .. Ild 3. Z r •• pectiv.ly. 

The aerophUometer conll.u of: I) a maift chambel'. Z) all opticallipt

.carterio, detection .y.te11l. 3) a powd.1' di.p.uin, .y.tem. and 4) an a.1'O

.01 .amplinl .yltem. 

3.1 Main Chamber 

The main c;:hamber. constructed of sheet aluminum. haa an tnt.rnal 

dim.n.ion of 000 cubic me.er. The lid .. of tho c;:hamber are joined by 

riv.ts and lealed with epoq re.ic. The door (one entire aide o£ the cham

b.r) it connected all 0118 .dge by meanl 01 a hinge to the chamber. The 

door cia ••• a.aillit a Oor-tite luke. and it locked by link·lock la.tenen. 

At the r1sht lower corn.r of the chamber i. a 4.inch Ian blad.. The 

motor £01' the Can blade i. located out.ide the chamb.r and hal Us .haft pro

jectin, into the chamber thJ'oulh a T.flon .... 1. 

3. Z 0ptic .. l Licht-Scalt.dnl Detection Sy.tem 

The optical lillht.ecatteriDI d.tection .y.Cern ie ehown •• part of the 

aerolo1 chamber (aeropbUometer) al deplcted·lo .Filul'8 3.2. Thi •• y.tem 

con.lat. of a monochrom .. tic llaht source and two .eneitiye pl\otomultiplier 

detection .y.tema. 

3. Z. 1 MOllochromatic tiet: SCNrce 

Th. lamp i ... oenera1 Electric projection lamp. tl1 order to avoie! 

flllctuatlo"e ia tho lipt. power i. IUPPU..ct frOID a Sore"80D replator and 

the lamp yoltage i. controlled by an autotraneform.... In addition. the la.mp 

circuitry 11 .uch that the lamp cannot be turned Oil unle .. it. coolil1l blower 

i, 0p81'aUn,. 
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A cone of lilht from the lamp i, admitted lDto the len.. hOll.1n., throuah 

a O. 5-inch apertul'8. Midway between thi, apertul'l aDd the len, S. a bllfllct 

with a 1. Z5 -inch apertu"e. The .. two bam., limit the amount of Ii,ht 

"e.-china the lei'll. To reduce the amount of un.de.irab1e l1pl the lell, 110uI

tn, i. tjlack .coell.ed. 

A 5 em diameter len. with a foeal1engtb of about 19 em i. placed .ueh 

that the tma.e of the bunp filaments is at the floor of the main chamber 01 

the aerophUometer ill a li,ht trap. The light tnp i. an open-end polyhedron 

made 01 .heet aluminum. The an,le. of lb. polyhedron are eho •• n such that 

the .peeularly reflected light underl0e. many rellection. before re -antedn.1 

the chamber. The {ndele of the trap 1. painted black to in.ure a lar,e 

amount of ablorption at each reflection of the light. 

PO.itioneci betwaeD the len. and the main chamber i. a Cornina ,1 ••• 

Hllht filter 17-60. Thi. filter tran.mit. only ligbt withia. na.rrow band. of 

wavelenath.. FilUre 3. 3 give. the percent trall.million. over a ran,. of 

wavelenath. for thi. filter. An optical flat gla .. window •• all the main. 

chamber from the lens hou.inlJ. 

3. Z. Z PhotomuUiplior Detection Sy.tem 

There are two complete identical photomu.lt1pUel" detection IYltem •• 

Both are placed ill tll. cellte,. of one Itd.e of tbe chamber perpendicular to 

tbe lilht beam. One II 1/3 of the diltance down the eide from the top of t.':= 

chambe,. and the other i. 2/3 o~ the ciiatance down. 

The photomultiplier tube. u .. d in thil apparatue are RCA type IPZl. 

These tube. have a projected aen.Ulv. area 01 5/16" x 15/16", In order to 

make. well-defined aperture for the len.ilive area and .. ttempt to reduce 

the pouibility of extraneou. light re&chinl thi. area. the tub .. except £01" 

the ul18ttive area bave been completely maeked with black tape. The re~ 

.poa. •• of phototube IPZl il given io !'iSUn 3 ... over a ranle of waye1enathe. 
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III order to ncluce extralleOUI 11lht 'OUI'C... the photoQ2ul&tJdier tube 

hou.illil aad photomultiplier len. hoa.lllil an black ill coloI'. A. ill the 

ca •• of tbe U.ht lOUl'ce lene hou.ina. the chamber il .e&led from the photo

tub. len. hoa.lnl by aD OJ>tlcal .f1&t ,I ... windo .... 

The photo tube len.... which are .bullar to the liaht louree lell.. & ... 

poeition.d such that the 1mace plane of the phototuba aperture I. til tbe cea

tel' of the lilbt beam. Thie imalo dimon.lon h .-1/Z em x 1-1/2 em. Thul, 

only pulle1 •• within a l'Ictanaulal'ly lh&p.c1 volume (whon width i. deter

mined by the lilht beam and heipt i. 1.1/2 em) &2'e capabl. of Icatterin, 

lipt into the phototube. Each of the two phototub .. recelY., equal amountl 

of Hlht nux. Thezoefore. if each volume contaia. the .ame !lumber anc1 Ii •• 

of particle., each will leatter tbe .am. amoUllt of lilht into tbe phototubl" 

Each photomultiplier tube il connected to an Alninco photomultiplier 

micl'ophotometel' which h. turn i. connected to a Brown recorder. The 

microphotometer i. a power .upply for the tube. a controller·. & Illnal 

ampUnll', and a meter. while the Brown recol'car give. a continuou. re

cord of the ontput IIlnal. fl'Om the mlcrophotometer. 

1Il order to relate outpl.lt .ilna1. to tho CUQcentration and sta. of parti

cles of the aero.01 by meanl of e1ectl'omalnetic wave .eatt,rinl theory. 

the Ii,bt nux received ehould be monochl'omatic. By the choice of lisbt 

fUter and pbototu'be uled in &hi. apparatuI, a nearly monocilrom&tic lilM 

beam hal b.en achieved. Itl wavel.nlth i. O. 365 ± O. 02 micron. and i, 

111u.t1'at.d in Filure 3.5 which liv.. the overall r.lpon •• of the .y.t.m 
over a ranle of wavIllnl,h,. 

The powdlr diaperlinl .y.tem. shown ill J'iaun 3. 6. i. located Oil top 

of the chamber anel iI of the buutin, dla.phra,m val'lety. 
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FUlt. the 

boulin. i. 1'8moved from the mouDtial £lanae which 1. permanently .ealed 

to the top of the chamber and a diapilrasm il in.talled. Next the hoallnl iI 

re.ecul'ld aod the cap. which allO carrie. the pi.ton allembl.,. il removed. 

Thl. permit. loadlnl 01 the powdel'. The cap il thea repla.cecL Dl'yaitro-

left, the dhpel'lin, ,al. i. metered ill tbroup a needle valYe and the , •• 

pre .. uJ'e il monitored by a ,auge. Whea the dtape1'8inl sal hal reached the 

de.ired prellure, dry nitro.eft il then diverted to the drivil1, ••• i\'lilt by 

meanl of a tOlile valv.. The dl'ivil\l a.' pain .. the pbtou downward. 

limult&neou.ly clo,in. the dilpe1'l1n.1 ga. inlet and puncturial the diaphraam. 

With a proper combinatlon of diaper.in"a. pre .. ure and diaphra.m 

material. it 1a believed that the diaphralm will rupture cleanly and the pow

der will be efficiently dilpeued. Bocu.;b tutiDI of the unit, howevel', il 10 

Lt. early lta.el; further experimentation wiU b. nece .. ~ry to filli! the suit

able combination. 

3 ... The Aero.ol Sampllu, Sy.t.m 

An .ero,ol .amplinl Iy.tem haa been ill.talled in the chamber. Thil 

will enable lIapot checkl" ot che aerolol by direct aamplln,. Thil c1&t. may 

then be correlated to the data from the lllM Icatt.l'inl 'Yltem, which c;on

tinuolI.ly moniton the aero.o1 conditio1l. 

Th. direct lamplin, of the aerolol ia accompli,hed by dr.winl an 

aero.ol .peclmen tbrollih • tlIt.r. Th. filt.r IIled II the MWlpor. 13 mm 

diamet.r Typ. AA. which hal &!l O. I-micron POl" .1.... D8Il,ft cOGsid.r.

tioft. for the .ampUna aystem cent.1' aroulld the filt.r. Th ... conlleler.

tiOIl, will b. d'acu ... d prior to prel.ntinl the .amplina 'Ylt.m a •• whole. 

Filul" 3. 1 ahowl elilter and it. holdn imm.,..d in an .erolol. Wh.n 

tb. appropriate valve 1. opene:J, £Ora pe:rioel of time the pump dr,wI the air 

contained 1ft the volume roulhly Indicated by the d •• hed lin. thl'oUlb the fil

tel'. It ha. b •• n 'Itim.ted that for typic.l aero.01 deftliti.1 it will be 
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nee ... ary to draw trom JO to 100 cc throQlh the lilter to pro¥ide a COD

velll.utly countabl •• ample. A I.colul l'eqnirem'ct COllcernl the .ampUIlI 

.p.ed. U the .ampl. 18 wUlIdl"awa too .lowly. aerodyllamic lo,c •• Will b. 

incapable ot oYlI'comill1 Il'avitational lore .. for the WI'I" particl... Th. 

umpl. will thu. be bia •• d ill {avol' 01 the .maller partlcl... III ol'd.r to 

avoicl weh 1»iallng. it wal .tipulat.d that the velocity of all air .l.m.nt. 

whleh eventually pal. throu,h the iUt.1' mu.l at all tim •• b. larl' eompaud 

to the Stoke,' fall velocity of a lO-miCl'on particle. Thi. in.ure. unbia •• 11 

aamplin. for particlu of diam.ter 1 •• , than 10 microB'. 

.. ~ . .:.., _ ":H .. -." .. , ..... . 
•••• ~. .' : .... or .' • 

.. • .;.:. .f..... ., ",,""-' .... . ." - . .. \. 

To Pump •• __ ...... ~. • :C:. :·.~:;~~i::; :?}:.\ 
Valve •• etc. " . .. ~ '. ". '.' ", " .. .. ... .. .. " . .. ... " \. ,," .' .... "./ 

. " '~".'." .: . ~ .' :.; ". i· ' 
tI. ...-.. ,. 1;1- .. 

., .. , ...... ~ "'';' 
.. • ........ : ..:.: .! .. :: :..-. " 

FiJUre 3. 1 Sketch of FUtal' aftd Holder Immeraed ln an Aero.ol 

I 

The rutrlctioll concernil1l .ampllnl time may be appUed by con.ider-

inl a comparabl •• but .impler. situalloll. Suppo.e that the ail' 1. with

drawa th1'ough a very .mall orifice. lay that 01. a hypodermic ne.dle (.~e 

J"i,ul'e 3.8). Th. volume Witbdnwin 1n thh ca •• will be .ph.rical •• 0 

that tb. 10110wtl1, relation bolda: 
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Flgu1'e 3. 8 Samplin, with & Needle lmmer,ad in an Aerolo! 

vir) 

f = the flow rate thrgu.h the orifice 

vir) = the velocity of an element 01 air located a diatance r trom 
the orifice, 

Further, the lampled volume V i. liven by 

v • It • !jt a' 

whare: 

t ,. the lamplinl time 

R • tbe. racl1u. 01 the relion .ampled. 

Now. atnce.e nee4 can. icier r S R. it may be noteel that 

J-U 
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V(I'J • -1-
41T r6 

lmpolilla the conditicQ 

v(R) » D,3! em/ne 

whieb 1e the Stok.I' fall velocity of IO-micron particle. It ie 4eel1 that 

f :I 41'r llZ . v(R)>> O. 35 eml.ee • ..1TR 2. 

but 

.0 that the c:ollditiol1 iI 

3V '1./3 
f» 0.35 em/.ec x 41T' x (W) • 

Since abo V If • t there ie the condUion 

t« v 
3V 2/] 

0.35 em/eee x 41T x (W' 

Oft t. 1'01' V c 10 em3 th ••• conditione imply f» a cm
3
/aec and t« 1.' 

.ee while for V. 100 em'. there n.ulte f» 37 cm
3

/ .. c t <<. 2o.1.ec. 

It .hould be noted that inon.alill the lampled volume V incl'8& •• a both 

tho lower limit 011 f and the upper limit 011 t. 
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The actual aampling eituatioD. of eourae. i. more nearly that depicted 

io F1aure l. 7. Furthozo INdy wW probably abow that the relation between v 

and f. thoulh more complicat.d than the one analy.ed for Ftpre '.8 will 

l"e8u1t lnle .. autDI.nt conditlou Oil f and t. 

ne filter ayatem inatalled I.n the aerophUometer utUl ..... 'IS-inch 

diameter portion of the filter eli.. The WlUipore Co. pubUahed curve. 
] 

.how that the preuve diHerential required to produce a flow of 8 em 'a.e 

11 about 3 em HI_ whUe for 31 cm3'aec the requirement b about 18 em HI. 

Both conclition. are eaaUy attainable. 

The aerosol aamplin.1 syatem camp!'i ••• eight fmer holclel'8 lu.pended 

in the anoaol chamber by four probe.. Thca. p~obea are locat" in the 

chamber •• ahown in FllUre 3. 9. The fUter holdera form the eipt corner. 

of a cube of edl' l.n.lth 33 cm. Tht. cube 1. centrally located within. the 

ehambor. 

33 cm 

33C~ 

:li.ure 3. 9 Schematic Diagram of Aepo.ol Samplinl Apparatus In.ide Chamber • 
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Eacb of the four probe. 11 s.parately controlled, wbich .anbl •• sam

ple. to be drawn at foul' different tim .. in the hiatory of a liven aer0801. 

The control manifold for the aamplin. .yatem ia .hoWft schematically 

(only one of the prob .. h Ihown) in Fip". 3.10. 

Solenoid 
Valve -

f f t To Other Probe. 

U U ~ /Meterinl Valve Z 

To ___ J ~_ Bleed 
Exhauat Pump L.Jl ~ 

: I 'To Manometer 'Solen.Oid Valve 
Met.erini 
Valve I 

-Inlet Tube 

- Inlet Tube 

Figure 3. 10 Schematic DLalram 01 Aerolol Sam pli n, Syatem 
Control Manifold and a Sampl1nl Probe 

Thi. Iyatem operatu &I follow I: The foul' .olenoid valve. all the probe. 

are !lormally clo.ed, While that on. the bleed h normally open; the wil'1na ia 

such that actuatini &ny one of the four probe aoltlnoid. actuata. the bleed 

solenoid. With one of the probe solenoida open. Metering Valve 1 is 
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adJUltcd to live the de.ired flow a. ipdic:ated by the manometer. After the 

probe lolenoid i. cloled (which action al.o re -open. the bleed .oieaold) 

Meterin, Valve Z i. adjulted to nproduce the prealure drop on the mana

meteI'. Tbu •• the manifold ia continuously run at the aelative pre .. ve 

(with relpec:t to &tmo'pheric) which correlponela to the deeired flow rate. 

Thil,tQletherwiththe fact that the manifold piping mak .. up the bulk of the 

lamplinl Iyatem volum., lnluru minimum response time of the .yatem. 

The filter holden are ao conleructed that they may be easily removed 

{rom the probe inlet tubel. This enabl88 cauying of the filter holder -

£lIter unit to a microacope lor examination without dt.turbln, the filt .... 

3. 5 Future Work 

AI provioue1y at&ted, the fabrication of the •• r0801 chamber de.cribed 

above b nearly complete. Preliminary teet •• thou,h lew in number to date. 

have truDcated that de I 11ft eatimat .. are lufliclently clole to reality .. to 

require 110 major modUlc.tiolls of the varioul ayetema. 

The work of the first few week. of the next reportin, period will b. con

cerned with determininll optimum operaUns conditio"e necealary to produce 

a weU di.pened aerollo1, The variabl .. prirnazoily under ltudy will be elia

peralna laa pre .. ve. diaphra.m material, aDd amount of initial fan lUI'

rillS· 

The main objective after detail. of operation are worked out t. investi

gation of factol'l aueeeln, the aettlin, rate of aerolole. Thia e .. entiaUy il 

a etudy o£ al,lomeration rat •• of particlel in the aeroaol. Factore to be 

Itudl.cl will include. but Elecellarily be limited to; 

1. Coocentration of .erolol 

Z) Particle li.s and type 

3, Charg. characterietlCl 01 particl .. and environment 

4) Water vapor content of particle 
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SJ Relative humidity of envizollmel1t 

6) Turbulent and tranquil ,ettlinl 

Aeroaol turbulence may be aQ important factor in aSllomeration of 

&ero.01 particles. In. view of the low Stok.1 1 fall velocity of a typical parti. 

cle (0.7 mm/aec for & 5.microl1 diameter particle). a truly tranquil .. ttling 

condition !a difficult to achieve in practice. Becaul. of thb fact. the ule of 

two separate phototub. Icanning unit, k' highly advantaseoul. While detail. 

01 ~ndividual light-scattering curve, are re1a.ted to aer0801 condition' in a 

complicated way. the relative behavior of two ,uch curve, il more aa.lly 
understood. 
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4. VIABU.JTY STUDIES 

In previous reporh data were pre.ented on the viability of wet a.nd dry 

.erolole of S. marcucena and B. Slobllii atter expowr. to •• erte. of 

temperatur .. uftgin.g from 7S'C to 130·C for periode up to 1.68 •• con.d •• 

Duria, the pre.ent reportiul period. the eame apparatus and tcchnlqu" 

Wel'e employed to extend thi •• tudy over a wider temperature rani' (up to 

ZOO·C). The data were then und to calculate the thermal-death-time para

meters which are characterietic for thu. s,.tema. 

Preliminary .tudi •• Were undertaken to evaluate the eHect 'Wblch coat

in, ~ with Cab-O-Sil (an amorphoue sHiea composed of 15 to 20 millimicron 

particlea) had on the viablUt, of the .ystem. ttl culturinl properties and ttl 

8u.ceptibility to elevated all' Itream •• 

The apparent toxic: In.fluenc:e of the buna rubber liquid-.tore liner on 

proUlerating and reltinl cell. wa. inv .. tilated and was found to be a bac

tedoltatic rather than a bactericidal effect. 

4.1 Viability of Dry Aero.ols of BI and Sm 

Until the present reporting period. no eHeet of heat on the viability of 

!J aeroaola could be observed. At the hipar temperatures studied. durin. 

this puiod. however, &. .ianificant diminution in viability waa demon.trated. 

Th ... obserVAtion. are .ummariaed in Table 4. 1 and are plotted in FiJure 

4.1. Expolure at tempnature. up to 150 delran for 1.68 .. conds and 115 

de.re.a for 0.5 eeconc!s manifeated no oblervabl. effect. More .evere 

treatment •• either at increa.ed temperature. or for more extended period. 

markedly &fleeted viability. Since the apparatus used ill thea. Mtudie. was 

not dlllianed to Mtudy expo.ure. ,I'eater than 200·C for 1.68 .e<:ond., it wa. 

impollible to extend the.e observation' 1urther. However. eXAmination of 

the few reliable polnta obtained indicate I that the characteristic: of thermal 

death lor .!J .pore. after dry aerololintlon would nct cHffer ma.rkedly from 
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tho •• of ~ a.ro.oh. 1ft each cu •• appar.llcly. the dutl'uctiolt 11 retarded 

1n the initial ph .... then becomu accelerated Ul1tU lo.arithmlc death OCCUU. 

Th. major differe1lce betw.en !lallcl !!!. I. the critical expo.un at which 

thermal effect become. apparent. 

Tabl. f. 1 ViabUity of Dry Aero.ol. of !I at Various Expo.ure. 
(~ from Lot No. X-IZ. aero loUsed with D.VUbi,. 
I.nerator - 51 trial.) 

Expo.ur. Time ( •• c) Avera,. Corrected 
Temperature (Calculated at Viability (fol Viability· n~t 

(·C, Room Temperature) (Experimen.tal ) (Calculated) 

Room Temp_ 1.68 100 100 
125 1.68 100 100 
150 1. 68 100 lOG 
175 1. 68 14. Z 16 • .5 
aoo 1.68 0.63 0.71 
J75 0.5 94. 0 100 
200 O. , 5 •• 5 67.0 

• Valu •• corrected for dtHel'ences in .ample volum •• from heated and can
trol1.g. du. to variation. in flow ratu at diff.r.nt temperaturn. 

Durinl thi •• tudy period it VIa. po .. lble to ob,.l'Ve tb. lOlar11:hmic 

thermal death of a.ro.oliod ~ throup •• veral orde .. of maillitude. Pr.
viou. report •• which included data only up to HO·C far 1. 68 .econd. did not 

illu.tl'at. the true .hape of the deltl'Uctian curve. The r •• ults reported In 

Tabl. 4. ~ and Figure 4. Z. on the other hand. &2'e hip 'ilnificant. It 11 

evldellt that at the le •• severe expo.ura •• the death rate. re.emble tho •• 

obtained for multicellular organiem.. Thia type of curve ie alway. ob

tained with clumped cell. Where all membeu of the clump mUlt be killed 

before it lail. to form a colonyS, Since the aero.oU •• d ~ &nd ~ .u.pen

eton. probably enlt ill the form of multicellular clump., the •• experimental 
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curv •• &,1''' .... 11 with the theory. This phenomenon. however, colllcl not 

b. ob,arved (and was not previoualy ob.erved) unle •• the ob.arvationa were 

ext.nd.d over a Wide raftge of lathal expo.ure. auch a. performecl in thi. 

.tudy. 

Tab~ 4.2 Viabili.ty of Dl'y Aerolol. of 8m at Varioue Exposurea 
(~from Pool 11, aeroloUsecn:.yexplosion - 35 trials) 

Temperature Expo IUI'8 Time Averale Viability, ~ Corrected VlabUtty. ".. 
('C) (tee) (Experimental) (Calculated) 

75 1. 12 71. 0 71.0 
1. 68 55.0 55.0 

100 0.5 99.0 100.0 
1.1Z 61. 2 64.0 
1.68 43.6 46.0 

125 0.5 54.7 59.0 
1. 12 33.3 36.0 
1. 68 6. 1 6.4 

150 O. S 7.2 7.9 
1. 68 0.25 0.Z75 

175 0.5 0.032. 0.035 
1.68 0.00024 0.00026 

• Value. cOl'rected for diflerence. in .ample volllme Irom heated and con
trollega due to variation In now rat .. at different temperature •• 

Filure -4. J al.a Ulu.trate. the va.riation that may be expected in re.ult. 

lor any given expo,un. and the need for multifold replication of trlall in 

order to (lain valid point. faS' the plot of thel'mal deltruction curv... It 

appeara that signilicanca should be aacribed only to diff .... nc •• which vaI'Y 

by an order of mapitud. or mOl'e. 
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DI.lrhll thie ph ••• of tho .tudy several pouible .ource. of error a .. o

ciated with our technique. were considered. A.ide from the normal expori. 

mental errol' which could occur, It wa. reco.nbled that the two {oUowin. 

correction. miaht bave to be applied bee.u.e of the variation in fiow rate 

throulh the heated lei af the apparatus at elevated tempuatux' •• : 

I} correctioD for .ampl. volume dWerenee from heated and 
unheated lei during .imultaneoul .ampling for identical 
time period 

Z) correction fol' actual expo lure time which would diHezo from 
tho theor .. tical ono calculated for room temperature 

The tlut correction wal made on the ba.h of oblernd flow rate mea

.urement. lor each in.dividual run and i. in.cluded in the tabulated data.. The 

eecolld corredian can. be calculatfld as follow.: 

where: 

T room 
= Tob.erved 

F room temp 

'aburved 
• t calculated 

ta.ctual 

T room 

Tobs.rved 

F room temp 

"ob.erved 

tcalculated 

= the time expo.ure time In .econd. 

a ab.o!ute temp ill control lei 

a ab.olute temp in heated Ie. 

= flow rate throu&h control les = O. 43 c:fm 

ill flow rate through heatecl lei 

= expo.ure time calculated lor control Ie, 
between ortlin and lampler 

These correction. we re included in the data plotted in Figure 4. a which 

repruent the thermal death time parametera (or the .".tem under study. 
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The values in Figure 4. Z are calculated frOJ1l the experimental valUei 

obtained and are characteristic" Z" value curve. from which interpolation. 

ean be confidently macle for tbe tim., and temperature. shown. E ••• nUally 

thi' chart permit. the prediction of the level of destruction wbich would be 

expected at any e:ll:po,ul'e Within the ranle shown. 

4. Z Elfect of Cab-O-SU 011 Viability 

Preliminary experinumt. were performed to detumine thIS effect of 

Cab .. O-SU on the viability of!J and !!!.powder., under ,torale and .levated 

ail' .tream condition •. 

To determine any inhibitory .ffecu, Cab-O-Sil waf incorporated into 

n\Jtrient agar tn concentration. ranlil1,irom O. 1 to 5. 0 percent. Both!J 

and 8m ,re. on theae medla with no .ian of inherent inhibruCin. ·-Cab-O-SU 
_ ..... 'l.· 

was then mixed With ~ powder jn concentratione of O. 1 and 1. 0 perCeL\t. 

The dry mixtures were refrigerated and .ample. were taken at intervale 

for culturin.. The teat results are shown in Table 4.3 and indicate that no 

demon,trable bactericidal effect. occur durin8 ahort term atorage period. 

under thea. condition •. 

Mi:ll:turee of Ca.b-O-Sil And!!!! were a.roBoU.ed into the elevated tem

perature air .tream apparatus and viability was mea.aured by previoualy 

deacribed techniques at U5, 150 and 175 delreea. The results of the .. 

triala are tabulated in Table 4. 4 and plotted in Figure 4. 3 to.ether With the 

averaled data for pure powdera of ~ at the .ame exposures. There 

appears to be a very sUFt protective effeet exerted by Cab-O-Sil; however. 

too lew trial. have been performed at thie date to lend any significance to 

the observed deflectiona. It cal1 b. concluded, neverthel •••• that Cab-O-SU 

doc. not exert any deleterious in1luence on the viability of !!!l durin. growth. 

ahort tflrm .toralle. and upon aerosolization. 
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0.1 

0.01 

0.001 

0.0001 

0.5 aee Cab~O~Sll 

0.5 aec: No C&b·O-SU 

1.68 lee Ca.b-O-SU 

1. 68 •• e No Cab~O·SU 

12.5 150 175 
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Flsure •• 3 EHect of Cab-O-SU OQ Viabil1ty of ~ Aero soli 
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Table'''. 3 Effect 01 Cab-O-Sll CoatiD, on Short Term Vlab1llty of !!!. 

StOI'&,e P81'io4 
(Daya) 

o 

o 

3 

5 

,. Cab-O-SU 

1.0 
0.1 

1.0 
0.1 

1.0 
0.1 
1.0 
0.1 

Diluent 

Trypto .. phoaphat. 

" II 

" 
" 
It 

" TweeD 10 (0. 1 tft, 
TweeD 20 (0. I~) 

Viable Count 
pel' 1m x 10-10 

8.0 

5.0 
'.0 
4.8 
3.6 

3.4 
6.1 
4.8 
3.1 

Table 4.4 In£luence of 1" Cab-O-SU on Via.bility ot OJ'y Aero.ol 
of!m Expo.ed to Elevated All' Temperaturea 

Temperature 
(OC) 

lis 

ISO 

175 

Time 
(ue) 

0.5 
1. 68 

0.5 
1.68 

0.5 
1.68 

4-9 

Average Viability. ,. 
CODtrol Cab-O.Sil 

54.7 84.0 
6. 1 16.6 

1. Z 7.3 
O. Z5 0.25 

0.03z' 0.090 
0.0002-4 0.0006 
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4.3 Tomc EUect of Buna Rubber on 8m 

Several .trip. 01 cured. IterUe buna rubber ,Stoner Rubbel' Co. ) were 

embedded Into nutrient alar pl&tea. and overlaid with a_ thi" layer of cle ... 

alar. Streak inoculation. were made on the overlay of ~. h ... mold 

.u,plndon and an acti.nomycet.. The n.ult. are liiAlramm.d in Figure 

4.4. In each ca.e, growth W&, markedly inhibited in the vicinity 01 the 

rubber. lndicatinl the pre.ence of .ome .oluble. diffulible tolCic alent. 

Triplicate .u.p.n.ion. of!!!!. in trypto .. pho.phat. buller w.re pre. 

pared and refrigerated. Square lectloD. of .terile rubber weI'. placed in 

two of the aa.k •• and the third flalk wa. retained a. a control. Aliquot. 

were taken at Z4-hour _intel'vall and viability at the ~ WiLl determined by 

plating. The r •• ult" shown. in Tabl. 4.5. indicated that the rubber did not 

esert a bact.ricid&l effect and that it. toxic principle WA ..... ntla11y hac

terio.tatic. 

Table 4. 5 Ellect of Rubber on ~ Sa.pen.lon. 

Storale Period 
(houra) 

o 
Z4 
48 
96 

UO 
144 
168 

No 
Rubber 

2.9 
Z. 3 
Z.3 
Z.O 
1.3 
1.6 
0.8 

Viable Count per em3 x 10.4 
~ Z Rubber (25 cm , R.ubber {l en;- -, 

4-10 

0.9 
1.2 
1.3 
0.6 
1.5 
0.9 
0.7 

1.5 
1. 1 
1.6 
0.5 
1.2 
1.3 
0.7 

Page determined to be Unclassified 
Reviewed Chief. ROD. WHS 
lAW EO 13528, Sedion a.6 

(Jete: JUl 1 9 • 

-I 

l 
I 
) 



I 
r 
I 
1 
I 
t 
( 

l 
\ 
~ 

~ 

r 
f 
! 
f 
f 

r 

A.persillu. ~. 

Streptomyc •• !E.' 

Figure 4.4 TOJClc Effect of Rubber 
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5. DISSEMINATION AND DEAOGLOMEltATION STUDIES 

S.l General· 

The delree of dealilomeration durin, di ... mination of !!!l in the wind 

tUI1ne1 was fUJ'ther studied durin, thtl period by mallin, an aoalytie&l utlma· 

tion of the effect ol filtration on determination. of Imall·seale a,glomeration 

in the I to :aO-micron ranll.. In tblt previoul repon it wal etated our data 

rep ..... Clt.d the upper limit on the d.,ree of dealliomeration. lince all 

apparent alliomerat ... vi.wed under a li,ht microlcope. were counted .ven 

thouah eome of them re.ulted from filtration proe ... employed in lamplina 

the aerOlo1. Thil ltudy show I that a s'lnUieant percentase of the apparel1t 

aSllameration may be due to liltration. 

COl1liderable e{fort dUrin, thil period wal devoted to the delian, fabri

cation. and clevelopment of a new dhsemination model capabl. of a 30 Ib/min 

powder flow rats. similar to the fuU-Icale di.,emlnator currently belns de

Illaed. Apparatus uled for preparation at the powder lampl'l weI" a110 

conltructed. Theee included .. compaction dovice and a mechanical deal

glomera tor for reducinl the reau1tina ,lUll 01 matuial to Imall aillomer

atel and ba.ic partic:l... Th. equipment will be utiUaed 1n wind tunn.l t .. ta 

both in OUr laboratory and in lorthcomial experiment8 in the Fort Detrick 

lars •• erolol Iphere. 

S.2 Sm Diu.min.tion - Small·Scale Aplomerate Study 

In our provtou. work. apparent a"lomeratea prelent tn the aerolol tn 

the lmall-Icale ranle, 1 to ZO microns, weI'. collected on Milllpore filter. 

al1d counted under a Usbt microlcope. The Itauatical analYlil which followa 

wal conducted to e.timate the quantity of _,slam.ratel tormed by filtration. 

Due to the complexity of the problem, It 11 nec ... ary to .. uume that 

the particl •• are uniform in ai... By definition. an "Sllomerate il formed 

5-1 
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durtns filtration if olle 01' mOre partlclee lall within one diameter of the 

center of • particle whlch already rene upon th. filte,.. Filure 5. 1 depict. 
thh eituatioQ where: 

At • total fUte,. are. ~b.ervecl under the micro.cope 
Z 

A. .. 11 Dp • p,.ojected filter area 

Dp It particle liiameter 

The £tItration .ffect ie dependent on the projected area of the particle. 

in the a01'0801. Th.:n{ore, tho portic:1. dimension u.ed in the calculation II 

the mean diameter with reap.et to the ,unace. delined from the particl. 
at •• cltetl'tbution by: 

where: 

D Z .. 
P 

n '" number of particle, in any interval (I) 

N .. total particlee in di8trlbutian 

The v&1ue of thil term wa. obtained for the ~ sample di .. eminated in the 
teat •• 

Pai .. oa'. 1a. can be ua.d to predict the probability of two or more 

,eparat. particle. fallial on the filter within the area A,. The law i. valid 

lor ca ... with a larl. number of variabl .. and ... mall probability. both 01 
which are laUlf1'od in thi. analyale. 

In seneral, Poi .. on'a law etate. that the probability of findin, any 

number (x) 01 baaie: partie .. in the area A. ia 

P(x) = 
.-m mX 

x! (5-1) 
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Particle. 

Fiaure 5. I Mod.lior Btatt.tical Analy.'. 
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where m l. the mean number of particlu in &11 area. (A ) 
8 

n 
m • r A. 

t 

where II • total Dumber of particl .. ob,erved. 

(5-Z) 

Since the lum of the probabUitie. ot all po .. ib1e value. (x) must equal 

Olle, the probability of findin, two or more particle. in A. i. 

P (2 Or mo,..) = I • PCo) - PCI) (5-3) 

Thu., 

P (Z or more) = 1 •• -m • e-m m (5-4) 

or 

P (Z 01' mon) = 1 • ,-m (1 • m) (5 -5) 

The expected number of a,glomerate. (a' on the ob'81'v.d area 01 the 

filt,r clue to liltratioft 1 •• imply: 

[ ~.] E(a). A_ P (2 or more) (5-6) 

In analysin. the experimental data pre .. nt.d in the prev1ou. report, 

the .udac. mean diameter of the aerolol particl. di.trtbl.1tion ",a. calcu

lated and the followilll ruult. were obtainedb, 
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m 0: 0.015 particle./area (A,' 

Thu.: 

P (2 01' more' 0: 26.7 x 10-" 

and 

E(a) = 40 allillomera' .. 

The percentalu 01 particulate mat41rtal in the aerolol which formed 

apparent a,.lom.rata. and thoae •• tLmated to be formed durinl flltration 

are shown in Ftgure 5. Z. The comlNtatton .how, that filtration dOel have 

a ",nUleaftt eHect on our data analyai.: at law bulk den.tty (0.33 Im/cc) 

about 57 percent of the apparent aillomerate. pre.ent may be attributed to 

filtration, whereat at bulk den.tty (0.65 gm/eel thi. nlu. i. 31 percent. 

II should be noted that the expected alglomeratioll due to filtration i. 

directly proportional to the particle lille. Therefore. data pl'eunted in the 

la.t report in the 5 to 20-microD ran,e are influenced l'Dore by filtration 

thAn tho .. In the 1 to 5-mtcron ranle. 

5.3 h Flow Rate Dl .. eminator Model 

Experimflfttal work Oft the di ... minatioD of !e,ln the wind tunnel up to 

the preunt time hA. prOvided A ba,le uftderltandinl of the aerodynamic 

break-up proce .. and characteri.tic. of both mechanical and pneumatic 

di ... miI1Aton. At thit time, it i. deeirabl. to inve,tigate more specificAlly, 

parameter. thAt are being considered in the de.i8n a.nd development of the 

prototype unit. Therefore. a new model di .. emiD&~or baa been deaigned 

a.nd fabricated to accompli.h tht. objective. 
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" .z Apparent Alllomerate. Cauaed 
by Filtration Effect 
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Bulk Density (Iml ee) 

P'lgul'e 5. Z P,rcentale of ParticLee (by Dumber) in ~ Aerosol 

(which cen.ist of apparent all.lomerate. in the 1 to ZO-micron rani. a. com
pareel to apparent aSllomaratea cau.ed by filtration effect (winet tunnel Mach 
number 0.5) 
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The prototype unit will utilise a mechanical =echaniam to partially 

break up the lar,e compacted dugl of material into .mall aillomerate • 

.. ltd baaic par-ttel... The material will form a bed ill the clt .. emlDa.tor 

which will be trallsported from the utlit into the atmolphere by a 11. •• 

To limulate the complete pl'oce... equipment hal been conltructed for 

comp.cUnl the powder ill the denaity ran;. 0.40 t" 0.65 ,mIce and .hearinl 

the .lu,s. Figura 5. 3 ahow. the devicea. CompadioD ia accomplbhed by 

ulin, a low friction pl •. ton and dead wei,bta. "'echanical break-up i, 

achieved by rotatin, andadvancinl the compacted llu,. into a ain,le blade 

witb a cutHill depth of O. OSO incb. 

Modele uaina a purely pneuzna.tic; mechanilm for tran.portinl material 

into the wind tunnel were inve.tigateel for tbia neW a,.ltem. However, it .. I.e 

found difficult to dillemlnate onagram of material in 0.004 .. cond. re

quired for a 30 lb/min flow rate. Thu •• a"mechanical platon conc.pt WI., 

employecl a. Ihown in Figure 5. 4. The trail_port mechani.m in this cal. 

do .. noe tend to break up the matorial prior to it. entry into the tunnel. 

where .. in tho ca.e 01 11.8 tran'port, there i, partlal reduction of 1.1110-

moratea. Therefore, dealg10maration data obtained with the model ahoulCl 

be on the conlervattYe aide - periormanc:e of the prototype .hould be alilhtly 

better. 

The ".tem utilize. comprelled gae to aetuat. the piltOn. In compari-

80n with the previou81y u.ed ,prins ayatem. thil method provid., .re.tor 

floxibility for varying the ejectton velocity and simpliflu the loadinl opora

tion. For thll high .peed ejection proc ... it it necellal'Y to apply the 

actuatinl foree to the pi.ton rapidly. This i. achieved by ret.inins the 

piston with an electl'omaanet and prelBurisina the ail' enambO!' to 12. pail. 

The pi.ton ie rele •• eel when the circuit to the coil l. opened. 

For a 30 Ib/minl10w rate th_ orifice diameter 11 0.394 inch •• and the 

ejection velocity ill 33.5I.t/uc. 
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The .ample 1 •• nclo.ed at the wind tunnel end 01 the .y.tem of.a IUd.r 

valve whicll i. conn.ct.d to a micto-.witch ill .uch a way that the coil ell'. 
cuit i. opel1.d when the .Ucier 11 pull.d opeD.. 

The compl.t •• pparatu ... t-up i. ahOWll in Fipre 5. 5 wbere the mod.l 

i. mounted to the wlad tUDn.l. .R.lated equipment I.l1clud .. a pow.r .upply 

cOllll.tlnl of two, 6·volt dry c.n. and a regulator and P2'8"121'1 ,aul •• 

At th. pr ••• nt time the apparatu. hal been t.,ted for operational 

char.cteri.tlea. 1ft the imm.diate futW'.. experimen.t. w111 b. conducted to 

det.l'mln. the dell'e. 01 deal,lomeration durin, dl .. emination o/!s. The 

lame analy.i. t.chniqu .. al w.r. cli.cuued in our pr.viou. report will be 

uI.d ill thia work. Al.o, during thh next peri.od the Wlit will be "led in 

viability recovery tutl at Fort Debick to. the 40.foot tut Iph.re. 
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6. EXPERIMENTS WITH THE FUJ..1..-SCAl.m FEEDER FOR COMPACTED 
DR Y AGENT SD4ULANT MATERIALS 

6. 1 Introduction 

A full-scale device for diaallregating and feecling c:ompacted powder 
1 

materlall was de.cribed in the aixth quarterly prolre •• report. Thb de-

vice embodies the e .. entia! desigD feature. propo •• d fol' u .. tn an airborne 

etore capable of diueminatinl dry BW asent material. which are carried 

aboard the ItOI'll tn a compacced ItaCe. The mala. objec:tive. of the .xperi

mentl with the full-acale feedar are to demonstrate the feaalbllity at the 

proposed. d.eailn conceptS and to obtain data 1'.~u1t'.d for the d.atill. Lnd 

fabrication of a dlu.miMtor suitable tor !HaM teatins. 

Perhapa the two moat important quuUonl relative to the propo.ed de

alan concept have been: 

1) Will the force required to tra.nllata the compacted powder 
down the cylinder be low enough to allow a. practical drive 
~stem? 

Z, Will the amount of saa required to Inotlvate the dieaSlre
aated po_del' be law enough to permit storin, aufficient gaa 
aboard the .tore? 

Th. de.ired objective io to have a driving torque which cloes not exceed 

2,500-tach-pound. and a ia. cO!1.umptlo!1 which do .. not exceed approxi

mately 3 percent by weisht of the alent material. 

Duriol the reportinS period covered by thll document, it waa demon

atrated that both the torque and gaa requirements are low enough to can .. 

lIidel' the de.lin feaaibl. in the.a relard •• 

The experiment. which are bein, repol'ted have al.o .erved to provide 

qualitative lntormation relative to itema such as: the aize of di.charlle 

opening raquited, the effoelivano.8 of the cutters in .havinl off and break

ins up the compacted powder, gae pre .. uru required for proper operation 

of the feecler. uniformity of powcler flaw rate. and other behavior char

ac:terhtica of tb. Ceeder and the compacted dry talc. In ,enera.l. the 
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performance of the exp.rimelltal f .. de~ haa been very 8ncoura,iDB and indi

cation. are that the p'I'opo.eel COftcept fo'l' dillemlnaUq compacted dry asent 

material. ia quite lea.ible. Even though the re.ult. ol>tain.el thu. far are 

.omewbat preliminary in Da&ure, it 1e believeel that the following clilcu .. ioQ' 

Will pl'ove to be 01 value to.thou followllll the proI1'8'. of work. on the ell.
.emination of dI'y asent material •• 

6 • .z aeneral Procedure 

The procedure employed in the experimental work t. to 10acl and COm

pact the powder mate,.ial lilto the feede,. and then to mount the unit 1n a teet 

ltand where the powder can b. collecteel and weighed a. the fe.eler la driven 

by a variable .peed drive. As the leeder I.a oporated. leveral operational 

characterl.tic8 such a. driving apeed, drivl.n8 torque. Ume to di.charge a 

given quaDtity of powder. laa flow rate, gal pre •• ure 1n.ide feeder. aad 

gal pre .. ure at the lupply regulator are obaerved an~ recorded. 

A achematic diagram of the arranlement used in the experl.ment. is 

pre.ented in Figure 6. 1. A photolraph of the actual equipment is shown in 

Figure 6. Z. In this picture the feeder is abown io the teat .tanel and COIl

nected to the drive unit. The lIa. manom.tere anel flow meter are mounteel 

On the cart .0 that they can be readily disconnected anel moved uut of the 

way durillg the loaelin" operation. 

The torque required to drive the Ceeder i. mea.ured two waya. When 

the drive 'Cl'.W i. rotated maaually a torque wrenc:h i. used. When the 

power drive is used. torque i, determined by meaaurin, the reaction torque 

on the drive unit. The drive unit i, mounted on two bearins' in line wl.th 

the AXie of the feeder and restrained by a dynamometer. The force regi.

tered on the dynamometer ia multiplied by the lever arm to obtain the 

torque. 

Sillce relatively low preuurea al'O employed in the ga. system beyond 

the relUlator, simple manometer tube. are u.ed to me.aure pre.surea. 
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Figure o. Z Test Arrangemt:nl u.ed with Experlmenta.l 
Feeder for Compacted Powder. 
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Th, amount of IU beiaa uled i, meu",r,cl with a vari&b1e-&rea type 

flow meter placed· ia the ,upply line between the preuure Ululatar and the 

l •• der. The .... t"letor il ".eel to control the amoullt 01 ab Uowilll into the 

feeder. 

"Nbtroll Vapor" talc produced by the Sierra Talc. Clay Co., b, 

b.ea uud in all 01 the experiment, thul lar. Thi8 material ha. a maximum 

pariicle atae of 8 micron8, a mean diameter of 1.03 micron., a.nd a .pecina 

,r&vity of 2.15, The particl •• have a plate-like ehape, Talc ia beilll u.eel 

in the pl'Ilimiruary work beeau .. with talc it ie aot Iloe, .. ary to operate 

with low humldUy cOllditionl irs the te.t area.aJUi there il no explolion 

hazard. However, it il important that face ma.ka be worn by pel'.onllel to 

prevent inhalation ot the material . 

The talc ia loaded into the feeder by IOparatinl the cylinder at the cell

tel' .. ction and atanding each half on end. The pillton i. moved to the fully 

retracted po.ition at bottom of the c:ylhuier. Talc Ie loaded into the cylin

der and compacted in increments to obtain & uniform den.ity throulhout. 

Oenlity i. calculated, from the weight of talc required to fill the known 

volume within the {eeder. The denaity obtained wa. O. 44 gram. per c:c: in 

the Clut loadins and O. 46 gram. per c:c in the BIIcond loadins. The f •• der 

wa. loaded with 438 lb. oilale:: 1n the tint lo&dinS and 443 lb. in the .. cond. 

The experimental work i. beil1l conduc:~.d in a .pecial teat room fabri

ca.ted for the pqrpo ... of c:onfining powder material. to a .pec:ific area and 

of aubaequently providinl a means of operatilll under controlled humidity 

condition.. The room i. ehown in F1lure 6. 1. It hal a fioor 9 by 15 feel 

and iI lileet 8 inch •• hilh. The teat room i. (abricated from rigid plastic

fibre lila .. aheeLs aecured to a .tructu1'al aluminum framework wich epoxy 

re.in to obtain an air-tight encloaur.. There i. an air lock to minimize 

influx of unconditioned all.' •• pereounel pas. through the doot'way. The 

currant work ba. been cooducted with the door open and u.in, a blower to 

pull Air through the rOOM and out through & til till' before dlac:harglng it to 

6-S 

'9"."'-Z. 

j 
I 
i 

J 

-

1 
1 

.I 



o Pt'SSfD';r , Ie 

~-----...!.---- .... I .... 

u 

! .r< 
lit 

6-6 

:IF : Zib!.' iiXi9C 



r 
r , 

r 

-----------------------

// 

- --:1-------- -
DEClASSIFIED IN PULL 
Authority: EO 13526 -
Chief. Records & ~ WHS 
Date: JUl 1 ~DI . ~ 

",,"P'YS 't 

----

the outside. When the room i. to be operated under low humidity cOQdition •• 

the room ail' will be circulated throulh a ch'yel' to remove water vapol'. 

The dry.%, hin not been icutalled. 

All electrical equipment inataUed in the tnt room i. exploalon proal. 

6. 3 P..!,ivil1l Torque Determinationl 

WhUe operatin, the feeder to dilcharle the firet load of talc. a con

liderable partiDa of the operatin, time wal devoted to ltudyinl the dl'ivinl 

torque problem, Before proceeding with power-driven operation of the 

loaded reedel', the drive screw wal turned manually with a torque wrench. 

Two important observationa were made. Firlt. the piltona moved approxi

mately six inche. alona the cylinder before the other end of the powder l1ul 

started mOving into t!le dil.ggregator cutterl. Second. a. the feed screw 

w .. rotated the required torque aradually inereand until a value of ZSO ft· 

lb. wal exc:e.ded. Since the delired torque objective of 200 ft-lbl had been 

exce.deel. step. were taken to reduce the torque before pl'oceedin. with the 

power operation. 

The c::yUndllr waa opened at the enda and the piatona were removed 

without di.turbing the powder. It w .. ohIJoe1'Ved that the talc beins forced 

out 01 the threade of the drive Icrew wal highly compacted and appeared to 

be locking the platon nut to the dl'ive acrew. In addition. the all wae comins 

out of the b~onze OUita material 01 the nut and mixlns with the talc to form 

a hard gummy re.idue in the thread •• 

The thread friction wal reduced by cnanaing to a free -machininl bra.1 

material for the pia ton nut. and by incorporating a. thread elaanout featul'lI 

in ,he nut. ae shown in Figure 6.... Thie nut i8 conltructed ao that powder 

material in the IIcrew thread ia removed at the front lace of the nut and 

directecl throulh a radial pall.'eway to the rear face of the pilton whore it 

faUa Into the cylinder behind the plat"n. 
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After mocli1yinl the' pilton nut. the torque required. to cldve the f •• der 

was appl'oximately 200 It-lb. indicating that the modification reduced the 

thread friciioll by a little more thall 50 ft-lbl. No attempt wa.. made to ob

tain a torque reading lor thread friction independent of other £Ol'c" COIl

tdbutinl to the overall drlvin. torque requirement. 

Having achieved a 1u1f1ciently low driving torque value it wa. pOllible 

to proceed with power-drivell op.ration of the reeder. In Optlratilll the 

feeder, the material waa diachall',ed ill a ul'iel of ehol't rUd of aile to two 

minutes duration. It wal observed that the torque :uqul.red to etart the 

feeder aiter each ehut.down wa. exce.eive becau.e the talc was beariBS 

alalut the dlaag,resator di.c. at the cellter of the cylinder. By rotating 

the die.glregator back and forth manually, it wa. pouibltt to clear the 

powder back to the c:uttinl plane (approximately 3/32. inche. from the di8c 

in the first teet leri.I). When thil was dOlle the torque reduced to an 

acceptably low value of ~OO it-lba Or 1.... It wa.. not.d that .omethin, wa. 
caulinl the compacted powder to expand when the feeder waa stopped at the 

end of a run. 

Aa a con.equence of the lerie. of run. with the firat load 01 talc it wa. 

learned that the following factora call contribute to the torque load which 

muat be overcome by the drive unit: 

1) force required to translate the powder slug down the cylin
der - approximately 180 ft·lbl. 

~) torque required to rotate the dhaggre,ator dilc. if the 
poweer beare again.t the eli.C;1 - variable depending upon 
bearing preuure; calculated to be 86 It-lb. for a pr ••• ure 
of 0.5 PIt. 

3) torque required to atir powder in the center section after it 
haa been ahaved off by the cutter. - calcuLated to be 
approximately 2 ft-lba. 

4) torClu, to rotate the feedar when empty (friction from bear
inge, lerew-thread., pilton rubbing on cylinder, di.aglre
aator rubbing on cylinder) - approximately 15 it-lb •• 

5) rol'que from powder being !orc@d out of feed .crew aad 
resitting travel of the nut - apprOximateLy 50 ft-Ib •• 
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With the above know.l.edae of factorl contribuCiua to to~que it wal eaay 

to lee why the total torque initi&lly exceeded the d .. b'ed ZOO ft-lbl objee

tty. alld why it wae neeenary to take action directed at reduciftl torque 

where ilol ai~le. The thread clean -out feature incorporated in the piston ..,. ~ .. -
nut which eUminated torqueUem (5) hal already been d.-cribed. Correc-

tive action talceo to lower other tol'que iteml il diaculled below. 

The force required. to tranllate the powder 11'11 down the cyUoder. 

Item (1) above. wal reduced by a11owin. thl comp&Ctec1 powde:r to expand 

radiaUy after compactioll thul eliminating .tdewalllorce8 ol powder 

alaialt the cylinder. Thil was accomplilhed by linin. the cylinder with 

.trip. of liS-inch thick aluminum before loadin, and compacting the pow

der ill the cylin.de1". The .. It1"ipe were then removed to form a radial 

clearance apace all around the alul of powder. When the cylind.er was 

positioned. horizontally it wal observed that the space created in this man

ner wae more than adequate to relieve compaction stre".1 and that the 

powder wal not contacting the cylinder waU on the upper sid •• 

All attempt was made to reduce the torque reaultins from powder bear

Ina a.dnlt the dieaSlregator dilc. by mountin. the cutters on the outer 

surfacea (toward compacted powder) of the dilCI. Thil placed tho cutting 

plane approximately 1313Z inch •• away from the disc. This arrangement 

provided additional lpace for the powder to expand and contributed to a re

ducttoD in the required driviDI torque. However •• ublequent teats demon

strated that thll wal not the complete s01utiol1 to the powder expaneion 

problem and tha.t lurther t01"que reductionl should be po .. ible if the powder 

expanlion can be minimized. 

The torque required to rotate the dieaSlresator wal reduced by mount

in. ro11ere Oft the perimeter of the diSCI which lupport the cutterl. 

The luccae. 01. the.a maasurell 1n reducins torque wa~ demoa.ltrated in 

the .eri .. of telt. made with the lecond loading. The torque wae oilly 35 

I.t-lbl durinl the first teat of this .eriee when the reedeJ' wal full of poWC'lltr. 

By the end of the •• tond tut run the torque had increas.d to 150 rt-Ibe. 

Dlu·in. the rut or the ""nl the torque ranged from 100 to 160 ft-Ib •• 
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The loadin, procedure employ tn, removable atl'ipa to cnato a radial 

expanaion spa.ce for tha powder aleo eliminated the initial delay in powder 

feedicg. III the precedin, diacu.aions of the reaults without uatA, 1'8mo,,
able .tripe duril1,loading, it wu pointed out that the piston moved approxi

mately aile inch .. belore the central end of the .lul 01 material started 

faadina 111to the cutten. Whel1 the powder was allowed to expand radially 

after compaction, the piaton puabed the powder slug il1to the cuttera without 

noticeable initial compreaaion of the alul. 

6.4 Mottv.tin, Gaa .l1d Talc Dilcharge Rat. Me .. uremenU 

In the proposed deaign of the dry agent dieseminatol' a saa atored aboard 

the diueminator will be omployed to move Lbe powder from the center .ec

tion of the unit out into the alip atream. Aa the compacted asent material 

ia Ihaved off by the dbagaresator cutten. it ia mixed with gas and flowa 

out through the eliachar,e opening. The powder flow rate will be controlled 

by the rate at which compacted powder i. fed into the rotatina eliaalaulator. 

Even though the gae and diacharge opening 18 not uaed to meter the agent 

material, the size of the opening. the rate of saa flow and tho gaa pressure 

within the cylinder muat be adequate to inaure that the material ia carried 

out of the center section as it ia diaagSl'egated. Material mUlt not accumu

la.te in the center .. ction. However. the space and weight allowed for g&a 

atorage ia limited and. conaequently. the 8aa mUlt be uaed sparingly if the 

di ... mination concept il to prove fa.aible. An objective of no more than 3 

percent by weilht ot the allent material waa 81tabliahed. Experiments have 

ciemonatl'ated that thie condition call be achieved. 

In the experimenta being diacuued here. air hal been ueed to move the 

powder £rOT.;1 the di.aggrellator aection of the feeder through the diacharse 

opening into the drum where it ia collected and weighed. Eventually dry 

nitrogen wUl be ueed for thit purpoae. However, plant air is 1 ... expen

sive and more convenient to use thal1 nitrogen and ie quite adequate for the 

initial experiment.. By the time the experimental work progruae. to the 
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atage wh~re it become. nee .... ry to ua. dry nitrogen.. it i. expected that 

teat ccehnicluee will have been developed to the extent that saa waata,e will 

be a minimum. 

Much of the talc eli.charled in. the two aerLea of tetta beinl reported on 

wa. expeneled while workinl on the torque probleJl1 aud develophl' .ui1able 

operating procedure.. Howe .. ·"r. eix run. provided lood powder and' Jaa 

now rate d.ta and the •• reaults are aummarised 11'1 Table 6. 1. The two 

moat aignificant accompliahments eviden.ced by the tabulated results are: 

1} Powder flow tate. of 30 lb. per min were achieved an.d 
exceeded. 

a) The powder wa. discharged aucceufully with a gu quantity 
aa lowaa 0.8 percent by weight of powder. 

These favorable powder and gal flow. were obtained with luUably low gaa 

pre"1U'e. within the feeder. 

The diameter of the discharle opening WlLI 0.375 Inches On Run. A-3 

and A-4 and O. 500 inch .. on the othere. On Run. A.4 the conditions wer. 

8uch that the talc did not di.charge aa faat ae it wae beiRI fed through t~e 

dis.Rgregator. A. a con •• quence the center aection filled with talc an.d the 

feeder Jammed. When the discharge openinl wal lncre.ud to O. SOO.inch .. 

in Run A·5 it was pauible to feed tale at a higher rate (35 lbl pel' min 

compared to Z8 lba per min) while Ulina a lower ail' preuure in the l.ed.er 

(21 em HI compared to 36 c:m HI) than w .. required with the O.375-1ach 

optsning. The limitins condition. re.ulting in Jammil1S were not obtained 

with the O. 500·inch opening during tbe •• teata. 

Fat' the IIA" aerie I of run. the air pr ••• ure in the '.adel' ia only 201' 

3 em HI b.low the .upply preuure Ie' by the regulator, wbere •• in the 

liB" run. the feeder pre •• ure i. from b to 2S cm HI b.low the supply pr •• -

eure. Thb difference in the two ud .. of rUn' ia explained by the pre

sence of a. now reetrictor between. the resuiatDr and the f •• der on run. B-4. 

S-S and S-b. Thia re.trlcTol' i. used to p1"ovide a control aver the amount 

of air anterinl the feeder. Without the reltrlctor the air flow t. dependent 

upon the amount of powder bein.g di.charled. The powder tend. to choke aU 

the air. 
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Teat Reaultl U.lnl Compacted Talc ira Experimental Feeder 

Run Talc Flow Air Flow Ab.Ta.lc Ail' Pres lure, em. HI' Dbchal'le 
No, Ibl/mifl lb./miD Ratto suePli teedeJ' Diar.n .. lilch •• 

A-3 28.0 0.4%5 0.015 38 36 0.315 
A.4 30.3 0.359 O.OlZ 3Z 29 0.375 
A-S 35.0 0.296 0.008 2.3 21 0.500 

B·4 27.S O. ZZl 0.008 20 14 0.500 
.8-5 34.0 0.418 0.012 44.5 19 0.500 
B-6 14.0 0.403 0.012 4l 22 0.500 

~ 

1. Average denaity of compacted talc in feeder wa.. O. 44 gm per co in 
the .eri •• "All run. and 0.46 1m per c:c in the lerl.,. "B" Nn •. 

2. On Run A-4 the center •• ctton IUled up wlth talc because it w •• not 
die c:har.inl fa.t enoush. 

The curve. in Ftlures 6.5 and 6.6 are pre •• nted to ahow the unl!ormlty 

o( powder flow ob.arved during the teet.. With the exceptton of teat Run 

B-6. the time was recorded at 10 lb interval. al the powde&' accumulated in 

the collection. drum. Five.pound interval. were und on Run B-6. The 

poinh have very little acaHer from the .trailht 11ne which wa. drawn 

throulh the pointe Cor the purpo •• 01 determininl the flow rates lor the 

variou. run •. 
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J Ii 7. APPAP.ATUS rOR DISSEMINATION EXPERIMENTS AT FOIlT DETRICK 

I I 
I 

I 

Durin, this reporting period. the wind tunnel apparatu. a.nd diu.mina· 

tion teat fixture were completed in preparation for .hipment to Fort Detrick. 

The die.emination teet fixture was used at Ge ... eral Mill •• Inc, in a serie. 

of experiment. in the wind tunnel ill our laboratori... Thil unit and the 

expflrtmental work with in. di.cu .. ed in S.cti.o~ 6 of thb report. The 

wind tunnel desilft and fabrication were completed. incorporatln, the featuuI 

outlined in our Bixth Quarterly Pro.re .. Report9. The main component. 

included: 

1) A n08.1e and teet: .ection 

Z) A .tUling chamber 

3) A heat exchanger 

4) Three air· .torage tanlu 

5) Five oil-free, two~.talle reciprocatin, air compreuors 

The installation of this equipment in the Fort Detl'ick facillty and the 

dillemlnation experiment. conductea with thie apparatus will be covered in 

the next qllArterly progre .. report. 
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8. DESIGN STUDIES ON A DRY-AOENT DISSEMINATION SYSTEM 

Durin. tbh reporting period, coneidnable prolre .. was made on 

d •• illl stuelle. covering the dry-a.snt di .. emination ayatem. 

The initial concept of thl. external a.ircraft Itor. waa set forth in our 

Fifth Quarterly Pl"olZ'e .. Report 8. The main leaturee of thla dl •• emina

tor coneept are: 1) an aerodynamically-shaped outer .tore structuZ's with 

Z) a cylindrically-.haped inner alent container which holda two compacted 

sluga of dry alent. 3) a ram-air turbine ..,bieb furnish •• power to 4) a 

rotary actuator which drlYea 5) a platon fe.dln, .ystem, and 6) a J:otaUng 

dhallresator which removes powder from the advancinl Ilugs and utilize', 

for conveyioa purpoaes, compre .. ed gas from 7) a aelf-corttained gaa 

Itoral_ v .... 1. 

In our Sixth Quarterly Prolre .. Report la, we reported the re.ults of 

preliminary experimental work on a laboratory model of the center .ectlon 

of the cUsleminatClr which includes the pi.ton feeding system and rotating 

dl.salgregatol'. Additillnal experimental evaluation of this laboratory model 

b diacu •• ed in Soction 6 of thi.1 report. Thl1 feedina concept ha. been very 

luccel.ful in providing a uniform powder feed tate. at outlined in the above 

mentioned di.cuI.ione. 

We have a1.0 given attention to .flveral of the other principal com

ponent. of the airborne dry-agent di ••• minator and have .Itabliehed .ome 

of the characteri.ticlI of the.e ae diecussed below. 

8. 1 Th. ltxtsrnal Conlier.tion of the Store 

Aa a ruult of atudi .. of store shapes, we recommended two alternative. 

to Fort Detrick. One of then was the Dougla •• tore configuration which was 

ueed for the liquid-alent die seminator fabricated under thie contract, and 

the other was & .mall." stora (Zl. 12 inch .. in diameter by 180 inch •• in 

length) Which was originally used lor a ISO-gallon fuel tau on the Grumman 

8-1 
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F9F-6. F9F-6P, 1'9F-7. 1'91'-8. and J'9F.8S aircraft. After review of 

tbil queltion of the lize of the ltore, il1cludinl dbcullionl with revu

.entativel of the Abo Force and Navy. the Fort Detrick .tall alked ua to 

proceed with the de Il.ln On the bub of the Imallel' Itore. This deciaton 

waa influenced by a,vllral conaiderationa including tarset lise and com

patibility of the Itore with operational and oblolelcent aircraft. 

A. currently envilioDed. it will be POllibll to provide a cylindrical 

alent container in the center BectloD of thia Itore which will have & di

ameter 01 16.5 inchea and a length of approximately 80 inch... With com

pacted dry alent, the payload will be approximately 350 pounda. 

8. Z The Rotary Actuator 

The feeding mechaniam in this dilleminator concept muat be driveR at 

relatively low rotational Ipeeds. It 11 all10 delirable that leveral speeds 

be avaUable. thereby providing a .. laction of the &Ient diuemination rate. 

A preliminary delian Itudy haa been f.:unuucled ~n tnia rotary actuator be

caun it il important to establish the feasibility of providing a luitably 

compact a.nd lightweight drive unit before detailed deaign of the Itore is 

initiated. 

The principal requirement. which were ueed &. a basil for this pre

Uminary deeign study are listed below: 

1) Output Speed. - 8. 12. 16. Z4 and 31. rpm in eUher 
direction. 

Z) Output Torque - 2.,500 inch-poundl in either direction at 
the above lpeed •• 

3) Maximum Allowable Overhung Shaft Load - 1.500 poundl. 

4) Maximum Allowable Inward Thrust Load on. Shaft -
Z. 000 poundl. 

5) Maximum Allowable Outward Thrust Load on Shalt -
Z. 000 pound •• 
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6) Duty Cycle - Continuous £01' periods up to liZ-hour. 

1) Life - 200 houn. 

8) OperaUnl Temperature - +160-1' to -65-1". 

9) O~ratinl Altitude - Sea lsvel to 15, 000 fee~. 

10) Acceleratioll - 10 8 I. in any direction. 

11) Vibration - 5 to 500 cpa at O. 036-1nch double amplitude or 
.:!:. 10 I whiche.,er iI the lower value. 

U) Input Eledric:al Charaderistice - 400 cycle, 2.00 volt. 
3 phase. AC. 

13) Connectou - Water .ti,ht connector at cable entrance to 
actuator hou.ing. 

The actuator unit for this applicatioft will con.ilt of an AC aircraft 

motor. a vuiable epeed-reduch11 u.embly and a fixed 'peed-reducinl 

.. lIembly. The motor will be a 4-pole motor, which ha. a nominal IIpeed 

of la, 000 rpm at 400 cycl.l. The ulle of a. relatively high-speed motor 

make. the actuator more compact and reduces the wei,ht. The analyaia 

aha WI that the motor will have a rating of approximately 2. hors.power. 

The variable speed-reducins a .. embly will b. designed 10 that the motor 

pinioll .ear can 1:Ie meshed with anyone of five idler geare by rotatln. a 

IUPPOl'tinl sleeve. The fixed speed-reducins a ... mbly con.i.t. of a three

·Ita.e p1anetal'Y gear packag_ havina an overall :redu~tion ratio of 433. 5 to 1. 

A comprehen.ive analYlll of the gear performance hal been made 

which .hows that the required life of 200 hours 1s {ealible under the c:ondi-

tions of thi. dulln. The phy.ical dimen.ionl of the actuator unit. &I cur

rentty envieioned, are an overalllen.th of approximately Z4 inchea and a 

maximum dtamet81' of approximately 8 inch... Dependinl on the final 

I.lection of the motor, the phYlical ahape wUI vary lomewhat. A pre

liminary weight analysis bal been made which indicate. that the complete 

ac:tuator unit ahould wligh approximately 65 POUDda, including the electri

cal motor. 

8-3 .............. 
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Based on the above analysts. it ie anticipated tluI.t the motor po_r 

input requirement .. 111 b. appro~at.ly Z kilowatts. The ram-air turbin. 

(Oeneral Moton. Allbon Division) us.d on the liquid di .. em!.n&tor has & 

ratins of -t.5 kva. Since thb unit hal adequate power and it relatively 

lmall and lightweight. we plant to incorporate it into the dry-agont dil

eeminatol' deeilD. 

8.4 O.s Storale Vel.el and Flow aesul.tin, SYltem 

Experimental inveltigatlonl uainl the laboratory model of the f .. diDS 

sYlltem have IIhown that .u~c.:e.e{w operation can be achieved uling talc 

powder. when the ratto of air flow to power now (on a ma.s ba.i.) 11 

a.pproximately O. 01 tD O. OZ. In our preliminary studiu of the pre .. ure-

ve .. el requirement. in this airborne dis lemination Iystem. we have let the 

ail' (01' nitrogen) .tora,e r.quirement at 3 p.rc.nt of the maximum payload 

,350 pounda) 01' 10. 5 pound. of gal. 

Sinca volume .hould be minimized. we have ba •• el our calculation. on 

a .torqe preaaure of 3000 pSi. At thi. pres.ure. the required quantity uf 

all' will occupy a volume of approximately O. 7 Ct
'

• which ia definUely com

patible with the .pace available in the .to".. It appears that the mo.t .atie. 
Cactory .hape will b. a conical center .ection with (eneanal1y) hemi.pherL

cal ends. 

With re.peet to material.. tanka of this type are available in gla .. 

liber •• teel and other alloy.. Due to the major importance 01 .a!ety ill a 

.ystem of the type under con.ideration here. We recommend the 1,18e of a 

Iteel tank. It it beli.ved that inaplction of alau-fiber rei.uorced plallie 

prea.ure v •••• l. I.. not a. well developed a. procedure. for .teel tanka. 

Th. p1'81iminary estimate for the weipt of a ,uitabl. Iteel tank t. 40 pound •• 

Two manufactural" of theae tanka are Tavco and Kidd.e. 
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Initial .NcUe. of the flow-relUlatini .y.t.m lndicate that the mo.t 

.uitabl. tlchu.lque for provlcUnl •• vel'.lIeval. of conataat (bat •• 1Ictab1~) 

flow rata is to opera:te the ay.tem with a cl'itical ol'ifice in the 11ne to the 

di'''lll'e.ati01 nctioll aod an adju.table pre .. un r.JUt_tol' up.tream of 

thi. orille.. Expe .. imect. with lb.. tuU-Ieal. laboratory ie.dina model 

hav. confirmed thi. opinion. It hal been found tbat tbi, mode of operation 

h auperior to method. where the flow i. controlled ill r •• pona, to tha pl'e.

.ur, ill the center .. ction. 

Additional work on the proper .aquanciot of control lunction. 11 

planned in the future. 

8.5 

.",,' •• 1,'7 I 

DeCLASSIFIED IN I'UU. 
Authority: eo 13528 
Chief. Records 8.~, WHS 
Date: JUl 1 ~ III 

..• ,.--



[1 
i 

I 
I 
I 

I 
f . 
, 

l.iC".'. 
9. SYSTEMS SlrUDY 

DECLASSlI"I!D IN FULL 

ChIef, Records & DecIass DIY, WHS 

Date: JUt 1 9 201! 

III our Slxth Q\luterly Prolra .. Reportll , w. pr".llted the relult, of 

computer studte. of the problem of Une -.ourcs di ... mination of two loUd 

a.ent. L.IC and N. The varIable decay-rate model waa u.ed to determin.e 

tha aient flow rate (verlu. downwind travel) required to deliver a minimum 

of the WSO doae to the area covered. 

OIlriftl thb reportinl period, the lame type of computer aulyai. ha. 

been conducted for the agen.t UL-Z. However, in thil eale. informatlon a. 

to the dependence of decay-rate on time was not availabll 10 that a fixed 

decay-rate a.sumptton wal nee.aeary. 

The equatiQIl8 of the model were prolrammfld on the Sendix 0-15 com

puter and the result. are pruented in FIgure. 9. 1 aftd 9. Z. The (ollowing 

value. for the varioue parameter. were u.ed: 

1) 51oloaical decay rate (con.tant): 4. 5~ min -1. 

a) Concentratioll - to.iniectivl-do •• ratio, c/WSO: l. 36xl013 lb- I • 

3) Height of tbe aircralt, h: 20D feet. 

4' Efficiency of di ... minadoll, E: ZO~. 

S. Efficiency of partide retention. £1': 33"'. 

6) Speed of the aircraft, v: 546 mph. 

It will be noted from Fl,UreB 9.1 and 9.1 that, over the ranle of down

wind di.tanc •• inv •• Ugated, the flow rat .. are wen below tbe maximum 

delivery rate (30 to 60 Ib/min) which i. planned for the dry-agent di .. emlna

tor. It may a1.0 b ••• en that the influence of weather condition. il im

portant' although it ie 188a pronounced than in the ca •• of the alent N, di.

eu •• ed in Referellce II. Thi. i. trace.bleta the dillereAce in decay tat., 

the alent N bavina a lower decay rate. 

9-1 ....... ' .... 1. 
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10. PltOGRE.cgS ON THE LIQUID DISSEMINATlNO STORE 

PUle n of this contract lnr.lndea the dUiln and fabrication of a liquid 

BW &.el1t diuemlnaUn, .tou. The coftftlUration aad ,ener&1 e&aracterh-
U 

tic. of thi. unit are d •• cribed in our rifth Quarterly Proll"" Report • 

AddUIOft&1 work toward completion 01 thil ta.k wa. covered in our Sixth 

Quarterly Progreu Report13 which outlined prolre .. on de'i,n of the tank 

a •• embly. fluid handlinl Iyatem. electrical .y.tem and the boom a •• embly. 

and r.ported the statu. of the orders for purchaa.d parll. 

10. 1 Work 011 Oule and Fabrication 

Olll'inil this reportinlJ period. work on thi. liquid agent dt .. aminating 

store pl'0lr .... d .0 that the unit wa. completeel to the point where .ucc •• a

fu1 laboratory-functional te.ting and d.monstration w.s accompli.hed. 

Figure 10.1 ia an eXCernal view of the diueminator, .howin, the ram-air 

turbine mounted on the nOIe of the unit. 

On. of the principal area. of work durinll thi. pertond wa. on the de

tailed dud.n. fabl'ication and tutinl of the auld handlins sy.tem. 

Figure 10. Z .howr the plulnbllll auembly and F18U1'e 10.3 i' a view of the 

store witb the aft .ection removed to .how the completed in_tallation. 

Another important ... embly iI the boom and actuator .,.tem which ta 

.hoWft in I'llure 10.4. The twin-boom a .. embly 1. mounted in the aft-end 

of the .tore. The •• boom. contain the .Ut-type noule. throulh which the 

agent 1. dilcharilld into the sUpstream. The actuator i. an electrically 

driven unit which i. capable of extending or retracting the boome. 

Durin, thte reporting period, the electrical component. were "lao pro

(urred alld (where nec.nary) 'pecially fabricated and lrutaUed in the .to"e. 

The mechanical and electrical aapect. of the liquid al"" di .. emlnatin, 

.toro &1'4 dta,u •• ecl in more detail in the e.ction which follow •• 
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10. Z Di .. eminator Description and Information 

The ,.neral chuactel'1IUcl of the di ... minatol' are lilted below: 

LeD.ltb: 227 inche, 
Maximum Diameter: 26. 5 inche. 
Loaded Wei,ht: 2015 pounel, 
Empty Weight: 515 pound. 
Capacity: 180 gallon a 
Dlachar,e Rat.: 18.15 gallon. per minute at 70 psi. 
A.rodynamic CoDflluration: Dou,lal store 
Mountinl PTovt'ionl: Standard lu., on 3D-inch center •• 

DetaU, of the Uructul" •. th. geller_tor. the no •• ,ectlon content.. the 

plumbln. a .. 8mbly. the fluid haDdUna 'yltem operation. th. boom ~ ... mbly 

and t"t. actuaCOI' .... mbly ar. siven in the paragraph. which follow. 

10. Z. 1 Structure 

The .tructlU. conal,t, of th .... major I.parabl. a.ctlol1l: the no •• , 

the cente,. section anel the taU e ectiDR. In all of the ••• ection.. the skin ia 

a major atructural .lem.nt for which the material iI 6061-T6 aluminum. 

For the n088 anel tail •• ctione the thickn ... of the aluminum il 0.071 inch 

&ftci for the middle 3 feet o! the . center I.etion it il 0.080 inch. At the .epara

tion Itation. betw.en the three uparable aections. rin,' are welded to the 

slcin. Th ••• rinss provide the flanges thl'OUlh which the uctionl are Joined 

by bolte. Other aCructul'al rin,. extenc11n, around the inner circ,-mlerenc. 

of the tank are ,-.ed for .upportlnl component. within the tank. The joining 

anel .tructural ring. are alia made Ollt ot 6061-T6 aluminum. All part. of 

the Itructure &l'e 01 welded con.trucuon except for the door fram.l, the 

bulkheacla and rin •• u •• d lor mountin. componente, and the weUe in the taU 

01 the tank into which the boom. retract. Th ... parts ar. rivet.d in place. 

In mol'. detail. the noe ••• ction which encl. at the rear mounting lUI'· 

fac. of the ail' turbine ,enerator has a lpun aluminum Skin. a forward 

mountin8 rinS to which the air turbine lenerator 1e attached, & rear joining 

rinl and an acee •• door. 
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Tho centu lection cOIl.i.t. of a pin. the front Jointlll rin, uel bulk· 

head •• one lnt_sral part, the inaer tank rnountio. r1na located toward th. 
r_al' of the center .. clion. the rear joiQina rill 1 at the extreme rea.r of the 

tal1k. two acc:e .. door •• and weld backup riDII. The .1dn lor the center 

aemoll con.t.t. of three major •• otion. welded tOleCh.r, One con.l.tinl 

ortllully of a nat a.luminum Iheet rolled into a cylindrical .hape and welded 

aloa. a longitudinal element and two made from nat aluminum aheec formed 

and welded. into the {ru.trum of a co"e. Tbe." two leetiol'l'. haviol the 

ahape of the frultrum of a corse, were then f01'med tnto the final comple" 

shape by the u.e of pot di •• , The term complex here i. u.ed to ducrlbe a 

surface in which 1\0lle of the elementl are Itraight Hnel. All the lnertial 

10acU.11I and air 108dlnl applied to the tank is tr&nsmitted to the pylon of the 

uoanlportiDI aircraft throu,h a central Itructure. Major elemant. ot the 

central eh'ucture are the 8tl'ongback. the ma.in aupport rin,e, and the 

attachment lUI. that exteDd outward from the tank on the upper lide. The 

.tron,baek ie a.n aluminum ca.tin, of zaO-T .. aluminum ext.nelins approxi. 

mately £rom lUI to lUI and beih, about 14 inches wide. The two maiD IUP

port rill,. are bolted to the uJ'ongback aad extend around the inner circum

Inance of the tank. Each rift, i. made ln t'MJ pieces joined at the lloUom of 

the tank by an expanlioQ turnbuckle that t. u.ed to force the rinl outward 

into tight contact with the tank. The material u.ed for the •• rinll i. t130 

,1;eel. heat -treated to a tenaile atrenlth of 170, 000 to 190, 000 pound. per 

aquaI'. in.ch. The lUI' are mad. of 4340 chrome, njckle, molybdenWD .teel. 

heat-treated to a ten.U. atrength of 180. 000 to ZOO, 000 pounds pel' square 

inch. Th. akin a.nd .tructure (excluaive of inner tank) h""a a ..... lSbt of abOl1t 
Z85 pounds. 

The center .ection al.o cantua. the inner tank wbicb il aupported by 

bein, foam.d~ill .. place and 1.110 bein, held by Icrew. faateninl it at the 

re&l' to the mountinl rins riveted to the outer tank .kin. In adcHtion to 

.ervin, as an insulation the foam joinl tlte outer algminIUD akin and the 

lnner ta.nk to,ethar into a laminated Itl'uc:tul'e of Inat Itren,th. Material 

for the inner tank II pla'tic -lmprelnated. !ilameDt-woulld liber,la .. built 
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up into ~ of I/IO-inch tbiclcne ... Thil material wa ... Iected ~c.u .. 
alit. real.tarle. &0 corrollion and it" light weight. The weisht of the illCle" 

tank i. I ZO pound •• 

The foamed-in-plac. inlulatioQ I. a proprietary product called HlTCO 

made by the H. I. Thomp.on Fib.rla •• Co. It hal a cle~ity of 2 pound •. 

pel' cubic foot, a.nd a. K value of O. 14 BTU P'l" bDur per Iquare foot per d.

il'OO Fahrenh.it per inch of thickn.... The compre •• ive .tr.D.lth I. 4a 
pound. p.r .quare inch at 160·1'. and it will with.tand 300-,.. Th. thick

ne .. of the loam lnaulation i. not unUorm but v.rie. Crom 1-3/8-lnch to 

I-SIB-inch. It wa. iCl.taUed tbrouSh hol'l drilt.id in the outer .kin and 

thue hole. are liUed with .rnoothin, compound numbel' 5-3000 called 

Ortallie.ram made tn .Anaheim. California. 

Immediately to the r.ar of the inn.r tank. but within the limit. of the 

c.nt.l' .oction. i. an in.ulated compartment about lZ inche. long. Tbia 

compartment i. tn.ut&ted with about SIS-lnch of foam.d-in-plac.d in.ula

tiOD til protect the plumbinl (rom free.inl. A removable circular cover 

cover. the r.ar open'ftl to thi. compartment. The two doan providinl 

accea. to thi. compartment are a110 ill.u1ated. Two'pad-type heatinl IIle .. 

melltl thermo.tatically controlled lupply 90 watt •• 

Th. unin.wated taillection conat.t. of a 'pun aluminum .kin. the for

ward joinina rilli. two actuator ... embly mauntin, rinS. rivet.d to the .kiD 

and 011. acce •• door. It aleo contain. the boom wall. into which the boom. 

retract. 

10. Z. Z Oenerator 

Th. sen.rator i. manufactured. by the Alliaon Divilion of Oen.ral 

Moton. It ha. the followinl chllr&cteri.tic.: 

1) Output •• 5 Icva a.t O. 75 power (actor 

Z) The current: li5/Z00 volt 400 Cpl 3 pha.e wye 
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3) Speed control 1s by a. mechanical lIovernor that adjusts the 
propeller blade pitch • 

• ) The apeed ranle 1. from 11. 500 to 13. 900 1'pm over a speed 
range 300/6!O knot. true air .p •• d, at 500 it altitude. 

5) It u •• a a solid .tacs volta.s resutatol' separately packaled 
in a box about 4 x 4 x 3 inch. s. 

6) Weight b 43 pounds. 

1) It bas a maximum dral of 100 pounds, 

10. 2.3 Nos. Section Conteata 

Mounted. on the forward end oi the center aection but actually located in 

the no.e section are aome electrical acee .. ul'l •• anelaupports. The func

tions performed are: volta.e .replation, switching for operation on ,roun.d 

power or lenerator pown. and ovedoad protection. The voltage regulator 

consilts of loUd state Circuitry that relul&t .. the voltaae of the air turbine 

lefterator through replation of the field excitation. Thla r81,,1&tor is wilt 

by AUiaon. Three connector. ar. pl'ovidecl: one for connection to the power 

output ot the lenerator. one for connection to the leaerator for volta,e 

relulation. aDd one for connecitoD to the Irouod power .upply. The connec

tor for cODnection to the ground power lupply il very large in compariloD to 

the lise of the connector for connection to the Isnerator output. The re •• on 

fOr its larle aize ia that it must mate with the etanciard iround P<'lwer IUpp!y 

lIockat.· A circuit breaker 1. included for protection ot the IYI,em and the 

power auppli... One relay is provlded to automatically connect the active 

power lupply to the Iy.tem. In the normal polition this relay conaecta the 

ieaerator output to the cU .. eminator circuitl. When grouad power il IUP" 

plied. the relay actl automatically to di.connect the air turbine lenerator 

from the ayatem and inetead connect the around power luppLy to the tyatam. 

Aleo. whenever voltage il 110t beln, lupplled by the ground power lupply the 

contact. In the around power lupply CODnector aro dteconnected from the 

diueminacor circuits. Another relay 11 uled co control the supply of power 
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to the .y.tem in accordance With tb. polition of a. switch On the control 

panel located in tha cockpit.. All of the electrical componentl dilcuaeed 80 

far (except lor the ail' turbine generator. are mounted on a. dishpan shaped 

mount attachecl to the IOi'ward Ind of the center .action. Tho I'olayo and 

ch'cult breakers are mounted inaide of thia mount and the voltage regulator 

is mounted on the out.lde aa .hown. Tho duat cap C:Ovarl the circuit 

breaker reeet button. 

) O. Z.4 Plumbins .Auembly 

The plumbing ... embly 11 located Ln the apace 01 the aIt in.ul&ted com

partment. Much of the support lor the plumbing a .. ambly i. provicled by 

the inner taok cover which ia made o"L gf Type 30"" .tainle ... teal. fbi. 

cover not only.upporte the plumbing a.sembly but 1.1.0 provid •• a 1 .. 1 for 

retainin. the COntente of the tank. A ridge on thb cover Iit, into a groove 

o! the inner Iilament-wound tank and the e.a.l i. provided by an "0" rinl 

fitted into tha groovo. To the rear of the cover plate ia the fluid control and 

plumbinl aS8embly. The function. performed by the equipment here include 

rUlinl. venttn,. pamplD,. prea.ure relief, by-p&u and flow .e"aing. ,ill

ins and ventinl are accompUshed throou,h the two flexible tubea. The flexible 

tubia, i. Aero-Quip Type 666. It conaiete of a teflon inner tube, a woven 

ataial .... teel jacket, and a neoprene dip coat. The pump 11 a 1.!5 horae

power IIniL (motor pump) made by Lear-Ramee and it i. a vane type havinl 

a capacity of 18. 75 lallone per minute at a pump outlat pre .. ure of 70 

pounds per .quare inch laulO. The wsisht of the pump i. U.9 pounds. 

The pre .. ure drop from pump outlet to far end of boom il 35 pli. Pre .. uu 

drop alonl boom doe. aot exceed 1/'l. pai. 

10.2.5 Fluid Hancl1ina Syetem Operation 

The primary function of the fluld handlln •• yatem i, to transfer under 

prellure the liquid from the .tore to the diueminatinl boom.. To acc:om

pliah tbil taek .aUefactorily the fluid handling .yatem muet alao provide 
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for controllinl th~ flow of fluid. recirculating or mixial the fluid, fillinl 

the tank with fluid &Del prl)vid. ad.qua~. m.an. to allow decontamination of 

the tank. Figure 10.5 ahow. a Ichematic of the p1umbin, ayatem. 

"OUDWihl ia a brief d.acriptioQ of the functioQ of the component I in the 

syat.m. As a .. 'artitl. point it i. assumed that all tb~ee manual valv •• are 

in the rull open pOlitioft8 .1 they would be for an airborne operatioD. The 

syst.m will b. in one of three ltat .. while &irborn.. They are: STATIC 

h,ump Ihut off), RECIRCULATE. or DISSEMINATE. Sequence functiona 

have been n'llect8d. 

III the STATIC mode 101enoid valv.a 4. 5. and 6 au clo.ed. Th. £l\1id 

I. thua confined by check valve 8. 101en01d valve 5 and check valve 7. 

In the RECmCULATE mode solenoi.d valve ... iI o~ned and the pump 

Itartsd. The fluid ia thus drawn from the taM and pumped through u.. 
plumbinl ay.tem back into the tauk at a 18 IIpm rate. Solenoid v&lve 5 re

maina closed thus preventing flow of fluid into the booma. Solenoid 6 re

maiu. clo .. d thua b&ckinl up check valve 7 and pnventinl &ny 10 .. of fluid 

throush the vent line. Under normal condition. the relief valve alao remaine 

clond but if. due ~ .ome malfunction. the !low of fluid in the recireulate 

line i. reetricted with a cone.qu.nt ria. in pre •• ure. the reU.I valve open. 

and allows fluid to flow into tbe tank through the vent Une. 

In the DISSEMINATE mod. lolenoid valve 4 remain. c10lCild while .uIe

!loid valVe8 !Ii and 6 a.re opened. the pump is .tarted &ud fluid flowa throulh 

aolenoid valve 5 into the boom aa •• mbly and ta di ... mlllated. A. the fluid 

fiow. out of the tank a nelative pre .. ure is created within the tanJc. Tbu •• 

,ince .olenoid valve 6 ia open the pre.aur. diflerential cau ••• check valve 7 

to open allowing flow of air into the tau. The relief valve alain is nor

mally elo.ed and function. only when the (low i. re.tricted cau.in. ri .. s in 

fluid preuur. beyond the preset relief preuure. 
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Thil ia & welded & ... mbly coultlting of the two booml. tb.izo lairinSI. 

the .halt and the boom arm. The boom. are m&de of 17-1-pncipltatioo 

hareleued. ltainle.1 Iteel one-inch in diametel' and 35 inch .. lonl. Each 

boom baa two row. of orifice. diametrically opposed and each row hal 13 
orifieu. Each orille. 11 located in II- flat lpot milled on the boom. Koll. 

edge. u.ed £01" cutlin. ala .. filament tape coven appliecl Over the boom 

weUa are weld.d to the boom.. l"atJ"ln81 made of the lame metal aa the 

boom. al'e welded to the boom. to provide lreatel" .trongth to re.ist bending 

c:au.ect by auoclYll&mic dral' The boom. and the tube. tranemitting the 

fluid to the boom _hait in the tail compartment: are coated With JClectrolUm. 

The Elec::tf'olilm eon_btl of four layore: &0 inlWaliAI ~o.tinl applied to the 

.urface of tho boom or other part to be heated, the cQnclu.;tive coatinl 

applied to the in8ulatina surface, another in.ulatlnl coatilli. and finally 00 

lbe out.ide a white cerami.; coatini. 1140 watU are .uppUed to each boom. 

A thermo.tat located in tho falrinl of eat;h boom t;ol1tl'ol. the electric cur

rent 8upplied to the ElectrofUm by on-olf control. The boom .haft hal 

machined Journal aurfac .. at each end. Cam. located on the boom arm 

actuato miczoolwitt;h •• lor making the indic:ator liahtl. On the cockpit control 

panel, tell whether the boom 1. extended or retracted. The aerodynamic; 

dra. tl about 12 p.l or about 750 pound. total for the two boom •• 

10.2.7 Act.uator Auembly 

Th. actuator (made by AiRel.arch) hal .. normal pU8h-pull of 2400 

pounda, (clutch .lip. at 3,000 pound.» wei,he IS.6 pound •• exwnd. the boom 

in approximately ZO aeconde and retracts it in tho .ame Ianlth oC time. Tho 

actuator operate. on three plla •• current. The boom &e;tuator support 

Itructure conet.t. ot two mOUDtin, plate. joined by a .tructure 01 round bara. 

Th. rear mountio, plate and the ban are of type 304 stainl ... .teel and they 

are welc1ed into on. a •• embly. The front. plate i. of Illumiuum and i. 
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attached. to the ban by mean. of .cr..... Plat., welded to til. ban neu 

the front mouaUn. plat. are equipp.d with Oil1te broil" bHl'in., in which 

the boom .haft i. free to turD. 

1 O. 3 Structu1'&l Tutg 

DuriRl thl. reportinl pel'lod •• tructural te.t. were performed Oil the 

Uquicl aleat di .. emiaalia. atore. The.etelt. included a .tatic .tructural 

t .. t, .lo.h and vibration telt. a/ld eJectioD te.t.. All of tha te.t. were 

.ucc ... fully pa .. ed. The re.ultl of thee. t .. t. ar. being analyzed further 

and are beln, ueed in preparina a structural report on the etor.. Thi. 

ta.tiDI prop'am will ba covereel in detail in another report. 
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11. SUl4MAll Y AND CONCLUSIONS 

Dul'inl thi. reportinl period. importan.t prog1'ee. \Va. mad. in many 

area. of the pro. ram. a. summarised below in the order the topica appeal' 

in the body of thi_ report. 

To .upport the theoretical atueU .. 01 powder mechanit:a. two type. of 

experimental apparatu. have b •• n deailDed and fabricated. The •• are: 

1) aD improved device £01' meaaurement of. the enerlY of compaction. and 

l) a triaxial .hear teat device. Further .tudy haa been fiven to the .hear 

atl-enath data obtained with the direct.shear apparatus. with the rewlt thal 

the reeidual .hear atrenlth (alter the compreuive load haa been removed) 

haa been recolnized aa an important parameter. Additional data were ob

tail1ed relative to the wall friction of powder alainat varioue aurfacea. 

ahowin, that the friction anll •• were 1ft aeveral caa.e aubatanttally belOW 

the .heal' anl1. for the powder. The data from earlier compaction experi. 

menta have been re-examined and the equivalent el.stic: modulua has been 

determined (for three powden) as a function of apecific volume. A neW 

technique for measurement of bulk tenalle 8tre."gth of compr ••• e<l powder. 

haa been developed and it appears that thi. property of the powder can be 

i.olatecl without dependence on the aeometry ot the .yatem. A mathematical 

analyait of the piaton-cylinder friction te.t haa been made which aupport. 

the bellef that the r.ompaction of • c1l'y porie" oc:cuu unde" c:ol&dition. of 

imminent ahear (Section l). 

The deailn and fabricatioft of au atu·ophilometer. a li,ht-acatterinl 

i.natrumented aeroao1 chamber wa. e .. entially completed duriftl thi. period. 

To permit experimenu on .erolol ataoUlty in thh c:hambu. a bU1'ltinl

diaphra,m type powder-dbperainl apparatu. it belinl developed, as well aa 

a filter eamplinl ay.tem for obtainin. confirming data (Section. 3). 

The etudill8 of the viability of ~ and .!!J aeroeo1. were continued. 

Meaeunmenta of the effect of heated airstream. were extended up to ZOO·C 

to provide data tor calculation of the thermal-deAth-time parameter •• 
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Pre1iminar, .tudte. were undertake" to evaluate the .ffect which ct'&tinl 

!!!! with Ca})-O-SU hal QIl the via})UUy. of the .y.tem. itl culturinl proper

tie. and the .u.ceptibility to lieat.d airtt~.am.. No 10 .. or viability ..... 

incltcated when the ~ wa. ltored und." refri.ention for .hort period. ullder 

th ••• condition.. In the .levated. temp.r.tu~. '''peri-menta. the a.d.d.t.tiOIl of 

the Cab-o-SU dic1llot exert any d.e1eteriou. influence on the viability. 

PUilllibl. toxic e£tect. of bUna rubber fa .ample of tbe Uner ill the liquid 

.. ent dl".lmnator) on!!!. wue .tudiec1 experlmellta1ly. The n.ult. indi

cate that the rubber did !lot e:urt a bactericidal efIect alld that it. toxic 

pl"lllciple wa. ellentlally bacterto.tatlc (Section 4)~ 

The wind tunnel .tudi •• of di.s.mination and d.alllom.ration Ware 

continued.. Attention wa. foc:uaed durinl thi. period. on a .tudy of .mall

.eala .. llomerate. in the 1 to ZO-micron ran,e. An analy.i. revealed that 

p .. evioully reported •• timat ... of d.ealilomeration .ffic:ienf;:y are cona.rva

ttv.. due to the probability of (arminl a'ilomera"e durin. the filtration 

proce... Durin, thi. reporting pertod. a new high-flow-rate d1 .. emination 

teat fixture wa. developed, which employ ... pneumatically driven pi. too 

f.eding .y.tom whh:h will ,ive butantaneoua ma .. now rate. of 30 to 40 

p~unda per minute when charled with appro;tCimately one 8ram of powder. 

AuxUia.ry apparatu. for preparinl the .ample (in a manner which .imulate. 

the proco •••• in the airborne dl'y-agent dia.aminator) hal aho been de

veloped (Section 5). 

Th. experimental work on metering alld conveying finely-divided dry 

loUd. bas been continued. u.inl the full-.eal. laboratory model feedinl 

.y.tem. Me.aurEimont. of the ail' flow r.quired in the pneumatic conveyin • 

• y.tem "nd the torq~e and power requbeo to drive the machine have befln 

made. Aleo. the general op.ratioll of the machi.,.e haa beell obsel'ved, With 

very .ucc, .. ful performance bema achieved (Section 6). 

The de.lln alld labrication of the wind tunl'1e~ and a'.ociated apparatu. 

was completed in preparation for installation ill the Fort D.trick Te.t 

Sphar. Facility (Sectioll 1;. 
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.1 •• and conflaur&tlon were lubmittad to Fort Detrick alld the •• feature. 

.."ar ••• tabU.hed. A de~ai1ed analYI •• 01 the rotary actuator requh'ed to 

drive the In.t.~~l mechanilm ..... made, The cbaracterlIUc:, of the .&. 
.tora,e &Ild flow rellilatiftl .,.tem were .tudied (Section 8). 

Th. comput.r Itudt •• on lille-aourc. di .. emination .... re extended to 

include tb. a,en.' Ut.-Z. The flow rat •• required unGer diU.rent we.ther 

conditiona were determined (Section 9'. 

Work on de.lga and labrication ot the abborn. liquid alent di"emiftator 

pro.ue.ed very ,,"11 durin. thi. period. The unit wal completed to the 

pointwAere it wa •• ucceelfully runctionally l •• ted in the labor.t~ry. Thl. 

unit wal (at a later period) alia eueen,fully fliaht-te'ted at the Naval Air 

Teet Statton lit PatwceAt Rlver, Mal'ylaod (Section 10). 
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