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ABSTRACT 

Thi. Ninth Quarterly Progre •• Report covel'l the per~od frt'tn J\lne •• 

1962 to Septer.abe" 4, 1962. Ac:compU.hmentl are reported irl &11 pha ... of 

the re .. areh and development prolram pertainini to the line-.oaree dia­

l.mil1&'iotl of BW aient •. 

Theoretical and experimental re,ult. relative to the .taell., of tbe 

mechanic. of dry powder. are pre.,nted for: 1) the applied ,t,.u •• , alld 

enull .. required for the compaction of powdeu. Z) shear aueBath ot com­
pacted powder., and 3) b1.Ilk ten.ile strength and bulk Gefteity of compacted 

powdera u a function of compr ... iva load and cliatarlC:e from the face of the 

piltoa. 

Data on .erolol decay a. affected by relative humidity are reported lor 

{tve powder.. A atati,tica! analyei, of the behavior of &erolol, 1, pre .. oted 

to explain the phenomena oD.erved in the .erophilometer. 

'fut. on dil •• mination and clea"lomeration. ueinl the wind tunnel, a.re 

d .. c:ribed which .'tablbh an upper limit of approximately 0.58 a/em3 den­

alty for compacted!!!! which can be .erolollzed efficiently by the Aerodyna­

mic breakup mechanilr.a. ... related eliecul eion reporte lome preliminary 

data on the effectl of Itoralle on the aerodynamic breakup of compacted!!!!.. 

Win.d tunnel evaluation ot ... hroud for the discharge tube 01 tbe airborn. 

dry agent di .. emioatol" i. dbcu ... d. 

Work with tbe lull-leaI.e experimental eqUipment for feedin, and. meter­

ing both compacted and uneompacted. powder ie reported. 

Prolre .. iI reported on the d. •• iSIl and fabrication of the firet-aeneratioll 

airborne dry BW a.ent di •• eminAting eto:e. 

An apparatus i. delcribed which i, used for ins.rting charg •• of com­

pacted powder into the experinlental model of the dry alent di'laminator. 

Other technique • .£01' fUlin, the di .. emi.n_tor are diecu ... d. 

Succe .. ful flight te.t. of the Genera.l MUla. Inc. liquid agent di .. eml­

nating atore on F-IOS and F·IOOD airplane. at Ellin Air Force Ba •• are 

reported. 
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NINTH QUARTEllLY PROORESS REPORT 

ON 
DISSEMINATION OF SOUD AND LIQUID BW AOENTS 

1. INTRODUCTION 

Thi. Ninch Quarterly Pro,r ... Report coven the work accompli8hed 

durin, the three.month pulod enclift. app~oximately September 4. 1961. 

TId. worlt wa. done at (ieneral Mills. Inc. (OMI) under Contnct DA-18-

064-CML-Z74S whicb i. a camprehenai •• re.earch al1d development pro­

,J'arD on the dl ... minatloa of .011d and l1quid BW all,nt •• 

Thie report pn.eDt •• ome more of the resulte of the th.oretical and 

exp.rimental ,well .. of the m'CUnica of dry powders. The objective of 

tbl. part of the proln.m L. to obtain b ... 1.c i.nformation for application ill the 

eD,tu.nlll development of BW mun1t1on. aneirelated .upport equ;pl"'tent. 

Prolr ... i. al.o reported on the clevelopm.nt of an airborn. munition for 

dl"lminatiD8 dry BW' alent from a compactecl _tate. Thi. prOlram hal 

.. eac:hed the .ta.e where fabrication of the nut-glneration alrborn. unit i. 
uDderway. 

AUo pre .. nted in thl. report tl & brief 8ummary ot the ruult1 of fiipt 

tuliD, the G)(lliquid a,lat cU .. eminatin, .tore on the F.I05 and F.100D 

Airplan... The •• l1ipt cut. ".1" conducted by the BW'/ew Weapons Group 

at E.lin All' "orci a.... Florida with OMI proviclinl technical aui.tance. 
It. t.lt report 1. b.inl pr.pared by the SW/CW Weapons Oroup_ 

.""'.UT_1ii a 
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a. THEOUnCAL AND J:XPl!:RDtlENTAl. STUDIES 01' THE MJ:CHANICS 
OJ' DaY POWDERS 

Oae of the ba.i.e goala of our invutilation of the mechaniC8 of powel ... 

h the development of m ..... 10. mea.urlnl important phy.lc.l pl/opel'tie. of 

powdered mat8l'i~.. Thera are two main area. of intar .. ' in J'elaJ'd to the 

mechanical ';Iehaviar of po_dera: I) the bulk properti •• and charact.riltic. 

01 powde... which are particularly ldlportant with reapeet to the compaction 

proc •••• aftd. 2) the aero.olbation behavior of c.ompactlble poweleJ". 

COllaideraDle prolre •• hal be •• made .bl developinl device. and tech­

nique. for me •• urement althe bulk propel'tiee ol porien. A Dewly de­

veloped technique tor preci.a experimental evaluation of the compaction 

c:haracterl.tlc •. of powder' 11 de,cdbed below. Al,o. futher .tuell., oj the 

abear .&rellith. bulk tenaU, .trehlth ... hd bulk deuity of powder. are re­

ported in .ub •• quent .ecUon. of thi. report. 

Althoup the proce .... of breakup and aero.olilatioh of compacted pow­

eMu muae be clo.ely related to bulk propertie.. conatderable difficulty hal 

bee. experleDced iD •• tabli.hinl the nature of thil relation.hlp. For thl. 

rea,Oft ••• v.rain .... cOhcept. &1'. beinl atudleeS in which pneumatic or hycJ1to­

dynamiC .tr ..... would be employed in experiment. to define the mechanical 

pl'operUe. of powdere. One .uch approach I, eliecu ... d in Section a. a ot 
tbi. report. 

2. 1 !x}!uiment&l Compaction Studt .. 

Z. 1. 1 Apparatu. 

A etudy of the compaction c:haractertatlc. of varloue powder. baa be.n 

ill pro.re •• durin, the pa.t ntne month. ae part of a eomp:rehel1.1ve iRv •• ti­

.auon of the mechanic.l behaVior of dry powdere. In the cour.e of till. 

work. .everal device. have b •• n d.veloped for mea.urih, the appUed 

.tr ..... and ener,te. required lor compaction of powder.: .ach of the •• 

Z-l 
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baa b.en .tound to bo cleficiont in 0110 or more waya. .An imp:roved device for 

ezper1m""tal atudy of the compaction charac:terietiu of powdo1'8ha. been 

developed durjn. the current report period aad bae been (ouad to be com­

pletely ... tielactory. 'rhi. device is shown in Filure a.l. It can b ••• ell 

from the fi",re that tbe piston.·cylinder confisuration utilized in previous 

compaction deVice. haa been retained fn tbe new deeiln. Howeve .. , the Dew 

compaction unit i. much more riJid than earlier model. and, thl:ough 1.1 •• 

01 an Uial-cbculatin. ball bearinl for the pi.tOIl.. i. Ie .. subject to fric­

tional e£lect •• 

The mate.r!41 to b. compacted 1. placed in a machined bra .. receptacle 

that fitl into II receae in the gase of the compac.-tion unit. thus inauring pro­

pel' alinement With the pi.ton. 

T.et. are carried Old by ustttl the compaction unit ,hewn ill FiJUre 2..1 

in conjunction with an Inatron teat machine. By utl11z1nl tbe Inatron machine 

for control of the aample deformation rat. and for mea.W'ement and record-
I 

in., of the lo.d .pplied to the powde:r. a very high deg:ree of preciaion and 

reproducibility caft be achieved fn compaction experiment •• 

CompactloQ teat. under controlled humichty cOftdidona may be carried 

out by en.clestDS the compaction uftit in a aealed plaatic bal a{ter prior COft­

ditioninl of powd.r and apparatua in a dry box. 

Z. 1. ~ Exeel'imental auulta and Di.eUllioft 

A fjt:.mbez- cI experiments have b.en carried out with the apparatua de.­

cribed above. Beca.us. of the pl'eli.minary nature of theae test •• which were 

carried out primarily fer the purpoae of evaluating the new compactioQ de­

vie.e, nc a.ttempt wa. made to cunl.rol humidity. {Future t •• ta will b. con­

ducted under controlled humidity concUttona. ae deacribed above. ) 

A <:r.:mF'let.e loa.d·atrain curve for corMtar<.h. ae recorded 011 the Instroll 

machine. is ahown in Figure Z.l. Thta curve te quite typical of reaulte ob­

taIned In teat. cf aev.ral powder.. 1n thia t.et. O. 71. grame of carnatareh 

Z·l Page detennlned to be UncJuslfied 
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Witb aa ,,,itt.! ctea.tty of 0,585 ,/em] were com~ct.d at a rate of 0,02 

In./Dtd'4 UQtU th. load r.ach.d iOOO poundl; th.1l the c:ro .. -h.ad dil'ectioll 

... ·1".,." •• 4 1oQ4 the tla.t1c recovery of the sample waf determined. Th, 
are. undal' the compaetioft portioa of the tune "epre.ellt. the total wol'k 

(01' .... 1'0') 8Xpead.d 10 &.D 1l01dl1'8ctioul compaction proce... The net 

-.ork ablol'b..s by the powder i. found by lubtractill, the area wulu the 

ript-baacl portion .01 the cune. whieh correlponda to the ela.tic en.erlY 
Itored tn. the cDmpr •••• cl powder tample. In thi. caae, the eurlY re-
coy .... cl ... 10Ulld to be about 55 percent of the tota,l anerlY ab,ol'bed by 

th. poWder durin, compaction. 

Compaction _ta lor talc, .acc:hartn, a.nd co:rD.tal'Cn - ., obtained with 

th. u. apparatu. - ar. plotted verau. spec.ific: volume in rip'" ~. 3. Th. 

data ar. 1ft quite ,ooel a.reement with previot., re IUlt. 101' the •• powdel" 

over tile rail" of den.Ute. attalna.ble in the 8arJier t.etl (.e. Taole 2. 1). 

It can be •• e'4. how.ver. that a con.id.rable dep&rture from the pOW8r~law 
1'.latloa.lUp founc1 ia pa.t te.t. occuu under high .tu..... It .hould be 

empba.i •• c1 that the hilh Itn"ea a.ppUe<l t'> the umple. in the •• ~e.tI are 

well beyoacl the practicable compaction r&n ... for' vt .• ble materiall. It II 

Ileyertlael •• I de.irable to .. tabllsh the rani' 01 dU8i.tiea lor which the 
empt~\cal pow.r-l ... relation.hip 

(l .:: k ' j)m (1) 

i •• valid 1'.pzo •• elltation of the relat10nlhlp betweoen .tre •• and clea.lty {or 

compacUbl. matenal.. The con.tant. lit and m In. EqualioD (1), a. deter­

mined willa Che aew te •• techniqu., are pre'ent.ed in TAble Z. 1. tOlether With 

coaltani. {zoom previou. te.t •• 

Puviou. experimentl with cor:l.t&rch ar.d r.vwdend milk indicate that 
~e •• powd .... exhibit a natick-.lip" beha.vior when (:ompac:ted rapidly. 

Some eviel.nce of thi. behavior can be aee-n in Figure 2.3 (con.tarch) at a 

load of about 200 pound.. For lb. mo.t part, nowever. it i. clear that the 
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T~c 

Saccha1'i1l 

COl'n.c.,rcb 

Ta))le 2.1 COmpactiOllCoutant. for ThJ'" Powd.r. 

m· m k· 

• 6.50 6.75 4. ~Z x 107 

- 7.70 6.50 Z. Zl x 107 

-ZO.' -18.80 1.67 x 108 

7 Z.15 x·10 

1. 7J x 107 

1. ~9 x 108 

compaction proc ... for eozoft.tarch t. free of 1rrel'llariti •• a.t a compactioft 

rat. of 0.02 in./min. On the other halld, t .. ,. conducted at a compaction 

tat. of O. 2 in./min for .ipt powd.r. inc:ludinl eorn.t&rch exhibit.d much 

1 ... Z'eplal' b.hanor (I •• rip,.. Z •• ). lA the •• , .. t., powd.reel milk and 

I ~ .aceharift a. well a. corn.tarcJl d18pl.yed ".tick-.llp" behavlol' a. call be 
I 

••• 11 fl'om the fiFe.. The •• re.u1t. ar. pr ... nt.d with re"l'vatiou. how .. 

• v.r •• inc. it ia po •• ibl. that the irr'l\llaritie. may in part b, due to air 

.Iltrapm.nt ill the .ample. a. a Pe.ult of th. hlp conap&ctlon rat., plu. th. 

fact that the pi.ton ~ •• CJ til the .. tut. WI.. not vent.d. Effect. of compac: .. 

tiOD rat. will b. inve.til.t.d in future te.t. with .u11a1lle pr.caaUon. to pre-
v.nt ail' 'IlCrapm.nt. 

t. Z Triaxial Shen Te.tt 

COIl.id.rabl. pro,r ••• hal be.n made III improvirsl the triaxial tecb­

nique for det.rmillill, the .hear .trenlth 01 a compacted powder. A. poin~cJ 

out In the Ei,hth Quarterly Report 1, th. conventional triulal te.t method 
Ieade to experimental dlfficulti •• with compactible material. becau •• the 

membrane u .. d to .ea1 the po~t' .ample prevent. a natural .heat failure 

1.-1 
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01 til •• ample. In order to .limina~e thi •• a.ct. a modified .ampl. prepara­

tioll proc.clure b. b.en evolved that doe. not require u •• 01 a "rubber me",­

bTane. 

An expl04.cl vie ... of the ..... mbl". u.ed. for Ia.JIlple prep&I'Uion i •• ho,,", 

in J'ipre 2.5. The powd.r .ample i. compacted withia .. "Imelltecl cylin­

d&'ieal .ection. which i •• upported by mean. of an exterll41 bou.ID, u .hoWD. 

in the .splodecl vi... The center 'elmlnt i. •• plU into three 120 M d'lre • 

• e~tion.. to facilitat. I' .mcwal aIte r compaction of the .ample. The tnt 

.p.cimer.. is prepared by lillinS the cylinder with a. kraown ma •• 01 powder 

which i. tben compacted by rne.n. 01 pi.ton. forced into the cyUnclrl~l 

chamber from e •. elL 'I).do ~cb pi.ton i. advanc.cl at the .am. tate clUZiDf 

c:ompaction of tll .. lap'~e to center tbe c.ompacted material in the cylinclai. 

Th. tiaal .. ven,e dea.Hy.of the .ample i. fixed by accurately defininl the 

cltlt"l'lce between the pi.tOn' a.t the completiol'l of the compaction proc .... 

"or 100 •• powder •• ext.ll.ion..unit. ate placf!d at each end of the a •• ambly 

.hoWl). in j"tsun 2.5 to pnmit initial eompadion of the powd.r into the cen-

tral.action of the· cylinder. 

Alt,r COD)pACtlOll, the pi.ton. are removed Uld thr.aded encl plul' ara 

jn.taU.f1 in eaell end cylinder to il~e .uppo~t to the compacted powel.1' 

col1.lmn. The entire ..... mbly i. then ph.ced in thf!l In.tron te.t machine and 

ill load ot .bout SO pcn.nd. i. applied to the end pltlg.. ('fbt. load i. not 

a.ppliecl to the powder. but fa car-ned by the ceLtral cylind.r.) The bou.lnl 

m .. ., now b. ramoved. a.iter.which the load ,. ,r"dually reI8a.,d. Secau •• 

of the .la.tIC natuu of the compacted powder. a .mall.a.p wUI,enerally 

I!.ppea. .. betwe.i· the center cylin4r-tc<\1 ulment. a.nd the upperMencl cyllnclezo. 

thu .. 'impJifyin'l".mo~~ of the "Imerlted center cylinder. (The cente!' 

lect10Q i. ma.de of m~snf!tlc .tain!,,, .te.l; tbu •• the center ... c:tion sel-

I m.nt. can b. re&clHy removed with A. weu m •• ~.t.) U thi. procedure i. 

fcllowed car.Cully, the .:a:po •• cl pc.'Rder will bl!! bee of cra.ck •. or other im­

ped.ction •• 
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ne .Ilea&' Itrell.th of eaccharhl cOlDpact.d to all ava,..,e clell.tty af 

O. 651/cm3 by the above techDique hal beea obtainecl by t •• t. conducted til 

the In.troD telt machine. The loacl-.tl'ain diasram for: .. typlc~ t •• t il 

alloWll ill .Fipre Z.6. It ia .pparelll thai the lample failure 1. v.ry ",.U de­

. fined, ~ loael fallin, from about 6. 7 to O. 5 pouad. aI the .amp. fNi. ill 

ellear. By ItoPpinl the machine at the in.taDt of f.Hun, U 1. po .. lbl. to 

remove the fractured t.lt .ample intact. The typic.1 appearaDce 01 a 

Iheared lample I. illultrated by J'ipre Z. 7. The IIhear planel are clearly 

.vident in the photolraph. 

Thil technique ia currvDtly beln, extended to permit triaxial te.ta in a 

pre •• "rtzed chamber l • A thin loo.e~fittilll membrane, enelo.inl the .ntb • 

.ampl. a •• embly, will be u .. cl in the.e te.tl. By ventinl the interior of the 

membrane to Ambient pr ••• ur6, the desired lateral .tre •• on the sample 

will be achi.ved; however. the 100.e membrane will be fre. to deform al 

the lampl. Ihearl. 1t il b.llctved that thi. mocb!lc:aC1oa of Cb. aadier te.t 

tec:hDique wUl % •• \,'t ill c1e&l'··Cu\ failure of the te.t epecimenl. 

III. order to f\lUy clefine the shear atrenltll of a compacted powd.r. it i. 

nee .... " Co examine the tenatle Ihea.r atrenlth of the powder a. w.ll u itl 

compr.lli". sh.ar atrenltb. The ua..on for this i. evident f~om a .tudy of 

Figure Z. 8. Compreuive Ihear te.ta are capable of .. tabU.hinl the portion 

of·th •• he.r lOC1.11 B-C OD the fipre. Howevet, the pure .bear .tr.nltla of 

the powder ~G ca.nnot b. determined by the eompre .. ive triaxial teehAlque • 

• lne. a ten.ile stun mu.t b. applied to the umpl. in order to p.1'form 

tute la the I'elion A···B of l'ipre Z. 8. tn principl., the biaxial tut can b. 

performed iD thU relioD. by applyina a lu.dually inereaetn., axial ten.ion to 

the sample while malnta1rlilll a con.mnt chamber pr"l"re •• b.for •• 

Attempt. to conduet auch a t.at ilt zero chAmber pre'lure Mve not IUC­

e;e.d.cl. however, bec.au •• eample rail,ue;'nvar,.&bly Occur. in the plane of 

on. of the end cylindera. Since eample failure in tenllon .hould occur a ... 

ru, ... lt of combin.d tenaf.on and .hear. it i. to be ezpeet.d that the lample 
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ah.,..lcifail ill the mallDer typilled by FllW'e Z. 1 lor the compre .. l';e c .... 

Prelumably, the type of faUure actUa.Uy ob •• ned il due ill part .t le •• t to 

the cOllltrainin, eUeet of the end cylinder. 

It i. believed &b&t mealllremeGta of bulk ten.U •• trenltb Mould. if 

po.Ilbl •• b. carried out til IUch a way that fracture occur. ill the cellb'al 

relioll of &he powder lampl, rather th&n at one elld. A "natural" teD.Ue 

{ailure may be po •• ibl. U the te.t lpec1znen il compact.d ao that. ua. cuter 

•• CtiOIl h,1 a reduced cro"w'ectioDal area. Experimellt. with a reduced­

area N.mple will be tried a •• oon .a the moclined center';'.ection c:yUllder 

can belalu'icated. 

A completely different meaD. of evaluating the tenlUe .trenlth ot a 

compacted powder 1s now UDder investigation. In the propo.od test. a c:om­

pacted powder .ample il placed In a prulure chamber and. the preaaure in 

; . the chamber i.e ,ruuaUy increa..ed to a pru.lected value. .After equilib­

rium i. e.tabUlhed, the chamber 1. depr ... urised at a cofttraUed rat •• 

The ... entrapped within the pore. of the powder umple ~U flow toward 

the sudace of the lample. The re.ult,~. Vi.coua .tre •••• at the powder 

ludace will tend to break the relatively weak bonds holdtn, the par1icl •• to­
gether. II properly carried out. tlli. teet .hould permit detection ot a 

"thl'uhold" condition at which ero.ion. of the powder lurfae. bellne. From 

thi. inform •. tion. it may b. pouible to compute the average etrenaJth ot inter­

particle bOllcle. 

Thl. po .. i.blll meall' of expeJ'i merau-lly determlDin8 the 'euUe Itreftlth 
01 c(lmplLcted powdeu ia baled on &he folloWl", ob •• rvatione: J) .Experienc, 

ha., IhOWD that air entupm.nt occurs within a powder bed when compaction 

take. place rapidly. This i. beeaus. time 18 reCluired 10'1" the all" contained 

in the void apace. to percolate through the powder. Al.o, '''Periftlent. have 

.ho'Nft that compacted powder umpl.s .ubjected to a pre •• urf.ed IU en­

vironment expand li,nifi('antly when the pre.al1re fl tluddenly rella •• d. l' Even when compacted vnder hi,h .treu.s moat powder. have void apac: •• 

amounting to 30 to 50 p~l"c.:.nt of the total volume of a powder qmple. 
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Thul. it ia cle~r duLt ~ very considerable ma.a of 11&1, capable 01 aupplytnl 

a urge. &.mount of mechanical e"erIJY, un be stored in a powdar sample at 

preaator •• of a.veral atmolpherea. 

1t ie appare~t that thb concept mAy a.lao provide a meanl for aero.aH­

zaner. of computed periera. Thil po .. ibil1ty will be explored in the telt. 

new being plan:-.ed. 

2. 3 ~_'J;'.r.lHe Strength of Compl'!.!,!!!l Powder!!. 

17. tl&e daVE'wpmt'lrtt ot a. method for the meaaurement of bulk tensUe 

strer •• th. at c.ompre ... d powder. I. Z, we have previoully collfined our study 

to ZJ.TLC c:admwm sulfide. In order to detel'mi!1e the eifectivenesa of our 

method :.1'1 the mea..wernent of the ten.~le .trenlth of other powder •• we 

have eatendlld our ltudy to in<:lude aac-r.hal'i.n. corn..tarch. powder ell milk. 

!~. .".4 talc. Again w#! bave conj'ned OUL' atudy to three compre.sive load., 

1454. 2130, and 19l91ra.m •• .and t(l a. compr •• alor. time of I-lIZ hours. 

All me".~remel'lta wer. made in a controlled env1ronment of 15 percent rei· 

;)(JV~ humidjty. The re.ulta obUin .. d are prelllu.tI'ld in Figure. Z.9 throulh 

2..11. J)jameter ot the powder plul w"'. 0.75 'neh.a. Although talc was In­

dud .. d in 01U" .tudv, no valId mea .• urementa were obtained. It wa. found 

tha.t'lpon ramovIII-l 01 tbe aprlr., ellp_ holding the column aesmenta tOlether. 

tbe ulleal ... <Jf eLut1C' energy in th .. talc: pluS c-lUud the column s.lment. to 

spri~.1 .pa.r-t frac.turing the column of powder prtor to meaaurement of the 

ter"lle itrerllth. The prennt apparatus will have to be modified to over­

com~ th'. .. prr~blem. Figure Z. 18 il a. preae1\t.t.tiofL of the variation of ten.Ue 

8uenJ1.l)a of "~riol1. powdera .u the same eompr ... tve load. In thi. maDner 

tb.. ~o"Qllr. c.~n be c:Mra.(.ter:;:r:ed ac:cord,nl to thel.r relative tensile .trenlth. 

fulf;111'\I. in ,.,,,,,.t, th~ purpOae of the Cul'retlt Itlldy. 

It ,. aee·:t. tha.t the data. do rll.lt· follow the aimple exponential relatiouhlp 
l. 2-

J)ro~o ... d e.r!;l!Ir • : 

.. ·kL ... - a e o 
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where: 

rs • bulkteD.Ue stnnlth of a colwuD of compre .. ecl 
powde,. at a eU.tance L from the pi.ton 

flo • bulk ten.ile Itrenlth of the compres.ed powd.r 1m· 
mediately below the piston 

L = di.tanee from piston to fracture plaDe 

U this deviation from current propo.ed theory continue. throuahout .ub­

.equeDt experimentation. It will be proposed that the bulk tea.Ue strenath 

may follow the relatioll.hip: 

(1 :: " • -kL + CJ +kL o o· 

indicating that the experimental valu •• obtained aro in reality the sum of 

two expollentiala. with equal .lopes but oppo.ite in .iln. Thi. would repre .. 

.. nt a buildup of ten.Ue .tl'ensth from the bottom of the column of com-

pre •• eel powder a. well a. at the head of the compre .. i.ve pi.lton. Studies 

including vartation. in total column l.nlth a. well al bulk den,tty d.termina­

tiona will help to elaborate upon thi •• 

2." Shear Stren,th of COIDpn.ted Powder. by the Slidini Diu Method 
• 

An exten.iv. te.t proll'&m i. now in prosre •• in which the .hear .tren,the 
of a number of powder. are betll, determined a. a (unction of compre •• lve 

load over a wid. ranle of relatlv. humldttyenvironm.nt.. For reaaone. of 

('.anti.nuity the reportinll of. theae r .. ult. wU: be cl.layeel pencilna the compl •• 

tion of thi •• tucly. 
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z. S Bulk Denaity of Comprened Powders 

Durin, the previoua quarter 1, a. atudy of tbe bulk density val'ia.tioQ in a 

cumpressed column of saccharin wa. ma.de at variou' eompre .. ive loada. 

This Itudy bas been extended. for comparative purpo.eI. to talc. The 

apparatull and techftiqu .. are identical to tholle prevtoully deacribed1 in 

whlch the 1001. bulk powdu il uI.d to fill a segmented column 5-3/31 inch 

ID which. foUowin, compresalon ot the powder, 11 then cut into one-inch 

selmentll to determine the density variation throughout the column. In the 

apparatus deacribed the total colwnll length of uncompacted pOWder wae 

20 inehee. A few preliminary experiments indicated that the talc wa •• ufli­

ciently more compreuible than saccharin to nece,.itate a 5-inch extenaion 

of the fill tube in order to obLil.in column lengths of the comprened pown.r 

comparable to thOI' obtained fol' saccharin. With thi. revi.lon 1n the 

apparatus tbe column of uQcompacted talc ia now 25 inchel in lenKth. The 

data obtained are presented in Filuns 2. 19 a.nd Z. 20. Fipre Z. 19 shaWl 

the effect of increaain. ths powder column length. Th. broken lin.a repre­

sent re.ulu obtained u.ieg a 20-inch column length prior to compaction, 

whereas the soUd line. npresent result. with a Z5-inch column lenglh. 

Figure Z. 20 repre.enta the completed stUdy for talc. The plot for each 

compre .. ive load reprelentl the averase of two independent determinations. 

Tbe behavior of talc differeel from that of .accharin in two diltinct waVI: 

1) the deereae. in denlity down the column is lignificantly lIuater for talc 

tha.n for laccha.rin. and Z) talc diaplaye a considerable releaa. of elutic 

energy followin, ~e removal of the c:ompr ... ive force. Thil dilf.teRce was 

also noted in the bulk t.naile stren,th mealurements dilc:us .. d earlier in 

thb report. 

Our continued atud., of tho radial variation of the bulk density in a column 

of compr ... ed powder indicates that the dilferences in density previously 

reported 
1 

between the inner core and the outer annular '8gment were due to 

experimental error. Refined experimental techniques show the ab •• nee of 

,,; gnificant variation. in the radial distribution of bu1lc danaitiel of com-

pr ... ed powders. 

l-Z,7 
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3. AlCIlOSOL STUDIES 

The &el'o.ol studie. of the pre.ent quarter have proceeded &,lonl those 

mentioned at the concIu.ion of the la.t reportl. A number of runa have 

been ma.de lot thue humldity condition. - 1 ... than 5 percent. about 50 per­

cent, and sreater than 95 pel'cen1 - Cor each of !ive different powder.. The 

po .. ibllity of obta1n1nl more direct information on the aero.ol condition by 

a.nalyet. of the noi.e level on the lilht-Icatterinl .iIUI, hal been {Dve,ti­

lated. with po.itive re.ult.. Some time wa. devoted to th, problem of ob­

tainIng an initially well-dispersed aer0801. re.ultin, In the development of 

a.n alternate method of di.peraing powdera. Further work. chiefly tnvolvinl 

ion inJec tion. i. outlined in the conc:ludlng aection. 

3.1 Study of the Effect. of Environmental Humidity on Aero.o! D6Cat 

Aa .. preliminary atep in the .tudy of humidity elfecta on the decaY' of 

.. ero.o1 •• run. have been made at three humidity condition., One a.rie. of 

run. made u.e of normal room humidity conditions that were in the ran.e ot 
45 to 50 percent clurini the period covered. In a aecond .erie. of run •• a 

low humidity concUtlon was obtained by pladnl a. pan containing molecular 

sieve del1ccant Oft the floor of the chamber near the fan. After the chamber 

wa.e clo.ed And the fan tUfDed on, & check with ~D Infrared hYlrometer 

Ihowed that the humictlty wI.. reduced to le .. than 5 percent aftel' 1-1/ Z 

hOUri. A third .eri •• of rune waa mad, with a pan of water ill p1a.ce of the 

pan. of de.'cca.r.t. 'rh. hYlrometel' .howed that the chamber humidlty 1"o.e 

to grea.tel' than 9& percent 1-1/2. hOUri after do.tn, the chamber. 

Five powder a .- talc. saccharin. cornatareh. powdered a'Jgar, an.d 

powdel'ed milk .- were run at each of the three humidity conditiona. The 

atirringia.n. with the .mall (4-1nch) blade. waa operated at 35 volt. through­

out each run .0 that the decay ob.erved was 1" ea&:h ca.e "turbulent" decay. 

The powder diapening ay.tem wa. operated a. deacrtbed in the 1aet report. 
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No attempt wal Itlade·to pl'ec;ooditioa the poriaI' 'lUJlpl .. prior to elieperl. 

into Only aile of the two light-.cattertna unit. wa. uaed ill thil work. lince 

it Wall ahcnm ill the 1alt report that the two .1I1nal. were telaDUcal for the 

,tirred aettltl1l UI" 

The light-Ieatterin, data from the humicHty run. are .hown in "lure. 

3. 1 throu.h 3.5. The zounl for talc: and .&ceh&rin were rep.at,di &hue 

.howed lenerall,. good reproducibility. It Will be noted that the ,flvo powder. 

fall tato two cah.",orin &I regarde the etl.'t 0' Ilumidity on aorolol dec.,.. 
Sa.cellArin is tbe prototype for the powden of the £lrat c:atqory. Th, 

decay rate tor laccharift wal about the .ame in the 5 a.nd 50 percent relative 

humidity enviroDJDenta, but waa lomewhat larler at 9' percent rela.tive 

humidity. Cornatarcq and powdered milk behaved .imila"t,.. 

Powder- of the second catelory. talc and poWdered ."Iar, exhibited .. 

dlft.re!:t heha.vior. For talc the decay ratee were about equa.llor tho two 

e .. treme humidity conditlon. and!!!.!. for the tntermedlate humldlty condi­

tion. ~ .ummary. the deca.y rate lor puwdel'l of the .econci ca.t_lory ftut 

. decrlaled. then ll\cr .... eel with {nena.elns humlciltYi whereat powdera of 

the fir •• category exhibited decay r .. tea that lnueaaed mon.otonically wtth 

1ncre.lln. hUmi.dity. 

The blha.vior of ".1'08011 expoaed to v,uiova h~mldltie. i. dilIlI,;IIlt to 

intel'pret in term. c.f lundamental dec.a., proceue.. The behavior of pow­

dere Clf the firet cate,ory .eema quite rea.anable. j. e.. incr •••• el bw:nidUy 

itu:re".1'l1 elth.~ or both the a"lomerahon r .... e,. and rat. of 10 •• to waUl. 

However. the behaVior of powclerl of the I.eond category I. mOre difficult 

to e"plaln... For the latta.r catesory, the eminent po.aibil1ty would aeem to 

be that lr.(;re.lin.. humidity enhanc:ell one of the rate. arut retard. the other. 

one 1'l.te domih4hng at one extreme humidity condttion with the other rate 

dominatinl At the other extreme. Thul. it a hypotht'Uc:al decay rat. p.ra-

meter A J8 compri •• d of two part •• 4 ttli +). I ti ft the obeerved ee ng all omera 0 • 
behavior could b. acc04nted for ae indteateci in Figure 3.6. For the pre.ont. 

3-Z 
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" Humidity 
100 

TiJUre 3. 6 Proposed Mecham.m for AnomaloUl Humidity Effect 

we .Wl not .peculate [uJ'ther all the mechanieml belUnd the humidity effecta. 

Certain theoretical conlideratione that may be pertinent are forthcomlnl and 

{\I.rther experimental work II planned 1n thll area. 

3. 2 Conatderationa on Lipt-BeaHerins Noiae Level. 

It waf !loCic,d durinl the work of the laat quartet that the noia, levela 

on the lipt, .• catterlnlrocord. were conlbtently hilh, .. 10 .. calc aorolo1. 

tnaa Cor aaccharin aeroaol.. Bome of the work 01 thie qual'ter waa devoted 

to ir.veatilatinl thi. phenomenon. Actu&l CQp1e. of typical recorck are 

Ih~WII. tr.. Fipr. 1.1. The important point to be noted i.I that lor a Ilven 

.ea.tterInl .1,oal. the nOie, level (breadth 01 trace) 101' talc la about twice 

th~t for latcharin. 

Th. I:.oie. obaarved may have one or more or1sln.. Fluctu&Uoa. may 

li.rie. {rom the 11lht 'O\l.I'~" from the ael'olol withill the .catterinl volume. 

from the photomult~pli.r tub., or from varioua poinU in the amplification 

Iystem. In order to .tudy th.,. pOint., two Iyatem. of illumi1l&tioll other 

3-8 
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thaD the uaual light .cattered trom an aeroao1 were tried. The tint made 

UI. of a radicactive atandard light 10U1'ce that wall taped in.ide the chamber 

to the window laCi'!ll the photomultiplier tube. Muk. were ua.d to control 

illuminat:on. Th. aecond method of illumination conat.ted of light .cattered 

from a bottle of cUatilled water placed in the clla.mber at the Icatterina 

volilme. Illumination WAI controlled by adJu.tiDI the voluge 01 the light 

loure-I. The noue re8ultin. from th .. e two methocU of lllumination. to­

lether with noial level. h'om talc and saccharin. aerololl, a.re .hOWD ill 

FijUu 3. 8. 

Figure J.8 .howl that tlle noia. level. from the two awdliary method. 

of illumination, the radioactive light I(lurc~ and lc:atte1'in. from eli.tilled 

water. are very nearly equal up to abollt } mv ";1""" Both aerolol boiee 

lev~l. are eoft\ewhat M,her. Since the fluctuation8 in the scatterld IIpt 

are independent of the •• fluctua.tion. operative without the ae1'ollol*, we have 

= { 
flllduation )~ + ( inttio.ic )~ 

due to aerololl fluctuation. 

3.3 Math.mat1c~l An61y.i. of Fluctuations jn the Lilht-Sc:atterill, Silnal 

The experimenWJv dilcovered phenomena of fluctuation. ill the Ii,ht­

aeatterin, et,ul have motivated further theorehcal ana1Yli. which will bet 

p"eullted 1n tht, .. eticm. In the procel' Wft ,hall reph raae c:ertain partl ot 
the work pruented In the la..t quarterly report t and extend certain de£ini­

tiona given there. 

i The 1&(:t that the two auxiliary method. of illumination yield the lame noi .. 
level incUc&tea that thi. "ll1crinl1c not.e" aria .. In the photomulUpl1er tube 
Ol" the .ubuquer..t electroniC.. A limple calc:Ulation baled on the theory of 
the mot elfect indicate. that the origin i. in lact Ihot not •• in the photo­
multiplier tube. 

]-10 
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lAt Ntt) be the numb ... of ~rticle. in .the aero,ol at fun. t. The COI'­

re,polldin, cumulative particle el •• cU.tribullon Ned. t) a.a4 particle ai •• 

dl.tribuUon H'(eS.l) are defined., beto".]. a. are thelractioaal dbuillu­

tioa. n( d. t. aad n r (el, d. 

The analy.ie that follow. will emphaei.e the randomn ....... "cia.ted 

with .o:roeole, • POint of vie'" which in Baht of experiellce i. more in &ccord 

with Cacte than an analy.ia .01pl1&.151n, the regularities of aero.ol.. w • 
... ume that at allY particular in.tans t. the N(t) particl •• are diatributed , 
randomly thl'Ou.hout the ch&mber. the dlltribution bet12,ln a con.tau etate 

ol nux beca",. of al2' currel1ta. At .. ny particular tim. t certain partide. 

fitle! them.elv". in the 11.ht-. Icattering volume 4 &V. wbi1e at 10m. Ja.te:r time 

other particl •• are 10 locate ct. We a .. um. that thil con.tant eachaD," of 

licht-.e.turinl .am~e. ie equivalent to random .amplin, of th" aeroeol. 

The {ollowin, analy.i. aleo require. that many .ample. be taken ovor an 

interval 01 time during whteb H(t, I, approximately con.tant. An oacUlo­

.cope atudv hal MOwn that thil t'equtrement ia probably aatiaSed for the 

aerolol. under .tudy. 

Uncle~ the a .. umpt;on. Ju.t made. the aeroaol 'amplinll procel' obey. 

Poj •• oll .tan.tin •• wherein the probability p(m) that exactly m partie I •• 

are located in a AmpLe 01 volume &V picked at random ia 

(Z) 

U many independent aample. of at •• av are tUen, the expected avera,e iii 
of m il 

• 
iii ii r mp{m) '" N(t) ~ • 

mlaO 

(3) 

., Seo. for example. the di.cll8.ion of Pot .. on'. di.tributiOD ill FeUer. An 
introduction to 'the theory of probabiUty and ita application. Vol. I. 21ld 
edition.. John Wiley II Son •• 

3-lZ 
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while the expected mean .quare fluctuatioll (m _ m,Z i. 

• r z -z m - m = 
mao 

(- -2.) -2. = m+m • m = m 

The Ii,he .cattered may now be calculated 011 a .tatbCieal ba.i... Suppo •• 

that at time t it i. kllown that there are eXActly m particle. ill av. Th, liaht 
leattet.dl.4 

(5) 

where eli 1. the diameter of the ith particl. and a(d
i
) i. the corre.poftclin, 

'cattetin, cro .. • •• ctloll. The cit. however. mUlt be predicted by .taet.tiCI. 

U the I th of the m partidu h r.,arded a. piCked at random. the probability 

that it. diameter 1. in the l'ans, (di , eli + &d;.> i. jUlt n'(d" t'. The avera,. 

value (I'>m of (l')m i. round by averalins U')m over aU pOllibl. valu .. of 
e.t'h d .• Thu. 

I. 

iTh. a.lI&ly.i. liven here t. modeled on the ana.ly.t. of the .hot effect by 
S. O. Rice. MAthematical aa.aly.i. o' nutle. B.ll Sy.tem Tecluucal Journal, 
";.~ .. Z3 lit l4. The rea.lorulll il further elucidated in Lind.ey and Marlonau, 

FO' ... ndat:ol1' of phy.ic., Dover Pre ••• 
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I'll 

• no . 1!=t 

(6) 

The latte&' .tep make. u •• of 

SbnUal'ly. the m tnte,&'al. 1n the .um cliller only in tnt.,&'aUoD val'iable. .0 

that 

-(I.)1'Il .. m I fI (el) IS '(d. t) ad 

(7, 

wh .... u.e hal been made of the definition 01 the avera,e c!I'O .. -.ection "i. 

At thi. point the 1' •• trtcUon to m particle. may b. lilted. The ave ra,e -ecattel'.d lipt I. i. ,iv.n by 

• 
1 ::r • 1: p(m) • u.;m In., 

• 
• 1130 ; r mp(m) 

mao 

.. Ieo iii' ; • 

3-1. 
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The calculation .cheme uaed i. lOme what over!,owel'ful for tIli' problem. 

the reault of which could hay. been a.eo directly. Th. aame method. how. 

ever. may be \lead for the more .ubtle problem 01 calcul&UI1, the fluctuation 

of I" 

n. nucnaa.tion of I, i, lound by ca1culatlft, Ia land maldol ua. of the 
identity: 

{I - 1)2 • ~ _ y 2 
a' a • (9) 

n. expreuiol1 for I, ~ lor the ca •• where m particle. au a. .. umecl i. 

Avualinl over the variety of p&l'ttcle aize. gives: 

(11) 

The doubl, .um contain. two dbtinct typ .. ot term.. AI lOeft in 

(0. Z, 
.... m 
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There are m term. 01 the firlt type. where •• the remainlnl m Z _ m term. 
ara of the •• cond type. Thul 

A,ain lUtin. t:Jw reatr1etfon to En particle.: 

1. Z :I 

a r p(m) • (l Z, 
• m 

(13) 

- .. . 
.. (1 tQ)2 a Z r m p(m) + (lea)2 'iZ r m (m • I) p(m) 

mero m:lo 

The mean .quare fluctuation (I. _ 'I.)2 1. therefore 

and the fractional root meall aquaI''' fluctuation II 

t 
-L [(I '. 1 )2 ] 1 •• • 

(14) 

(15) 

( 16, 

Thi. complet •• the calculation of the lluctuation. It b to b, noted that 
-2 -:1 in the ca., of a mOllodi,per •• aerol01, a .. /J .0 that the fluctuation pJ'o-

vide. a. direct mea.ure of 

- 'II m Nft) ~ 
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II the ~erolol i. polycliaper •• , we have ;Z ~ ? 80 that polydl,p'l'8ity in­

c. e:· ~~. tite lluctuation. al 011. mi,ht expect. The formula .howl the form 
01 the dep.ncielle •• 

The formula for the fluctuation il Ilaera! La that the dl.tl'ibution 

11'(d. t) from which it I, derived haa been left quito arbitrary. More 'pacific 

l'elult. are aVailable if a .peclfie form for Il'(d. t) t. auumed. B.fore talrina 

the full .tep. ""Unltnl 11'(d. tso) illo.arithmic: normal, w. di,r .... liPtly 
to al'rivt' at an unexpec:ted re.ult. It will now be a .. um.d!! that 

(II) 

M'Cd. t) = N'(d.o) • exp [ _ V'') t ] (19) 

III eOIl'.qu.nce 

Net) = I N'(d. t) &cJ 

= J N'(d,o) exp [ - vjt' t] ad. (20) 

aad 

n 'Cd, t) : N~~f1 

N'(d.o) • .lq) 
= 

3-11 

(21' 

Page determined to be UncI_1lIecI 
Reviewed Chief. AOD. WHS 
lAW EO 13526. Section 3.5 

tJats: 12 6 'APR 2013 



; I 
f 

i J 
I 

Th. exp ..... ion for the av.rac. Icattered light, Equation (8). i. 

1. = I ea iii i • leo N(t) 'f I "Cd) al(d, t) ed 

The rate 01 chaDle 01 1.11 

-
dIe flV a I 

Tt' • I eo 'V I aCd) Ot 1'1 (el. t) Dd • 

Now. 

A N'ed, t) ;: N'(d,o) -It exp [~ Y~dl t] 

= -N'(4.0)!fP exp [ ~ ~ t] 

• - ~ • N'(d, t) • 

It may b. Doted. however. that 

3-18 
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.0 that 

cii. .PI av z 
-at = -!?ill Ito 'V I [a(d)] NI[ d. t) ad 

)
2- , 

But (1811 m It i. the mean 'quare fluctuatioll. Thu. 

(27) 

1ft other word.. the rata of ChaD,. of the light .c:aUerin, i. proportional to 

the fluctuatloll. The remarkabl. point fa that the .xpre •• ioD i. quite in ... 

depend.nt 01 the initial particle ,te. distribution HI(d, 0). Thi. relatioD may 

allord a means of dlnctly coeetta, the de,r •• ot vaJlcllty of the ••• umed 
relation.: 

and 

aCd) 

HI(d, t) = N'Cd.o) • exp [_ vit) t] (U) 

It may also be noted that, ullcler the hypothe ... introduced: 

= 

3·19 

(29' 
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which may help to clarify the lipllicanc. of the lo,arithmic derivative. It 
ia indepencleat of in .. , of courle, it lhould. be for RoullhIm.rattv. dec .. y. 

,t :, II a .. umed that the initial ~ticl. ,ize dlauibutioll il 10l&l'lthmlc 

normal. it may be 'eeD that the varjo". expre .. ioa.. take all the torra of the 

turbulent lettan, tnte.ral ci1lcuu.elln the lalt report. Thil poiDt will be 

reported on at • later date. 

3." A Swirl Powder Ollpenet 

.It was mentioned previously' tlu&t th. pre,e"t method ot dll.,.r,lnl 

powders In the aerolol decay chamber leave. loraethinK to b. desired. 

Durin, the pr ... nt report period, a neW eft'peuln, .yatern wal clealll'1ed. 

Thfl flew dhpereia, ay.tem dille,.. from the old 'Yltem in that I) it i. ill­

teDded to introduce the powder over a pertoel of .. veral lecoadl rathel' than 

in a ludden buJ'lt al did the old dilpener; and 2) the new cUaparae .. t. de­

aianed to partially .81'010U •• the powder before injection. 

The lwirl dilperser, IhoWIl Ichematically in Flpre 3.9. cODallta 01 a 

lhallow cylindl'ical chamber whicb ia mounted. ,d.ewile oa the .'1'0101 cham­

ber wall. Dry aitrogen i8 admitted into the cyUnd.rlcal diaper •• r chambe" 

(which 11 two inche. in diameter alld about olle-half Inch d •• ,) throup two 

tan,entlal jet. (711 micron. in diameter) ill luch a way that the powder i. 

mad. to lwill. Th.r. are two exit portl, each J016 microftl in diamet.r. 

that form a 45.delree aa,le With the tan,.at to the powder chamber. 

Therefor •• powd.r particl •• mUlt negotiate a lharp 45-de.ue turn ill ord.r 

to l.ayo the clilpel"ler. Th. ratio of outlet POl't an. to inlet POl't are. il 

about Z: 1: therelore. at equilibrium flow condition •• the pre .. ul" in the 

elilpeninl chamber 11 oneo.half the lupply preleure. Both Inlet and exit 

flow are Ionic. proyided the aupply preuurl 11 ,reate I' than 45 pal. Flow 

rat. I.. aC the order of uten of free raa per •• cond. 

An experimental mod.l of the new di.perler-pl'ocWcecl .81'08011 that til 

,enet-&! we ... c;onllderably more ltable than tho I. produced by the old di.­
perler. The major d1'awback of the lwirl diaperaer t. that a powder realdue 

J.ZO 
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coat •• or iq the ca .. 01 .ome powdfon. actually cake, up the In.ide 01 the 

eil,puler. A cal'etully macle model with polt.bed internal .urf.c •• may 

alleviate thee. difficulti... WbUe the .wirl di.peraer ma.y not be the ulti­

ma.t. cU.peI'811l, .y.tem. it at l.a.t provide. an alternative method of 

di.perain, powder •• 

1.5 COQClll.loft. and Plan. for Future Work 

The experimental work of thi' quart.r hal r.vealed .om. proDmaDc.d 

.Uact. 01 humidity Oil the .tability 01 aero.ol.. Ofte .urpri.ln. featur. 1. 

that fcw .om. powden the decay rate doe. not vary mODotomcally for In­

el'ea.ill, humidity. Some of the humidity run. Will be repeated Wlin, the 

new di.per.inl technique de.crib.d itl S.ction 4. 

IDV •• ti,.tion. up to W. point hay. involved tnJecUn, partict.. into aD 

atmo.pher. cODtalninl a back,round lev.l of about 103 10n.fem3• Futur. 

work I. plaan.d where thb ion concentration may be pu.hed up to IO'/cm3 

by m •• n. 01. Whltby-typ. 10D ,en.entor. nu. device produce. eith.r po.l. 

llv •• n •• attv •• 01' equal amount. of po.ftlv. and ne,ative iou. 

One may expect that work with different ion cone.atr.Uou will add 

couiderably to our tnowl.d,e of aero.ol .tabillty. 1011 tnjection may prove 

a u •• fu1 experimental tool in determiailll the relative importaDCe 01 decay 

proc...... al11c. injection of iOlla of one ai8n only will clearly favo:r ao .. oaol 

decay by precipitation on wall.. whena. injection 01 ion. of both 'i,n. 

would favor a_om.ration. The literature all charled .. r0801e II rather 

.xt.Dalv. and .hould prove belpful in lnterpretinl experimental r •• ult •• 
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4. DISSD4INATION AND DEAOOLOMEltATION STUDIES 

4.1 General 

Durinl thle period the blow-down willd tunnel was utill •• el ift three 

"parate inve.tilationa related to the di .. ,minadon of dry. fiuly-divleled 

material.. Major emphaai. WIL. devoted to dellniDI the maximum bulk den­

aity of!!!!. which cou1cl be efliciently ... ro.ollled by the all'oclyumic brea.k­

up mechaniam. 701' theee teata the cOlleentration 01 the line aero.01 cloud 

waa determined over a ral1,' of bulk den,ltle.. Wh'n u.edin conjunction 

with 0111' other method. of a ..... illl the aero.ol. 1. e.. fllt.r and impactor 

sampl •• for ob •• rvation 01 .mall and large a'ilomerate. re.pectiv.ly. tht. 
method aerve. to estabU.h the point where di ... minadon become' ine/flcient 

u bulk denaity la lucrea.eeL Sec:ondly. an inveetllatlon wa. conduct.d to 

determine the aerodynamic performance 01 the ejector Ihroud compoMnt ol 

the prototype dry alent di ... minator, 80 .. to minimi •• the contam~tlon 

of the atore. Thirdly, a .tudy wa. made ot the effect of .torinl ~ in a 

compacted .tate. 

4. Z Aero.ol Concentration Mea81lrement. 

In stuclytul the performance of the GMl-l dia •• mtnatot in tbe wind 

tunnel at a flow rate of 30 lb/Min by u.e of the full-llow impactor. it was 

found that the quantity of !:!l in the torm of larle aillomerat .. (100 to 500 

mlcrone) lncre ... d rapidly when the bulk denlity wa. incr ..... d abnve 0.60 

l/cm3. Howeyer. at the.e high den.itie. it wa. impoulble to determine 

directly the quantity of material comprlaiol theae aSllomerate ••• ince many 

01 them were impacted on the tunnel wall oppo.ite the point of ejection. 

Ther.fore, it .... a. found advantageou. to sample the fhle .'1'0'01. which wa. 

1I •• entially dea"lomerated, to determine ita chanae In concentration. 
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Impactor teat. have .hoWQ tha.t the 1al'Ie a'ilome:ratu wero heavily 

concentrated in the top hal1 of tbe tunlUll, opposite the point of eli •• emina· 

tion. Alao, it wu found that tho fine dealilomerated aero,ol cloud wa. 

lo~at.cl alona the bottom wall. In order tu tample the fine '81'0'01. the hip­

velocity aampHng probe wa. located at 0.5 inch from the bottom waU and 

lampl •• wen collected on Millipore filters. The quantity of ~ collected 

wa. determined by meaauring the turbidity of the sample. with a calibl'ltotecl 

Bausch and Lomb spectrophotometer (lilht extinction method). 

In Filure 4. 1 the re.ult. of tbia work are given for free .t1'eatD Mach 

number. O. Sand 0, 8. The measurementa" indicate that the concentration ol 

the fine, dealilomerated a.8rOlol i. eeaentially independelit of the bulk den­

aity in the range 0.33 to 0.57 g/cml. However, above thi. rani' the quan­

tity of material in the fine aeroaol cloud decreas •• with inclo.'in, bulk 

denaity. Convenaly. the reaulta indica.te that .. a the bulk density exceeel. 

O. 51,/crn3
, a greater quantity of the material is comprised of large al­

Jlomerate. which do not readlly break up. 

Notice that the two curve. break at approximately the aam. bulk denstty. 

Thh waa a ra.ther unexpected reBult aiaee the maximum aerodynamic lorce 

ex~rted on a"lomerates during dilaemination ia proportional to theaquare 

of the lue atream velocity .At Mach number O. 8 the doaillom.ration force 

i. about l.5 time. that at Mach number 0.5. An explanation (or this behavior 

i. that the atrength of the large aggJoml!Orates incre .... rapidly with bulk 

den.ity in the realon of the break pOint. Figure 4. 2 shoWi the forc. required 

to compact tbi. lot 01 ~ to bulk densitiel up to 0.61 ,fem3• The curve i. 

an exponential that lnCrp.a. ... rapidly with increaalng bulk clen.ttt .. above the 

0.55 II cm '1 level. 

The experimental technique employed in thia ltudy. mea.urement of the 

de.gglomsrated aerolol concentra.tion, derend. on the claa.ification of 

material into large "Hllumerate. and a. fine aeroll01. In order to determine 

whether the .ample. collected were t'epre.entative of the fine aeroao1 con­

centration a.nd to determine the effect of sampling probe po.iUon. the 
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c:ollceutn.Uou 11' .. dient with!Il the fin. t.erolol clo\14 wa.. m .... v.d loS' the 

two bulk den.m •• O. 33 a.nd 0.57 a/cm3. The nault. are ahown in I"lpl'e 

4. 3. The caneentratio" of the aero.ol doud wa ..... ntially the .a~~ £01' 

th. two e .... , lndicatinl that th. quaQtity of m&t.rial that ~. uall101ll­

erated duria, di ••• nsinatioa wa. aimUar. There appear. to be .om. dUler­

Illce tr, the lradil'" at the O. 7S-il1ch di.taAcej howeve., thla ahould bav. 

oaly a .mall effect on the whoa fiae aeralol cloud. Th. diffeunc. 1&1 the 

abaolute value •• hown in Filur .. 4. 1 a.ad 4. 3 1. clue to 8.11 ••• e"U.uy V'· 

tema.tte errol' in til. data of .n .... ,.. 4. 1. Since thl •• tucly i. cOne.raM,With 

relative chan, •• in cOllcentr&tioll. such an error doe. not aaect the inter­

pre~tioll of the data. 

It call be conclud.ed tl'OlU lhi. aNdy tbat the maximum 8m bulk denalty 

which iI fla.ibl. for di .. emiaatioa i. about O. SSI/em3. ~ Imp~l't.at to 

r ... 1b. that the Sm .bnulant ",a. not atared. in the compacted atate fol' this - . 
work. Recent data Incllcate that .torale of the compacted material will 

.omewha, reduce 1M. value ( ••• Section 4.5). 

4.3 Shroud lny •• tl,.tion - PrototyPe 1)ry A.ent Dl ... mlaator 

[ft plarudn, the prototype dry 61ent dl ... minator, it 'IVa. c1ec:lelect that the 

a.ent .hould be illjected into the ail' stream at a .ub.tantiA1 dl.ta.nce outward 

from th. dl. a.millator atore to prev.nt .~ ... lv. contamlaatloo of the lllUt. 

Wind tulUlll .tudie. have .hown that the "lent aeroaol cloud will flow a100, 

the aldo of the .tore II the orille. i. po.ition.d flu.h wUh the .urface. 
7 

Th. arillna! ahroud de.iln 1. ,flown in our pr4!lviOIl' reposot , It pro-

j.ctt outw&rcl fiy. inch •• trom the .tore. Becau •• the r.qu!l'.m.nt. that 

the abroucl mu.t contain & valve m.challhm and that the cord l.nlch could 

not .xceed ten lnche., an .lliptieal cylinder confl,uraUon wa. cho.en. Thi. 

ahap. i. not the moat .ati .factory from the aerodynamic: atandpoiQt. alld 

th.refore, a plate ",al de.igned for the end of the .broucS which would pre­

vent the aero.ol from nowinl into the low-prellul'e '.par.tion reJi01l alon, 

the trailin, .d.e. 
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q Balk Den.ity 0.33 ,/em] 

X Bulk Den.ity 0.57 g/cm3 

FiJUre ".3 Concentration Profile of Fine Aero.ol Cloud Oenerated ill 
Wind Tunnel with Mach Number 0.5 Air Stream 
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Very little lftformation on .uch &Ii application la ayal~ble :in.tbe Uter­

ature. Cou.quently, it wa. nec .... ry to inye.tigate Ita performance in 

the blOw-doWli wind tunnel. A model of the .hroudwa. con.tructed to a 

.eale.of on.e-tifth.the actual .iae. The cro .. -aectionu are. of the model 

wa. apprOXimately 11 perc.ent of that o~ the tsannel. allowtlla a t~ee etre&ll1 

Macb Dumber of 0.65 to belnvelU.atecl without choldnl the flow atth. model. 

To .imulate the prototype unit, the ratio of the ...u boundary-layer thick-

ne •• to modellenltb wu made,limilar to the actual ca.e. The boundary­

layer thtckn ... wa. mea.undand found to be in _,uement with our pre­

vioa.ly calculated yalu... The Reynoldl number of the ebaud ia aQOthel' 

important parameter. Howeyer. it waa impo •• ible to aimulate the prototype 

In this re.pect. The Reyaold. number baaed on tbe length of the euolld 

from t". l.adil1, eqe wUl b. about 36.1 ... 106 lar the prototype unlt. while 

the maximum we cOllld obtain from the model w.e Z. 1 x 10', Siaee flow 

.. paralion I. retarded with incnued 1leynolda number. the 1'8ault. from the 

wind tunnel study can be conaidered con.ervatiye. i. e •• the prototype Ihould 

podorm better than the model • 

. The 'nve.iilation was primarily baaed on photographic: ob.enrationl 01 
the .eroao1 flow pacttt1'n and powder de~oslt. on the tunnel wall and mod.l. 

Aero.ola weI', .en.rated from lour mat,riab: talc. zinc: cadmium .uJltde. 

Iron oxide pilment, and~, Tbe pi,ment waa mo.t helpfUl when ltudytnl 

tbe powdu depalUa. whUe!!!!. and talc: were "pec:1&ll, suitable for obaerv­

illa the ael'o,olllow pattern duzolnl the te.ta. 

Th. fir.t run. were cOllcNctad without the end plate moullted on the 

wOlld. The re.ultin. llow pattern wa. un.ad.factory aa .. portion of the 

.ero.ol flowed downward alone the back of the Ihroucl belore movinl In the 

cIown.tream direction. Thera wa. a lazole amount of powder dapoaited on 

the tun"l wall With thl' confl,uratlon. 

By addtnl the end plate to the .hroad the amouDt of materf.&l depo.it,d 

on the back of the model acui tun.n.el wu aianificalltly ndUced. a1tboulh this 

arrangement wa •• till cOllaletered una.til!.ctory. Fipre 4.4 .howa.the 
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Figure 4." DtlpolUioQ of Iron Oxide on Trailinl 
Edge 01 Shroud and on Tunnel Wall 
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model and tuone1 .... all depo.it.. Not. that Oft the wall thare appear. to b. 

two clepo.it area8. One fe located at the back of the .hl'oud while the a,COM 

begin. about three tnches downstream of the shroud and continu •• downward 

&lonl the tunnel. Th. _xplaa.a.tioft £o~ thi. pattern i. tha.t lb- material wae 

collected On the mod.l bec:a"'e a portion of the aero.ol flowed cUreedy into 

the 'eparatiOft region alan, the back of the .braud. wbile the wall clepo.lt re­

.ulted from turbulent mildft. down.tream at the .broud. 

Moctilica.tiona were macie to the orilinal model to reduce tha .ffect 01 
llow ... paration·. Roulhneea elementa luch a. fine emory cloth and wbe. 

war •• ,c:ured to the forward .uriace of the model to ,enera.te a turbulent 

bounw.y layer on the model and thereby retard tho upuation point on the 

model. How.,vel' when thel. to.t8 were made. much mora ma'e.rlal ~. 

depo.1ted On the bu., waU. In actuall.ty theae turbulence ,eul'atol'l ca.Wled 

more .avo"e .eparation beeau.e they were too thick £Or the exietinl boundary 

layer. 

In another ca... air wa. injected into the uparation re,ion behind the 

ahroucl to incl'e ••• the pre .. ur.. The .. te.te .howed that by tlsi. technique 

all material depoattl on back of tho .hroud and on the wall dil'ectly behind 

the .hroud could b. eliminated. Howev.r, the only .0IutlooI0, reducin, 

the down.tao.a.m wall depolit Wal to add a farins to the back ot til •• broud 

which would r.cluce turbulent mixin,. 

J'ip. 4. 5 ahowe the model Carin, modification that wa. toeeted. Th. 

1enlth wa. increa.ed by 50 percent. Ob.ervatlon. and mo~ion picture. eucb 

a •• hown tn i'ilUJ'" 4.6 indicated tbi. conlilUl"&tion wa. a .ubetantial Im­

provemeat over the orllln41 on •• 

A. a re.ult at thi. Wind tunn.l Itudy. the shroud dealla fol' the prototype 

wdt was modifi.d. Th. dimen.ion. for the new shroud are liv ... In OM! 

drawinl Sl( Z9100 .. 795 in Appendix A. 

To e.timat. the amount of material that might collect on the db.amin&­

tor etore ulinl the improved shroud de.,',n. a known quantity of viable ~ 

wa. inj.cted Into the wind tunn.l. Tb ree are.e of the tunnel w.r. wa.hed 
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Fro'!t View Side View 

Ej«'lcti,on Orifice 

Bottom Vi.ew 

Figure 4 •. 5 Modified Model DlueminatoT Shroud 
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doWft and the e&Jnpl .. ware auayed uain, atandard techDiquu. Figure 4.1 

shows the concentration. of viable orgaDiama on the wall as a lunction of dts­

tance from tbe injection point. The 'Cln.taminatioD increaa .. ; b"linDiIll about 

nine inch •• downatream of the ejectioD poiDt. indtcatea that turbulent mising 

become. important in thia ulion. U the .cale model had been made with • 

portion of the under aid. of the ltore, the tapered tail •• ction wouldbe,in A"t 

about .iz inche. downstream of the point of "dlaa.mination. Since the seQre 

be,it'll to taper well ahead of the re,ion where contamination increue was 

obeerved. it ia believed that the condition will be much more favorable on 

the prototype unit. The total orsaniem count on the tunnel wall over the 0 

to 8.inch len,th wa.. found to be 5 x 101 organisma when the wind tunnel waa 

operated at Mach number O. 5. Since IS. 1 x J all o&'gant.ml were.ero­

oolbed durinl this run. about J. 3 x 1O~7 percent of the matuoial dillemi­

nat.d may collect on the atore. It IIhould be empha.ized that this is only a 

roulll prediction of the contamination that could b. expected Oft the ~ctual 

IItore. It it extremely difllcwt to aimulate the actual flow condition. around 

.uch a atore with a aea1ed-dolNn model. However. we beHeve that if any 

di!ler.~"ce exiata between the prototype and the model. tbe prototype atore 

will bave the better per£o,"man~e. 

".4 Wind Tunnel Boundary Layar 

10. the a.bove shroud investiiation it wa.. pointed out that the ratio of 

bouDclary-layer thicknell to shroud length waa important in .ealing the 

mOdel. Therefore. the bO\&ndary-layel' profile wa. mealured at Mach num­

bers 0.5 and 0.8 a.nd compared with a. theoretical calculation limital" to that 

dilc:u .. ed in our ea.rlier reportS. 

The vehc:ity profile wa. determined by rne.aurin, the IIta,nation pre.­

lure at numeroua pOints in the ail' Iu·.,am and the atatic preelure at the 

tunnel wall. Th. temperature withill the boundary layer waa ... umed COD­

stant. A double impact probe waa made from O. 03Z-inch outside diameter 

tubing auch that for ea.ch run two Italnadon pres.ur.,a were measured. Oo.e 

in the fr ••• tream and the other within the boundary layer. 
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.'Th. I' .. ultln, bouadary-t.y.r profil •• are .hOWD iA 1'11"1'" ".8 aad •• 9 

for fr •• ,tU&JD M&da msmb.r. O. J and O. 8. re.p.cliv,ly. The velocity, 

plotted all the .blci ... , II 1l0I'm.1l.ed to the free ,tr.am velocity. Nottce 

. that the m'.'v.d boundl,ry .. layer thlcb ... II almllu to the calculated 

value ill botla c .... and that the free .tre-= velocity it quite wdform. 

Within the bolULClary lay .... adiffer.nc. betw.en the theoretical and m ..... 

lured profUe nl&y be due to ata,Dation probe '1'1'01'1 Or tb. fact th.t the 

bounc:luy l.yel' iI hi trauitioa boom tbe lamlaar to the turbuleat bowuluy 

concUtlon. CorrlctloD !acton wel'l calculated to determine the probe error. 

which w •• lOUfld ne,Ullble. Ulilll the Reynold. numbel'baaael 011 tunnel 

len,tb(R'YllOldl number. 1.71 x 106 fOr Wacb number 0.5: .eYAolda num­
ber = ~. 8Z x 106 fol' Mach number 0.8) a, the criterion lor Jucll111enl, It i. 

thou,ht that the bouftduy lay.r 1. in tranlition between the p!lJ"lly laml_r 

and turbulent cDnditione. 

4. 5 Sm Stora,1 Teet 

Th. iDfluenc. of Itora •• Oft thl pbyeleal properd.1 01 compacted pow­

d.I" i. cOlllid.red an import.nt parameter in di •• emlnatlon. In the ca.e of 

nODcompacted!!!!,. .tora,e perlodl on the order of 011. y.ar have v.ry neUe 

d.trim.ntal .a.ct on the .ero.olillation ot tb, mat.rial. In our di. eemina.­

tiOI1 t •• l •• only .mall amouM' of .troDI al,lomerate. have been ob.erved 

in mat. rial that baa beeD .tored at a ternperature 010-,. lor Ioftl p.riodl. 

A .tudy .. a. conducted to det'l'mb,e whether stora,_ of!!!! ill the com­

pacted form would reduce the aero.oUulion elficiency clurillJ dl .. emllULtloa. 

nerelore !!! wa. compactedeodea.itle. raD,lll,lrom O. 5Z to 0.60 ,/cra) 

ia. c1ry box and .tored til a de.p (1'..... Altu ten week. the mAterial wa. 

dI ... miaated with the QMl .. 3IlxtvI at a flow rate 01 about 30 Ib/min iDto 

the wind tunul at Mach number O. 5. 

Our .tan.dal'd method. of ..... eln' the .ero.ol .ere "Ieel which included 

the £u11-1lo1l' impactor and Che .amplin, probe. There wu a definit. chanc. 

ia the charaet.ri.tlc. of the material - over tb. lull den.tty ranle cov .... d 
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th.re wu &II ineZ'eas, in a"lomerates preseD* in the •• r0801s. . M&.tel'lal 

.tored At deD'ity 0.60 s/em3 did Dot aerosoU.e .actstactortly. AD exc .. -

sl". unout of lara' aillom.r.tea (100 to 500 microne) were ob •• "ved on 

the Impactor plate. R .. ults with thi. particular material .. 8re .imnal" to 

tho •• obtail1.d at 0.65 a/em3 wheJ1 the material waa not etored in. the com­
pacted cODdillon. 

Ma.terial etored at 0.54 ./cm3 aerosolilled eaU.lactoril".. Illa~ly.inl 
the filt.1'a 101' small scue aillomaration U to 20 micron.), it was fOIolM 

that beca'll •• 01 ."lomeratieD in the 5 to ZO-micron ran,_ aD •• tiJn4ted If 

percent of the uaelul 1 fo 5-mic:ron. material we. 108t 9. 

Baa.d on th •••• toras. inve.tisation., it appear. th:Lt tbe maximum 

bulk den.ity that caD b •• toud for relaUvely lonl periuds and .ub.equeDtly 

eli •• eminated .atiafactori]y i8 about 0.55 il em3. Thu •• the effect of stora,. 

will tend to reduce the maximum denaity that can be fea.ibl". dis •• minated 
.a ehown in FllJUre 4. 1. 

A larser and mo .. e d.taUed ,tucly of the effect. of .total. on the chane­

tarl.tic. of compact.d !!!!. hae been planned for the future. It will continue 

for a year .0 a. to provide ciata for & relativ.ly 10n,-.toral. period. III the 

inveltilatton, information will allo be obtained on the viability of the .tond 
Sm. -
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5., CONTINUATION OF EXPElUMENTS WITH THX FULL-SCALE FJ:&DU 
!'OR. COMPACTED Day AGENT SIMULANT MATElUALS 

5.1 Teat. &.t 0.65 I/em' Density 

Durinl the period covereel by mil report. the full-ICa1e expulmental 

feedel' wal operated succeuiully with a load of talc: compac:tecl to a ,danlity 

of 0,65 ./c:m3• The Ichedule permitted only one seriel of ruu to be made 

at thil den,tty. The feeder was then removed from the te.t stand 80 prep&­

zatione ~oulcl b. made for t •• tinl the .econd experimen~l unitlO• whlchla 

.lmilar in d •• lln to the firet-generatiora airborne dry agent di ... minat07.: 

The arran,ement uledin conducting tbh .. riel of. runl at 0.65 I/em3 

denltty w •• thl aame •• W.I uled in the work that baa been reported pre-
11,12, 

vioualy " In a aerie. of 16 run. With the feeder driven at Zt, rpm, the· 

aVeI'a,e feed rate wa. cletuminecl to be 53 Ib/min. ApproSimately 3Z0 

pO\lIlc1. of talc were ted during thelle run.. All' wae euppUed to the feeder 

a.t rate. I'an,irll from 4 to 10 ltd efm. The pressure aa mealured in.lde 

the feeder varied from 3 em HI a.t 4 .td elm air rate to 8 em H, at 10 .td 

elm. 

The drivin. torque wa. aburved to vary between ~15·:.od a7 ft-lb. At a .. 

• peed of Z4 rpm, the 27 It-lb torque requirement re"ulta ift aD iaput of 

O. U bp to drive the leeder. 

5. Z Wind-Tunnel Diuemiaalion of Talc Dilcharloclll'oIllF •• del' 
: ." 

N ••• rle. of runa waa &lao uled to,provide a aample of"falc that wa. 

di ••• mlaai.d in the hip-.peed winci tunDel to oburve Bub.equnl Lreuup 

iDto baaie partiel... Virlin tale at an initial compacteel den.ity of 0.5 
3 . 

s./.cm wa. eleaired lor thia .ample, wherea. a hilher d.a.lty wu to be 

ti.eellol'. the actual test runs. The vil'gin material was loaded 80 a. to eli.­

char,. fint wben the feeder wa. operated. 
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Th. material '&mpJecll~om the I.eeler eli.charl' wa. eli ... mln.ted in 

the wind tunnel u'in, the GMI-l cli .. eminator &nd atanda.rcl technique.. The 

tunnel wa. opeJ'ated at Mach O. 5. and aero.al sample. weI" obtained with 

the full-eli.charge impactal' on one run and the hiBb velocity .amplin, probe 

on the other. 

.-. 

The impactor hal a cutoff pOint at about 6 micron.. E .. entt~y no lal'le 

aSllo1lM~ated material wa. found on the impactor, indicating that the ~ 

wa. dea."lomeratecl very well. Th. material collected on the fllte" in the 

.amplin, probe wa. examined under the micros·c'ope. There wa. no .llllifi­

callt a,.lomeratioll. A majority of the materiai wa. collected In the form 

of ba.ic pal'ticle •• and the agglomerate. that were ob.eJ'vecl COQ.i.ted 

mainly of doublet. alld trlplfttA. 

5. 3 Operation with UncolJ1pacted Talc 

Becau.e of the emphaai. which ba. been placed on cll .. eminatinl com­

pactecl alent., all of the experiment. with the firat full-.eale experimental 

feeeler were conducted with compacted powder. When the .econd esp.rimea" 

tall.eeier wa. completed. a few day. were devoted to operating the unit 

·Nith l1u<;o,u~\:hlCl laic:. The loa .. bulk powder was loadad tnto the db­

leminator wteh the unit .tanding on end. It wa. pouibl. to put 150 pound. 

of talc into the unit for each of two te.t .erie.. The averale den.tty was 

calculated to be apprOXimately 0, 2S 81 em 3 • 

Th. ob.ervation. macle durin, the •• te.t. with uncompacted talc are 

not .uHlc1."t to Ju.tl!y detailed dilcu •• ion of the re.ult.. However. the 

unit was capabl. of f .. dinl the powder in a fairly uniform manner and for 

thb re •• on the data are pre.ent.d hel" to document the ce.t •• 

The re.ult. are lummari2l.cl ift Table 5. 1 and in Figure. 5, 1 and 5. 2. 

Ol11y tho flrat run with the fint. loading i. documented becau •• the remai,,­

del' ot the material wae expended in miscellaneoul p.xperlm8lltal operation 

of the unit. Attempt. to get hilh powder flow rat •• by operatinl at 37 rpm 
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in nD. 1-1 and 2-1 were not .uccea.ful; the clrive belt "1.4 to drive the 

eli ••• miutor .Upped on the laput pulley to the seal' reductioD unit in the 

t .. t .tan4. ~ration at Z5 rpm r .. ulted In a fairly u'nilorm dilchar •• rate 

for rum' I-Z _tl icleatica1l'at •• fol' nUll 2-3 &Ilc11-4. . Th. rate .of 23 Ib/mia 

for I'\IQI 2-3 aAd 2-4 a,ree4 "'ell with the rate at the eael of Ria .1-1. 

Th. ma:atmum tOl'que ob.erved tluriDI th ... triall wa. appl'oximately 
30 It-lb. 

Table 5.1 Summary of Data Obtain.d WhUe OperaUnc tha 
Second Experlmelltal Unit with Uncompacted Talc: 

RUI1 No. Q Spe.d (rpm) bt. (1b/mi))) 

1.1 5.7 Z5 14-22 
2-1 3.1 37* 8.5-34.5 
1-2 4.0 31* 10-19.5 
2-3 3.5 Z5 23 
2." 3.1 25 Z3 

• The rpm wa. not con.tant beeau •• of belt .lippa,_ on drive pull.y. 
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6. DESION AND FABRICATION OF THE J'IRST~G.ENE:RATION PROTO­
TYPE DR.Y AGENT DISSEMINATING STOllE 

The "l1er~ contisuralioll tor the lint-lenlrattoD. airborne dry apa.t 

di .. eminatinl .tora wa. de.crlbed ill the Eilhth Oua.rte:rly Pro,re •• Report 13• 

Durin, the p.riod covered by thi. report, work 111:' pro.r .... d OD the de.iln, 
labl'tcatloll, .. r..d procurement of all part. of the dilleminator. 

6. 1 Store Structul'e 

Durillf the reporttn, period, a. purc:ha •• order wa. placed with Fletcher 

Aviation Company' of El Monte. California. for fabrication oJ tbe outer and 

inner tl)nk etl"Ucturee. Part. belng tabriciloteci by Fletc:her include: 

I, The outu tank _tia. 

2) The .tronl back ca.tfDI 

H Tank reinforcement rln,e 

4) B,\yonet attachment rin,. 

5) Innu tAnk 

'letchet:- Aviation Company will al.o in.tall the foam inaulation betweerl the 
inner and outer tank. 

Filure. 6.1 throulh 6.4 .how fabrication in proce .. at Fletcher Aviation 

Company. In Fipre 6. I, an end rlni 1. being welded On an outer tank center 

.eetton. The lour holes til the tank a.ctiOrL an for tb. lu, atta.chmerLt •• 

Filur. 6. Z ahow. an outer tant cellter •• CtlOIl arLd a .tron, back e •• tillJ. 

Ba.,onet riftll on taM centel" a.nd taU .ection. can be .. en in Filure 6.3. 

FilUl'e 6. " Ihow. an end r1nl beinl welded on an inner tanll:. 

Three etor •• truc:ture. have b.en ol'dered -- one for the airbol" ne It01'e 

for fljJbt te.ta, and two for Jlboratory ItructuJ'al te"I. The .tructural telt. 

a.re .chedulod for the lllott6r pll>rt of October. i QC;2. 
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6. Z Rotan Actuator Allell1bly 

Dl&rin, the repol'tiD,J period. the ct.s1ln of the rotary actuator wa. com­

pleted and all part. were relea. ed for fabrication. AUhe cloa. ot the period 

about 75 P8l'«:erJt of the deailuecl parte had been fabricated and all of the pur. 

ehaled Itema, incluclin, the drive motor. had been received • 

A method of mauntin. the motor leads within the actuator hauatnl .... 

cleveloped. Tbil permit. the motor shell and .upport to rotate with respect 

to the outer .hell durinl the chanle ot lear. for .peed. lelacUoD. 

Du.rins the .hiltin, of drive apeed. •• the motor pinion becomel completely 

d1 •• ra,a.ed from one driven .ear before enga.in, the next. Stnce all.ean 

.u i.n & completely random rotatioMl positioD, there i. a poI.ibility of iDtel'­

ference when anemptin, a new ,8ar muh. To overcome the pl'oblem. if it 

.hould occur, a .y.tllm ~ ... developeod to "jO," the motor armature (and 

.halt a~d ,eal') whel!.;u the dinn.aled polidon. By meanS ot a lwitch and 

.. t of relay., a abort elntJ'ic'.a.llmpube i. delivered to ~e drive motor pro·· 

ductal the Jot .. 

Two type. of dry lubricanta have been te.ted On the motor pinion and 

,ean in the .peed cMn,. unit. Teflon coating proVld.d adequate lubrica­

tion but tended to lIake off durin. operation. A mixture compo .. d. 01 moly­

bd.ntmt dilulfide ;and iraphite In a r".in billder a1ao provided adequate lu})rl­

cation. 

Special effort h~. lone int.o th. d.lilln of the couplin. required }).tw •• n 

the actuator output I\nd the dl'tve .crew of the ta.nk feeel mechanilm. The 

c:ouplinl mu.t be verv c:ompac.t becau.e of the limited .pace and mult have 

a relatively larl' torque and horeepower ('apaclty. The evolved. d •• lln ta a 

••• mllr.tecl type coupUr..1 with ela.tomerl(: inaertl and permltl lome an,w_r 

and radial mt ,&linement aa weU AI axtal motion. 
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6.3 Cockpit Control Pallel 

Sln.ce the .oUd a.ent di,seminatar function' in a malUtu quite diffe.efttly 

fzoom the Uquld •• ent unit. it u. been nece .. ary to dlli,D a new cODtl'ol 

panel fOl" the airplane cockpit. An ... emb1y clnwirsl of thl. contl"ol box i. 

pr.aentecl in Appenclis B. The pau.l contain. two tOI,l •• wttch •• aad tb,..e 

indicator li,ht •• 

Wben operated. the master switch connect. 18 volt d.c airplane power 

to the dl"eminator electl'leal.ylltem. Thi. i. accompli.hed by enarlisin. 

a relay with the .witch action; the clo.fng of the relay CODtact. conn.eet. the 

,eneratol' output to the 'Vltem. The relay and lenerator are ift the eli.-
.. minator .tol'e. The lecond tOllle awitch, tha a.rming switch. i. provided 

..,nth a aual'ei. It i. impauible to di .. eminat. until thi •• witch ie operated. 

In adeiStio .. to armin, the circuit. cloaln. thie .witch aleo fir .. tbe 'quib. 

that blowout the lafety .e&lln the di.charge tube through which the a,ent 

b di ... minated. The al'minl .witch 11 wired In .eri .. with the ma.ter 
.witch. 

The top indicator lilht become. illuminated when the .tore lenerator 

malfunction.. The center lndicator light .how. when the discharge valve it 

open, and the bottom indicator litht come. on when di ••• mination occur •. 

The .. illdicato1'l are th. "pg.h.to-te.t" type and can be teated aft.r the 

ma.ter twitch 1. clo.ed. 

The control box i •• 1.0 u.ect al a Junction box thl"ouSh which the di.­
laminator i. cOllnected to the armament circuit used to initiate di •• emina­

tton. The "pickl." .witch on the control .tick i. u.ed for di ... mination. 

At the end of the reportinl period, approximat.ly 50 percent of the 

compollent. for the c:o"ltrol box had been received. 
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6." Aft Actuaeol' Control Panel 

Thi. cbntrol panel I. lacated within the etore j1llt ait of the a.c~J' 

.... mbly and i. rlt&ch.d thl'OUlh an ace ... door. It. PUr]lO'. i. to provide 

extra-cockpit control of th. actuator and tank cldve mechant.m poeition. 

durilll.ervicini. The unit concainl a. toule .wiech to cut out the Ilormal 

automatic opetatio" of the dd.,. ay.tem au penzlit loc&l muual control. 

Two pu.hl:Ntton lwitch •• initiate the inward and outward mottons of the 

dl'lve piltonl ...... elltia.lly forwaZ'cI and reverae control.. Two iDdlcatot 

liahtl l\ana1 when the piatona haVe reached either extreme poIUion. A 

.epaJ'at. pu.hbuUoQ .witch i. u.ed to .top the actuator. ProvilloQ 18 allo 

mad. lor the lwitch to Jol the motor armature for .ear me.blng if this fea­

ture prov •• to b. "ece .. ary. 

6. 5 Dn NltrOlen Syatem 

The cby nltrol'" IYltem ",.a deacribed tel the Etahth Quuterly Pro-

cr ... aeport l '. Durin. the pa.t quarter, elfon ..., •• devoteci to fabric.UoD 

aDel procurem.nt 01 the variou. componenta in the la. ay.tem. An order 

waa p1&cecl with Tavco. lac. of SUlta l4onica. California to furni.h the 

pre •• ure v •••• l with electrical heater and an tntelral valve and pre •• ure 

r •• u1a.tor a •• embly cOlltaillill1 the 10110W'il18: biflh-p:r ... "re nliel valve. 

chal'lilll valve. manual .hutoff valve. 101enoid valve. aroulld checkout valve, 

pre.au"e raplator. 10"".pl'e •• ur. reliel valve. grOUDd checkout dl.ch."I_ 

poZ't, aael hip and low-pr ... ure lase •• 

Two methode of nnlll, the Iyatem witb hi,h-pl'e .. ure nUrolell were 

io,v .. Upted: 1) u.lnl a compre .. ol' to pump nitrolea from Z200 or 2'00-

Pit CTlinclel'e into the pre .. " ... ve ... l. and Z) ".illg 6000-Plt cyUadel'l to 

top off a.ft~r panial miln. with .tallclard cyUndel'l. The method of calcadin, 

hl,h-pr ... ure nitro,ell ve •• ele into tbe Iystem ve ... l wa. cOIl.iclered moet 

practical for ftllinl the fint -g,lleralion £lyin8 model. Two around cart. wUl 
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be .mployed, oae cart earrylnl·three manifolded 1400-p.l bottle •• &ftc! the 

othu tun,pol'tinl It. 6000 -p.l bottle. The 2..00 -p.l bottl .. will be u •• d to 

flU the .v.tem ve •• el part way anet to check out the .y.tom. The 6000-plt 

'batU. wiU be u •• cl to top oil the 'yltem v .... l. Th. combination of the 

thr •• 2"OO-p.l boW .. and the ,OOO-p.l bottle will fuUy char.e thre. 'Y'· 

tem ve ... l. to 3000 pll, whUe allowbll oae minute flow for callbl'ation and 

checkO\1C of the .Vltem. 
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7. FILLING THE DR. Y AGENT DISSEMINATING STon 

7. 1 Ia.t'l'ocmction 

J:ver .inee the conception of aa. airborne etore lor di •• emlDatLft, dry 

AI.nt matutal from a compacted etat.. it ba. beeD raco,nl •• d tha, HIllnl 

.• ueh a di .. emiutor would present pl'obleml quite diUerent ll'om tho.e 

..... ocl.t.d with lillii'll a ma'erial that could be handled in a fluid Itate. A. 

worlt has prolrelled Oft the developmell.t of the dh .. miutor it •• lf ... con­

current effort hal been devoted to developtnl a .uitable fillin, procedul'e. 

Early in the pl'olram it wal evident that a metbod employtDa an auxiliary 

loacliDl tube would very likely work. Con •• quently. a luitable device W"I 

dujlUd and labricatioll of thil loader wal completed durin, thi. report1D1 

period. Effort h .. alao been expeDded 1n an attempt to devi •• a .uitable 

metbocl 01 eneap.ulattnl the compacted dry alent In a mUller that would 

permit manualloadlnl of the di ... minator without l'eC[ui,rill' the ule of 

auxiliary loadinl equipment. 
f 

At a meedi'll at 1'01'1 Detrick on June ZO-21. 1963, tbe IUbject of {nUl'll 

the clry alent & .. eminator wal dl.cu •• ed witb pe1'lonnel from the Proce.a 

Development Divl.ion. The .. people felt that the di .. emlutor de.i.n was 

compatible with the .8"81'&1 requirement. for fUllDa dry alent.. However, 

they 8xpr ... ed the vie" that the u. e of the auxiliary loadinK device, which 

"a. d.seribed 101' them by the aMI elliinetlu. would requtre rather elabo­

rat. plant loadLn, facUitiea. They recommended compactina the a.ent in 

.e.led pacu, •• that couleS be loaded lnto the di ... minator by one man. Th. 

u .. of •• aled package. would eliminate the need lor decontamlnatina the 

unit after fl111n,. They already b.aV4t experience with lillinl .imHal" packa,e. 

lor other a.pplication.. Conaequently. an hu:rea.ed eUort ha. been devoted 

to tbe .earch £01' a packa,in, m .. terial that will provide ..... led container 

and yet will break up and pa •• throulh the di .. eminator alans with the a.ent 

without dOIJiR, the dieallregator or plu'linl the eliecharle orW.ce. 
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'7. 2 Loaclin. J'ixtul'e 

The loaclinl tube, which ha. b •• n !abdcat.d for the purpoe. of p1acins 

a char,e o~ compacted cb'y powder material in the cb'y a,ent cl1 ... miutinl 

etol'e. i •• hoWl'l .chematicaUy In FilU1'e 1. 1. A photolrap" of the compl.te 

loadin. lixture comprised of the loadln, tube, pneumatic control •• and port­

abl •• adjultable mount II ahown in Fil'l1'e 7. Z. Th. loaclinl fixture i. de ... 

cJ'ibe4 in the followin, paralraph •• 

The ba.ie component. of the loaclinl device are the outer tub., the 

infter tube, the pi.ton, and the la •• upply .y.t.m. The pilton and the 

chari' of compacted powder are contained within the irlDeS' tube. Thi. tub •• 

in turD, il contained by the outeJ' tube. ),I.alll are provided for admittinl 

.al und.r pre .. ure to either the .pace behinci the pi.ton or the .pace behind 

the inu. r tube. 

StoJ" Inner Tank 

Filure 1. 1 Loadin.. Tub. A .. embly • 
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In operatiollthe loacUl18 tube & .. embly i. aliaed with the .tore, aIld 

the ollter tub. o£ the lowr i. attachecl to the flaa._ of the Itore inner taak 

(Flpre 7.1). The inaer tube. with powder char,e and piltoa. ia pu.heel 

iftto tbe Itore by applylnl I.a pre. lure in apace "A" (rlpre 7. 1). The 

amall central tub. i. faatened to the inner tube and .erv .. to piele the Itore 

drive acrewaa the powder charle il inl.rted. Tbe inner tube bit. a atop 

block wben the porier face come. within 1/8 inch of tbe dilaSlre,ator 

bladel. ,Space "A" 11 then vented to the atmoaphere and apace "B" b pre.­

.uriaed. Pres.ure in apace "8" force. the pilton and conlequently the 

powder char,. out 01 the inraertube, but ainea the powder lace i. a,ain.t 

the dil.alrelator c1iak the POWdifl' C&nllot move and the tnner tube retracta 

into the outer tube leavina the powder char,e in the .tor. inner tank. 

The tube. and pilton. are made entirely of aluminum. The outer .ur­

facel of the inner tube, central tub., and pi.ton are Tellon-coated to pre­

vent aluminum from rubbtllf alain.I' aluminum. 

S •• le are incorporated to p!'event ;a. Ieaka.e pal' the inner tube and 

the pilton. In orc1er to obtAin a .. &1 with the required flexibility. rubber 

tabinlof 35 durometer ha.'rdn ••• wa. ueed in maJdnl the larle diametel' 

leale. CODventional O-ring_ are u.ed in the pi.tOD to .ea1 OD the central 

tube. Sinu 1 ... than 1 p.i pl'e"ure 1. requireci to move the lnner tub. into 

the .tore. a ainlle .eal bal proven adequate on the inD'1' tube. However, 

the 35 PIt preuul'e required to Iorce the powder out of the inrter tube n.eel­

litated u.in. two •• ala on the pi aton. The pi. ton t •• hOWD ill F1aure 7. 3. 

Th. flat on tIl, pi.ton matche •• corre'pondinl ,urlace on the inur tube 

and provide. clearance lor a suide mounted Oft the ill.ide wall of the .tore. 

The pre .. ure lin. to feed the lpaC. behind the piaton i •• flexlble coil 

of 3/8 inch nylon tubing. Th. conn.etioll 1n.ide the out. I' tabe i ••• wivel 

.0 the tubin, can 1'*"111 from a taqeDUal to an uial direction a. the 'nn..r 
tube i. lorceel out 01 the o\&t.r tube. Th. otllel' .d of the n.yloa tabe I. 

a&tached to the back of th. Snul' NN by a quick cnuct coupUn... TIlt. 
coupllq ie readily ac:ce .. ible wh.n the iAn .. tub. i. complet.ly with.raWll 

from the out.r tub. fo .. the p1arpo .. of chalSlift, IAMI' tub ••• 
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Filure 7. Z LoacUnl Fixture (or U .. with ~~Qtotyp. 
Dry Agent DiuelTlinatinl Store 

FtSUte 1. 3 Loading Tube Pt.ton 
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A Col.on C/U Hall-Too Wter wa. purcha.ed aDd mocUflecl to pJ'ovicl. a 

mount for the loading tube ancl pneumati<: control.. The loacliQI tube i •• up­

poJ'teclln a limb&! rial (.ee !'ilure 7.2) that call be tl'an.latecllaterally by 

mean. of a halld cra.ak. Th ... I,aturea facilitate alining tbe loacUnl tub. 

with the .tore. 

Tbe limbal il mounte4 in the lilter &l'm' in luch a way that the loa4tnl 

tub. can b. e.lily removed al IhoWQ in Fiaure 7. 4. Thi. i. 40n. I~ the 

tube can be po.itloned vertically for fUling, and then the lifter can be moved 

out of the way. 

A pre •• url regulator. pr ... u1'8 gage, and three-politioo four-way 

valve are located ul1 the loacling fixture a •• hown 1ft Figure 7. 5. 011.. for 

operatinl the loader can be .uppliecl to the prellure relulator from either 

an air compreuor Or high prel.ure Ial cylinder.. The u •• of dry nitro,.n 

is rer.omrnenc1ed fol' ule with a,ent. whieh mUit be kept dry. 

The pre •• ure regulator i. required .ince the two major operationl that 

mu.t b .. performed require .ub.tanti-ally different pre •• ur... The rejulatol' 

dlo allow. control uf the .peed of the two operation. > Pre.lure cont~ol i. 

mClst importa.nt Hl.th. eccond operation of l'etra.cUn& the inner tu.be which 

requires abou.t 6,000 Ib force or about 30 p.i. At the powder char,. mOVe8 

out of the inner tube, the required force duninishe., and durio, the course 

of this operCition i.t 18 fLec ... ary to continually deerea •• tbe preuure to 

maintain a reasonable retractinl speed. 

7. 3 ~!.fle Sealed Package. 

The concept of fIlling the dluermnator with six or eight lealed packa ••• 

of compacted agent offers many adva.ntagea as compared to the u •• of an 

a.uxilial'Y loading deVice. Some of thes. advantAgei are: 

1) The amount of support equipment req'l1.red would be re­
duced .ignifjcandy. 

2) The loadin, plant facilities would b. le •• el.borat •• 
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)) It wouW b •••• 1 .. to make the fUlln'op .... tiOD • .. I. ID~ 
opel'&tlq pel'.o_ll • 

.. , The filii", operation could probably b. performed quicker. 

tJafo~tuD&tely. the requirement that the pack.,. or containe" mUlt pl'Ovicl. 

a biolo,leal .,al &Ild yet b. e.pabl, 01 beiq bJ'okell up and feel throuJb the 

di .. ,mlnator alon. with the a,ent pre .. nt. a formlcl&ble problem. Never­

thel .... the ad.aala.e •• re aUraett •• enoup to warrant the e"ort that i. 

b.illl expencled in. an attempt to develop a packal. me.tins the requirement •• 

In .. arcA lor & .uUabl'l'aculin, technique three ,ell,ral ,neapaulaHn, 

methoel. Ue belll, con.icter,d. 

The lint method t. to lorm a awtable 'kin by applyinlJ the p"opel' .ub • 

.tane. to the exterior surface. of a compacteel char,e ot .,ent. The •• concl 

i. to compact the a,ent in a cOlltatner praviou.ly p!'eparecl £loom a riaiel 

loam pluUc materlal of the requlJ'ecl propertl... The thlrd 1. to compact 

the alent ill a b., made from a pla.tic tUm that can b. c:aueed to und.rlo 

ch.mical 01' phY'lcal chanl" Inside of the dlll.minator 80 the film cSi.· 
Inlelrat.a 01' lI1.p.".e. before the dia .. minator I. operated. 

With rei. renee to the lint methocl of 8ocap.ulation, two techniq,ue. 

ha .... been trieet. One I. to .pray or paint the .ubatance bein, invI,Ulated 

~i1'ect1y onto the compact.d. powder a.fter removiD. the alul of powde1' (rom 

the mold. The other techniq,ue l. to apply the eneapaul.tint aub.ta.nee to the 

in.tertor aurfac. 01 the mold balore in.troductnl the powder and then caa.e 

the .ub.tence to tralliler to the powcler alter compaction. Thi. latt.r tech­

nique ba. beea accompliaheel with waa that hal been tranaterr.d by be.tint 

the mold. To elat., neithe" 01 th ... tecbnlquOi hal produced a. .aU.factory 

ellCapnlation. 

Tbe foam pla.tic: a.pproach u •• a the bla.d.1 of the cnaa."re.ator within 

the clU.emtnatal' to lhave off the foam container and the compacted powder 

atmuitaneoully. The container mUlt b. broken Into .man plec •• that will 

!low throulh the eliachar •• open1nl without plullinl the hole. To obt.in a 
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, .... u .. t cOlltalurt the UDice11u1a1' type foam ....... I.eteeL A loam 'coa­

tUDer' ""*-b,lc.t.d &lUI loaad witla compact.d talc azul thea te.ted ill ,the ' 

S.coflel bpel'iDlental (cU ••• " inator) Unit. The t .. t d.III01Ub'ated that the 

unit II capable of dil •• tinl a type of foam pla.da. but tbat it ,.ul. b. Ilece'· 

.u)" to illCorporate a I.atur. in the elt"lmll1&tol' to Pl'.vut relativel, 1&r,e 
plec •• of fo~ from plulPIlI the QI'Uic:.. The effort on thl. approach ha. 

b.eD towal'd pl'ocluctna • loam m.t.rial that wa •• uU1c:i.ntly ICI'OIli y.t ad.­

Clutely fri.bl.. FOl'tIlaat.ly. the Chemical Activity of a.ural MUll Cea­

tr~ R •••• l'ch lAbor.t01'Y' hal bad cOIl.ieler.bl. experteac. ill the dev.lop" 

m.at of fo.m pla.Uc:.. With th.ir coop. ration ill thi. particular tDV •• tiaa­
tion. We believi .om. pl'Op'" wa. m&ct. toward dlv,loping • luitabl. 

ellcap.ulatilll mat. rial. 

The pla.tic: fUm appro&c:h to encap.ul&tlon cQuldered the UA. of. tilm 

that would have poor re.l.tane. to c.rtain .nvbonmental cOlulltlolll. rol' 

tutaftc •• if a qu.&l\ttty of al.nt wlr. compact.dlDto • bal made of fl1J'l1 • 

.... I.eI. alld plac.d 1n the cl1 .. eminator. wblch in turn W&I .ealec). a chaD,., 

of temp.r.tun 01' a chan •• 01 PI within the dlueminator mipt deteriorate 

the film .0 it would crumble 01' y&porls~. Ac:cordin.ly. a .urvey of po .. ibl. 

film. wal conducted. The con •• Dlu. poin.ted to polypropylene film bl'O\llht 

to low tempe:rature (_aoeJ') at wbleh time th. film .hould become bl'ittle 

eaoup to frac:tun laco .mall ptec... However. ,ampl •• 01 polypropylene 

film'wbich w.n .~bJ.ct.d to cold box telt. doWD to _!otF and .. 10ge F (dl'Y 

ic. temperature) did not nact •• de.ired. Other pouibUiti •• ill thi. are. 

of di.intelr&tilll £Um. are cunently l).inl !"v •• tilated. 
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8. rLIOB"!' TJ:STlNG or LlQUm AGENT DISSDGNATINO STORZ 

01&1'1111 the period from Aulu.t 13 to Z9. 1962. aMI provided techlde&! 

... ,.&&nce tD conlSeetloli wUh flilht t •• ttn, of the ONlllquld a,ent di ... ml. 

n&tlftJ lCoU by the Bvr/Cvr Weapon. 01'OUP at Zilift Ail' Force Bal., 

Florida. The •• teat. were concluct.d I.u inYlatilet. the atrwol'thin ... of the 

.tore and to evaluate performaace of the J'~I05 anel F-IOOD airplaa •• with 

the 0l.U di .. eminaUn, .tol'e attached. A report coverinl thi. t •• t project la 

beinl prepared by the BW/CW Wlaponl Qroup. On the bull 0' the nl'bal 

reportl 01 the te.t pUOCI and the· peuonal ab.ervuiold ot OMI repr ••• ata. 

tive,. It can be lald that the Iton functioned Intirely lattefa.ctartly and the 

airplan •• performed nozomaUy with the ltore attacbed. 

In order to .. tabUlb the maximum performance conditione for the 1'-105 

ahpl&ne to be u.ed in th. £u'pt t •• t" the GMI .tore wu lhipped to the 

Republic Aviatlon Corporation at Farminldale. Loftl laland, Ne .. York. 

Here the ItoI'I wal mouftted f)n anF-IO! and nutte .. &Ad vtbl'atloft analr.t. 
and .talic .tUlne •• m.a.u .. emel\t. were made. Th ••• data we .. e thea u.ed to 

compute the allowable llilht condition. for the 1'~I05 airplane with the GMI 

.tor. attacb,d. Thll work wal accompUshed in late July and early MI,ut. 

Upon compleUon of th' mea.uremente at l'&rmiDlcaI1l, the aMI .tore wa • 

• hipped to E.lln All' Force Sa .. for fli,bt t .. tinll' 

Two flllbt. wer, made wUh the di .. eminatar on tbe 1'-105 airplan •• 

For the firet fIllh' thlt unit wal mounted at the left inboard win, .tation. 

Th. cen.terltn. statiOft wa. u •• 4 on the eecond lUlht. The airplane we. flown 

at 400 knot. indicated all' spe.d and manu,vend at altitudee of 5. 000 and 

30. 000 f •• t. The di .. emintor "u fillecl wUh dyed water that we. di .. emi­

Dated a, 2.00 le.t. Th. dl .. emination wa' pbotol .. aph.d Irom an ,,-100D 

chal. plant. PlnoRn.1 in the ch ••• · plane reported that the aero.ol .tream 

waa .epal'ated fl'om the bottom aft of the airplane by a apace ot approxi. 

mately one foot. 
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One ~l.ht wa. maele with. the cii .. emlll&tor mounted Oft the lnbouel willi 

.• tatlOll of an 1" .. 1001) airplaDe. Thi. al:plau wu noWil U 300 Knot. lndl· 

cat.d air ap.eeland man.uvered at alUtucle. 01 5. 000 alld 30. 000 f.et. Di.­

•• minatioD wa. macl. at ZOO feet. Thil m,ht wu allO cover.d by photo • 

. Iraphy from a cha .. plan •• 

The ell ... miDator wa. fUled wltb water CDlltatnlq methyl.ne blue dye 

.0 the Airplane. could be eumiDed lor eontammatioll aft.1' each Dlpt. The 

1'-105 wa. COUDd to b. 11'1' of cODtamlutioll after the lh'.t Slllht, but Oft the 

18cond rupt a .mall amount 01 dye wa. fOUDd on the lower veatrU (ltn). No 

contamiutlon we. £oWJd upon examb1ial the F·IOOD alee .. op.ratln, the dl.­

.. minator OD thi. airplane. 
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9. SUI4NAR. Y AND CONCLUSIONS 

Work hap pJ'o,reueci all our broad pl'o.ram oll' ... uch and develop­

meD& Oil th. di ... miDatioa of loUd allClliquid BW a.ellt.. Each area.of 

'Work which i •• umrnarl .. d ill the foUowillJ para,raph. i. c1i.cu ... d III detaU 

ill'~. lectioD referel1ced at the end of th. p&1'alraph. 

Applied .tr ..... aAd eller,l •• required for compacUoQ of pa.deu have 

be.A .ucc ... fully mea.und UAtiu. an improved pilton-cylinder clevice 111 an 

lutroD ta.t machine. Valuea (or u.. coutant. k ad rn ill the eq,uatioll 

(I .. lc. pm have been determiiled lor tale •• "charin, and cornlt&1'eh. 

Prevtou.ly reported ditlleultt .. with the triaxial .hear teat haV? been av.l'­

com. by ulinl a .ample preparation procedure that doe. not r.quin the ula 

g! th. rubber membl'&lI. whlch prevented natural .h •• 1' failure 01 th~ .ampla. 

Effort hap btlall clil'8eted toward determination of th. t.naUe .h.ar Itl'en,th 

of powdeu a. well ae compunive .hear atl'llnsth uFin, the triaxial tech­

nique. The bulk tell.Ue .tl'enlth ot .&cobarin. com.larch. powdel'8d milk. 

!!!!., aftCi talc hal b.en menured al a functiOIl 01 eompre .. ive load &Dd cHe­

tance from the pi.ton to the fracture plane. 1'he buIlt den.ity of talc 

(Ml.tron Vapor) ha. b."n determlaed a. a function of compte •• iva loael and 

eIlatacoe from the piltoR (Section Z). 

Aero.o1 deca, haa b.an {ave.tilated for thre. bum,dity condition? -

1 ... than ~ percent, approximately 50 percent. and Ireacer than 95 percellt -

{or flve powden. Sacchafill, eorn.tarch, .. ft.el powclueel milk exhibited 

decay rat.e that iner •••• el monotonically with illCr ... ln. humidity. whereae. 

talc ud powdered ,ul.r exhibited decay rate. that were hi,her for the two 

extl'eme blamidlty condltLcan. than for the intermadlate condition. It hae been 

d.mollitrated experimentally that hI,h frequeliCY fluctuation' all the lipt­

.catterina :recorda have eilnlfleance and are ngt merely ey.tem nol.e. A 

formula. for the nuctuatiOQ hal been. derived mathemaCic:a.1ly. A new.wirl 

diaper."r haF been u •• ct to introduce powderl into the a.rolol decay cham­

ber, aoel the aeroeol. thue produced were lound to b. mol'? stable than tho •• 

obtained wtth the rupturinl.eliapbnm diep8l"au (S.ction 3). 
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Th. hilh-.peecl wind tunnel dl".miDatioD ltueli .. have ahoWD Chat the 

maximum INlk deDilty to which 8m can be compacted aad yet be a81'oeoll .. d 
- 3 efficiently by the aerody~lcbr.Uup mechantam 11 about O. S81/em , 

Tb1. Umltinl cl,nltty wae the .ame for both Mach numb.,.. O. 5 and O. 8. It 

la believed that aDY dependence UPOD Mach. number i, far overlh.aclowed by 

the rapidly lncna,inl ,tUft,th of the compacted Sill a. the bulk denlity la --railed above thtl valu.. Teats of compacted!!!!. which h&cl been etored at a 

low tempesoaCure for ten we.kl Indicate that wben compacted material il to 

be Itorecl for lonl period.. the maximum allowable denlt.ty wUl be lowerecl 

to about O.5S a/em3. lit mUia, tbil determiaatlon a new techn.ique wal uled 

wherein the change in eoncentraUon of the fine portioD of tbe a •• o,ol wa. 

meaaus-.d. A wind tunnel study of the ejection tube ahroud uain. a Icale 

model haa produced a deell" which I, e"pRcted to eliminate contamination 

of the store (Section 4). 

A powder flow rate of 53 Ib/mln hal been achieved with tbe lull-leal. 

experimentalleeder u.inl talc compacted to a den.ity of 0.65 ./cm'. The 

a,cond expeS'imental unit. which i. a prototype of the abborne cU. ... mlnator. 

haa be.n completed and thi. unit hal been operated "with uncompacteel talc. 

A sample of talc initially compact.el to 0.55 a/em3 ha. been collected from 

the di.charg. of the full-.eal. f"dor and lubuquently dia .. minated latb­

factorlly in the hip ... peed wind tURl'lel at Maeh number 0.5 u.tn, the 0141-3 

fixture (Section 5). 

De.iln and iabrieation 01 the {lut-Ieneratlun dry ~Ient dilleminatill, 

atore pros •••• eel from the d.alln etudy ata,e to actuallabrieatloD and pro­

curement of the variO'l. component.. An order hal been placed with the 

Flltcher Aviation Company of £1 MODte. California lor fabrication of the 

main structural part. of the store. Th •• peeel-self:ction portion of the 

rotary actuator .I.embly has been tuted. A cockpit control panel hal b •• n 

dul.ned. The hip-prea.ure veuel and a'loctated valve. aDd prenure 

"elulator for the dry nltro,en .yatem have been ordered from Tavco. Inc. 

of Santa Monica. California. who are .peelaUlt. in tbh type of IquipmeDt. 

The caecading method. usinl 6000-pli l1itl'olln ..;ylinden for ''topping-o(fu, 

ha, been .elected lor lillin, the nitrogen .y.tem (Section 6). 
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A loaclin, flature hal been labrieateel for the purpo.e of iD.el'tin, 

char, .. of compacted powder Into thl CIry a.ent dt ••• minatin, .tore. The 

matni&! ia £f.r.t compacted into & cylindrical tube in the loaclin. ftxtul'e Mel 

i. thIn transferred to the ItOI'" A. an alternate m.thod of loadin,. an In­

ve.tilation ha. been atarted with the obJlctivl of perledin ... method of 

encap.ulaUI1l quantitl.1 of compacted alent .mall enoulA to permit loaelin. 

the atore without the aido! .pecial equipment. Th. problem i. to find an 

.ncapaulatinl material which can be cU ••• ted by the di ... minator (Section 7). 

In. AUluat the OM11iquid &llnt di .. emiaatins etore we •• ucee .. fully 

£Ii'IM t.lted on an Y-I05 and an F-I000 ail'plane at Eglin Air Force Ba ... 

Th •• e t •• t. were conducted by the Bw/CW Weaponl G:roup at Eslin to c1et"r­

mine airworthtnell of the .tore. The te .t. allo demon.tl'ated that thel'e ia 

110 contamiftaUon of the airplane. when the .tore i. mounteel at a. Winl .tadem. 

There wa. minor cOfttamination of the lower ventrU of the F-IO! when thl 

.tore wa. mounted On the centel'line atation (Section a). 
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Thi. Eighth au .. rterly P'l'OIU" Repol't coveu the work accompli.hed 

dul'inl the !a.t r eportln, period on r •• earch and development relatecl to the 

dl".mination 01. aWa.lent •• 

The proll'e .. in theoretical &ftd experimen.tal atudie. of the mechanic. 

of clry powd.ra b reported. Thls woJ'k continue. to Pl'OciuCI bade lllfor­

ma-don which i. bein, applied in the de.iln aDd development of an abbol'ne 
di.,.minator. 

Oper~tion of the ... roph1lometu. with aero loll of dry powclu •• for the 

pUl'PO" of .tucylftl experimental technlquet a.nd datermlnin, operattn, 

paramet.u te di,cuu.d. Thi. pl'elimilla1'Y work i .... entlal to carry-in, 

out the pJ'oo ..... m on ,tr.bility properti •• of a.ero.ol •. 

Data. on the .rreet. of compaction &r1cl adclltive. On the viability of !!!!. 
powder are preanted. 

The teat. at Fort Detrick usln. the aMI.' fixture and wineS Nnnel to 

generate .. er080h 1n the 40-foot teet .pher. a1'8 cieaczibed.. 

ResuUs with the full·lcale experimental equipment tor f.edins and 

metering cOJllpacted dry powder. 1.1'0 reported. 

The preliminary dealgn ot an at.l'bol'l1. dry BW alent di ... minatin, 

atore is pl' .. entecl. and ducribed. 

Succeaaful flilht teata of the 1\quid BW alent cUs •• s1'l1natinl store On aft 

A4D .. 1 airplane a1'8 eSiacuued. 
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EIGHTH QUARTERLY PllOGRESS REPORT 

ON 
DISSEMINATION OF SOLID AND LIQUID BW MENTS 

1. INTaODUCTION 

Thil i. the Eigbth Quarterly Prolln .. Report 011 work accomplilhed. Oft 

Contract Number DA.18-064-CML-2H5. UIlG .. thil contl'a.ct. Gen81'&1 

Milla. Inc. ia conductinl a. comprehensive res.arch and development pro­

gram on the d1uemlnation of .olid and liquid BW agent •• 

With the completion 01 the developmental model of the liquid agellt dia­

.eminating .tore 1n AprU of thil reportillg ~dod. the emphasis of work 

shifted almost entirely to areas relatillg to finely -divided .oUd.. Conle­

quently moat of this report deal. with prol:e .. in thel. area.. However, 

Section 8 doe. pre.ent .ome of the result. of laboratory anel field telUnt of 

the liquid agent di •• eminator. 

On :U. Z3 May, General MUI •• Inc. wa. hoat to the Third Di ... mina­

tion Cool'dination Meeting which wa. attended by representatives from FOl't 

Detrick. Army Chemical Center. Chemical Corp. aeaeal'ch aDd Develop­

ment Comm'!nd. Aerojet-General Corporation, Cornell Aeronautical Labo­

ratorle. and General Mi1l8, Inc. Some of the materi.al covered it. thll pro­

gr ... report was al.o presented at this meeting. 
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~. THEORETICAL AND EXPElUMENTAL SroDIES 01' THE MJ:CHANICS 
OF DllY POwnns 

Studi •• of the mechanical prop.rtiee and behavior of dry powder. were 

continued dUrin, the period covered by thie report. Experimental reeulte 

on the compaction charactad.tiCl, eheal' etrel1gth, and 'InlUe etren.th of 

varioul powdeu al' e pre. ented. 

~. 1 Compaction Experiment. with Particulate Mec:Ua 

Il.aulta obtained with an improved version of the platon-cyUnder com­

paction a.pparatul and a hydroltaUe compa.ction device atlll cliaeulaed and 

compared in the following aecu,olle. 

2. 1. 1 Pilton..cyli~der Compaction Experimante 

A. pointed out in thl laat q,uarterly report (Ieventh), the initial pilton­

cylinder apparatus ueed In the compactioa .xperiment. wal lubjeC:t to 

.everal u'mitatione and, con.eq,uently. an impl'oved piece of apparabL. 

(Flaure ~. 1*) wal fabricated. Powder i. plt.ced in the cylinder at the base 

of the apparatue. A .,,:ofae •• tne. i. applied to the powder by a pilton 

which i. lowered by turning the crank at the top ;)f the apparatu.. An 

aluminum rinl eq,uipped with Itrain gagee ia uI.d to mea8ure the atre ••• 

Large-Ieale movement of the pilton is mea.ured by mean I of a Starrett 

dial indicator. a.nd Imall-scale movement I. mealured by mean. of a sen­

sitive d.UI"l'~"t1al transformer. The output of the strain gaa'. and the dif­

ferential transformer il recorded Oil a. Sanborn recorder. 

U aina the experimental re.uttl obtained from the te.tl employing tht. 

piec:e of apparatul. a relationahip bt'~ween the bulk denlity gf tha powder 

a.nd the etre .. nece .. ary to obtain thil density wa.& obtained. ThelSe reault. 

• Thil is the lame apparatul IhOVln ia the referenced report. 
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are plotteclll1l'ipe3. Z for s.veral cUf1el'ent powdel'l. Th. atre .. level. 

for thee. teste were cODelcierably hiabel' thAD tho •• of e&rliel' taett. The 

atre .. was lllcrea •• d moa.otordcally dul'111, the t •• t •• 

A plot of the Itre .. veuue reciprocal den.ity 1s a .trAfpc line Oft 101-

log paper which ie ill all'e.ment with the previoue reeult.. AD eJ'Jlplrica! 

formula of the form <r= k(1/..o)r can be Il.ed.a a good fit to the dAta. The 

eon.taute of thie equation are alvel1balow for the powdeu ce.ted: ' 

Powder r k 

Talc - 6.50 4.42. x 10' 

Saccharin - 7.70 Z.21 x 107 

Powdered Sugar -11.5 6. a x la' 
Powdered Milk -35.9 1.6 x 109 

Cornetarch -ZO.8 1.67 x 108 

At each compactiol1 etat. & cartalll amount of enerlT i. stored in the 

powder bed Ln the form of elattic onulY a. pointed ou& in an earUer reportl. 

In the initi&.l tetts it was .... um.d tha.t the mainia1 ba.d Unear elaltic 

characteristics. It 1a now nec ... ary to revi'e thil a .. umptian OIl the bali. 

of more accurate mea.urementl carried out with the improved .pparatull. 

Th~ aanera1 shape of the .la.tic recovery verau. atre .. curve for powderl 

INch a. talc. saccharin. and powdereci sUllar is shown in F1lure 2.3. 

It ia intere8tina to n.ote thILt vary little energy i. recovered a. the 

.tre .. i. reduced at high .ue •• levall, INt that mo.t of the ela.tic re­

coyery takes place at low atl'll" level.. Thll implie8 that c:one1derably 

1 ... elaetic: enern ia .tored in the powder b.d lor a particular compaction 

Itate than was originally .alumed. 
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Eta.tic aecovery _ 

Fipre a.3 Shape of Elaetic Recovery verau' Stre .. Curve 

Some difficulty w&. experlenced in obtaining pred .. meAJuremenU of 

the ela.tic behavior of powder due to lnluHicient rigidUy of the new com­

paction energy ~pp"r&tu.. At hlp .tr ... 1..,.1. the apparatul had a. ten­

dency to neXt making preci.e meaeuremente of the elaltic recovery of & 

powder difficult to obt&tn. However, the ba.1e nature of the ela.tic re­

covery, illu.trated in Figure Z. 3, eeem. to b. definitely .. tablished. In 

order to obtain more preclae data, it will b. nec ... ary to rnOeify tke 

a.pparatWl to make it more Miid.-; 
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.In the pro.: ... 01 t •• UnS the variOUI po.eu it wa. noticed tba.t pow­

deted milk and cornlta,l'ch beha." in .. unique maimer durin, the c.ompac­

tion proc:eas. Aa the 1oa41n8 phtoll wa. sraclu&lly aclvanced. the' 1'1'8" wal 
found w incl'ea •• 1"apicUy a.nd then £all aharply to a .lower 1 ••• 1. !n other 

word. the powcler 8.am.d to compact in a. .tick-.lip fashion. . Figure 2. 04 ie 

a cornparilOIl 01 the recordin, trace •• howin, the variation of 8tre •• 1.1 a 

function of time for talc and powdered milk a. tile powders were gradually 

compacted. 

Time -----

Stress 

Time -

Filun 2." Campaetlon Behavior of Talc and Powdered Milk 
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The stick-slip phenomena oba.rved with powde~ed milk aDel cOrnelareb 

diminiab. .. at b.1gh .tre .. levela. The .tre .... plotted in Ftaure Z. Z lor 

powclered milk and cornatarch were the valu .. noted after the .tre .. hacl 
fallen from the peak value. The malu!tude of the atl'e .. p.ak. waa ,in­

fluenced by the rate at which a force wa. appUed. 1£ the force wal applied 

rapidly the peak. were Cluite amall. Thi. phenomenOll. lndlcatins that the 

rat. a.t which lurface atr •••• s are applled tnay be an important factor in 

the compaction pl'oc.... will be inveatillated in future t .. u. 

An exprea~ion £Or the c:o~paction entr,y al .. NIiCtiOIl of denaity can 

be obtained £rom the .t1.e8, -dellaity curve (FI,ure :'.. l) aftd i. of the form 

W :: C"oft. However, from the previoul di.cua.loll it il apparent that the 

atr.u nec .... ry to reach .. given comp&etloD atate. and hence the enerlY 

involved 1n the proe .... may depend on the path taken to reach that com­

paction state. For example. II a certain. .:I.'eSII II applied an.d telaaaed 

se"eral tlme. in compacttn, a bed of po~d.er. the enerlY of cotnpaction 

mlBht be different tha.n if the stn •• were applied monotonically to reach 

the ume compaction .tate. In tho.e t .. t. made to date in which the t .. t 

procedure WIU va.ried. th" ",,_\lUa have not been lilnificanUy cii.fferent. 

Howe"er. &n inve.tilaUon to pr.ciaely determine the effect of path on the 

compaction energy i. planned for future worle.. 

2. 1. Z Hydroatatic Compaction Experiment. 

In the process of performlnl the piaton-cylinder compaction experi .. 

ment.. the question aroae a. to how mucb the reaults depended upon tho 

coo.trainte a.nd loaeli flS conditiona impu.ed by the apparatul. In 01'001' to 

anaw.r this que.tion a. hydro.tatie compaction experiment waa devised in 

which the conatraint. imposed by the apparatus were minimized. The 

apparatus ia shown in Filure ~. 5. 

A aample of powder waa put into a polyethylene bal which wat then 

hermetically aealAd. Tha bag wall in.ert.l:ld in tho pre .. ure chamber with 

the powder sample vented to the outside. Tlw chamber waa then filled with 

2-7 
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Figure 2. 5 Hydroltatlc Compaction Apparatu. 
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water to a cerWft level in the calibrated tube used for meulIriDl vnlume 

chaoge. Then the pl'e"ure ill the chamber was .illcrea.ed in .mall iacl'e­

mente and the volume chana_ was noted, It 'Na' intereltina to !SOt. that 

c:on.iderabl. time 'W .. l'eCl1l1red for the .y.tftll to come to equillbrium after 

the pl'euure was increa.ed. ~d.fttly the stre.e dlatrlbutlon in a powder 

bect undergoe. a challge durin, the compaanon. proc.... After the ev.tem 

reubed a etate of equllibdum. the hyuoetaUc prelaure wa. relea.ed and 

the volume change caused by ela.tic recovery wa. noted. The .hape of the 

elaetic recovery ver.u, Itr ... curve. wae e .. enually the a&me at that 

shown h\ Ftau rIt 2. 3. 

From the data. a curve 01 litre •• veraus the reciprocal den.ity wa. 

plotted for the two powder I te.ted (talc and laccharin) anel a strai,ht 11ne On 

log-lOll paper was obtalnfld. Thua. both the! bydroatatic and pilton-cylinder 

compaction tuts yield a .tr ... -tWD.ity relationship which i. described by 

the empirical formula: 

The COllitante £01' thi. equation for the two powderl te.ted in the hydro.tatie 

compaction apparatu. are: 

talc: k = 1. 39 x 106, r a -7.6; 

and 

7 .ac~ha.riru ~. 1. 9S x 10 • r ... 6. Z4. 

Valu .. of tbe exponent r &re in good a,r.ement with tho.e determined by 

the piaton-cylinder method. The coeHielent k for .acchariD i. a1.~ in good 

a.greement With the 1'8l1ult. of earlier teat.. How.evu. the n.lu. of k for 

talc dUfered appreciably from that determin.d by tll' pl.ton-cylinder 

method. This apparent discrepancy milht be attributable to difference. ill 

• 
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the eompactioD proce... At· the cgftcl~eio .. of 0 ... 01 the hydroetatic expari­

ment. wttb talc:. the .tu .. waa cycled •• vel'&! tilna.. The 1' .. u1t of thia 

cye!in. caua.d tha bulk ci.o.ity to lacHa •• with each .ucc •• clln. eyela ullUl 

a poll1t wae reached when the liell.lty elld Dot •• em ~ illcrea •• furthezo. . 

Fl'om thin one can .e. that it 1. aomewhat ambilUoua to .peak of the .b ... 

nee ... ary to reach a certain compactloll atat. without sp.clfyilll the cona­

pacttOIl proe ... , at leaet for a powd.r~JJ.i~. talc. Other powder. may re­

.pond diUerently 10 the cycan. proe .... 

The hydrontatic compaction apparatu. haa s.veral drawbadr.s. one 

beiD, Ixpau.ion ol the chambel' !meier pre •• ure. 1'h18 expanaion neeea.itated 

caUlu'ation teat •• l'eault1ng in a tare which u. to be takell into account to 

de1el'mine the true volume cUOJa of tha powder sampl. for varioua prae­

BUl'es. Some dUficulty wal &1ao expeJ'lencad in detarmillilll the exact 

volume of tba powder aample. a valu. needed in order to calculate the bulk 

den_ity. Neverthel .... it is believed that the ruult. are meani%1pul and 

are in accord with our prerioua re.uU •• 

10. view ot the tact that l'ollulte from hydroatauc compaction teatll lI.em 

to 1It1 in cloae alr.emellt With the r .. u1t. obtained from the pi.ton-cylinder 

teat •• future compaction t •• t. will b. coaducted utUl.ll1l the pi_ton-cylinder 

arranternent bec.uae of the relative aa •• of conductiol theae teau. 

The powderl that have been invutllated thu. far uem to fall into two 

major group.. In the £irllt ,roup are powd8ra 8uch as powdered milk and 

corn.carch which eIi.play the above .. mellt1aaed IUck".Up phollonaena a.nd. 

compact very little even when .ubj.c:ted to hi,h compres.ive IUO...... III 

the .ecood .roup ue powder a 8uoh aa talc and eaccharin which compact 

much more amoothly. 

FutUre t .. t. will be oriented to determine what lactora are affectlDg 

the compacUDI characteri.ucs 01 a powder. Fador. such a. the hiatol'Y of 

the powder. pa.rUele .hape and ai&e. electroetaUe charlO. and mol.ture 

conte lit would .. em to be amoDI the mo.t importalSt facto,.. to con.ider. 
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z. z Powd .. She ... Strollsth St1adI.el by the Triaxll;l Teat Tecblli9,ue 

Preliminary te.t. with the triaxial teat apparatus de.cl'ibed in a PI'8-

rioua report
i 

l'evea,led deUel.nei •• in the oriainaUy propo.ec1 teat t.cb­

!lique, which produced exc ... ive .catter of the ex~rimen~ data. To im­

pro •• the reliability and reproducibility of the triaxial Iheu te.t, modifi­

cation. were ma9 in the method of eampl. prepa.raUon and in the m.ana 

u .. cI to apply .tre .... to tho toat .ample. 

Z. Z. 1 Sample Preparation 

.1'01' inc:ompactable materiala, which exhibit dila.tancy in .hear, the 

preparation of homolleneou. te.t lample. i. a .trailhtf01'w&rd matter. 

However, in the case of compactab1e materiala, it doe. not appeal' to b • 

po •• ible to produce truly bomOilneou.. ilotropic: lample.. Billa. the teat 

lample hal the form of a right circular cylinder. it i. n&tural to comlH'ct 

the lampl. to the clelre. neceslary lor handlinl by employtna a pl.ton­

try'linder apparat11.. However, from pZ'ior study of the compaction proce •• 

in a pilton-cylinder device 3, it Is known that the comp1'8 .. ive .tr ..... 

&pplled to tbe powc1el' decay exponentially with diltance from the loadin, 

piaton. Furthermore. the ratio of radial to axial atr ••• appear. to lie in 

the ran,e 0.3 to 0.5 for mOlt material.. From this it may be interred that 

the deD.ity of th. ,ample will decr ... I. with di.tanee fl'om the loadlns pi.ton 

and that the powd.er will comlH'ct non-isotropicaUy. It l. ciea&' that the 

lattar elfect il not objectionable since it l. typical of the behavior of a com­

pactable powder. Non-uuiform lampl. den.lty i. unde.irable, howev.r, 

.ine. the ahear Itrength af .. powder '«Iill, in leneral, dep.nd on the den.ity. 

Several technique &I have been u.ed to prepa\'e .ample. for the triaxial 

.heal' teat. 'Che technique ortginaUy uaed was ba •• d "POll the oblervation 

that a resi~n of nearly con.tant den..Uy exi.ta in a column of powder which 
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hal been compacted in. vertically dilpOI" plltoll-cylilldel' d. • .,ice. It wa. 
thouaht that a te.t .ample obtained from thh relion would be ideal for tri­

axial t .. tial. However. it was (ouad to be impo •• ible to obtain a sufficient 

c:lell'ee ot compaction in thil relloa to permit the minimal hancUlIla 1'8Cluil'ecl 

for prepal'atloll of the teet Ipedmen. Thul. it became evident that a den­

.ity Iradient Ln the .ample would have to be accepted foZ' lample. compacted 

in the pi.toa-cylincler device. A .eri .. of experimenta were carried out to 

determine the density variation along a powder column for 10&4. sufficiently 

hiah to ca.u.e compaction to occur along the entire column. Typical rllulta 

for talc are ahoWD in Figure 2.. 6 for two applied loadl. It is apparent that 

the denlity gradieot i8 e. aentially conetant over the length of tbe compacted 

powder column. 

Thit result led to a modification of our .ample preparation technique 

whereby & known rnaea of pow4er 1s compacted to a preaelected finallen,th. 

thUI preci.ely defillillil the mean sample den.ity. Thil technique hal been 

round to yield improved. control over lample uniformity. a. jucl,ed by the 

reproducibility of ahear teet re .ulta obtained by u.ing lamplu prepared in 

thi. way. 

Actually. this method. of preparinl te.t specimenl i. very similar to 

the propoud technique ducrlbed In the la.t quarterly l'eport~. At hlah 

compaetion atrea.e •• however. it wa. found that external IJUpport wal re­

quired for the .pUt tube within which the powd.er lample i. confined during 

compactioD. Another eanntial chan,. wa.a to roupea the inner .urface. of 

the .plit tube to prevent Itretching of the rubber membrane d.urinl com­

paction. 

The variation of density with axial diatance from tbe loading pi.ton for 

the modified .ample preparatton technique la .hown in Yipre ~. 7. The 

drop in denaity near the high-cleality end of the .ample appeau to b. cau •• d 

by ela.sUc: relaxation effects. (Se. Filure Z.6 alia. ) 
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~. z. a Theoretical Denaity VariaUoll 

The denlity vazoi .. Uon in a powdlr lample which baa beell compacted _1n 

a pi.ton·cy1inde~ dovice ma, be determined analytically by combuuftl re­

lult. from the pi.ton-cylinder theo~3 with the empirical relanoll.hip be. 

tween dellatty and appUed lue .. !' 3: 

(1. 1) 

From the pi.stoll-cyl1Ilder theory. we have: 

(Z. Z) 

Ji:1imin&ting the aXial .tre .. rr( Z). Equation. (a. 1) and ca. Z) lead to the 1'e. 

lationlhip: 

4KL (B 
.P (Z) ",.0(0) • • iii15" (1. 3) 

[n tht., eq,uatloll the wall reeiltlll.nce pArametel' K depend. on the ahear ansle 

• of the powder and the wallfridion angle Q. while m is an empirically 

determined powder parameter. 

Computed value. of,D(Z' from Equation ca. 3) are .hown in J'ilul'e Z.6 

for 0'"(0) • 1".6 X 106 dyn .. /cm1, m .. 5 •• 6 (Reference 3) and for two value. 

of the walll'eaiatance parameter: K = O. 358 and It .. O. aDO. The value 

K .. 0.358 (corr •• ponding to the maximum theoretical value of the wall re­

sistance parameterl l yt.eIde the maximum theoretical rate of decay of den­

'iCY. The .maller value of K = O. aoo wa. obtained from Fipre Z. 1. 3. 

Referenc. Z. lor the experimental value.: ~ • .fOe (talc). O. 35- (talc Oil 

aluminum). The theoretical curve for K :: O. ZOO alreea rather well with 

the experimental curve for 0""(0) = 14.6 x 106 dynee' em?. 
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])Ul'lnl lnUlal WOI'. with the triuial te.t tecbQlque. it was fcntnd tbat 

tb.. etl'OSI at which yielding of the aample occurred wu c:ltfficult todeHae. 

The P2'incipalreailon for thia &ppeara to be the conat1'&lllin, .tlect of the 

rubber membrane. which pre".ent. a luelden collap •• of the powclal' whell 

ahear failure occur.. In an effort to lncn ••• the prec:ilioa of the te.t allcl 

to leCtU'e a better lncllcation of .ample f&llure. the triaxial teet app .. ratu. 

waf adapted for ue. with an avallable Jutron _te.t machine. Throllp ule of 

the InltroD. the tollowing deairable feature. were achieved: 1) accurate 

force meaaurement through ule of .... naiti"'aload cell. Z) precile and 

aclju.table rate DC ~train. ancl 3) accurate recorc:lin, of &ppUecl axialloaa ae 

a function ot .ample .bain. 

Tl,ure Z. 8 Ihowl the triaxial teat &pp&ratu. mountecl in the lnatron telt 

machine. The teet procedure i. a. follow.: 

1) The teat specimen, pl'epancl in the malln." ducribecl 
above. ie 111.tallecl in the pre .. ul" chamber of the t •• t 
apparatu. and prop.,..ly c'Il~""cl (loc.tinl plll' a,..e pro­
vid.d tor thi. purpo •• ill the .amplo end flttilll'" 

2. The telt chamb.r i. a.aled alld prel.uncl to the de.ired 
chamber pre. lUI'S. 

3) Atter checkilll to make .uu then ie no laaka,. to the 
.ampl. int.rior. the machin.. il started alld run until .hear 
failure occur •• 

III the.e te.t.. ahear failure i. evidenced by a suc:lden challg. in the 

alope of the load-strain curve. Thil i. Uluet1'atecl by Fiau)', 2..9 .howlnl & 

.eri •• of 10acl-.t1'61n curve. for a mean lampl. denllty of 0.650 lIce and. a 

chamber prelaure of 1 pel. The &ppearance of the teat .pecbnen. after 

£a.Uure I. Ihown in -'II1U1'8 2. 10. It il apparent from the photograph that 

failure Occu:ra by the {ormation of cracks in the compat'tcd powdeZ', althoulh 

the rubber 1'r\emhrane P1'8Y1!:;'1._ coll.pl. of the .ample. 
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The re salta shown its I'igur.. Z. 9 and Z. 10 ar8 typlcal of run. carried 

out for pre.sur .. In the ran,e 0 to Z pai. At hiahn pre.aur ••• howenJ'. 

it was impo .. ibla to detect .ample f&Uure linee the .ample merel, bulged 

outwud without a break in the load-.train curve. Thi. behaYlor te U1U8. 

trated by Figur .. Z. 11 and 2. 12. 1t 1. au.pected that this behavior may be 

cauI.cl by adciitional c:ompa.ctiou duriu, the teat ainee the appUedloade are 

comparable to the load. u.ed in pl'eparin, the sample. Of course. the .flect 

of the membrane in thh ca •• t. to stabUize the powder ae bullinl occur •• 

There t. little 1'e"80n to doubt that the hiah load. shown in Fllur. Z. 11 for 

a chamber pressure of. 6 psi are attainable ollly beeau.e of the stabilbing 

dlecr ot the membrane. 

The yield locu. eatabli.hed from te.t. carried out at pr ... uru of 0, 

0.24. 0 • .50 and 2. 0 pll t. plotted in FlFre 2.13. The .lope of the yi.e1d 

locus ia about 35 desree., which alren cplte ".11 with the ahear anile 

determined from aUclin. di,k ma&lurement.~ (' = 40 delre .. ). 

The experimenC, ancl teat reaulb reported herein have beeD primarily 

concerned with the development of technique. for application of the triaxial 

te.t to c:ompact.a.ble powden. Adclitlonal teate are planned £Or future work 

in which powders other than talc will be te.ted and the effect. of euch iacton 

a. moiatu:r4 content will be inveatilated. 

CuI' stucliee of the triaxial teat have eli.elo.ed •• ver&1limitatione of 

thi. method of COl1ducCin, .hear tea1... The moat s.rious limitation t. that 

the teat technique is r8.trict.d to a&mplea which ave baen compacted to 

hlah den,tUe.; al.a, no meane have b.en found to produc. aamplos of uni­

form density. Another lerlou. problem ia the con.training effect of the 

rubbel' membrane, which prevent. a "naturallt shear £allure. It .hould be 

noted, however, that the membrane i. not required lor test. at zero pre.­

lure. A f\lrther dUflculty with the triaxial tech.uque i. the difficulty 01 de­

linin. the .he&1' locus for small compre •• ive .tre..... Thua the atrenlth 

of the powder in pure .hear canrlQt be obtained clirectly trom thb type of 

te.t. 
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In lpite of theae dellctenell'. tb. trllJdal te.t pl'ovict.. mueh wo.tb­
while informaUon all the behavior of dry powder.. Al.o. It ia quite po .. t· 
ble that eome of the apparellt limitatiOt'l8 01 the tl'iaxial telt l:a.n be removed 

through improvememe ill telt techniques. 

Z. 3 Bullt TensU. Strength of Compl''''~ Powders 
.' 

A new apparatu. and techn!ct11e £01' tha mealurement of bulk tanaUa 
Z etrength of compresaed powder. wa. d.aeribed in the la.et quarterly report • 

Work in recent montha hae been devoted to aD exhaustive atuc!y to refine 

technique. and to utablbh the moat accurate and e£fident method for a 

comparative mealure of bulk ten.ile .treftlth of varioue bulk powder •• 

According to theor/"" the bulk tenlU, .trenlth of a compressed pow­

der is a.n exponential function. of the d1.t&n08 from the compre .. ive pi.ton 

to the fracture plana: 

where: 

q- :; 

ao = 

k = 

L = 

-kL 
a'" = 0;;, e 

bulk tell.ll. Icrenath of a column of compre .. ed 
powder a.t diatance L from the platon 

bulk tenaUe strength of the compreased powder 
immediately below the pilton 

const&nt 

diltance Croll' pilton to f1'&cture plane. 

(2.4) 

The method employed involves the compre .. lon of bulk powder in a 

vertical aeamented column. The de8ign of the &pp&l'atue permite the powder 

to be fractured by a measured vertical lorce at lIeveral pointe down the 

column. permittin. the bulk tenlne eCJ'enlth to be mea.ured as a function of: 

1) bulk danaity. Z) distance tram compl'e' eive force application to fractu1'e 

plau, and 3) total column length. 

1 
" 
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Althoup the bulk tea.it. Itrenatb cia •• .,ary with leDith of time of appU­

cattoa ,of compr, .. ive load. Our receat: ltudie. haft led to, the adoption. of a 

1-1/Z hour c:ompr ... ion time. It t. beli.ved that thi. tlm' period Dot a~Y' 

t. a4eClU&te tor lood ~epr04ucibWty but alIa &l1ow. the operator to make 

four efficient nne per workitl& day,' IA aclditloll to the adoptiaD of l-l/Z 

hour. ae a .tudard tim. of compl" ... ioll. three compre .. ive loada (5.55 :Ie 

105, 7.88 x lOS, and 10.59 x 105 dyne./emZ, have beell adopted a.a .tandard. 

AlthoUolh U.ia te.t a. deacribed. doe. not exhau.t1vely cover aU po •• ibilltie., 

WI baU,vI that it do .. offer an acceptable method tor a compasoatlve .cucty 
of a physical phenomena which ia at be.t difficult to meaaure. 

Flaurel ~.14, Z. 15 and Z.16 repreun' typlcal plot. lor sine cadmium 

aulfide at three campr ... !v. loade. The iftdl"iclual plot. W.r. made by the 

method. of leaat aquar.a. Individ.ual poinh weI" omitted to aUord Irlatlr 

, eaae oC vieual compariaon 01 the varl.ou. plote. 

n,.1 data ahow at lndloabd In the la.t quart.rly reportZ that Cl"o te in 

fact a function oC total p1uI llnlth 1.,. Figure Z. 17 ahowl the ".lation.hip 

hflltW"flft ~ and L
t 

at the three compr ... ive load.. Sin.e. the valu •• obtain.d 

far ero are for a. fa.irly narrow ranll of value. for 1.
t 

.... muat extend W. 

ran., before makin, valid l.n.raIt_tion.. The individual plata ar. how­

ever int.natinlly cLo •• to b.iol Un,ar. 

In the n.al' futur. w. plan to obtain mar. clata on the variation of eTo 
with L

t 
lor zinc cadmium .ul£id. and to utilize our .tandard method to study 

the bWk t.nall. atr.naCh charact.riltici of .uch ~awder. a. talc, powd.er.d 

aUlaI', po ... dered. milk, Ba.ccharin, and corn.tarch. 

Z." Frictionall'orc •• a.twe.n Powder. and Plated Metal Surfac •• 

A. modifica.tinn of a t .. t m.thod pnviou.ly de.crib.d! wa. u •• d to etudy 

the frictional £O~Cfl between talc and .amplu of cold rolled .teel that had 

b •• n el.ctlL'oplated with nickel, cadmium or zinc. In principl. the method. 

" . , - -' .. ..., . 
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Figure Z. 15 Bulk Tensile Strength lo~ Zinc Cadmium SUlfide aa a Function 
of Distance ilL" from Comp~e •• ive Force at Various Total 
Plu, Lenlth •• L t 
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Comprellive Load 
(dYl1u/cmZ) 

a 5. S5 x 105 

X 7.88 x 105 

0 10.59 x 105 
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involves p1acll1S a powder on the metal IUl'face fond. t11tinS the plate of metal 

slowly until the powder basins to aUcla. Th_ aUd. aell_ is ,.elated to the 

coefficient of friction a. follow.: 

where: 

/I' = coeffici.nt of friction 

g ;:< an,le of alide 

To make a comprfthenslve study of thi. problem, the followinl three· 

methode were used to place the talc UPOI\ the m.tal a\1r£&ee: 

1) An aluminum ring of 3.5 em ID was plac.d on a mechaGlca.l 
vib:rator and f111.d with 1. 5 I talc. Alter a IJtanciard 3-
minute vioration to usura uiliformity of paddn,. the .ample 
was transferred to the plated metal .urface on the tUtinl 
table. 

2) The talc wal procell.d identically to Part (1) except that 
prior to tra.nsCer to the plD.tcd 8ul'fac., the talc was com­
pacted in.to a plug bV the u .. of a piaton auembly with a 
9-pound compreuive load. 

3) The talc was proc .... d Id.lltieally to Part (1) except that 
alter transter to the plated. .urface, the talc waa compacted 
-atre'Ctly onto the plated. surface by the 9-pound pi8ton as· 
•• 1lILly. 

The telt_ were performed in a controlled. humidi~ environment US to 

18 percent relative humidity). Upon analyat. of the •• data, Methocl (3) waa 

choun £0"1 further .tucty at a Maher ( > 60" RH) humidity. The follow1lll i. 

a tabulation of value. of anile of elide: each value reported i. a.n averase of 

&t lea.t Ii\'e independent run.: 
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Platift, 

________________ M~~~o~d~~~~ __ ~C=ad=m~iwm~ __ ~Z~.I~nc __ ~U~n~p~~~t~.a~ 

Low Humidity 1 .fO.T ,u.6 42.5 43.0 
(lS-18~ RH) 2 36.0 37.6 37.8 39.7 

3 -41.9 43.4 43.7 44.2 

High. Hllmidity 3 39.8 40,0 42.9 42.0 
(> 60" RH) 

Althoulh Method (2) ten.da to yield a Lower ali de anile than M.thode (1) 

or (3), the data indicate only very minor differenc .. in the fl'ictional forc .. 

between the talc powder and the vadoul electroplated surface.. It t. 
iotereatin. to note. however. that relardl ... 01 the method utUiuel. the 

nick,l plate gave conehtently the lowe at coefficient of friction and the un­

plated material consiltently the bighut. It ,houlel abo be mentioned that 

in every caee whiG the metal eurface bacl been e~..,cl fa1' lome time· prior 

to telt. the firlt test puformeci on each surface lav. value. 50 tt' 75 pel'­

cent hi~her than the average. Thfllle valuell were Qot included in the t&bu­

lated data preunted. Appar8l1cly .lthll' .udace moisture &nd/or Burla.:e 

oxidation chana" the frictional eharact.rietici of the surface in a way that 

ie removed by makina a lin,l. test run. 

Sillce there •• ems to be no obvious ad.vantage in alectroplatinl tbe 

metal surface. of .. disseminator in order to reduce frictional £orees, no 

future work in this area is currently planned. 

2.. 5 BuIlt Density 01 Campusled Po_eu 

1'0 expand our knowledge or tbe vLriat10n of bulk denaity In a eolumn of 

compr ... ed pOWder. a Ilewapparatus (a. ihown In Yipr •• 2.18, 2.19 and 

2.. ZO) has been deailned and perfected. Saccbarin has beeD used as a teat 

powder in our initial .erie. of experiment, with the new apparatus. 
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Riftl Hold DOWD Sl.eve 
S. 0 inch .. Ions 

Supporting T\.lbe 
17-1/Z" x 5-11/3211 1.0. 

Nteen 1. O-inch 
Compactlon IUn •• , 
5-3/32" I.D, 

Figure Z.19 Bulk Den.it, Apparatl18 Auembled for cOmpaction of Bulk Powdera 
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Figure 2. ZV Bulk Deo!lity Apparatus Assembled for 
Cutting d individual powdeor Selments 
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In an actual experiment the aPPa,l"atu. il a .. ambled A •• howo in 1'11"1'. 

Z. 19 bllt with the ,ifter replacinl the pl.ton aal.mbly (:ripre Z. 18). Tb,e 

.Uter with a mechanical. doorbell-type vibratoI' attached t. intended to aid 

tn uniformity of pac1dnl. The powder under ltudy II added .1owly through 

the aiftel' until the column i. filled to the top of the hold-down 81 •• ".. The 

pilton a .. embly 1, theft put into pill,.. and the comprenive load applied for 

a period of onl-~U hour. The comp:ru.l"e lo&el. pi.ton a •• ambly, and 

holcl-cioWll aleevl are then removed. Th. eotin columft of compacted pow­

der plu. the compaction I'ill,' are moved upw&l'd with tbe ald of the lab jack 

and :rinl-supporting piston. expo.inl the metal ring' contaiftinl the com­

pa~ted powder. 

The cuttillg auembly (Figure Z. ZO) il th.n u.ed to divide the plu, of 

compreased powder into one-inch •• Smaata of kn.own cro .. -aecUonal ar .... 

By obtail1inl tho w.,ight of tb.a. a8Im.nta, the bulk deft. tty may then be <:al· 

culated. To obbift further information a "cookl. -cutter" ..... maly ia then 

U.8 d to remove .. ci rcular po rtian. °rflpru enting ofte -half the c 1'0 •• - ".ctiollal 

area. {rom the center of each ae,mant. This aUoreb a Ira •• comparison 

of the ... ariation 01 bulle denaity along the radiua of the column of compr .... d 

powder. 

2. 5. Z Diacuaeion. of Da.ta 

The re8ults of an experim.nt USing saccharin as a teat powder a:re 

.hown in Filure Z.21. The compactioft. w.re made in order of incr .... ing 

c:ompru8ive load with no special attantiOft given to u.ing virgin saccharin. 

each ttme. To .tudy the po •• ibi. eUacti of previous binory of compaction 

o£ a powder upon blllk denaity. the 18.9 Ib tut was repeated using the 

.. accharln that had. been \lIed throupout several teat. including the 35. Ib 

compres.ion. 
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Figure 2.2.1 Bulk Oen.ity of Precompacted Saccharinaa. Function of 
Distance from PiatlJn at Variou8 Comprea.ive Load. 
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The two curve. are .hown for cOJnpuativII purpo •••. ln 1'11\11'0 2. za. 
It i. intereatilll to note that the seneral .ha.p •• of the plota aze neady t~nti­

cal. The bulk den.tty of the Yil'Iln powder for the tint 11. 9lb teat wa. 
O. Z93 1m/em) compared. with O. 3U 8m/em' for the pl'8viou.ly compact.d 

.acchal'in u •• d In the 1a.t 18.9 lb te.t. Th ••• ezpesoUD.nt. accentuate the 

dependence of bulk d.ulty upon the previo,,, compaction bilto~ of tbe .am­

pie and the need for tho u.e of virlin mat.dal. for each te.t in order to 

t)btAin reliable comparative rnull.. With tbt. bac:klJ1'ouDd of experience 

tbe experiment wal then repeated u.ln. virlin saccb&rin for each run. The 

reaultl .hown in F111U'e Z.23 indicate a linear relation. hlp between the bulk 

dens tty &Iui dt stance from compre,,"ve piston. The deviation from linearity 

at grea,ter eli.taIlce. from thl pi.ton will b. Included In the c!i.cus.loll of 

F1gure 2. as. 
Aa stated earliel' in this report. data were obtained c01'1cerning the 

variation 1n bulk density alan, the radius of the plu,. Bince thi. variation 

wa. ~o uniform throughout each ten. the data shown. in Fi,ure 2.24 are 

prelllnted .s typical of the variation found. III order to determine whether 

or not the radUll variatioll 11l bulk density i. dU. to the "rfeets of the applied 

compreuive load or to the metbod of !111ing the apparatua. an experiment 

wu juat completed at the w1:'itinl of th~ti raport in which the bulk deuity 

apparatua was fHled with saccharin in .. manner identical to puviou. ex­

periments and. the bulk denaity mealureel without the applic-.tion 01 a com~ 

pressive load. The retults ~re .hown in Figure Z.25. Althoulh tbe appara­

tus psrmitted accurate maasurement 01 the average bulk den.ity of the eOI­

ment •• only near the bottom of the column waa the powder plul rigid enough 

to obt&in data on the inner and outer s .. ment8. It fa very interesting to 

note. howevn, that radial vllri.tion in bulk elallaity of the oreier of ma.gnitude 

observed wlth the compacted powder i. al.o in evldeac:e here. The radial 

vari&tion h thus affected to I. considerable extent by the method of nllillt 

the column. It il beneved, however. that the verUcal variation at bulk den­

aity ahobld be relatively unaffectecl by thl. phenomena. 
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(A. com pari Ion 01 virl1n laccharin with preYioudy compacted 
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Curve A • Sulk clen,tty of luuer core 

S - Bulk clensity of eillin aepent 

C • BWk density of outer allnular .. ament 
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L (lnche.) 

I'i,ure Z. n Variation in Sulk Density of Uncompacted 
Sac;cbarlll along the Radius of the Plug 
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Further examination of J'iP" 2. as _bo ..... harp rile in Wlk den.ity 

near the bottom of the column of ~l1compact.d powder. Th. cleviation ll'om 

linearity ill tho plot •• hoIR in Figure Z.23 could be explaiDed on thb baai •• 

. tll attemptina to explain the incrauld 'b~llt den.lty near the center of 

the compr .... d pluS. one mipt .uepect that clurinl tM fillin.g proce .. the 

powder toncl. to "pile up" in the cantIl'. Viaual ob .. rvationa made ciuring 

the filling proc ... indicate that thll i. probably not the caee. The pheno­

menoll that ie obaerved t. ... builclup of powder. apparently clue to electro­

static chars, on the particle •• a1oo1 the wall. of the a.ppa.ratue a, .hown in 

Figore ~. 26. Not only could thi. lead to parti&1 .. ,regation according to 

particl. eiae. but the powder alona the waUl la probably of lower bulk den.­

.ity 'inc. it ia not lupporting • ma •• of CJVulayinl powder a.. ts the 

material at the bottom of the cylinder. A sketch of this coocept. involvilll 

a dan,. core sUl'rounel.d by 1 ... elena. matnial.. ia pre.ented in Figure 2.26. 

Future work will certainly lnclua. contilluad inveatiga.tion in thia area 

ot proper packiol at the column. w. &1ao plan to .. xt.nd our .tudie. to 

other powders .uch ... talc. corl18t&rch. and powdered milk. There ie. of 

couru. a limita.tion in our selection of powder. tor ""lAdy l.I.c.a&u •• ot the 

relatively large volume. of powder requirecl 11 virg!.n powclere are ua.d 101' 

each test. 

Z.6 Shear Stren,th of Powclert by Sliding Di.k W.thod 

During the preaent quarter our atudie. of the nriatioll of ahea.r Itrength 

of powders with compressive atre •• at varioua humiditiea have been ex­

tended to powdered ausa.r and powder.d milk. 

The technlqulII8 of me •• ur.ment u •• d were identical to tho •• de.cribed 

in a previOUS report 1 in which the powder. after exposure for at leaet 48 

hOUri to a controlled humidity environment. ia caused to ahear while under 

the l.nfluence of a compre .. iv. str ... by applying a shearing force normal 

to the c:omprea.ive atre.s. 
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The relult. a1" tabula.ted io. Fipre. ~. 2T through Z.31. It aho~cl be 

noted from the graph. that the reJ.a.ttoo.U1p betwe •• sh.ar .treDlth and com~ 

pre •• 'v. str ... remail1' relatively Wlchan,ed tor both powd.r. dunlll the 

lo.cr •••• iD reWlv. h~idity tram Z to 32 perceo.t. Ho .... v.r at 46 percent 

relative humicl1ty aDci more ftoticeably at 69 perc.nt relative humidity there 

i. a m&rked incr,a .. in. allear atreD,tb with comp:re"!v, .tre... Al.o. the 
relation.hip betweeft shear stren&th and comF ... ive .tros. i. no lOftier 

11near tor j)C)wd.:r.d milk. 

Future work wiU includ. ltudt •• of powclend lugar and powdered mUk 

at hilher c:ompre •• lve atrea Ie.. In partic:ulat" I.t wHI be tnter .. tiftl to 

determine if the ahear atrensth i. in tact reachiftl a maximum value for 

powdered milk at 69 p8l'cent relative humidity a. tnellcat.d oy the plot In 

Figure Z.ll. We allo plan to exteftd our .~uclie. to other powclare such.o 

cOl'natarcb. talc, and saccharin. 

Z.1 Future Area", for Study Oft the Characteriatica of Powders 

The emph .. ,,! ... in our work hal ooon devoted to the development otr8li. 

able teat methods baaed upon & .ound theoretical background. In the future 

we will concentrAte upon coordlnatioll of inforomation 011 specifiC: powders in 

order to completely characterize the powcier. a.nd to determine which teat 

or teet. yield the moat reliable lniorm&tluD c:oneerninl the compactlbllity 

and di.peraabUlty of a powder. New area. of atudy which wlll ba initiated 

Include: 

Z.7.1 Bulk Denaity of Loo.e Powders 

Au apparatlu 11 beinl constructed In which powdera will be allowed to 

raU a fixed diatalll:e throulh vibrating .creol1. into a unit cube. It t. be­

lieved that this will affurd a si~ple. rapid. ~nd accurate method for mea­

lIurement of the bulk den.lty of .. variety at 100 •• powders. 
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Figure Z. Z'7 VarlatioQ of Shear Btrenlth with Campre .. !". 
S~2'8" at 1. Percent Relative Humidity 
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at 7. a Me.fur.ment of Static Char,. of Particulate Watan.!. 

A .tudy win be macle 01 varlou. meth. oll.aeratln. aad remonn, 

.tatic charle.. and 01 methode lor qualitative aDd quaatitattvI =0 •• 111'0 01 

.taUe: charle. 

~. '7. 3 Particle Sis. and Shape 

One of the mo.t jmportaat characteristic. cletermildn, the beba.vtor 01 

powdera in the ! -micron ranle tl the ma.lultude and the character of the 

total ,ul'fa.c. of the incUvidual particle. A characte:riotlc which eaa be 

call.d " aurlac. roupne .. " .houlcl be of fundamntal importanc. ie. predict­

illl the .ue with which & powder can be compacted. and redl.pere.d. '!'hi. 

chaTacteriltic can be evaluat.d. by a .umnatloa of information obtained 

from particle .is. d.l.trlbutioD, particl •• hape, and tot&! lIudace area. 

Particle .1sl cll.tl'lbutiOll' ne ROW bela, detel'mla.d. via tlle Whitby centri­

fu,e. Photomicrograph. are now beinl utUt.ed to .tuclv p&l'ticlt .hap •• 

Thi. ltudy will be emellded to the lI.e of electron micro,7:&pha. 

~. 1. 4 Total Budace Are. 

Mea.uum.nt of total l'I1r[&c. are .. of powder. in conjunction with the 

particle .1z. and .hape analy.i •• hould yield a clearer picture of the total 

"surface rou'h ..... II 

There &re leV'eral methods for me •• uri", the .~cl1ie Ianace .rl. of 
6 powdeu • Of th .... the two mo.t frequently und are the i.l-adlorption 

(tnuaUy nitrolea.) &lid abo pnmeabtlity method.t. 

In the ,a' ad'OZ'ptiOD method., the quUltity of , •• neee .. ary to form a 

monomolecula1' layer on the surfac. ia determin.ed. By ae eumin, a V'&lu. for 

the area occupied by a .in,le molecule, the al"& of IUl'fac:. cOY.red by the 
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acl.orbed ••• . 1120"'0111 .. I, thell calculated. The are. me.nred by dU, 

method depende Oil the .1 .. of the molecule. ad.orb ... and tho de,ree. to 

which they are able to penetrate into any cl'aeka 01' pore. in the solieL 

The air perm."billty method 1 ..... lllta1ly .. rheolo,ical metJaodlll 

which the flow at a fluid (llq,uic.l or vapor) throu,h • poriar In a compactea 

beel 11 related to the sudace area of a continuous loUd; It ~ .'eumed in 

thl. method that the bed of powder behave, a ... buacUe of c:"plllal'iee. III 

cOIl'equence, only the .uriac. of the cOl1tiauDU pathe tlu-oup the material 

will contribute to the mea.ured .pecific .ur~&ce are.. Thie &.rea is not tho 

.. me .s that ml •• ured by ad.orbln, a aae OD the .urface 01 tha powder. 
becau •• in tho latter method aU the .udace acce .. ible to ga. molecule, of 

the type uI.d wlll contribute. In lan,ral. the area meaeured by the adsorp­

tion of lop. wiU b. lal'l8J' than that obtained by a. permeabillty method. 

This dilrerence may be accentuated if the powt.r has appreclabl. "incernallt 

IUr!ace due to crack., interw porea. and other irreaulaI'1U... In adOttlo11. 

the permeabUity method may not 1Il .... ur. the 1'ull"extsrnallt sllr£ace 01 the 

powder becau.e of the lOrmAtion of blind pore. durinl compaction ot tb. 

bed. 

With very flu powder. a furtheZ' compUc&tion ari .... inc. it ia very 

difficult to compact a fin. powder to Ilve a. bed .. , low-void. fraction, and 

with & poroue type of bed there may be a ae1'1ou. lack of unitorm!ty throu,ba 

out the compacted bed. From th ... cOt1licleratioQa it would appeal' that the 

logical methocl to b. us.d lor powder. cunently under study would be the 

lao adllorp'loD metbod. 
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The objectlve of thl. experimental pro,ram hal been to perform a 

.tucly of the ptopent •• of a.ro.ole,botb intrineic and extrin.le, whlch 

have &11 effect on the &ero.ol'. o",e1' ... 11 .ta.bllity. Th. de,ree of 'tability 

can be mea.ured by ob.el'viD, the net rate of di8&ppea,...nce 01. the particles 

from the &ero.ol. Sevfl1'al factor •• b.sidee concentration. conceivably 

have an effect On aero.olll'tabUity. The •• lacton are: 

1) Parti.le li.8 and .hApe 

~) Particle type 

3) Chari' characted.tici of p&rtlcl .. alld environment 

4) Water content: 01 particle. 

S. Ablolute humidity 01 environment 

6) Type of .tttling (turbulent or trallquU) 

The ialt&bility of aerolol. il obvlou.ly to b. unde1'8tooci in term. of 
onlv two diltinct prOc .... fllII: 

1) Particle. may be removed from the aerolo1 by .ettlin. on 
and. adhering to the varlou •• urlace. to wlUch the .er0801 
11 expo.ed. 

Z) Partic:1ee may be removed fram the aer0801 by collidlns 
with and. adherin, to other particl •• within the .ame aero­
aol r.aultinl in a net deerea •• of independent partiel .. 
(coaplation). 

Since the rate. of thel. two proceuu completely Ipecify the It&blllty of an 

aer0801. the fruit!ulne .. 01 any experimental method il to be Judged pri­

marily on it. capablUty for lIupplying actual Rumerical values for theee 

rat... Much of our work durin, thla period. hal been cl1rected. at thi. type 

01 evaluation o! our llsht-tnltrument.,d .erol01 chambor. 
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3. 1 Ten=1llo1oV and Defillitiou 

A. p6ru.a1 of the literature 01 aero.oll rev.al. a -certain degree of in­

dependence amona the vax-lOUt author. in regard to terminology. It i. 

nee ... &I.'y. therefore. to define tho •• term. useci in thh section .which 
would conceivably confUct with the literature. 

Th. cumber of particle. per unit volume will be termed the concentra­

~ 01 the aero.ol. The term concentration will often be .peclall •• c1 to 

mean the number of pArtie1ee of a particular 'peclu, o. g •• thOI. with 

dimenlion in the rang. (d. d + Q d) per unit aerosol volume. 

The cla.siJicaUon of aerolol particle. aceordiq to apeci .. waJ':rantl 

Bome comment. Since the mOlt importa.nt p&l'ticle property with re.pect to 

it. behavior in an a.er0601 I. particle si.e, the primary cla .. Uica.Uon Ihould 

b. made accordin,ly. III d.eaUnl With loUd parttel.s, however, 1t i.1 often 

not.obvioul how thil clal.ineation .houlel be put lDto practice becau •• the 

particle. are often very irreJUlaJiy 8haped. In OUI' work we .hall seul'ally 

,uppole that the particle. may b. cOII..ide1'8d .pherical &nc:l characterize 

partie1e liz!! by meaDe of the diametel' el. Thu. if N denote. the total num­

ber of particles under conlicleratioD, we denote the number ot particl •• 

with diameter 1 ... than d by N(d). Clearly N(O) ~ Ij ane! N(d) a.pproache. N 

.a c1 aecomu infinite. 10 tb&t & plot of N(d) apinlt d i. qualitatively .. 
llhawl1 In the skotch below. 

N' 

1 
N(d) 

o ~~ ________________________________ ___ 
o 

d_ 
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It il often con,,'enillnt to .pe&k or the fractional number of pal'ticl •• in 

a. particular sa.mplu which bave diametel'l le .. than d. DoaoUng this fra.c .. 

tiOD by ned) we have a.. ita definina relation Nn(d) = N(d). 

The derivative of N(el) haa ailnificanc.. Th. number of particles 

havilla d.iameter. in the .mall interval (d. d + rS d) iI N(d + tS Ii) • N(d) ,. 

~(:) 5d = NI(d) 0 d. Here the prime denotee the derivative. n I(d.) i. 

similarly defined. N'(d) ia commonly called the parde Ie al.e diat1'ibutioD. 

while N(d) ia often called the cumulative particle liz. dlatributLon. 

Ther. are leveral explicit formula.e for the particle alse distribution. 

each of which apPl'oximat .. a wtde variety of diltributiona actually enc:oUQ­

tered in practice. Each of theae [onnulae contaill two or more pairameters 

which are luppo.eelly capa.ble of accountinl for practlcal variatiOns. lnAS. 

much A. it i. often convenient to have luch a formula a.vailable for cit.cus­

sion. we have choeeo one {or that purpose. Since it i. lelt that the data in 

moet cases are not preCise enough to form a basil for choice of formula. 

we simply take the moat common such formula. which Is compatible with .the 

conditione nCO) and 0(00) = 1. namely. the logal'ithmic:-normal dJetl'ibutlon: 

n(d) 

{ 

101 (dId ) ZJ 
n'(d)ci'cl = i)z exp -l/2-( 10, a-

g
l

) ~(loSd' 
( Z 11) 101 0"'11 
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Simple eon.Warationa ahow that da (the Seometric mean cli&meter) in the 

aboye formula I. alao the meclian diameter mentioned 1t&l'lier. The term 

0'"8' (the leometric standard deviation) L. & mea.ure of tbe diaper.ity. 

·''''3. Z A Theoretical Calculation for Hon"Acslomel'ative Ael'o,o1 Decay 

It i. expected that the information provided by Icattered ijlht will ba 

rather subtly related to the tunclamllnta.l proces •• a of aerolol decay. For 

thh re •• on it; will be u.eful to bave a simple. yet pertla.IDt, relation be. 
tWa.1! thel. processes and the ael'oaolltsht •• c:atterln, behavior. Such a 
relation 11 propoled in till. ltection. 

The lilht-lcatteriD.B problem {or an &01'0.01 may be fOl'mulated a. 

fOllow.: Consider A .mAll element of volume bV in the aerolo1. tld •• volwne 

beln, irradiated from above by a monochromatic lipt beam of intensity I. 

I 

The amount of light Icattered into & cone of BoUd anile ,.0. lOCAted at 90 

clelre .. oy a .inJle particle ot diameter d in &V i. proportional to I and to 

5.fh 

'" t1"(d). I· Jil 

. -:-.. ::-"-

.:-;~.~ 

~.:~~ 
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The COQat&At of proportionality (1" b caUect the differet1~ acatterial ero ... 

lection. Since the numb ... of .uch particlu in oV t. C(cl) • <sV. ~e total 

light acattered by particl •• of diameter die: 

O"'(d) • C(d) • 1 • ~V • on 
The light acattereci by all parti.elea is 

I. a I • bV. J o-(el) • C(d) oct &11. 
&ltd 

Thia 111,elr&1 is to be evalua.ted under various conditi011s. 

Let us firet conaider Cfd). AA baa been explained in Section 3.1, the 

particle 81.e distribution will b .... umed logarithmic • normal. We further 

aa aume that at aome initial tim. t '" 0 the concentration ia unt!orm through-_ 

out the chamber. ThuI: 

"C(cl. t = 0) = N'Jd) 

where V t. the volume of the chamber. 

Thil initial concentration may b, modified with pauinS time. W. eOn­

aider two ideali.eel mode. la which the modUleatiOft may come about. 

Fir.t, Suppaa, that the atmo.phere in the chamber I. "tranquil", i. e •• 

aufficiently free ot currents so that aU particle. settle vertically downward. 

In tM. ~ase aU particle. of diameter el wllllall .s a unit. with the rutllt 

that after time t, no particles of size d (or lar.eT) will be prellent above a 

certain hOl"lzontal plane. Thi. plane lie. a diata.n.ce h from the top of the 
chamber. h beinl,ivea by: 

,oldZ 
h .. t • v(el) :It t . 

18'1. 
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whe!'. v(d) is the Stokes' s.ttlin. velocity 01 a paniels of diameter d. jJ is 

the particle denaity, g t. tho lravitatiunal coa.st&a.t, aDel J} is the aiJ' .. ls­

co.1tr. no concentratiou all a function of time Is thel'efore 

__ {C(d' t = 0) for h:> t 
C(<1. h. t} 

o {or h < t • v(d) 

• v(d) 

that 1., C(cl. t • O} i. to be multiplied by a iua.ction which haa value 1 foJ' 

o < <1< ."j~;h and value zero for larler d. 

Aa an &lternate mode of decay, suppo •• that the ail' in the chamber is 

.u turbulent that the particle. move In an •••• ntially raa.dom maMer. For 

thb c .... it has been .tated by va~iou. author.?' 8 that concentration 1'.­
mains uniform throupout the chamber. but .that alter tim. t the number of 

particles of .iloe d h reduced by the factor 

where H is the total height of the chamb.r. Thus 

C(d. t) = C(d.O) • e 
_ v~h 

The remaining factor in the scatt.rirtg int •• ral, the differential 

scattering cro .. -s.ctiol\ O"'(d). ia in leneral ~ v.ry complicated fUtlCtiOb of 

d &8 well aa of the lilht wavelenlth anel the tn~d of refraction. HowevOl', 

the ratio of particle diameter to light wavelenlth to be encountered In the 

present experiment i. probably larl8 enoulh .0 that & dmp1e apprOld.ma1:ioD 

from c1 ... 1ca1 optic:. may .wIle. <}. T1'11. approximation b: 
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Th. light-8catterhll problem thus leads to the two integrals: 

For the tranquil ca.e: 

1 --', 
6rr: 

For th8 turbulent ca •• : 

NloJl~v 
6 'lTV 

cl max I In dldg 2 

J 
-... ( --) 

d2 • ,&. Ina} ~l1nd) 

o 

It 18 to b., noted that the pre8ent con.telon.tiona take no accoun' of 

aillom.ration, Another inadequacy. which may be partially corrected. i. 

that the turbulent decay expru.ion: 

tak •• into account only "Il'avitationa.l impingement" 011 the ilool' and ne,l.cta 

"inertial impingement" on other .urface. of the chamber. The effect of 

aeroaol decay by inertial impin,ement may be aeen qualltativel,. by the 

follOwing consideration •• 
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A. a current of ail" approach •• a wall it 1. tuned back. with &a'.tien­
dan.t ceneriN,in, action. Thu., the pal'tlcle. axpel'len.ce an equivalent 

gravitaUoD&1 £orce. alld inertial lmpln..emeld 11 actually quite .imil&r to 

gravitational lmptnlement. The effect OD. the decay rate i. to add. all 

apparent Iravitational c:on.tant " to the I which appean in the e"peDant 01 
_ v~) t 

e . For (urther detail. on &hi. proce .... e. aelerence 8. 

The integral for the tranquil unlinl ca .. may be .olved aaalytically. 
The relult ial 

" veda) . t 

• ",' <rsJ} d l a lnZ 0"', ~ 1 - erf 
(In Ii + 

I e Z In a; 
l 

:l t 
v (de> t 

} d Z 2 In cr: 
~ erf 

In !i .. 
B • g Z til "i , 

wh<!l"~: 

l 
d. " d .1. In (j", 

g 

i. the lurfac:e median diamctet. Thb Cunction ie lineal' if plotteclln IOlarUh­

mi~-normal form with 101 t a. abaci.... The M. 50 and 16 percenC point. 
corne at 

h 12 h a: 2 
t .. -. -.:L 

v(d ) rrl' · v(d, ' v(d.' • 
re.pectively. 
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! The turbulent lettl1~1 integral may be c0l181ured qualitativel" by com.-

.--- -- - ----------- --------------

: j. 

I . 

pal'i,oll i.o the tranquil expression. The two !.nte,rall dille%' iD the modu­

lating lactor in the intell'accl. Where the tnnqu11 illtegrand has .. factor 

which drop. from 1 to 0 .ha.l'ply a.t Vd = ~ , the tul'Wlellt 1nt.I1'&I14 
v(d) PiT 

- "1rt 
has .. factor (e ) which drop.trom 1 to 0 gradually. reachilll 60.6 
percent (the inflection point) at: 

Thul 1t N'(d) changes sufficiently .lowly with d (the .erol01 II lu!ficiently 

polydilpene) the tUl':)ulent I.ttllnl curve abould b. very similar to the 

tranquil Ixpru.ion if, in the latter, h i. taken equal to ¥. 
A. a check on the rea.oning of the Above paragraph, the turb1alent 

seUUns intelral wa. lubmitted to the computer group for numerical int.-
Z graUon. A few eurv ... thul obtained. are .hOWD ill "Igure 3,1. }'d. t, 

with,Q in gm/cm
3

, d ill micron. and t in minute., i. uled a. the v""'l'Ibllt . • 
It may be 8een that the plot. have cOllsiderable curvature for .mall values 

ot 0"',' but approach linearity £01' lal'ler valu.... The da.hed lin8 tn Ftpre 
3. I it the plot of 

• t 

which Ja the solution of the turbulent aettlln. intelral a. O'"g _1. It wtll be 

noted that latter nearly coincide. with the curve for IT: :z 1. l. All the 
I Z 

curvel of Figure 3. 1 era .. 50 percellt in the neighborhood of,od. t '" 370, 

which may be compared With the value 286 obtaineet. from 
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The experimental objec:tlv... lomewhat lei.aU •• d, of tbl. pro,ram 

were stated earlier. A. mentioned belo?e. moat of the work of the pre.ent 

quarter waf carried out with .. view to uein, how nearly the •• objectiv .. 

could be accompUlhed in practice. Oth.r area. of work weI" IIJCP8l'imental 

technique. and determination of operatiftl parameter •• 

Orisinally, it wu con.idered ci .. ira.ble to re.trkl the .cope of tile 

'''P.rim'nt to the stability prop.rd •• of aero.ol.: that la, tu the behavior 

of ... rolJol •• ub_equent to formation. This, however, requll'el the exis· 

t.n.e. of a well-den ned initial condltion of the "eroaol. a. Iltuation which is 

difficult to achieve ill pl'actice. Thu •• while mo.t 01 the runs to be di.· 

cu ... el are concerned with aero.o! decay (for which rune the diIJper8ill, 

procee. was a.lumed to be reasonably .fflcient). lome work wa. directed 

at evaluation of eli.perlin, e£flciency. 

The powcler di.peUin, .ystem waa deacl'ibed 111. an earUer report. 

Briefly. it conli.te of a small chamber. cantainin. the powder eample. 

which it \lreuurised with d,.y nitrOlen gal. A diaphra.llm rupture., .J.\W 

either to the pre .. ure dlffel'entlal OJ' to mechanical puncturin,. auddenly 

releaein. the pr.,uuJ'e. A diaperdnl action is attendant. It waf fOUl'1d that 

.. 2. ·mil film of "phenoxy 8" pl •• Uc made a suitable diaphra,m material. 

:rupturln. at 1Z5 pei in our coni1luratioa. This mat. rial was uaed almost 

exclusively. 

There ware, broadly IJpe.leln •• three aeries of rune: 

1) Runa in which the ian wal not u .. d at all: then were fn­
tended for the study of the elhpel'ainl proce88. 

Z) Run. Cor which the fan wa. used only for a abort fnitial 
period. intended for study of aet0801 behavior under 
tltrallquil" conditions. 

3) Rune {or which the fan wa,lett all throughout the entire 
run. Intended for abu:ly of .er0801 behavior under "turbulent" 
condlt;.,n" . 
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It wa. found that 8tirrln. (Seriea (3) above) haa a decided replals1n. 

influence on the aerolol. In the "faR on" lituatioll the two llght.acatterlna 

8ignale were brOU&ht into colnc:idence almolt inatafttaneoully and lta.yed ia 

t'oincLcience. both deerealin, smoothly. throughout the entire run. Th. 

Seriel (Z) runl, on the other hand. often loci to irrel,llar (noftmonotonlc) 

decreaain,light ligna!. sub.equent to the turain. off 01 the fall. The 

Seriee (3) runa will be discu ... d flut. 

Repl'eaent&tive runa trom S02'i .. (3) are shown plotted in logarithmic­

normal form in Filure. 3. Z. 3.3 and 3,4. Note that these plot. au aC 

leaat approximately linear. 1'01' purpoae. of di.cuaaioll. we identify three 

ab.ci18ae. t'. t*, til. on this Hne (ae. Figura 3.2). The •• &1'e tbe inter­

cept. of the line With 84, 50 and 15 percent aeattaTed U"ght inten.ity. re-
" spectively·. 

Tabla 3.1 pretent. a summary of the "fan on" runa. Not. that t"/t', 
which aceordift& to Section 3. ~ mealur .. aeroaol ell.penHy, i. sen.ibly 

constant for a given powder while t*. which h ILIl inverae mea.llre of the 

aero.ol mean particle diameter. deerealea with both amoullt of powder 

dispened a.1~d wiLh .,tirring. It may also be lignif1cant that the curve. for 

the lower fan .peeds diCier more from Unearity than the other figl12'U. 

Thi1 poine bears further checking. 

The last two columna of the table show value. of~d land (J:, where 
3 a g 

pia particle density in am/em, d. h tha surface median diameter in 

mic ron. and. a"g i. tha geometric atandard deviation. eomput.d Crolll t. and 

i"/t'. The relation. us.d &re~ 

iii According to the t1'anquil uttling _pru.ion ot Section 3. Z. the ratio 
t"/t', which measure a the lIope. hal the value (~1)4. Thia .hould &'eDlain 
a.pproximattlly t:rue fo1' turbulent a.tUin,. An approximate relation lor t*. 
,..,. dhcuued in Sec:tioll 3. 2. is 
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The valuel of ,od.2, •• peciaUy, may be viewed with .ueplc1ol1 eillc, DO 

ef!art hal been made to take illertf&! impingement Into quanutative account. 

Sioee our purpoe. 1. not a."caol a .. ay ae each, we do not lntend to make· 
the cor:rection. 

Table 3.1 Experimental nata lor "Fan Oil" RUllI 

Powder Fan t* .44 2 
(1"', Oi.pened Conc1ition (min) t"/t ' • 

200 ml talc Large blade, S.2 17.5 45.1 2.04 
line voltage 

50 mg talc Large blade. U.2 21. 5 30.3 Z.15 
line Yolta,e 

2.0 rna talc Large blade. 19.0 ZO.1 19.5 2.13 
Hne yoltagl 

50 mg talc Large blacie. 10.0 35. 3 37.0 2.44 
line volta,e 

1 ,ram Lar._ blade, ·0:59 28.6 62.7 2.31 
pwd. milk lil18 volta.e 

5& mg talc: Small blade. 20.S 20.4 18.1 Z.13 
50 volts 

56 mg talc: Small bla.de, 18.0 32.. B ZO.S 2.39 
35 volt. 
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Other "faft on" runt. c:ondllctecl with yet & cUff.rent powder. bUlled up 

an appreciably diHerent type of lilht-ecatteriDI sllna1. The powder uteel 

hen wal "K ferric oxide"·, a very !learly monodbperaed material of rea­

sonably spherical partiel... Parttcl. d1ameter ia approximately ~ micron •• 

For thil powuer tho Icatteredlight decreal.d exponentially, ae may b. 

aeen in Vigllr. 3.5. Thtl behavior is in accorclance with the hypoth .... of 

Section 3. Zt Fu.l'ther. the experimental decay CODltant O. 03~ compar .. 

favonbly with the exp.cted value uf 

v(c1,) 
-g- • 0.037 . 

With regard to Fisure 3.5. hOWevfl1', a queetion may be railed concerning 

the lar,81' value of the alope during the flnt 5 or 10 minut .. of each run. 

It ls beUeved that there are leveral ponible explanationl £01' thil rather 

minor deviation. none of which contrad.let the llypath.lta advanced in Sec ~ 

tion 3.2. 

Interpretive remark •• ill teranll or !.he rB1H.tive role. played by agglo­

meratioll and by •• ttlinl on lurfaces, must remain rather hypothetical at 

this time. It has been stated that the ll,ht-ecattering data for polydUpera8 

powdera are fairly well represented by a 8traight 11l1e OD a logarithmic -

normal plot. Thi. would aay that either the a.1'0801, ob.erved 10 fAr uv. 
log-norma-I pUticle diltributiona and decay without all lome ration (ae in the 

model of Section 3. Z), or that agglomerative affectl balance out the devia­

tions from lOI~norma.1ity. It i. &lao conceivable that the alllom_ration haa 

the simple effect of tilting or eliaplacing the line on the log-normal plot. a 

behavior which was indeed observed. On the other hand. the lin_ pOlition 

• K ferric oxic1e was at ona time produced and marketed ae a pigment uncleI' 
the trade name "KROX" by Minneaota lUnlng and Manufacturing Co •• 
St. Paul. Minnelota. 
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Figure 3. 5 Experimental CUrve. for Lllht Scattered 
from K·Farric Ollide Aaro.ol 
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and dope ma.y alao depend all the emclea.cy of the dlapol'8ia.1 procee.. All 

these poeeibiliti.e wfll have to be .tuc1ied further belore more definite 

.tatem.nte .e to the relative rolee of alllomera,1:lon Md aeUliDI may be 

made. 

Several runa have b.ell made under "tranquU" conclltlon. (Serie. (1) 

above). In view or the aometimea very .rl'&tic behavior of thee. aeroaol., 

it would b. mi81eac1inl to list quantitative relult.: rather, eo me si,niflcant 

qu&litative atatementa m&y be advanced. 

The "tranquil" decay rua.e were made with the fan in operation from 

several mlnutu before to a few minute. (u8ua1ly 3 or 6) a:fter the firin, of 

the powd..,r charge. In genoral. the behavio&' wa.. that the' two Usht eilln&l. 

were equal and decreased .mQothly until the fan wI.. ahut off. At this point 

the rate ot clecrea.e of ecattered li,ht cbanged markedly to emaUer value. 

and the two .ignall became unequ&l (the lowe'; U8U.n;·, 'but 'not alway., ex­

ce.elin, the upper). both deerea.ing in a. nonmonotonlc way. Sllnal excur .. 

siona of ZO to 30 percent above and below the median 11l1e, la.tillg •• vel'al 

minute •• were common. 

The implica.tion of the erratic beh&vior is cl ... r: "cloude" form in the 

aero.ol and drift at random through the lipt-.catter1nl are&. The eiani­

ficant point i. tha.t the.e cloude form epontan.ou.ly. einee the 11ght signal. 

'deere ••• smoothly during the time the laa. i. on. inclica.tinl & uniform COft-

.. . ··'!=,.l 

I 
I 

cent ration throughout the chamber. The •• effect,_ ~p-p&.niC\ll .. rly •• v.re:,~;,: ...... -,·, 

for the la1',er powder cha.rgu (above 100 .... ;ft':r'e ~ay be " "thre.hold 

concentration", above which .. n aeroeol i. unstable and tende to form cloud •• 

One may .peculate ... to the mecb&niem of forma.tion of the cloude. 

Perhape 1n the abaenca of sUrrinl. .oft eddy current.. which tend to trap 

aero.ol particle., are .et up by cOl1veCUOIl effect.. Another po •• ibility i. 

that & highly charged particle attract. othere which, however, do flOt 

actually callapa. on this nucleua to form an asslomerate. 
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Another alanificatat result of the "truqull" run. ia the ~ of .epara­

tion of the two light atgnal.. According to Section 3. ~ the lower .llna! 

should lag the upper by a factor of two in Ume. Thi. wal not ob •• rved. 

a.lthoulb in mOlt eal •• the aeroaab "tried" to follow the rule for the fir.t 

half hour or 80, Evidently there exist convection currellts in the c~mbel' 

which impole a turbulent condition on the aerolol. at lealt late in the life 

of the aera80l when the larger particles have eettled out. 

Finally. lome remarks on the dillperalns system are in order. A 

general feature of all rune to date hal been the pr ... nce ot a napike" on the 

light-Ieatterinl r.cord at the instant of firin,. Theae eplkea~ which varied 

from ~ to 4 times the equilibrium value at t .. 0, were a.t firat con.idered 

unimportant, a.rteina perhaps from the mechanical shock of firinl_ Durilil 

the courae of the work. however, the apeculation arose that spikea were 

du~ to a dense cloud pa88inl the lilht-.catterinl region at hlah velocity. 

The .. higb velocities. if pre.ent, are undesirable aince it is likely tha.t the 

powder 1. carried acro .. the cha.mber and impacted on the noor opposite 

the disporsing iUn. 

Several runl were made without the faD (Series (1) above). incorporatinl 

varioua nozzlu and other devices in an effort to Ilow down the diaperling 

g .... tream. The.e runa generally tend.d to confirm the auspicton of a 

high velocity cloud since the relative amplitudea of the slgnals indicated 

. that the aerolol was at first concentrated near tb, bottom of the ch&mber 

and "billowed Upll from there during the courae of the next half hour. None 

of the me •• urel tried lave a really satisfactory improvement of the sitU&.­

tion • 

.. This behavior hal b.en noticed in connecLion with other in.trument. - liIee 
Final Report. Vol. 4. Material Evaluation, aMI Contract No. DA-18-064-
CM-Z136, p. 26. 

• .. ·f~-' ~. 
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3.4 Conclusions and Plans !01r Immediate l'llture Work 

The work accomplished thus Jar bas •• rved to establi.h opel'&tinl COn­

ditions and to test our unde1'8tandina of the ... el'osol decay proc.... In r.­

lard to the latter. it haa been ... n that the theoretical expreillons .et 

down in Section 3. a ha.ve a considerable degree 01 valldlty, a.nd they bave 

been found very uulul in interpretlng theUght-.catterinl data. Their use­

fulnees would. however, be enhanced II the effect of &JS1omer&ticm in the 

a.er0801 decay were known. Effort. will be made to ta.ke account. at lealt 

quaiitatively, at ASilomeration. 

The work of the pall qua1rtar haa alIa tumed up aome unexpected po .. -

ibiliUe.. For exa.mple the IIJ1tter" or "nobe" on the fan-on t1rac~a a.ppear. 

to depend aD the type of powder dhpereed and in .. I1Y ca. .. seems too 1arle 

to be accounted for by electronic lloi ........ Thu •• the pos8ibility &l'ile. that 

stati.tical fluctuation. til the n.umber of pa.:rtil:lea iovol!edln BeaUedal a1'8 , ... 

beinl ob.erved. It i. cOlle.lvable that .tati.tical methocU may be applied 

to extract certain information from the ItjiUer" value •• namely, actual 

numbeu of pArticlu Invnlv .. ':! In leattering. This poulbUity will h. eA-

plored d.Ul'it18 the next quarter. 

The experimental prolram of the next quarter will wa be concerned 

with .y.ternatic studies of humidity effects in aero.ol decay. A. a lint 

etep .. vera! runl are planned. under the two extreme humidity conditions, 

both of which .holtld be relatively euy to e.tlLbllah. In the .. runs, a.a in 

othen pIanlled, we ehall generally uee .tirl'lnll thl'ouJbout the run, with the 

fan operating at speed .ufficient to overcome convection currents·. 

The powder cIi'J:\el'einl system will be kept under review. While this 

aystem doe. not work aa paM.d. it Is probably sathfadory for di.perdng 

amal1 charie. of powder. 

'Th. same procedure was adopted by Tanner et.a.l •• StaloB'e"l Laboratoriee 
In.terim Report 36. "D8I1111, Conetruction and Operation of the Aerophllo­
meteI'" S):HIc:lal Operations lJivieion, Camp Detrick. lUll. 1953. p. 6. 
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i <t. vrABILITY STUDIES 

4. 1 Pretence of BI Contamin&lltl in 8m Powder 

The relulta ot severa.l trial. d .. ilned to me.lure thG clel1'e. of heat 

inactivation ol!!!!!. powder ae1'0801s were in .... riably heavily coJltaminated 

with !i coloniee. Careful examination of our equipmen.t and tec.hll.lquef 

eliminal..d these source. a. potential caus.s. Hypothetical reasoninl led 

to the conclueioll that the 8m powder itsel! COlltallled BII contamiWll1tl in the • 67--- ;a 
ratio of 1:10 to 1:10. This laval 01 c.ontamination would not be evident 

during 1'0tIUne plating. of the Sm powder which had a viablo count of 

1 x lOll/sm. When dilutions ;;re made of this powclar to yi.lcl countabl. 

plat .. (30 to 300 coloniell). the plates would show only pure culture. of 

~. On the other hand. a.naly ... of .ampl .. ill which 99. 9999" of the 

veietative !!:!!. was destroyed by heat would yield pl&tes in which !!& pre­

dominated. 

This hypothesis wae verUied by preparing a liquld auspenlion ot ~ 

powder in tryptoae-ph".pJ..<t .. bru~b which was immerled in a water bach at 

1S·C. Aliquot. Wei'S removed at 5-minute intervale ane! plated ill the appro­

pri&te dilutions to yield countable plate.. The J' •• u1t. ahowed & steady 

diminution in ~ count. relative to exposure intensity, and a. constant level 

of ~ "contamination". At the end of 30 minutea the prectomlnant orlanism 

on the plate wILS ~. 

Thia observation is significant cnly when con.ldering circumstancea 

where a givan treatment would have different influencs. on vegetative cell. 

compared to sparea. 

4.? Err~c.t of Agitation and Compaction on Viability of Sm Powder 

A se:ri .. of trial. were performed to determine the eHect of compac· 

tion on.§..Dl powder viability. with and without the addition ()( Cab-O-Sil. 

The additive wae inc.orporated in~o the powder either by mechanical Btirring 
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or io .. fluic\ energy mill. Immecliately after compaction. plate count. 'Were 

run both on the oriiinal bulk sample. aad Oft pellet. di'inte,rated in a 

tiuue homolelli:r.er. Thea. re.u1t. ar •• hoVlll ia Table 4. 1. 

TabLe 4. 1 Effect of Allfatioa au Compaction 
UpOl1 Viable Count of !!!!.,powden 

Viable COl1nt/,ram x 10 
10 

Bulle Compacted Pellet 
Aj1tation Additive Powder Pollet Den.ity; 

Untreated nune 4.11 ~. 84 0.617 

Mechallical Stirring none 3.01 ~. 15 O.6Z4 

1 ~ Cab-O-Sit Z.72 Z.69 0.639 

P"luid Energy Mill nOne 3.13 3.39 0.625 

1~ C .. b-O-Sil 3.07 Z.68 0.616 

It i. evident that neither coating with Cab-O-SU nor compaction to 0.63 

gram. per cc density had any 8i.niIicant or deletoriou. imnwtcliat. effect. 

OR ~ viability. 

"-l 

1 
''I 
" ,. 
1 

. 
:; , 
! 
1 • 

i 

" " : It 



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

'\': I , I. - DECLASSIFIED IN FUll " .S'" NI'IAt. Authority: EO 13526 
j. Chief. Records & Declasa Div. WHS r I~ ------------~ ·-----.-.----IoD".·~··---+JUHtt--1-1·Q9-201fMB-
\. . 

b [ 
;. 

'. I , 
j 

~ 

i 
1 
4 
. j 

[f 

1 

f 

f 

s. DISSEMINATION AND DEAOOLOMEaAnON STUDIES 

5.1 Glneral 

Durin. this period major 'l1)phaai. waa placed OD wind tuDDe1 experi. 

menta at Fort Detrick employinl the 40.£00t diameter t .. t .pbere. The 

obJectiv, of thia pl'o,ram w&. to evaluate the O.nenl Mille OMI·3 fixture 

with ~ and P. tuiarenal., under environmental operational conclitioa.l 

which limulat. actw operation ot the prototype \laiC for dt .. emination of 

dry BW a,ent.. In the evaluation luch paramateu a. l'ecoyery £actor, 

louree .trellsth. decay rate. VMMD •• lope. with 95 percent confidence 

limit., LDSO' problt alope and ita 95. p'l'cent confill!enc. limit. will be 

determined. Tile ~ tnt .erie. was conducted on April 4, 5. 6 and 9. . 

1962. while tb. P. tulArenail a.rie. wae conducted on May'. 7. 8. 9. 10 

and 11. 196Z*. 

In preparation for the above activity. effort wal 1.180 devoted dUl'inl 

the period to developing the teat fixture tn our ).&boratory • 

5.2 

At the pre •• nt time ICatilUcal analy ••• of the r .. u1t. of the Fozot 

Detrick telt program are not available. However. the procedure and 

general result. will be glven in this report. 

The over -all program was de.iguec1 to te.t .is operational treatment. 

with dried !m. and dried P. tula.renlil. These included the t."o wind tunnel 

Mach numbers. 0.5 and 0.8. and tbree bulk deaai'!el: normal. approxi­

mately O. 43grllma per cc and O. 53,rama per ce. In the !!!!. t.at four 

• Technical Evaluation Divi.ion Tnt No. 62-TE-160~: YD Divl'ion No. 
1'Ja7. 
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replic .. tee 'N81'e obtain.d per treatment. while 1n the P. lulareneie s.ri .. 

six replicatee were determined per treatment. Ift all of the te.U. each 

tnatme'lll.wae run i:ta1ly. 

Apparatul for thes. testl illcluc:led. ill addition to the OMI-3 flstul'8. 
related equipment ueed for comp&ctinl powd .... to the requind bulk den.i. 

tie, and m.chanically breaking down the neu1tinl .lule into fine aillomer­

atee on the oreler of 2000 micl'on. and le .. and ba.ic particle.. Approxi­

m&tely 0.8 gram. of thee. sample. were plJ,ced La the OW-l fixture and. 

dlu.minated at a feed rate of ]0 Ib/min. These apparatus a.re further 
10 dlecuued in our previous report • 

A blowclown wind tunnel and a.uxiliary equipment luch .e air etorale 

tank. anc1 pump. were erected for theee experimente adjacent to the teat 

sphere. The teet eection into which the or.anilml were dla.eminated. 

IIhown in Figure S.l. ha. a Z-inch by 4-1/2.-ioch cro .. -.ection. Actual 

ejection of the material in~o the air .tream was achieveel eluriDI a four­

millileeond period. 

Environmental conditions inside the epheu dUrin, the.e teeta were 

maintained. at 75 delreea Fahrenheit tempera.ture ..... ntlallyatmoapheric 

pre .. ure and ]5 percent relative hWllidity. 

Sample. of the ,enerated. aerosols were obtained with ASP-10 samplere· 

fUled with ZO millillte1'l of tryptos •• a11ne durin& ~ trials and ZO milli­

litera of gelatine peptone phosphate durin. P. turlaren.ia run.. One 

minute aample. were talcan at the midpoint. of 4. 18. and 3Z-minute time 

perioda at a flow rate of 1 Z. 5 lit ... s per minute. Foul' eampllnl atatioo. 

were operated concurrently. 

Siogle .tage impactor. (SSIs) with cutoff. of 3. 5. 7. and 9 micron. 

and .. GP·ZO total c.:olle.:tor were Ilsed with ZS mUliUteu of s&mplin. fluid. 

Thia group of .ampler. were operated only at the 4-mlnute time p.riod. 

,. All-ILau impinge l' preceded by a Bl'Uiah pre-impiDlu. 
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Th, four ABP-30 sample. takeo durin. each time intenal wen pooled 

w!tile the SSI. and GP·ZO. \Vue a .. ayed separately. 

In the original ~ turlauub te.t pros ram, it wa. piauld that eight 

Hartley 8train ,ulnea pll. in the weigbt ranle. 2.50 to 370 IrAma, would be 

exposed at each of three time period. for each trial afttl' the f11"1t day. 

However, becauae of the high recovery facto!'s during the initial exped· 

meQt., a ne ... teat plan. for the aDimali wa. required. A. & unit they were 

only expoaod on the final thue day •• 

5. 3 Preliminary Result. 

S. 3. 1 Sm Teetl 

In additiol'l to determininl the viability ot lenerated aerolola in the 

sphere. control sample. of the normal and. compacted materi&l ... ere takeR 

and auayed. By thia method data were obtain.d on the effect. of two lac:· 

tou which enter into thi. evaluation program. 1) the compaction. of the 

particulate material to clt'l" .. ttiu up to O. !U luml pet' ec, alld Z) thtt aeru­

dynamic breakup proc.u during di ... mination. Each actOr can be analyzed 

separately or the two can be combinecl to demon.trate the over-all perfor­

mance for :l.ny one treatment. 

In studying the mean value. o( the control count., there appears to be 

little, if any, efteet on viability due to compaction of Sm. Count values 

ranging from 1l3.98 x lO'J to 12:7.35 x 109 organt.lm.--;;r gram were ob. 

tained at bulk den.itiu 0.53 Iram. per cc and 0.43 gram. per ee, respec­

tively. At normal bulk density a value between the .. wa. obtatned. 

Mean values of the recovery fact ore at the 4-minute time pertod varied 

randomly in a range from Z. 52. to 3. 36 percent for the lix treatmenta, 

wbile for the AP #10 {ixtu"e the value was 3.50 perunt. At the two Winci 

tunnel Mac:h numbers studied, lhere appeare to be little difference in the 

viability of the generated aeroeo1. 

5·4 

4CA'.D.NflIE4 

I 
I 

I 

, 
a 

i 



" 

I 

I 
I 
I 
if 
f 

,t 

, 
il 
I 

I 
1 

~ 

;) 

f 
f 
-

~ 

",,"'g ••• £51AL 
DECLASS"'IO IN FUU. 
Authority: EO 13526 
Chief. R8Cords & DecIa. sa ~ wua 
Date: •. or"~ 

At firat ,lallce the.e t'ecovery (actol'l may b. decelvlq ancl ther.fon 

ma.yappeaJ' !luit. low. thua, it 1. n.ce .... ry to _.aiD .that the recovery 

1acto1' it directly proportional to the quantity of ii 11 wldch hal .. puUc:le 

eise le .. tUG 5 mIcron.. In W. cu. the particle .... di.trlbutlOG, bued 
on a Whitby centrifu,e analyeie, .howed ~t only 6.5 perceDt by ma ••. of the 

ma.tarial constetad of particle' leu thaG 5 microl1' in .lae. In addition, 

the ma .. median diamete:- and seametric Italldard d.eviatioa of the material 

wa. 16.6 micrOD' and 1.95. rnpectlvely. 

5.3.2 P. '1'\&larel1.11 Te.t. 

Pl'elimin&l'Y data Iiml1al' to that pre.ented abo"e are alao available for 

tha tJ'iall with P. tulal'en.ls. III tha ca.e of the control sample., tho mean 
10 value. at ea.ch bulk density, ba.ed on five replicate., rall,e from 13.52 lit 10 

to 20.11 x 10
10 

organisma per gram for bulk den.liti .. ranging £rom the 

normal condition to O. 53 graml per ec, relpectlve1r. The reeults show an 

illereale in oraanism count with illcreale ill compaction. an etfact which 1. 
unexplained &t this time. . 

Mean recovery factors for Chi. 'eriel of telta b&s.d 011 lix r.plicaus 

ran.e from ZS. 59 to 35.77 percent. There is &n indication that recovery 

deere •• e. at the hilher bulk density due to aerodynamic breakup; however, 

for the combined eff.eta of compaction and breakup. inereallnl recovery 

factor. were obtained with increasina bulk density. Again in this caae, 

wind tunnel M&ch number appears to have no relative eHeet 011 recovery. 

The me&n. recovol'y factor ootaLned with the AP * 1 0 relerence fixture 
wal ZS.44 percent. 

The ma .. median diameter of the lample material wa. 4.3 microns 

whUe the geometric standard deviation. was 1. 3S. ApPJ'oximately 70 per­

cent by ma ... of the ma.terial was le •• than 5 microns in IizlI!l. 
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In.pit. of the lact that the particle It •• dt.cl'tbutton .al '-lrly ItAe. 

the recovlry factor obtained. in th ... te.t. il con.lciered.to be quite hlp 

ancl exce.dec1 0\&1' expeCqtlonl. 

A more complete pre.entation 01 the l' .. ult. trom both the !!!.alld ~ 

tularen8t. te.t. will b. mad. at a later elate .. heA the complete .tad.tical 

.. WYI .. have b.en.lini.hed. At that time it Ihoulcl be po.,ibie to mU_ 

d.efinite conc:luaionl al to the operational cha,racteri.tici ·ane! efleetivenel' 

of the GMI·3 fixture and wine! tunnel combinatioll. . 
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CONTINUATION OF EXPERIMENTS WITH THE FULL-SCALE FEEDER 
FOR COMPACTED DRY AGENT SIMULANT MATElUALS 

6.1 Introduction 

Experimental work with the full-Ieale feeder continued durin, thla re­

porting period. The information obtained lub.tandate. pl'evioully reported 11 

conclulions that the dosiln concept under ltudy i. quite feaalble. Pedol'~ 

manee was evaluated at powder flow rat .. l'&nlinl from ZO Ib/mln up to 49 

Ib/min. Ail' flow rate. from three to Ilino eelm were illve.t1lated. Pant­
cular attentlon wall devoted to performance durinl the It&rtins period and 

variou. operating procedurel were tried i.n an effort to minimize the delay 

in reaching full {eadin_ ratee. 

III general, the procelbre. employed in conductin. the.e te.t run. are 
IZ 

the aame a. delcribec! in the Seventh Quarterly Progr ... aeport • A lew 

modificatioll' were made to the unit anel an improved arraniement for col­

lecting the diacharged material wal deviled. 

&. ,Z Equipment Modlilcatiolta 

The original plan waa to try three diameter. lor the ellecharle openin. -

0.375. 0.500 and 0.750 inche.. The Imallelt diameter of 0.375 it'lcl\ wal 

soon determined to be too small. The 0.500 and 0.750 diametera were 

both tatl.factory but it was found that the laa preuure within the unit uIlnl 

the 0.750 diameter opening wal significantly lower. Conaequently. &. deci­

sion wae made to ule the latter opining in a.ll 01 the teat rune belnl reported 

heroln and to tentatively eetabUlh this diameter .e the one to u.e in the 

airborne dbleminator. 

l3 For the teete reported in the Seventh Quarterly Pl'ogrul Rllport the 

motivating gal wa. admitted directly into the dilAg,resator section of the 

unit throulh a hole near the top of the cylinder. For the teat. reported 

herein, the unit wae modified hl that an aerathll rinl .... inltaUed in the 

6-1 
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center of the cyUnder aa .hown in Fi,ure 6. 1. This rinl con~ln. 3Z orifU 

each O. 040 in.ch in ciiameter which are po,Ulond un.iformly arounel the I'in, 

on both lida.. Foul' adc1itlonal orifil al'l mouteci 1.75 inche. clirectty above 

the powder dilcharge openirll. The objective in uailll the aeratlns rinl.i. to 

obtain better mixing of ga. and powder. To accommodate thi. ae"atift. rins 

it was necesaary to remove the wire wall ac:ra.pera and the 6-inch bafflel 

which were mounted between the ciiaaureaator diskl. The Icraper. were 

eliminated but the four long baffle. were repl&ced by eight 1. a5 x Z-inch 

bafflel. foul' beins mounted on each ditk • 

The initial arranlement for collecting powder for .. eigbins was to ule 

a 'hort length (approximately Z41nche.) of 1. Z5~1nch inllde diameter tub in, 

between the discharge on tbe unit and the top of the SO~lal1on drum. The 

top of the drum was covereci with a aheet 01 mUllin to allow the la. to pal. 

out of the drum without carrying out the powder. Since thi. technique could 

conceivably affect the powder flow at the point of eIi.charge from the cil •• 

&emin&tor. a new technique wal cievi.ed In which the tubing wa. omitted 

and the powder allowed to flow directly into a .tand pipe Ibc inchee in di­

ameter mounted on the collection drum a.. Ihown in Figun 6.~. The 811.d of 

the .tand pipe il placed four inches below the dilchILrse tUDe on the di ... m!­

natoI'. The cover 01 the drum h wel1 ventilated by many holea and the mUIUn 

filter cloth i. pla.ced 011 top of thi. cover. A ch&inber ia formed above tho 

cover by meana of plastic .heeting 80 that the gal can be withdrawn from 

between the pIaetic a.nd the fUter cloth UlltllJ & vacuunl cleaner. With this 

technique the powder hal been observed to now freely into the collectiun 

drum in a wel1~d.fin.d atream 01' jet. 

6.3 Teat Re.ultl 

The re8ult8 obtained with the full-scale feeder duriug this reportin. 

period are lummarized below. Thil lummary i. followed by .. more detailed 

di8cueeion of the data. 
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1) A total quantity of approximately a, &00 pound, of talc wen 
lucceufully load.d into aDd discharged from the f •• der 
under a variety of op.ratlon condition.. . 

~) The torque and power requirecl to drive the f.eder were 
found to be W'ell within the Lnitial objectlv... Th. torque 
was usually Ie .. than 100 It-lb. and the power leu than 
0.5 hp. 

3) A eli.charg. opening 01 0.75 inch in diameter Jives lood 
performance over the f.ed :t'at.s inv.atl.aied • 

• , Powde.r wa. elischarl.d succe .. ful1:r with ali. flow rate. 
ranging from three to nine adm. 

5) A II.S noW' rate of at leaat aix selm WIL. found to be neces­
.ary in order to minimize the delay in attaining full powder 
eli.charg. rate. 

6) The delay in a.ttainina full powclar dilcharg. rate waf al.o 
minimized by pre-pree.uriziDI; i .•. , the operaUng pres. 
lure wa •• ltabU.hed in the cylinder belore sta"tins to feed 
powder. 

7) The gal requirements w.re found to b. compatible with the 
spa.ce which will be il,V.:1ilable (or stodng gaa wlLhin the air­
born. diaeeminator. 

8) No eisnific:ant dHlerence in pnformance ~. oh.erved for 
oper .. tion where the I&e flow wal ltarted before £.e41nl the 
powder ae compared with operation where Sa.. and powder 
were started aimultaneously. 

9) The feeder operated latisfa.ctorily for powder fiow rate. 
ranSing from lO to 49lh/min, 

IO} The g ... prulure measured within the cylinder waa found 
to vary from approJeimately O. J to 1. 1 pliS dependins upon 
the powder and lal n"w ratel u.ed. 

The experimental feeder wat operated eucce .. fully under various COn­

dition. of powde:r and gas flow rates. The l'an,. of operatillg conditione 

covered i. thown in Figure 6. J by plotting each run •• a point on a family 

of curv.t .bowluS air-to-powder rAtios (by weilht) tor varioue powder and 

gal flow rat... 'rhe higheat powder £e.el rate obtai!sed was 4C} Ib/min. 
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Th1.. 1. not the maximum capacity of the f.eder but it ie the hlah •• ' rate 

attaia&ble with the pre.ent variable lpeed drive when the feeder 1. loaded 

with matezoial at a deMity 01 approximately 0.48 ,Icc. Oper&Uon up to 

rate •• 1 hilh.1 60 Ib/min are planned by compactinl to hilher denllity 

durin. loading. 

Typical powder flow rat. curvel are pre.ented in Figure 6. 4. The 

plotted data were obtained by recozodinl the tlme at which a certain amount 

of powder bad accumulated In the coUection chtum. In moet ca .. e time wa. 

noted lor each 5-lb increment. The curve I wel'e .. lectld fl'om many euc:h 

curvee which have been drawn to illultrate typical performance lor a' 

variety of operating condition.. The data lor any liven. run produce a well­

d.lined Itrataht linl indlcatlnll that the flow from the (eeder t. very uniform. 

The dl'ivina to~qu. and .peed were ob,erved lor all c .. t runa 110 that the 

input power requirement could be determined. The torque wal obe.rved to 

vary over So ranle trom 15 to 100 It.lb with one exception where the torque 

1'0" to 240 It-lb. Thll exc ... lv. torque prompted an inveaUgat10ll which 

""'v"'III~d that the thread c:lc~n·out leature whh:h removel powder from the 

teed screw wu plugged. Thie deficiency was corrected and there wae no 

:-e-occurrence of an exeelllvely hLlh torq,ue value. 

The maximum driving lpeed ueed on any te.t wa. 24 rpm. The hone­

powe: requirement baud upon 24 rpm alld 100 It·lb i. 0.46 hp. 

One seriell of teet :un. waa conducted uaioll nitrogen rather than air a_ 

the motlvatinl ga.. A. wal expected. there wa. nO oheervable dlUerenc:e 

in perform .. nce of the feeder when u.inS lliU'ogen a. compal'ecl to alr~ 

Tho curvI' 111 Figure 6.3 can be u .. d co Ihow how the motiv .. Ul1lgae 

flow employed in laboratory te.te comparee with the allowable now when tbe 

gal Illpply 11 limited all it will be in the airborne di ... minacor. The dl.ign 

8tudy ha.a _hown that it wUI be leaaihle to carry a gae atorag. bottle capable 

of lupplyinl 113 atanclarcl cubic foot of o11&'OIID. When baled on the maxi­

mum paylo&d capacity of 350 lb. thll givee a ratio of 2. 75 percent byweilht 
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of uitrosen.to-&gent payload. The hod.ontal daahed line in Filure 6. 3 for 

thil ratio i. well above the c:ollClition. a.t which the f .. clel' hal b.en demoa.· 

.t:rated to operate satisfactorily. 

Tbe ga. il uaeel moat e1liciently when the gal now rate il reduced. aa 

the powd ... f.ed r .. te ia decreae.d. Howeve... it ia po.alhle to operate the 

leeder over a .wtc:le .. al1le of powder flow rate a with a fixed, •• £low rate 

without exceeclins tbe Z. 75 percent ratio. Fo!' example. if the ga. now 

were eet at aix aelm the powder feed could range trom 17 Ib/min. up to 50 

lb/mtn. or more. In order to stay within allowab1.e limitl. the las now rat. 

must be quite low when the powder feeel rate reaches 10 lb/min. Anticipa-

tina a problem. the feeclar pedormance wal teated at the low gal fiow 

rata •• 

In awitching to tha lower gaa £low ratee (tbree and four aefm) it wu 

obaerved tha.t there wa.. a delay in 1"8AChi.na the full powder now rate at 

whtch the unit was being operated. To obtain a mea sun of thia d.lay, the 

fiow rata curve is drawn aa a straight line extended back to interaect the 

time -axis al ahown in Figure. 6.4 and 6.5 where tim8 fa meaaured from 

the lnltant at which the unit h .tarted. It i. de.irable to obtain pedor­

manee such that t'ull flow rate ie eatabUshed in. the ahorteat po .. ible time. 

Up to this point the opera.ting procedure waa to utabl1.h the de.ired 

gaa flow before 8tartinll the drlv. aystem which feeds the powder. Wh.n 

operating In this manner the prea.ure within the feeder is •••• ntially equal 

to atmoapheric pressure before the powder starta feedin,. When f •• dinl 

starU the preuure increaa •• to a value which dependa upon both the pow­

der now rate and the laa flow raCe. U the approximate operatinl pre.sur. 

exhts in the cylinder before atarting the powdel' teedinl' tho delay in reach­

in.1 full powder Elow rate should be a minimum. Therefore. teats were 

mad. ill which this internal pressure was eatabUahed prior to feeding pow­

der by re.tricting the air flow just below the discharle openi08 of the feeder. 

The re.trictlon waa removed at the 8ame time that the powder feediDg drive 

waa turned aD. 
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The pre-preaaurizing technique proved .ffective aa .hOWD in FiSUl'e 

6.!J. ThOle flow rate curvet were obtained with tour .elm air flow and 43 

Ib/l1'lin. powder flow for both ca.... The vertical I.paratlon ot the two 

curve. "'pre.ent. approximately five pou'lld. of material. Thi. indicate. 

that without pre-preaaurizllli about aft pound. more talc wa.1 lto ... ed in the 

dil&"re,&tol' section ot the feeder durin, tha inUlal .. "en or eight .econd. 

of operation lor the t88t wher. pre-pre .. urisinl wa. 110t ulOd. 

When operatinJ the {e"der {or a .erie. ot runS in which the same pow­

der feed rate wa. used for ea.ch run while the ,a. flow rate w&. varied. it 

waa ob.erv.d that the delay in attaininl full powder now rate. as deter­

mined from plotted fiow rate curvel, tends to be 10llser tor the low gae 

now ratel than £01' the high. Durinl th ... run. the folloWlnl data were 

obtained: 

1) Time from atarting feeder drive to the in.tant when puwder 
began to now from cHlch.rl. opening. 

2) Time from .~oppin. feeder drive to termination of powcl.r 
flow. 

3) Amoun.t of powd~r dbenar.ed after feeder drlve wa. 
stopped. 

The resulte ot thea. eb.ervadon. are preBeated in FiSUre. 6. 6 and 6.7 

only to illu.trate trencia in performance charaetert.tic.; the amount of data 

involved ls in.sufficient to just!!y using the.e curves to ebtain. lair-time. or 

poat powder-now quantities for a.ppUcation in any related .tudie •• 

rhe time-lag data arepreunteciinripre 6.6. The lower curve .hoWI 

how the obaervecl time from start of feeder to .tart of powder flow was al­

mOet inclependent oI the rate of gas flow uled. The del.y wu a.pproxima.tely 

One aecond. The delay in stoPPinl' however, inere ••• d si,nificantly a. the 

ia. flow decreased below flv •• cim. The delay observed (or eight .• elm wa­

approxima.tely l. 25 second.. It incre ... cl 8lightly to a.pproximately 2. 75 

•• conda .at five .C£m. but roe. lharply to about eIght a.cond. at three .elm. 
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o Avera.e {or runs where air flow wa.. 
established before atartins I •• der. 

o AvorA,. {or ruo. where all' flaw __ 
.tal'teci when feeder was .tazotecL 

Starttnl ~~-'f8""---S;8L 
O~------~ ______ ~ ______ ~ ______ J-

o 4 6 8 

Air Flow - _elm 

Flpr8 6. 6 Time.La, 111 Powder Flow 
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o Averase lor run. where ail' flow wa. 
establi.hed before .tanin,le.der 

o Avera,. for tuna where air flow was 
It.ned when feeder was started 

o 

o ________ ~ ______________ ~ ______ ~ 
o 2 4 6 8 

Air Flow - lelm 

FiIUr. 6. 7 Powder Flow Arter Stoppina Feeder Drive 
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Fi,W'e 6, 7 ahowa the amount of powcter collected &Iter 'toppln. the 

feeder a., rne.INrect tor variou, ga8 fiow rate8. The curve abow. that the 

ail' fio.", rate mUlt be above five IIcEm U the amoum of powcter t. to be 

minimized. 

Another Iactor which could conceivably influence the initial delay i. the 

relative timlns of the start olga. and powder flow. 'I'hi. aapect of the 

probleM was studied by makin8 two typea of run •• the first with the lIaa 

fiow ~.tabli8hed prior to leedin, powdot'. and the aecond with laa a.nd pow~ 

dar flow started a1mwtaneoulIIly. Data from both tYPal of run. were uled 

in plotting the curve. in FigutOi 6. 6 and O. 7. The data show that thou wa. 

DO .illliiicant difference 112 performance for the two methoda 01 operation. 

Thi, wa. alao true when performance .... , evaluated all the baaia of £low 

rate curve. drawn fD'r· the run •• 

6." Plana for FUture Work 

All of the experimental feeding experimenta with the full-acale unU 

have beuu r.:unducted with talc compacted to a denlity of approximately O. 4! 

g/cc:. A hydraulic pre .. 11 now betnl labrieatee! which will male. it pO.Il. 

ble to compact to higher daftalti .. when fillin.g the feeder. Teat. will be 

performed at a density of 0.6 slce or hilher when the preae is available. 

This dena tty will relult in a powder flow r&te of at l .. at 60 lb/mln when the 

feeder ddve i •• et for maximum apeed. 

A .upply of powdered IU8&1' hal be." obtained and plana are to run the 

f.eder with powdered lUlU to determine it performance varie' with the 

material beinl handled. Since powaered 8ular i. more hYfJ1·OIc:oplc. thee. 

test. will not be conduct<!d until the air dryer for humidity control ia in­

Italled and operating. The dryer 1l15tallation hal been delayed beeaua" the 

vendor failed to meel. hi. quoted delivery date. 
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Some of the future feeding experiment. will b. performed with the 

laboratory model of the dtueminator which the J:Q,in..e~inl Department i. 

now fabricating. Thtl uU t. to be a lull-Ieale prototype of the inne .. tank 

a ... mbly of the airborne dilleminator aftd will oper&te on the aame butc 

prlncipl .. employed in the uftit which bas been thul fu uled to demonltrate 

the faalibility of !eedin, compacted <by powder x:naterlall. 
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7. DESlON S'rUDlES ON A DRY AGENT DISSEMlNATlNOSTOaZ 

Th. d .. 18n concept of an external ~l'C1'&ft 8t01'8 for dil8emiDAting dry 

alent material from a eompa.cted state was descrlbed la our J'Uth Qual"t.rly 

Prolre .. Repon1~ Seetlon 6 of this current repon contains a cUacuulO11 

of the experimental evaluation of the ba.ic concept u.ina a. mU-ac&1e moael. 

'l'hi. experimental program haa demonstrated that the proposed concept is 

feasible. Some ot the pr1ncl~ components of an ill'bor.n. di"emina.tor 

ba.aed On thia concept were described in the Seventh Quarterly 'Progreaa 
1.5 

Report. Duriog this eighth reportin, period pl'o,ren wa. made taWILI'd 

integrating the .. components into a weU-duillUd clla •• miua.ting ltau a. 

de.c:ribed in the following para,l'a.ph •• 

7.1 Oenera.l Al"ra ement for the Airborne Dr 
are -

ent DilleminatS. 

A preliminary gefteral arrangemen.t for the airborne dry a.sent die­

seminatin.g store is shown in J'igure 7.1 (aMI Dwg SK-Z9100-6lZ). The 

baSic structure i:a an aluDllnum shell that provid .. a mountinl akeleton (01' 

the inner tank a .. embly, the gas supply .y.tem, the turbine generator, the 

a.ctua.tor and the necessary control apparatua. 

The external akin ie &. lBO-inch long aerodynamically shaped taale that 

has the same dimonalonl a. defined for the ISO-gallon Fletcher Aviation Co. 
Store No. Zl·150-6oZ4. Thia ie a ltore that utUisea both 14- and 30-inc:h 

lug spac1ng for a.ircraft mountlng. Two ~rillOnta1 tin. U8 mounted on the 

aft .ection to augment tank sta.billty during flight. 

The sture (exclulive of turbine aenerator auembly) eonsiat. of the for­

ward, the center and the aft section' wb1ch extend from atation. 13. 0 to 

51.0, stations Sl.O to 109.6Z, and stations 109. U to 180. respec:tively. 

Thi. particular aectionina of th_ tank was required to provide ace ••• to 

both enda of the inner tank for eharainli with the compacted dry alent, To 

minimize a ... mbly time, the joint. at at&tionl 5Z.0 and 109.62 will be 

7-1 • 

J 



=fF -'-~ -::; -.:" ::.--"~ ".":" ___ ~"; .. -~ __ c 

~!""; 
l~.' ~ .' 

r; 
I 

.P---

- .... _.,.,. ...... .. "" ::--::-.'IJ • - .. ~' 
· ..... · .... ·y'".'7s ... __ -

--. 
I 

I 

I , S 

~ • I 
I 
\ 

$ I 

\ 

J 
\ 

\ I!I 

" 

~~ ,...."",. 

l ._------------------"_.------"-----------.;., 



--=r:=- "ra" 

be Unclassified detennined to 
~:~ewed Chief. RO~. ~: 
lAW eo 1352&. secuon . 
Uet8: JUL \ 9 ~20S 

t -. 

~------------~-----------; 

I 
, .... kW'~ .• 1).c 

I 

• 
') 

I 
I g.---l--l~_-.:~ I 

I 
I 
I L ________________ _ r-----------

-j 

I _. ._ 
,~ .---.-- J.~ k L I I 
~ (; @ 
~ 

".-
.... ,-_.- -]' 

--~_=_r-
-.~.:r~-::--.----~'~ ; 

---
--- '" , I 

r ... ·~ .Co \\ ,: 

~ / , .~-.--I \ , __ 

f \ : 
I I, 

I .-+l----!---_._--- / , 
I / l I 

\ 
\ , 

\ , 

I & __ -.. 
I -. ______ , 

I " 

" I -' I 

-- -, , 
L 

--------

,. I 
,/ I 

.. / I --._- ~ " -----------------... - .. ---.... : r------------- ~ -- -- ----, --~-~---~--~-==L_ ________ __ 

----------------------- --'--



Page determined to be Unclassified 
Reviewed Chltf. ROO. WHS 
lAW ;0 13U'.1IOIOft 3.1 
IJItI: JUl -' 9 2.OB 

___________ . __________________ _______ 1" --------..:" 

------ --$--- ----A---.I , 
I 

I 
I 

,- --~----~ 
. .. - - - .- - - .~ - - - - - - - - ., I 

. 
'--__________ --1.--.; 

----_._--------.,.,--._---. ~ 



- .. ,..- 'm ='--- --

Unclaeslfled edtoba d termln 0 WHS 
Page ~ Chief, R~ U 
Revl 0 13aat, S. 
IAWE 1013 
Uatt: JUt 19 

J~. =-=-
.. 

" • • u,~~~ ' ____ • _________________ ~::~_=:_=_;----~~--________________ ~-... ________ ~ ok' - ___ u_: \ 
"r"" ,_ \ - - -- ~ 

---

-
----~ '-'-I 

~ 

I 
I 
I 
I 
I 
! --- -------

tb ._-..,-----:J 
.r-- , 

/ , -"-~--=-----'-'---or--__ ~-£ ____ _ ----------r--__ ---- _ , 1., __ -"-__ ~ :, ._________ : 
' " 

----~ " 

I 
I 

" \ 

. --- "-- -- _._ .. - --

-""=--=--

, 

" , 
I , 
I 

. ," 
" , 

'I' Ii) III 
_ .. ..J I! I 

, I 
, f __ 

' '------,------ -. , -. , I 

; ... , 
"11.' - .. - - - - -~:~ 

"' 

I I 
'I I 
II I 

I ~I ____ __ 
I ' I 

' I 
I I -,I : 
,I , 
I , 

~ --=---=-:.c-_
I -:-.~" ' , 

.J _ 
:-

....... -



, 

--------. 

: .,.~-- r-

~--r-! ----~I 
i I 
I ! .-

(~1(Ji) 
/ 

/ 

L.. ... _ .. 1-
-.- - t· .-

/ 
--.--~.-- .'-,--
~ I' I 
I 
I 
I 
I , 
-)----

, 
I , 

-' 

I .... .~ 

" -

I 
of 
, 
I 

(-)1 

Page determined to be Unclassified 
Reviewed Chief, ROO, WHS 
lAW EO 13526, Sac:tIon 3,5 

(Jete: JUL 1 9 2013 

r--- 1 

t ........ !" n.;.,.-

.J. 

'. 
~ 

I 
I 
I 
I 

I , 
i 
I 
I 
I 



r 
I 
I 
~ 

I 

I 
r 
t 

J 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & DecIass DIY. WHS . 

. ~ate: JUk-1-9-.zoa~n----- -I~-'-

equipped with a bayonet .. type Joill1l1l t •• ture. In .. paratina 01' joinlnl the 

taok lieelioa. aU that wW be t'eq'llt'eci i. the loa.eniD, of a locldq Icre,. 

and rotating the end asettoe approximately 22.5 dOlreea. Oa. lil111 AIld eabl. 
disconnect. will be provided 011 the fore au alt •• ctlCMl. fromtha coateI' 

a.etton. Ace ... clooS'S are loclLtarile the no •• ILnri tall •• CtiOIlS at poaitions 

detormined on the ba.1e of nece.aity and eaa. olmaniplllation of the varioul 

.y.tem component. and controls. Loc&tton. of various sy.tem component. 

were evduated during this period on the balls, of avaUable .pace. .ystem 

operation and over-all effect on the store center 01 gravity. 

The forward section from stations 13.0 to !Z.O contaiA8 the primary 

ga& system hardware and the nece •• ary electrical compon.lltl for power 

dtatribution.. The ram air turbine lenerator ia mountod at station 13. O. 

The center section, with section joints at station. sa. 0 and 109. 6Z. 
will provide the prim ... ry aupport .tructur. and will hou •• the inne,. tank 

&8Iembly wbich contain. the a.gent payload and the f •• dinS m.~h&ni.m. 

The alt netion from atations 109.62 to 180 CODCaiU the rotary actuator 

a •• embly, the actuator control electronic. (including'" r.nntt'ol panel" and 

the ground anel leneratol' power diitributioD .yetem electronic.. Ga. ay.­
tem control electronice are abo i.nclu.ded in thb s.ction. A .pacia! eouplins 

i. required between the actuator and the drive .Cl'.w for easy .eparatlon 

when the aft sectioD i. removed for the dry agent loadlllll operation. 

7.1.1 Ram Ail' Tu.l'bid!~g"n.rator 

The ram air turbine generator b the ... ma 4..5 leva, 115/200 volt, 400 

CPI, l-pbaae generator made by General Mocor., AUi.oD Di~l.ion, which 

ia uaed 011 the OMl1:lqu1d alent cliuemlnatint atore. However. it will be 

necessa.ry to modify the exterior o( the ,ollerator Aou.inl to make it con­

£urm to the ahape 01 the dry Asent di.lemlnator. The ,snerator ia thoroulhly 

described in OW Speciltcation 0148-19100.010, & copy of which ,.. appended 
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to our ,'UtA Quarterly Prolre .. :a.port16, ' A 11 .... pecUlcatlollt QJ.IIJ.Z9100-

611 hal beel1 iuuoo fot: the generator tn go into t~e dry alent dla.emiu.tor 

'because of the modified este"iol'. 

7.1. Z 'Dry Mitrol.a. !vItam 

Dry nttt'ogenis used in the di ... minator to fluidl .. the d~"llr.,ated 

powder and h'ag.eport it ou.t of tM store thl'OUSlL the diecharle tube into the 

slip stre&m, Tbe nitro"en ayst.ctm echematic draWinl is pre •• nted in Figure 

7.2. The sy.temconsbt. ofa hilb..p" ... ,,!'e Itorale "e.8el, manual and 

auhlnoid shu.t-oU val".s. a pre .. u.ra relulator ... cd"t:.al (10" oritica ... 

manifold check va.l". and a manifold with hish velocity jeU. The •• basie 

\:umpuQllote iue lupplemeated by pre •• ure gauses. rel1crf valve.. pres.ure 

switehes. etc. required for lafe control of the e,.tem. rollowinl ia a .dee­

cription of tna Iy.tem al it will funct!oQ in ths db •• micator. 

Dry nitrogen i. introduced. Lnto the pl' ••• \Ll'e v .... l th1'OI1lh the charllnl 

valva a.nd at(.lred at 3000 pai preuure. The manual ahut-off val"e is clo.ed 

during charging and ,to rase to inaure that no leakasa will occur. During 

pre-fUaht preparation of the diueminator the manual valve is opened alld 

die lolenoid valve i. used. to atop and starl the now of nih·ol.n durins opera­

tion of the dieseminator. 

The rate of flow 01 nitrogen to be Wled durin, operation b determined 

by adju8Una the prusure usul&tor to be predetermined pre .. ur. before 

take-off. Thll controlled J)re88ure in conjunction with the crUical flow 

orifice will give a constant rate of mI. .. flow which is ind.ependent of the 

downetream presaure. 

The plenure re8'1lato1' is adjusted while nitrogen f .. flowing. A supply 

of nitrogen is introduced into the checkout valve from an emereal. .upp1y. 

panes through the pre .. ure regulator. and ia exhall.teel to the atmoaphere 

through the ground checkout eli.charls. Thi. method of adjustment do •• not 

bleed nltr"&litu out o£ OUt Ifyattlm'. pre •• ure vo ••• l and will not bu.ild u.p 

preuure in the inner tank Assembly. 
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When the nitrolen 1. l'elea .. cl fJ'om the pre .. ure ve .. el. 1 •• mropic 

expalliion will cau •• "Iniflcant coollna. Undel' C:8I'~tn conceivable CODtU­

tiona thi. temperatuZ'. drop could cau •• variation' of m ... flo. rat. of 

from 10 to 20 pe:rcent. If thil problem .hould ut •• It can b. cOJ'reeced by 

acidint heat to thetu. For the.e rea.OM a he.ter jacket. laced to the 
pl"e.lUre ve ... l. hal beeD added to the .y.tem. 11 actual te.t expertence 

.how. that the heater ia unnece •• ary it can e •• Uy be removed from the .y.-

--~ 

.. -
'.'~ 

f' tam. 

, , .. 

J 

I 
f' 

A flow indication pr."1.lre nritch i. mounted In the maJ1ll01d upltl'ea.m 

of the critical. n~w orifice to ,how wbether or not the .oleDold velva is open 

allcl .ufnci.nl pre •• un i. avallabl. for proper flow. 

The cylinder pre. lure nritche. ope,at. when the cylinder pl"e"ul'e 

exeeed. the normal operating level. Thi. would happen if the orifice which 

diac:harge. the mixture of powde:r anel nitro.eD became pluUed. The switche. 

will actuate a relAy to .hut of! the ,al lolenoid valva. 

The line prellure switch b "'ed u a .alety back-up for the cylinder 

pre.aure switch... Ltl actuation point will be set b.law Ute relie! valve 

settina· 

The manifold check valve a11o ... free fiow of nltrosen into the cylinder 

but preveat. back fiow so that the nitJ'osen sYltem will not become COIl­

t&minated by &sent eaterin, through tbe manifold. 

The pr •• aure equallzin, lino. allow flow from the mudnaJ chamber to 

the .pacCi behind the pinolUl 10 that the piston. will not work a,aln8t a ia. 
pre.lUre dillenntial. 

The nit?nlen flowe through the manirQld and out iato the mixlns cham­

ber via the blgh velocity jeu. The jet. will give a velocity of from 150 to 

350 ft/ne dependins On the fiow. and the li.e of tha jet. uaeel. Thi. velo­

city will cau •• lwirl. 1n the mixins chambel' and will tend to caule good 

mixinl of powder Anti ga .• a. the powder come. off the dbauregator cutter •. 
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The nitl'Osell pr ... UZ'. y ... el ca. store a total of la. 65 poglltla 01' 175 

ad of nit1'Ocen. at 3000 psi alld 70· F. The amount aydable for mixing with 

the powder is 9. 6Z pouncla (or Z. 78 ~rcent of the nO-pound powcler capacity) 

because of allowance. whieb must be made for changss of 110w rate with 

temperature chaag •• el'Z'ora in Pl'."UZ'. meuuremeaC aM repla,tion, and 

a requirement foT' a residual pre .. ure to be ml!.lntallled in the v"8e1. 

Wlth the regulated prellSure range of 30 to 100 pai, on the fhed orille." 

the ava1labl. "raa.e of now rate. 1. 5.7 .elm minimum to 14.6 sefm maxi­

mum. Figure 7.3 shows how this l'anse of nitrogen flow rate combin.es with 

the powder fud rate to gtve various ratios of nitrogen to powder flow. The 

ratio can be kept at Z. 75 percent u.p to p01Ndu £ •• d ratea of 38 Ib/min by 

incuaailll the saa flow .s the powder llow is incre.sed. A\ feed rate. above 

38lb/min the maximum flow rAte of 14.6 sefm soverna. The ratio then cIe. 

crea ••• until the minimum percent ia 1.76 at • feod rate of 60 lb/min. 

If the sas-to-powclel" ratio 1. allowed to vary bom 2.15 down to OM 

percent. only two nitrogen flow rAt.s are lSeeded, 5. 7 and 14. 6 adm. 

A preliminary BlUely uf the standard practices empLoyed in c:bal'glua 

bigh-pre .. ure veeaala indicate. that there are two practical method. of 

char,in, the preaaure ve ... l with dry nitro sen for this appUcatlon. One 18 

to compre.a the gao. from .tandArd 2100 pili bottles dlreeely into the pres­

sure vesa.l with a. portable compre.sor. The •• cond method 18 to order 

6000 pai. battl., .. nl! use theu to top oU the ves .. l after fUling part way with 

the readUy attainable noo pai bottle". 

The relAt1ve merit. oE thea. method. are now belllos investigated and 

the neeen .. ry facUltiell will be made aVAilable for la.boratory and filsld 

operation. of the nitrogen system. 
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7. 1. 3 Center Section 

The center section of the atore is the ba.lc d1 .. emiutor. It exte~. 

from ataUa" 35. 5 to atation 131. 75. It i. actually lIomewhat lon,eI' than 

thf' lenlth a.rrived a.t by lubtractinl the noa. aad u,11 .ections fram the OVel'­

all length becaU8e the enda 01 the inner tank a .. embly extend beyond the 

ata.tions where the nos. and tail jOints are made. The conIJt1'Uetion of this 

center lection will bc aimllar to the liquid agent dl .. emlU6ting store in that 

the apace between the inner cylinder and the txterw shell will b. flll"d 

with a foamed·ill-place rillid plaaUe. A strana-ba.ck and stiff.nlns rings 

will be u.sed toaatiely structural requirements. NitrOJen lines and elec­

trical conduit .. will be placed between the inner and outer sheUs. 

The lnner tank assembly conaiet. at a cylinder with removable end 

plates, a drive screw runnin. the lallith of the cylinder, two piatona with 

thnaded hubs riding the drive acu'W, and a lliaaSlrelator w!.th cutters in 

disks keyed to the dri~e .crew at the center. The cieaip of this auembly 

will be similal' to the second C'l1tI'erimental model shown in Jri~e 7." and 

de.cribed in Seclt.ion 7. Z. The e .. ential d!.fferenca. in the airborne model 

as now envisioned. will be that a. one-piece cylinder with & removable iiae 

manifold w111 be used to eliminate the cencar Jolnt shown in the experimental 

unit, and double O-rlng seala will be used on the end plat.s and all ather 

attachments to the cyllnder. 

The inner cylinder i. 83. Z5 inche. lana and 16.5 inche. inside diameter. 

A volumo of 1. 1 ~,,1Ji .. .(c"t b available within the cylinder for containing 

I:omp.lcted dry agent material. 

The fiuidized powder will be discharled through a ahort tube extending 
17 from the bottgm of the center section. An NACA study 01 dlecharle tubes 

of this type showed that In order to obtain ,ooel separation of the discher,e 

flow from the bouQdary layer of the store, the tube .hould be houseel by an 

air loil capped with an &i1'"flow contl'ol plate. In the cas. of the dis.emina­

tor it is nece .. ary that. the tube shroud be lar,e enough to hall •• the v~lve 

ln9t:hanism and, con.aquelldy. a. tapered .Uptic:allhJ:oud 1. considered to be 

the bust compl'omise desIgn. Such a .hroud ia .hoWQ in Figure 7.1. 
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JUl 19 201 
7. 1." Rotary A~tu.ator AuemblX 

The requirements ~ tbe ~tary actuator for driYill1 th. feedlD' mecm. ... 

n,iam. a8 outlined.in the Seventh Quarterly ProBre •• :aeport18 aa41'8peatecl 

below, . were Bubmitted to a n.umber of poten.tial vendore but non.·OQuld .fur .. 

Biab a. satisfactory item without re,ol'tit11 to a de.lS" and dClV'elopme"t PJ'O­

gram. Slnce General MilllJ. Inc. ba. had coneiderable experience in de. 

veloptnl equipment of tllb type. a deci.loa wal made to have our penollDel 

proceed with the design and labrica.tion of the actuator. 

Tho requirements of the actuator are: 

1) Out.put Spe.cle •• n. 18, 2~, 3& and .8 rpm ln. elther direc­
tion. (Thue apeed. a.re changed trom tho •• glvea,in the 
referenced report. ) 

~) Output Torque •• lSOO pound-inches in either directlOD at 
the a.bove epeed •• 

3) Maximum Allowable Overhun, Shaft Load. - 1500 pounda. 

4) Ma.xJ.mum Allowable In",..,c1 Thrust Load on Shaft •• ~OOO 
pounds. 

S) Maximum Allowable Outward Thrust Load on Shalt •• 2000 
pounds. 

&) Duty Cycle. - Continucua for perioda up to 1/'1. hour. 

7) Life." ~OO houn. 

8) Operl.&ting Tempera.ture •• 160·" to -6S-B'. 

9) Operllting Altitude. - Sea level to 15, 000 leet. 

J 0) Accele:ra1.i.oo. - 10 g'lI in any direction. 

Il) 'Vibration •.. 5 to 500 cp. at O. 036-1ach double amplitude or 
i 10 g whichever i8 the lower value. 

1 Z) Input Electrical Characterlatica. - 400 cycle, ZOO volt. 3 
phas •• ac. 

13, ConnedorB. - Water-tight COllu.cto1' at cabl. elltrar1ce to 
actuator housing. 
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. Durinl thi. reporti1'l8.perioctthe de.iF .wa. e8 .. Dti.n,. completed &l1d 

aJ1 major item ... ere rele .. ect for t.hrlc:atiOIl or pI'Dc~.ement •. .Aa the 4.-

ei,D P1"Olr .... ct. it wae nece .. U'y to modUy 10m. of the characteristic •• o 

that they now differ bom the daacripti01l F ... nted lD the Seventh ~rtel'ly 
18 Pl'o.r ... aeport • 

The electric motor which haa beeD ordered Il'om the W •• Ul1ihous. 

Electric Corpor&tion La a 400 Cpl. '-phas •• ZOO-volt. 5600 .. rpm motor With 

a rated torque capacity 01. ZZ pound-inch... Th. speed-aelector po:Dtion (Jl 

the actuator will still provide for five driYlng .peed. aa given in Item (U 

above. At all but the highe8t ~pe.d the Ipe.d-ch&l1Iina ,earinl will all pro­

vide .ome .peed reduction.. The hi,h.at ratio ia actually .. et.p-up to about 

117 percent of l nput apeed. 

The major speed reducUoll lUll occurs ill the fi:ad-ratio apeed-reduclnl 

part of the actuator which ia a auiee three-etage plan.etuy le&1" unit. The 

reduction ratio of the £ir8t and .eco1l.d stage. Is 4.75 to I each. and that of 

the third atage ia 6 to 1. givins aft over-all redu.ctJoft ratio of 135.375 to 1~ 

The input in each 8ta~. ia at tha eun geal' and tht! Ol.ltput at the planet cal'riol' 

01' ita extenaion. The incoming torque is received throuab a safety clutch 

which is designed to .Up when the 101'ce exceede a given amount. 

The approximate II •• of the actuator packa •• is nOw 12 inches maximum 

diameter and Zl incMs length. 811ptly more than half of the unit has a 

diameter of about 5 inches. The wel,ht has be." calculated at 65 pounds. 

The aetuato!' a.aaembly will bave two mounting flang •• tor aecul'lnl tbe unit 

in the tall section 01 the ston. The pl'illCipal mounting 01 the actuator Is at 

th~ lo~ward bu.1Jchead of tho motor housing and the •• con.dary mou"Unl is the 

£lange portion of the hou.iog at the forward 01' outpa.t end of the planetary 

epeed~reciuct.nlllnit. 
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The .elIDio," the ~thol'l1. dry alald: ~'lemiaaUuI .tore.which La 

e"o1Yinc Il'om de.lp .tueUe. &1\4 laboratory tlqIerimentawUl differ 1 .. aome 

re.peet. from the full-Ieale f •• del' which hae been u.ed tllUa f~J" ill .thie 

pha.e of the pl'OIum. Th. AID. balle. concept, w1l1 be employe4: bUt.:. in 

,eae1' .. 1. til. experimental f.ede .. de,i,D.i, n.ot directly applicable to the alr­

borne Itore. Therefore. "leCDnd experlmellta.1 mod.l i. beia, labricated 

to t •• , the d .. tlft to b. employed tn the alrborn. Rore. TJda Dewexperi­

mental unit 11 Ihown. la Flp". 7.4 (ONl Dwi SK.29100.178,. Th. mon 

tmport&nt chan,ea 1n thi, model .. compared with the 111'.t experimental 

fecddr &1" elilculled below. 

1) Th. cylinder dlmenslona ~. reduc.d to 83. ZJ inch .. 10111 
by 16.5. inch .. tnlia. diamotel'. Tho •• cUm.as.lop are 
tho •• of tho inner tank to b. lru::ol'pol'atecl ift the a~bo:rlle 
verltan. Sta1nle .. ste.l, type 31K ATSI. I. utill.ld l'athu 
than aluminum .1 in the lint ,euratloll model. 

Z) Tho dri"e .creW' il mac:hilllld" one ploco rather than two 
all on the ftut jleueraUoa mod.l. 'l'hl. eliminate. the 
problem of jolninl the two .CI'II'" toletAer when a ... m~ 
bliaa the unit. ThAI die&lIrelator I. keyed to the dri"e 
scre" to permit euy remcwal 01. the Icrew for cloaDint 
and. maiatenaace. 

3) B&11 bearing. for rad1&1allCl thruat eupport as'o apin uled 
at the encl. 01. the Icro .. but additional b •• ,lnll 1.1'1 mounted 
at the center of the cylinder to IUpport m .. dil&l!Ilre •• tor 
and reduco &lct1on. .. t tbil point. The centel' IUpport Itrue· 
ture hal b.en illcorporaiecl in the •• r&ttn, rtns atnctul'l to 
oottin a compact uranlemell.1:. 

4) Th. oriS.ce ,late. {os-mini the .lde. of the aeruin, rill, or 
marailDlcl bav. 1'.JIlO".ble aosal •• for directlftl the las 
wblch znizel with the powelel' and cau ••• 1t to fiow out of 
the unit. 

S) The pi.toa bub. are alODI.teel to provide beUer .uppon oa 
ths dd .. e .cn ... 

6) Tlw .. perlin. at&! unit t. ~.ipecl for loactlnl from the 
encl.. l.I.lnl" 'pectal 10adinl tube. 1.1 Ie planned for the 
a.bborne "erslOll. 

7·13 

•• , •• UiAI.t 

i 

I 

I 
\ 



".11" -
:';, ·:.\-"2~~~'~, ..... 

" '. -

~:;~;.~ .. ,. :1-- .-., . -·-'-1Q-~--DECLASSIFIEDIN.ULL ~~_i-~~::~~~ '~~i~ 
~;f~;-' ~.~. _~_~______________________ r .............. ,..... - ~~ 

" ~:~;~~,.ISD;,'~;;.;~.:~:--~2!: ~_ .. ~_._ .. 
~ :'1 Date: JUL 1 ~r 2013 .,.FNO " 0' i':: 
f·1 I COtlll'ol. 101' the la. lJ.tem al'8 not Qowa tn npl" 7 •• IN,,th.loUow- j, 
I' lncUem. wiU be ia.taUee! Oft .the exp8l'tmeaw unit to teet Iw p.l'fonlAace. . --:-.:: 

" I 
. '1 
J 
I 
f 
I 
I 
f 
f 
I 
f 
f 
f 

- f 
r 

k f 
~---

1) h ... ure switch •• to indicato abuol'maUy hiBb pre •• v. 
withia the cyUtldel' at the center &ltd at the encla.beblDd the 
phtou • 

Z, A check valve at the entrann to the aerating rina to pre­
vent back flow. 

3, A pn .. uu .witch to ilUi1cate abnormally lUSh p,.. .. ur. tn 
the gal lin. emarin, the .eraUn, rin,. 

4) A pre •• ure reU.{ val .... In thia lin •• 

S) A flxed critical flow orUiee ahead of the pre .. ure rellal 
valve. 

6, A pr ... ura r8plator in the g •• 8Upply line. 

'l'hte expeptmental unit will be t .. ted with the .ame {acmti •• which 

have been u.ed to obtain data with the 1ir.t .xp.rim.n~ .. l unit. 

7. 3 F&briclI.tinn of !Aadina Equipment for U.e With the Soc~tlCl Exp~ri· 
mental Unit 

Loadlnl of the cU •• aminator with compacted dry alent will require 

awdUa.ry equipment to compre .. the finely-divided bulk lolid. into cylindd­

cal packaale of the required lenttb, diamet.r and denaity. Spec tal equip. 

ment may al80 ba nec ... ary to tranafer the compacted powder bOrn the 

pre .. to th. di ... miaator. In o:rde:r to 8tudy thll aspoct of the program, a 

hydraulic pre •• and a 10aclinl fixture have bee" de.igned tOT UI. with the 

s.conel experimental un.lt. Jl'abrlcatton of this equipment waa at&rted during 

this reporting period." 
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:rhe ILaIl4 pr ... employed io 10adinl the lull-.eale leeder with com­

paded powder 1e not nitable for producin, den.itl •• fnater than approxi­

mately O • .u ,ram. per ce. Sbu:e the objective i. to inve.tt,u. di ... mtaa­

tor performance with compaction den.itlea up to 0.6 gram. ,.1' ee, 'it will 

be neee .. ary to have. pre •• capable of procbu:tna,th. tot&1 fol'c& a .. ocia~ed 

with thil denalty. Conaequently. a simple hydraWJc pre •• ia beinl :tabd­

cat,d which Will be capable of ex.rtin. a force 018300 pound.. The com­

paction ram will be attached to a hydraulic cylinder haTing 3 38-1DCh Ibu,ke. 

Hydraulic controla will be provided to enable tile opuator to vary the rate 

of pilton travel ancl tQ aciJu.t the pi.ton forc •• 

A loadins fixture 11 beinS fabricated ~ch con.t.t. of .. loading tabe 

aDA a manual lift tnck. The loadina tube will b, po.ltioned in the byclrauUc 

pre .. lor flUina and compactin. of the powder. The lUi trllo.;k wUl be ua.d 

to rat80 the fllled loaciin, tube and rotatins lt to a hori.olltal pO.itloD ia line 

with the diueminator. Th. loadiDI tub. will thea be attachecl to the end of 

the lnnel' tank of the die.eminator and the compacted material will be pu.hed 

into the di •• emlnator uain, air pru.u!'e to operate the loaclin, tube. Th. 

loa&iiaa fixture will then be removed and the pi. ton and end plate of tbe die· 

.eminator will be In-talled. 
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8, TESTING OJ' THE LlQUm AGENT DlSSEMINATING STOltE 

The liquid agent di ... minatin, store. which was d •• cribed in the Seventh 

Qua.l'terly Prolrell .eponl~ hal b •• 11 .ubjected to & •• rle. of atruc:tuzoal 

&Ild functional te.ta in the laboratory and 1I1 the field. Laboratory .tnctural 

teat. were conducted at Fletcher Aviation Company, 1:1 Wont •• Califoraia 

uaing two test unit. which were fabricated for that purpose. The third unit. 

which ia a complete developmental. modal. was tested in the laboratory at 

Oen.1"al MUla, Inc. and, subsequently, flight te.ted on an A.fll-l airplane 

at the Naval Air T~lIt ellottU'. Patuxent River, Maryland. The diueminatozo 

hal met the req,uirement. of the variQua teate with a very hi,h delree of 

."cc .... An a .. embly drawinl showing the complete unU is included I.e 

Appeftdix It. of this report. 

A reJ)Ort (ue Appendix B) of the .tructural t •• t pl'Oll'am i. included 

with this prolre .. report and i. dhc:u ••• d briefly b.low. The ra.",lu of 

the teat work conducted at General MUl •• Inc. wUI be presented In a final 

eftS1l1eerini report which ia being pl'ftpal'ed. The Naval Air Test Cellter i. 

aubmitttftl an allicial report Oft the fiilht te.t.. A .h02't d .. cl'lpUon of the 

flight te.t project ia pneented 1ft paragraph 8. Z following_ 

8.1 StTUetul'al Tutial at Fletcher Aviation Company. 1:1 Monte. 
eilUozonla 

Appendix B i. Fletcher Avla.tioD Company lleport No. 43. Z86. "Qualifi­

CAtion Te.ta. General Mille Tank A •• embly" coverin. the structurAl te.tinl 

conducted by Fletcher 011 two unit. I .. brieated lor this purpose. The te.t 

model. were .trudurally .1milar to the deUvered unit with the exception 

thAt componenta such aa the turbine. pump. actuator. etc •• we1"e simulated 

by mean. of dummy unit. bavina the .am. weight. center of gravity. and 

attachment provi .10n •• 

The te.t. were cOftducted ift aenera! accordance with SpecltlcaUon 

MIL-7378A. "Tank •• hel. Alrcraft. External. AuxUia1'Y. Removable." 

Following i. a U.t of the teat pe1'formed: 
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l) l!:xaminat1on of prodlaet for co~ormallc. wt~ drawill,1 aDd 
for quality of warman.hlp. 

2) DetermlaaUon 01 ... Ipt ancl center of pavity locations. 

3) Determination. 01 taak.capacity. 

4) SlOIA-&ncl-Y1bntlon teat. 

5) Lea.k&aet.,t. 

6) Ground ejection te.t. 

7) Static: structural teat. 

The dlaaemlaator ncc ... fully met the r.qu1nmsnt. of the vari~ 

teat.. In order to pal. the slo.h-anA-vibration te.t it ..... nece •• ary to 

atop the teet after it bad b.en in prolr ... for 17-1/i hou1'8 &lui repair a 

crack lft the skin and. add reinforcement ~trtp. al described in pags. 4.7 

throulh "'. 12 of Appendix B. After this rnod.U\catioll ~e tank nc:c.ufu11y 

wlthatood an addUionaJ as houn of .1o.Jl~and-vihratioft t •• tinl. 

During the repair, the hUle" tank w&. In.~c\.d. It wa. dbcavered that 

the buna rubber linin, of the mae-r Fiber.lal tank hact ,sparatecl {l'om the 

tau and waa torn in •• vlral plac •• (aee pale 4.11 of AppellCiix A). In addi­

tion. the two anti-,lolh ba.fO •• were intact but had broken fr •• an.d weI" 

lying on the bottom of the tank. l'he limn, aacl the bulkhead. were removed 
oefOI'O the teat wal rep.at.d. 

When thia ),tbuSla. tank Wal dellveI'ed to Fletcher fol' incorporalloft 

into the ..... mbly. it "al known that the bond bet".en the 11nsr and the tank 

propel' wal inferior. The 111181' wal.lnady •• pal'ated from the tank in 

placet. Since thi. liner W.I U8 ed to facUitatl rella81 of the tank from the 

mold durin, fabrication and I, not rlClulred for Itruct1lnl or leakag. pur­

pOI.', tht. fault ft. not conlider.d to bs important. 
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eDt DllaemiD&tln Store at NATe. 

Throu.h ananaemeeta with the Bureau at Naval \f.apoll. it became 

po .. lble to conduct fUght t.lta with the liquid a,eot di .. emill.tor u.inl an 

A4D airplane. Th. Ul1it wa. ehlpp.d to the Naval Air Tnt C.llt81'. Patuxent 

River. Ma.rylalUi whore a saria. of flipt teat. were conducted by the Weapan 

System. Teet Divlsion, Oil 16. 17. 18 May. 1962. The WST Divlsioll w.a 

directed to prepare a linal report cov8l'lll, th ••• t.sta. The £olJowfnl re. 

marks cOllcernin, the flt,ht teata are ba.ed OD obsel'vatlon.1 made by aenual 

Mill,. lac. peraonnel who participated In the teats and on. prelimin.ry verbal 
reporta mad. by Lt. H. TUl'k. the teat pilot. 

Th. follOwing "detailed Requiremeata" were asted in Wepta.le No. 

RMMO.33-015/Z01-1/F008-10-005 "SlUed by the Bureau of Naval Weapons 

for the fit,ht teet pro,;.ct. The unit aucceulully pa ... d all phA ••• of thi. 

teetini pl'ollram. 

1) Perform lit t .. ta with the ,pray tank suapended from the 
Aero 7A Bomb l4.ack of tAe A4D-l aircraft. 

Z) ProviatoR lor appropriate electrical coatlectora in. the air­
craft pylon. i1 requil'ed. 

3) p.r1orm .t&tic functional apray teeta \Uin, water. 

4) Perform filaht tut. to the maximum saf. ap •• de not to ex­
c.ed the Umit. of normal fly in, ae .et forth In Btl WEI'S 
InatrucUon 3710.0 of 19 October 1960. 

~) Pilot to observe alUi report unfavorable conditions durinll 
taatlnl. tak.-off •• landin,I, and maneuverability t.at. 
(high and low altitude. hlah acd low speed). 

6) Perform high altitude. 10 .... temperature aoak follo",.d by 
IUDctlonal 'est with dyed water. Upon landing make a 
visual checle of aircraft and report u ••• coyered with dy •• 
aeport temperatun and duration of cold aoak. 

7) Pel'form low &1Utuc!o (300 to 500 feet) hlgh-speed lunctional 
t.st with dyed water. Upon landlng make .. vi.ual check of 
the aircraft And nport are •• covered with dye. 
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8, ProYicle.fol' camera ,cover ... of fuDCtlonal te.t itlm. (3), 
(6) and (7) above. 

9) Fu.rDish twelve phot0ll'apl\ic copt .. o! the OWl 'pl'ay taQk 
ancl-.1l'C:l'aft tnetallatiou,to BUVTEP8.(Code WMO-3U). 

The photoll"apb' in lFlprea 8.1 anc1 8.2. ahow the dl ... ml.aa.tol' mCNn.t.<l 

011 the Aero 1 A bamb rack on. the luIelage centerUna atatioD of the A4D-1 

airplane. Electrical cOdectlon. to the .tore were euUy maele by {nlt.,IUIlI 

A cable runnms from the pylae. to a junction box ill the lu.ela,e juat lonra"td 

01 the pylon. The cockpit control panel wa. ill.ta.lIed ill .. po.mon u.edlol' 

such alUdl1ary equipment and required no airplane modiflcationa. 

The .tAtta £Ul!.CtiOtuu .• pn.y t .. ta were conc1ucted with the uoil moun.ted 

011 a bomb rack hanging from a steel frame provided by the Navy. A srOUfld 

power 'OIlrce was u.ed to operate ~ d, ... miDaCor. Figure 8.3 .howe 

water aprayinl tram the boome m.rinl thl. telt. 

The 1llgh~ t •• t. ..re conducted 1n three 11ilhtl. The pilot reported nO 

unfavorable conditione chi. to the df. .. eminatol' durin, th ••• flipt. and 

found the control panel to be entirely saUlfactory. The unit functioned 

properly at all time •• 

The hllh-altitude. low-temperature teat wa. conducted on the •• eond 

lUsht in which two auxiliary 300-g&11QI1 {uel tank. were {MUlled at the wlnl 
.taUona to obtain the de.ired flight UUl'&tiOD. Two minimum-maximW1l 

the~momet.:rl mounted 1n the a.ft •• OUOIl 01 the dl"eminator for thia teat 

indicaud a temperattl ... ral1l' from 73·" to 80-1'. 

Maneuvers re.ulUng in 5 "I" lOadin, were performed QQ the third £lilht. 

Following the.e manlllvers, aevera11ow-altttude aUemillalioll run. were 

made within .ilht of an obaervation tower eo that motion plctlll''' could be 

macie with a telephoto lellS. The cU.'emtnatlon proc ••• wa. Vi.tbl. to the 

o.aked ey. And the .. el'olol W&8 ob.erved to trAil out born the boom. of the 

dtu.miaator in a t:l •• rly defined band that did not clilfu •• unll11t waa well 

aft of the airplane. 
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6"01' each Of, the three rupta the cH .. eJJlinator wal IDled with ,dyed 

water to at/Un photolraphy azacl to provide a tracer for atQdyiol coat&miu. .. 

tion of tbe ail'Cl'aft. Both methylene blUe aDd uranme (lodium fluoulcela.) 

were u •• d a,"a concentration 01. apPlL'oximately 0.25 percent each. The 

methylene blue waa planned to produce evidence of contamination viltble 

uncleI' normal lisht and the uran.l.ne under ultraviolet. A Vlry careful 

examination of the airpane wal made alter each rulht and no evidence 01 
contamination waa round. In fact. the only are .. on the store ltaelf which 

were contaminated were the boome, the boom well., and the exterior sur­

face. immediately adjacent to tbe boom weIb. 
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Duril1l this reporttna period, silnlftcant work was accomplisheel in our 

relearch and development prolram on. the dUsemlnaUon of loUd and liquid 

BWa,enti. Pro,re .. in each of seven areas of aUon ia summal'l.s.el b.low 

with the pertinent section. of this report indicated at the end of the paralrapb. 

Data obtained with an Improved piston-cylinder compaction apparatus 
1 r 

have resulted in &11 empirica.l formula of the form tr. K (';Ar" 1'.latinl str.s s. 

O"'~ and density. p. of a compactecl powcler. Values for K and r "1'. deter­

mined for talc, aacchara. powdered sUlar. powdered milk anet corn.tarch. 

Testa with the hydro.tatic compaction apparatus yie1c!eclr .. ult. in asre •• 

ment with the improved piaton-cyUnder compactioD apparatu.. bu.t the hydro­

static: apparatus proved to be difficult to u.e. Meaau.remen'-. at hiSh .tre .. 

levels with the above powder. indicate that conaidu&bly le .. ela.tic ener81 

ts stored in a compacted powder bed than waa flrat a .. um.d. It baa been 

round that very little ela.tic recovery occun aa stu .. ia reduced at high 

atre .. levab. The triaxial shear te.t. have thu. far proven .ucce .. ful only 

with relatively h1,h1y compacted aampl .. and low (2. pai or te .. ) radial pre.­

aurel. Additional data were obtained u.1n8 the bulk teneil •• trength app&ra­

tus with zinc cadmium lulfide which indicat .. that total sample length and 

1enlth of time of application of compre .. 1ve load whan preparing the sample 

are important con.ideratiolUl, Bulk deneity investilations have produced 

data Ihowins a decreaae in denltty with Inc:reased 1'8&1 dlltance from the 

axil of a sunple compacted in a cylincler, U.inl the aUdin, disle method to 

meaaUTe shear strength aa a function of compre .. lve .tre •• it has been ob­

served tha.t the relAtlofllhip remaine uocbaDsed al humidity is incre .. ed 

Crom 2 to 32 percent but marked changel were oblervad at 46 and 69 per­

cent (Section Z). 

The a.el'ophUometer haa ba.n operated while .tudyfn. experimental 

technique. and detarmining operatbll paramete,.. .... n.t1&1 to carrying out 

the program on .tability propertiea of .eroaola. A mathlmatical analyst. 

hal produced theoretical exprea.iona wbich. as shown by experiments. 
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have a. con.Leierable delU. of validity and have proven very u .. flJl in.inter­

pret1n, the li,ht·.catterilt. elata. The deere ... In.cattered li.hl with tim. 

ha. been 1'.cord.dIG~ .er0801. of calc, saccharin. po"dered milk and K­

fernc oxide uain:: the fan to produce turbulence. ErrAtic behavior· waf ob-

I.rvecl when tranquil c:ollclLtion8 we1'8 employed. Apparently. "clouel." form 

I· Lnthe .. trOW Lnd cbift randomly throulh the HIM.BeaUerin, lU'ea (Section 3). 

An expel'1ment bu shown that !s powder bein. lIeed in triale de.i,ned 

to mea'Ure the degree of hea.t laacUvadon ware invariably contamblate4 with 

!J. colooie.. A seri.s of trial. il.".. demon.trated that neither coating with 

Cab-O-Sil !lUI' compadiun to O. 62 grams pel' cc density baa any aignificant 

or de1eceriou. immecliate effectl on viability of §m. (Section 4). 

Ao prolram w&a conducted at Fort Detrick und.r Technical Evaluatioll 

Division Tut No. 6Z-TE-160Z; MD Divieion No. 1927, u.tng the 4O-foot 

diameter telt .phsre to evaluate the Genual Mille OWl-l fixture a.nd wind 

tunnel when Uled for seneratinl aeroe011 of clry ~ and elry P. tularen.le. 

When the Technical Evaluation Dlviaion furnishel the statiatical analy.is of 

data. It Will be pOlsible to report on the effecta of compactlon and sub.e­
quent aerodynamic brealtup durin. cU .. emination on the viability of dry 

&Ientl. Prelimlaary examination of the data ind1cate. that ,ooc! recovery 

factor. wen obtained (Section 5). 

The full-aclIole experimental feeder for ule with compacted elry aSlnt 

eimul&nte baa been operated auee •• alully ov.r material fiow rate. ranging 

from ~O to 49 Ib/min. It haB b.en demon.trateel that reasonably low la. 

floWI are .ufficient to lluidiae the powdu and carry it Ollt throulb .. dis­

charse tube. Although the leeder baa been operated lat1afactorily with ,&I 
nowal low as 3 adm, teata have shown that be.t performance has re.ultoa. 

when the rate was approximately 6 adm. Torq,ue and PO'Nel' required to 

drive the feeder have both been well below the limite e.tabUsheel 1n tbe 

deeisn ltud! •• for All alrburne di .. emiaator ba.ed on the baeic principle. 

employed in the full-.cala feeder (Section 6). 
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The dui,n.tu41vli vn 41 cUT BW aleat die.emiaatln.1 .tore ha.ve l'1'O­
grea.ed to the Itasa whtou major compoo.enta are DOw. well define' au a 

preliminary ,enere,l arr"llIem.n.t baa b.en. pl".par... The ,&01'8 win hay. 

the .ama .x:t.:rw ,hell a. a standard 150·Sa1lon. awciUal'Y fuel tank and vnll 

have pl'o.t.ione {01' both 14· and. lO.hlCb .pacllll of the DlOUllftl1l lUI'. . The 
a.ent will be contaiA.d within a tank ... embly formin, an 10t8,l'al part of 

the eenter •• ction of the .tora. The air t1il'bine lenerator and the gal supply 

v .... l will be hou •• d in the no .... cttOIl. an.4 the rotuy actuAtor in the tAU. 

80th nO •• and tail .eetion. will be attached to the center .ection with bayon.at­

type Jointe. The d:ry aSAfIt w111 h~ diac:har,.d throu,h II tube proJect1nl bolow 

the .tore .u.fficiently far 10 tba.t the mateJ'ial i, injected into the .Up.tream 

beyond the boundary layer. An experimental yeraion of the inner tank 

a. ... mbly ia betDI fabricated for ",a. in labora.tory te.t. of the enlineerin, 

d..-ilft (Section 7). 

The liquid. agent di ... miDatin, etore wa. ruSh! tested on an A4D .. 1 air· 

plane by the Weapon.' Syetem Tut DlYllton at the Naval Air Teat Center. 

P&tuunt Riyer. Ma.ryland. Dyed wate:r was I~c ... fully dieaeminated 

u.nder v;lrioUI conditiolla a.1111 11" La-ace of elye could be found 011 the airplane 

alter it returned to the ground. The pilot reported no unfayorable condition. 

of fllaht and there wa. no dama._ \0 the lItO:re dur1na maneuver. re,ulUnl 

in 5 "I" loacUn, and apllede up to the maximum aaf. limit. of normal fiyins 

{or the A4D-l airplane (Section 8). 
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J i ' GDDAL MILLI 'I'JUm ASI.-Lr 43. Z86 

. ~ 

ApPIIOnD ; "..-on No-

(i)@ 

'hi.. :epo~ CO'lU" • po1'UDft of the qaal U.leaUon '*'tl 
ccmducte4 on a.n •• l JUlh (G .... I.) -s-cla1 tank •• ..-1111'. 
hxt No. 809100-026. 'fhe " .. t ...... 11 •• an ldanUcal to 
the final ."a))ly _ce~ that open~lonal COIIPQIleIlt. a\IC!h .. 
the :aa a1: t.urbine. generat.o:, P\1IIP, ftlv ... ~ .. tor. et.e •• 
vera 1aOcSe1. hartllCJ the ..... Wight. and cent .. of p' •• lty loca­
tion" ruther qualUlc::aUOIl te.tiftC) will be Clonehaated by 
O.K.I. to sUbetantiata the operational capabllitle. of the 
complete a • ..ably. 

ftlu docu.ut. ~ •• er't.e tJw qualification t •• Uncz conducted 
1n aecordanc. vLth the r~~r.-.nt:. of apeclficatlon MIL-7-
717B~. 

Qualification te.t. d .. ~lbed bere1n were conducted at. ~ 
FletCher Aviation C~ te.t tBel11ty. 

'AC .... Ito. 

Specification MIL-~-7J78A 

G.M.I. specLfiCAtion 
Dr.vinq 

G.M.I. Spee1f.lcat1on 
GMS-29100-0Z6 

P .A.C. Drawing 26-3000-48031 

'rank., ruel Aircraft. 
Dtubal AuxUlu1' • 
• ..,.,018 

aX29100-026 

ZXi:.ernal ...",u1. 'l.nk 
May for G.".I. Slectrcmlc. 
Group 

Tank A •• embly. CI ••• J. 
Sped f1caUon 
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I~~':!!!, i..- .-_________ .. _._ __I QVALU%(!'MllOJl 'l'Uft 
QlHDAL JW.L8 ~ A8ft 

IoU: '-"0' 

, 

Dr,! or eg&rJ1II' 

PIg IR. 

%liPI"IQDUC'l'IOR • • • • • · . . . . . . . . . . .. 
TABLa or CON'l'lDI'1'8 · . . . . . . . . . . • 
lUNlSIOIfS . . . . . . · . . . . . . . . . . e 

IIXam1nat1on of Product • • • • • • • • • 1.0 

. . . . . . . • • • • • • • • • 2.0 

capaCity Teat •••••• · . . . . . . . . l.O 

• • • • • • • • • 4.0 

· '" . . . . . . . 5.0 

G~ BJect!on f*_t • • • • • • • • • • . • 6.0 

structural '!'eat . . . . . . . . . . . . . . 7.0 
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YU',W-
A, 2.1, 2.3. 4.1, 4.a, ".,1. 7.1. 
7.8. 7.'. 7.10, 7.11 

ApDp "9" 
7.'.1, 7.'.2, 7.t.l, 
7.'.a. 7.1.1 

am- '!9P 
A, 2.1, 2.2 

gn;- rMM 
1.0. 1.2, a.o, 2.l, 
1.0, l.a, 4.0, 4.4. 
4.5. 4.6. 5.0, 5.2, 
&.0, 6.J. 1.0, 1.10 
7.11. 

ADUP M. 
1.1, 3.1. 4.1, 4.1.1, 
4.8, 4.i, 4.10. 4.11. 
4.12. 4.11. 4.14, 4.15, 
5.3, '.4. 6.5. 7.12, 
7.13. 7.14. 7.15 

lm,p.MI 
1.0, 2.2, 4.5. 4.6, 4.8. 
4.9. 7.1 .. ~.I2. 

A. PAGII 
2.2.1. '.l.l, 
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1'0 dotemine that the clssembly COftfom. t.o the applicaltl. 
drawinya. 

Fletcher Aviation company 

~ACTU8ER' S MODEL LiOs 

26-l00 

ySpw.x~1 

2&-300-48031 

Q..~'1'L.9.r.lDYJ 

One 

SECURl'l'Y CIJl.SSIPl CAnON I --.-._ .... _---
'l'IS'l' DATE: 

'I'u'!' CO;o,;DUCTEP IIV • . --_ ... ' .----.. 

D1S1'08It1011 OF :;PECIMl~,s --_._ ... _- .. _--- ---~ 

u.. fo~ Weight Te.t 

~. a •• ambly ,ucc ••• fully ma~ all of the r~re~nt. 
of the teat. Rub~U' Uner of inner taM v •• BOt t 19bt 
1n .everal area •• 

,oItC _ 1101 
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I 
FC::.::K::;.:ft:.::;&;:: •• :;..------t---- 1IXNa1IAft0ll W ~ _CIllo ...... 1Ift ! 

GJNBItAL HILLS 'rAIDC A ...... " 43. 286-
_VID _ .. lIT .... ! I 

I 
I 
I 
I 
I 
, 
( 

1. 'l'IMt the •• ..-17 and acc: ••• ib1. h-+onat. theK'_~ 
<:onfcma to thau appll~l. en91DMdll9 da-aw1D91I. 

2. '!'hat the a .. -.ly end all .' .a Int. CODfoni t.o 
aU-craft quality fltalldard. fw .. __ aU1,. 

1. StaDdaZ'd 1M,.~1oa tool., UIMIU' .cal... II1CZ'O­
... teZ'a. aaUper •• 

1. IlUIpact: the a.plete ... -.bly fol' ,eneral CIOnfO&'­
.. nee to P.A.C. dl'Wlng dO. 26-300-48031. 

2. ~...oft aeee.. door'1 ana 1aaapec:& dl CClIIIIMrt::.nU 
f# _tal c:1Li.p •• filing •• ~ othu ~'19D _tKial. 

3. Iupact aU lIWI1:.1n9 cs_.,DOenta and .~. cIaoc. ~ 
Ut. ...u.1U] capabil1U .. and pn«al ~~.b1p. 

4. IUpact tau ad inner CX*pU~C ...-facee far 
."idenc. of ~e Or' undwt -=adon. 

s. IUpect tor loa .. bolte. rlftt.., ~ otber fa.ten1ng 
device •• 

6. Inlpect tor part. not tr .. ted for COZ'l'o.lcm r •• u­
t.an<:e. 

7. I.nepect tor Jdaal11)J'-.nt of -~~9 ec. .... nta. 

8. a~ iDner tuk cover plate aDd 1.n.peat. 1DftU tanlC 
for gM_al c:lUftlln .... "W,....els1p. 11!\4 coaf..-DC8 
to G._.I. reqylremAnt •• 

9. GaD.rally l~peet. .J..al.~ CCIIIipOi .. t. (G.M.I. 
fuz'nll1h.1J to~ fit and .~ity of 1a.t:al1at1OD. 

10. In.tall dOor. and inapfct .. tire UDk c:ontolu' for 
art •• irr09UluiU ... 
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~ncH" '~AfION c"'~IION_ ... i_! - ~i.O.- , 
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ft ..... UIlT Tl!OlII-" 

OINDAL MILLS TAHJC un 
A~~IIOY'o , 

TO deterrll1ne the wdCJht and locaUon of tll. center of qrav1ty. 

Fletcher AViation cO!'\ljxmy 

lW....UPKTunfCR • S ~I!~~ .~1() t 

26-300 

26-300-48031 

Q~-~T!_QL ITEMS: 

One (1) 

Non. 

2-1-62 

l1M>.!. .£QriD1lCJ·~: 

Wayne Canahan 

I2.!.:<;POsJ.T 1.91=-91' J.r.l~ai!l~ : 

U.a tor Capacity T.'~ 

ADSTRACT I 

The a.lembly lucc ••• lul1y met all of the requir ... nt. 
Of the teat. 
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·1) (1) 

1. '1'0 dettmline the total weJ.9ht of the _pt.y ua"",. 

2. ~ cI.tU'IaLne the cant .. of IJl'ayJ..ty location. to 
the :nqull'..-nte of the detail apec:Ulcatlou 
f01' the tanlc. 

1. TWO plat~ ecale •• 
2. Tank cradle. 
3. ltoeku ba.l'. 
4. waUl' ~I'. 

2. 'l'ha t~nk and cradle are waJ.C)bed and the cradlo 
weight 18 deducted trOJI the toul weJ.9ht. 

3. 'l'he cradle 1. balancad on the rocker bar. 

4. !he tAn)c 1e placed on the cradle in the "balance­
poeiUon. 't'he c.9. staU.on 1. recorded. 

5. water 15 metered iato the tank to 1/4 of the rat.ed 
capacity. 

6. The foI:ce and .omant arm roqW.rad to balance t.he tallk 
at a range of tank attitudes from 5- noae dGWn up to 
and LnclUdinq 30· no .. up. 

7. Itama 5 and 6 are repeated for t.he 1/2, J/4 and fUll 
capacity. 

tie 'l"he c.g. for each cond1tion 1. detem1ned frc. 
the total ~lght and the balancing force. 
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' .. - I .... I ,r--'r-I 'lITCHI. AVIATION CO ...... , 
PII.. 2.J 

.. It ....... J(J,~l1.g I 
! -Tin.. - -

, . C ... CIUIU I WISICDIl" ".. fIfODIL 26-300 I -- GIII1IIAL JUU.8 BIlK NJrt 43.2M I A~ •• WII·I --No. 
<.D (?j ® 

@ DR apmma '4 

tAIJl5 Ampi "'DI COJttM' ~ 

t.e¥.1 ~ '1'.1. lla.o Level 1/4 J'Ull 10S.6 Sllf.D. .. .. 
1'·7 S·5.U. " " 1 J.t 

10°11.'1. " " 118.' 10"k.U UJ.6 .. .. 
Lew! 1/2 1'Ul1 102.3 5"II.D.- .. .. 98.2 SnM•U• .. .. 

110.1 -10·II.U. II II 116.3 30"N.U. .. " UO.z t.9al 3/4 PUll 100.2 S·N.D. II .. 
1t.1 

"'N.O. ., .. 
105.7 10l'lN.V. .. " 10'.1 10·lI.D. .. " 110.1 

LeYel J'Ull II.' S':".!). .. II 100.1 5"».u. II g,.a 
10'B.U. .. 

9 ••• 
30" •• U. II 

99.4 

".~, of !I9ty ft1~ ~H 1_. 

P.A.C. BNGa. - I,. -' Ca.. *:1' ::E:.:: 0~~k..b-
1 -(.A.C. QUALlft' COlft'ROl, I , , ,. , .. ~ 

" .' ~ 
.-~ --' CU8'1'01111 -, ,t.' • ' , . , '"7' • , •• 
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(3) ,-

'0 ~ftltr.te the clpac1ty of tha .... ~ly 

26-300 

ASSIMN,J DIWfl1fQ. 

26 .. 300-48031 

O1Io\NIITY OF I'1'". 
One (1) 

SlCUaITr CHASSlrISftTION. 

Hone 

TIST DA'l"la 

l-31-U 

T-'.!1 CONDtIC'l"lm BY I 

Wayne Callah.n 

DISPOU'rIOl! OF SPBCIMBlh 

Tha ••• emhly Iucc ••• tully met all of th.r.qg1r ... nt. 
o. the e .. e. 

,~_ '.0. 
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P •• ~""o I Lcall.baa j 1~.5~ . _ FUTCH •• AVIAnON COMPANY ! I '····1··· ... ! PAGe l.1 --, T ntu ! I CAPACJ'l'Y t'D'r ! MO!.~_.laO c..~_+-_. __ . --- -··-i- --·----1 canaAL MIU.S TJUIIC AIlS!' I 43.286 . . ...... .,,,... : If_nHe. 

rAS'fUAL m:rA 
TIft umRPMts : 

~ deter.1no total volume of the ~o.....s in place inner 
tant a •• .tJly. 

DC BOUtmPfr 

1. Bowser EXact.OIII8ter. 
2. SuJ. Uble CJZ'lIdua~ed con ta 1 nor • 

TC PROCBPYM' 

1. 'the tank shall be supported at 90 D to nOrmilll c,rround 
attitude with the inner t~ open1nq 1n the uppenaost 
poslUon. 

2. The tank .~al1 b. f111ad to til. top and the yol ume 
reCordod • 
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c.;CCalo I I CAPACI'l'Y 'lISt ,M"'" 2&:.104 ' , 
•• --- 1-. ---- -.~ ... ----; GENERAL HILLS 'lAme ASSr -. 43.286 i 

""".DltID "'1OOIn' No. 

,.., pprq,T" 

'!'he total tank vol\8e 1. 191,0 qallona. 

"A.C. ENGl •• ( ~-, ,,S ~-,J:. 0.' -r .-

'J 
, .A.C. QUALl'1'1 CON'l'RDL1 _______ ,;..~. ,,;;';-:.. .. ;..' _/'_' _' 

,AC r .... '106 
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1 .... __ 
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1. T'he complete teat specimen is mounted 1n the 8up~t 
fixture on the alo.h and vibration maChine. !be 
centerline of the tank. so mDUnted. 18 • m1nimma 
of twenty .inches above the 8108h axU. 'l'J\e tank 
booms Ilre in the rotract:ed poIIitlon. 

The test tJpec1man 18 filled two thUdS full with 
v.tar at aftblant temperatura and 1, 81.ultanaau.ly 
slosh and vibration t.,ted 1n accordance with the 
follaw~nq cond~tion •• 

A. '!'he vUJraUon d1splaC4lll8nt. 1, a .1n~ double 
ampl1tUde of 0.032 averag_ b.tve.n t.he top and 
batt.:. ot the tank and at the aUpPOZ'tincJ rift98. 
'!'he averaga peak vdue, at the point of 1118'.\11'0-
nl8Itt. durlnq • thlrty .econd intuval. 18 the 
value recorded. 

B. 'l'h. vibration frequency 18 2000 ~2o c. P .JC. 

c. The t.ank 18 mounted with the m.aj~ hOEll1Ontal. ax,. at go- to the iud,S of the shaft of the 
rocke1' pl,;tfom. 

D. The 8108h an;le ia 30· total. ap~ox1eately 
15· on either side of the 'horizontal position. 

B. The tonk ie pressurized to 15 P.S.X.G. 

P. '!'he t.ank is aloah-vibrated for 25 hour. at 16 
to 20 sloah c. P .H. 

" . 

2. Pollowlnq the sloah And vibration teat. thQ tank boom. 
are .~ended wl~ the tank tvo-th1rd8 full with water 
at. 1lJIIb1ent teap8Tatura ant:! 1. dJllultaD80u.lv slosh 
and vikaUoa t •• ted, in accordance with the follow!nq 
co-adition." 

~. Repeat Itepa -A- throUC)h ".- of the ~evio". t.eet. 
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•• the tank 1s 8loeh-v1Wated for 15 lIinut: •• ak 
16 to 20 sloab C~. 

3. The tanlc 1. filled with water mel v1)ar:at:ed 'or 10 
m.tnutea at yikat10n d1.plac-.t Qee1fteCI in "A" 
of the pr."lOW1 teat. 

1. S10ab and Vibration _dtlne. 

4. strabotac Or ~yal.nt. 

s. V1J>raUOft _tu. 
6. Vibration plc:1cup. 

'1'Ift PIOCIDlJRI t 

1. 'the Ust a •• ..,ly 18 IMNIlted on the slosh and vJ.b&'aUon 
_chine by ..ana of • support fiJrtve. 1'b. canterl1Ae 
of the .s • .ably 18 •• ln1mu. of 20 lndb •• above the 
sloeb ax1 •• 

2. 'th. tanll 1. flllac! wUh water 1n the aJIIOUIlt carrellPOftdinq 
to 2/3 of the rated c:apac:1 ty of tbe tank in gallons. 

J. The tank 18 pr •• au%lzed to 15 ,.i.I.G. 

., I 
I 
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--I ' <UINIRAL MILLS 'lAHlt Alar ."It •• y .. 1 I 

FWW nATA 

TUT PllQCIDURlI [conte!) 

'M: _,.0. 

4. '!'he alo.tb and vibNUOb machi"e 1. pUt into cyc,uc 
pJ.tc:h1ng of the l0I\91tud1nal MU I" .. 1$- no •• up 
to lS~ nos. dawn. 

s. 'mlo IIOto&' d7:.i.vo f07: the eccenu1c weight.. ~ 
vUJrat.t,on 18 activated and brouqht up to .1000 ~2o CIII. 

6. Vlb"aUoft reading. are toen and ~e oc:eentr1c: 
w.1qht. adJuated to produce the ~~ed value. of 
v1m-atlon cUsplaCGdl8nt. 

8. 'l'lut rotat.tOD Ipeed of the accentde w.lqhta 1t 
.... lU'ed to 'be .1000 ~2o R. P.M. 

9. '!h. ail' .... nn 1. c:heclced and adjURed if nec ••• a&'y. 
to 15 P.&.I.o. ' 

10. sblultaneou8 slosh and vibration 18 conUnued !or 
25 hours. 

11. 'l'he t&Dk )x)c:au ara extended and the taIlJt is eU".al­
~aaeou8 slosb Ylb~ated for l' ~nut.. in ~h. 
CC'ftf19\1ratlon da.erlbed in atep. 1 throUClh 9. 

12. 

1l. 

14. 

15. 

16. 

7he tank 18 then depr •• 8urized. filled with water. 
the ~. r.t~.cted. and aga1n pr •• euz1sed to 
15 P ••• l.Q. 

fte Y1W_tiQl\ .. ehan1. ia ata&'ted and readlnqa taken. 
AdJU8tment. are made •• nee.leary to pcaduce the 
r8q\lUod vibration. , 

Rotation ape_ of the eccentric velqht8 J.s adJ\latecl 
to 2000 +0 

-60 

Vibr~Uon 1. 8topped at the ADd of 10 "n~~ •• and 
~. tank is depreltSur1l:ed and dra1necl. 
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'l'UK NO. _______ _ 

'l'U'l' CIONDtrnm BY, DAft. 2-5-62 

'IURA'UON 

'l'ANJ< CAPACI'1'l'a _:.19:,::1:.-__ ou.S. ~I ____ ~1~2~7 ____ ~. 

OPZM'l'INO P1UI88U!l1. 15 1.',1,0. 

1.75 1.'75 19,.5 17 .022 .023 .020 .021 

2.:15 2.25 1985 17 .025 .025 .025 .oa' 
2.75 2.75 1985 11 .033 .0lS .037 .030 

S'l'MT OF Rlnh DATIl. ~-S-6a 'l'1U. 2.45 , ••• 

LOG, C~I~ O.~.lft .. d_~ DUtlE Ik~nl 'II PIli •• 1 .••••• 4.t 

BND 0'" aUN, 'l'IMlh 8.20 a.lI. 

RIASONt Cradle developed 

,4t _ 'til, 
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I 'fAMK NO. _______ _ 
JQ)& ai-lOG. 

I TBS'l' CDHDUCTID BY. l!!Yn! Callahan DNl'II. ---o;2 ... -1-;;...-.6L 

I VDlHATIOM 

--,1 ... 9,.11,&, .. 0 __ aM.S. TIS'J>. 127.0 cau. 

I OPBRATIJlO PU88UR2: __ 15_'_._._.1_ .. _0 .... =_ 
I 
I 

Bee. W'l'. 
TANK AT 91)° '1'0 SLOaIJ AXIS 

SE'I"'T~ SLOBJI V tBRA'1'ION 'I'D! 
In '/O,er lau SPHd RAT. At "Qq. ~ • .R Ln.~ Aft •• i~'" 
PWd All. R .•.. M. c~ . .}t F'Wd Aft. t1J2Re.r Lalwec UDDer LOWer 

I 
2.5 2.5 1990 17 .027 .028 .025 .041 .oag .041 

2.25 2.25 199O. 11 .021 .023 .OU .03a .025 .037 --. 
J 

"~'-~--

I 
I S'l'AR1' OF RUNt DAft. TlJIlK. 1,59 2,-. 
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r 

BND OF RWt DATI t a-t-ia 'riME a 21 $0 ,.m. 
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, 
." .... o'llIlDI 

SJ.08JI & VlBIAftGB 'l'DS' 
GIIrDAL lULU aRK Mill 

RIItJL'lI or .., 
Aftu 17-1/2 l..;.;"r. of .Pa&ltaneoua 110. u4 v!larauOll 
• crack 1.11 tbe GUtlll' *1. loc:aueJ l. .... Uat:e1y aft ot the aft 
boo:Ic ... noted. 'fbe teat: .. e U.CIODtinu .... t thl. pednt and 
the teat •• aa.b1y ... r..wee! fE_ tbe fixtUZ'e. Clo .. 
.... nation r." •• led the ~.dt to be .PPZ'axiaately 11 111Gb .. 
1D c1r'c:llaterentla1 1el19tla. 15- 1n ~th dll'ectJ.OU f1'ca the 
top caterUDe of· the ••• IIIIbl,. 'l'h. =acJl ....... to haft 
st.uted 1n the _l1.st rad1ua of the band adjacent to the 
-nat.- for the .ft _unt1nV book. (Ref. phOto OD pap 4.10 
of t:J;1. report) 

When the tank wa. d1 •••• a.b1ed and the 1nn.~ flberql... ~ 
1n.pec:t.ed. the f~l1ow1bg dhaa-.pancl .. we"e not:ech 

1. IDAa' .. Ubbe.. I1na.. 100.. froa taM, tal'Jt in 8."er~ place •• 

2. several laYeJ."D of Apparently nan-1IlpcagnAted 1111erg-l ••• 
It. rUde adher1nq to the 100 •• r\lb1:)er Uner, .1110 hang!n, 
100.. in the taM. 

3. Slash ~ffl. bulkh.ads lnte,ral Dut 100 •• and lylDg 
on bottOll of eanJc. 

•• Clrcuaf.~entlal rin9 to hold bulkh .. ds at.lll intact. 

5. a.all partial ring segment. to rltaln b~haad. entlZ'ely 
100 ... 

&. 'l'h .. expo.ad 1n.laa lufaca. of the inner tank appe«rad 
to J:Ht lIIIGOt.h. 

The Phot09~aph an page 4.11 show. the oondlt10n of the 1nn.r 
tank t.mediately after r..aval fro. telt fixture. 

The outat sk1n of the tank wa. repal~ed In accordance with 
the sketeb an page 4.12. '!'ho slosh baffl •• and rub_I" Unal' 
wa ... removed fZ'Om the Inner tank, and the a.sembly was .galn 
aubjec:t.ecl to the canplllSte to.t. 'l'he tamJc t.h." auee ••• fUlly 
caapletod tho teat in aoeordanco with tho procedure pre­
vlously outlined. 
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JUrSYLTS or ft8T (ClDDtd) 

A dhplae .. nt of .038 inch •• double aaplitude It t:he Up. 
of the booM. were BOt.tId durs,n9 tile 15 tainut •• of .1oah-vU'lra­
tion with the booIIa extended. At the canc1us10n of the te.t. 
the J»oaIa wera a911n extended and a scan tor resonance wae 
made with the tol1OWlnq raoult., 

1. Rueonant fE'equanc:y of booaII - 16S0 C.P.M. 

2. D1splace.ent 'at resonant frequencr - .l~ inch dOUble 
a.pl!~ude at tips • 
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TANK NO. 

BOCIt8~ 
QIID\L JGLL.I .. AllY 

JlX)IL _2;;;,,;1;..,-.... '....,00 ____ _ 

TesT COND~"'F.D BY. RVA. CIUJhy DAft. a-I-II 

VUMfl0N 

TANk CAPAC l'lTa _.:;.19;;.;:1 ____ GaLS. ,...... __ .... 12 ... , _____ QAL8.. 

2.25 2.25 

_.- --+--+----t----+----t----
+---4--.- _-+ __ i--__ ...... __ ---I~_~_ ...... ----

START of' RUlli DAT •• '1'I1l1h 3.00 p ••• 

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

---_ ..... _----------
glfl) OF Rtl'N I TIM. 1,15 p ••• 

REASONs _. ~-2.~~..!'!.ute t .. ~:;;... ____ --________ _ 

IA( _ "Of 
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I T.n. 

'rBST COlolDUCTID BY, 

MODIL 26-10a 

._ .. 11 ... 300 . 
4i.28& 

~H .. 

~wa::.::!ollxn..:.;.=-:c::::a=l1::':.::lb::::.=n~ __ ""'1 a-I •• 2 
VIBRATION 

rANK CAJlACI'l"Yt _...;::1;.;;;;.9;:,.1 ___ .GALI. _....:;.19;,;1 ____ GILl. 

OP~INO PRBssuaar 1 ••••• ,.Q. '1'B8'P....... 11 , ••• ! .0. 

'l'ANIC AT .0· 'l'O SLOan AXIS 
Ecc. Ift'~. s ~r.n..~. VIBRA1'1OW Irw .. 
InLO\l.daD Speed --:u- ..ucla .J'IifIIL. RinG Aft:. tiller 

FWd. ~ft R..!!lL PWd _~~.-4.......lUD~J:I8:::llr=-+~Lt.awa==--+~o.a .. Der:=L+ .. Lt.aw= •• a.1r 
3.00 l.OO 1990 .023 .Ol3 .022 .031 

l.SO 3.50 1990 .oa. .038 .02' .OU 

S'l'ART or JlWI DAHl _J-t-62 TIMa. 3.50 p ••• 

LOCh 

---------------------------------------------------------1 
---------------------.-------------------------------------f 
END or RUN. nATa, ___ 2_-_1-__ 62 ____ _ TI~I •• 00 p ••• 

~80NI _____ In~d __ o_f_l_0 __ m_1_nu_t_. __ nm ______ --____________________ __ 
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'1'0 d8lllOJ\1t.nte t.hai. Lhe t.an1c. ".1.11 wlthaUnd the r:....u .. 
lntexnal px •• aure wi~hout le.kage. 

NtllACTYBlRh 

PletCher Aviation Camp&ny 

MNN!'AC'tQUB" Men .. NO •• 

26-300 

ASlIMBLY DRNqNJl 

26-300-48031 

O'UD'I)' or J'l'IMIa 

one (1) 

8g:'U81'l'X CLASSI ng'l'tot" 

Nona 

TU.1 wall 

2-12-62 

'I'D'" CONPticTBp BX. 

Wayne call _han 

DlaPOSI~lON or Sp!cIMIN' 

u •• for ej~ct10n teet. 

AP«fMCT' 

,ac _ tnt 

The a •• embly sucC8altully met all of the reqv1~ ... nt. 
of the teat. 
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c ..... ; 0&'. ! 
" ......... W.CilUahan '1-5-(;)2: FuTCHI. AVIATION COMPANY 

I ""'. 
I c..w .. CI' •• I . ~ ... 26-]00 

43.286 
.. ---" -t-._--... _-_ .. 1- - .. - .•• ~ 

..... a.,.N .. 

1. 'fhe 1M.,ZO tll>ezogla.. t .• 1lk with all opening8 
... l~ h lubjec:te4 to an 1ntel'Ml pz'''.UI'e of 
20 '.I.I.G. waing neon 12. 1M'" 1. th_ 
ebeClc" f~ leaag. u.1ng • CMHnl ~.cula B-1 
t.ater. 

DI1: IQUIIIW'rI 

'AC". 'N. 

1. '!'ank 8uppDK't 
a. ft •• aul'e (Je9. 
l. ftecm 12 conta!ftG' w:loth regulatclC'. 
4. <Jener.al 1l.eb"1a 11-1 t •• ter. 

1. With the tanJc auppoI't.ad •• np1au.d PHon 12 
wpply 11n. 1. cannec:tad to tha ••• .-1:»11'. 

2. A pz' •• ftlft 9.~ 1. c:onaected to the .. a.bly. 

3. Preon 12 pr .. aun ". acIII1tted lnto t:M •• ..-ltly 
QIltU the pr •• av. 9.98 izId.lcatu ao '.I.l.G. 

4. PlXtunal lur rac.8 of th. • •• ..,1,. ua c:hac:1cad 1= 
l .. ~.q. u.lnq the Genel'al l1aotrla 8-1 ta.tal' at • 
anif!!n, r.Ca of 1/2 inCh ~ 8e00Dd. 

5. In"pact. tha tanJt v1 ..... 11y tGIIt wUence ot 1.11 ... 
.ucb a. c2UIICJe to the 1NlJtheada or UnH of the tnau' 
tank 01' aUuctw:al a ... p to the inner ,. outer 
tank. 
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I' 

CIOIC •• D . . --. t---------:-------- '''. "'00 ... l6-JOO 
43.281 

A .. '''OIlI.t : I ... " • ..,. No. 

rift BllULU. 

DuZ'1ftfJ tbe lakap teIIt it va. d-.nll1111d tJaat the 
f08IIlftt F0C8 •• 11.... to 1naull tile fOg ~ __ 
the 1nnaJ: taM and autaz _beU c.talMd balog.a 9U • 
• 1ftee the CMneral 1lact:1'1e uatc' IIHd ill pa'abiag 
lor leaka 1. _._itt". to tltf,_ fU, tMn w. a C011-

aunt l •• ap 1Ddica&lGD du&'1119 the ta.t. 

® 

'th •• an_u..1Vlty of tha in.tru.nt vu adJuated 110 tMt 
it Would not:. indicate 1 .... 1Mje fzo. t2ae pn ... of 
gaa 1n the to.. It w. then detall1lMd tbat it 
would lftCl11at. leabiW if any of the .tZODCJN ~Q'" 
fre:. the inner tank e.capm to au.o.pheze. 

'!'be te.t vaa concluded with the ina~t adJ\leted 
per the preceecUn9 pangl'apJt. ad the t.e.t c:anduc:tAd 
pe1' t.h8 outllned p&'oc..s~e on pIl.8 5.1. 1h81'8 W. no 
avldence of laakap. JIG ."J.d~ of 1".9. *_ 
p~8.aul'laed to 20 P ••• l.,. 

.. '" 
'.A.c. DCa. Le,':' (),. f'Ci< 

r .A.C. QtaLl'l'Y COftllOl,. __ ...... ' ___ '_' __ ' '_' -_/ __ ';..-.. 

C08'!'QNIa • 

'AC _ "0' 

"- ... _,-- --- .- ....... - .. -- .. ~ .... _ ... -'. -. 

..... -
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-----. 
,. ....... 
"H ...... I 

Zi-1OO 

MS....,mwgn 

2&-300-48031 

qu¥l'%'1'J' Ql XTW 

One (1) 

None 

MU '1'1" CO_1f1D 

•• yne Callahan 

~.1.'rI~H Qr SPllCIKlll! 

JUTCH •• AWlAnOR COMPANY 

Hold .t PletChe" A.lat1on CCIIIpIioy for uaty ,'0) 
day. foz G.K.l. d1.poa1~lOD. 

" ... 

.@ 

The a.8ombly 8ucc ••• fully met all of ~ requ~ra.ent. 
of t.he teat:. 

'1oC_'lOI 

1 

): .. 
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fbat one (l) or more ejection be made with a 119htvelg1lt 
t~ and OIle C1) or lIII01". ejectlOD be _de V1th h .. ~ 
_J.qht tank ~o as to aceurately clet:em1ne the puJt 
fOZ'oe. velocJ.ty, accel,'E'atiODi aDd tana a'ct.ltUlle at 
end of .trok.. 'PIle peak eJect10a fo~ .. 11 not 
axc..s 30.000 1).)8. 

1. Bj action IrIUlllt 
2. SUllpenlllon fixture 
3. Pylon 
4. L1ghtwelqht Store 
S. 11e4vywelqht 8tore 
6. 2ev D.C. POWOI' lIupply 
7. lO,OOO O~t JIultialeter 
8. MidwestU'n 08c111oguph 
9. P.A.C. FOrce '1'ranild~ 

10. Rxt..n .... t.E' (Cent\Uy Bn9.) 
11 • ACc:.lerGll8tU' 
U. MplU1er (JUlleE') 
U. HJ.C)h speed camua - (lfOllenaa, 
U. Gooae Control 

1. tnatall au-.pen81on fixture on eJect~ f~ .... 

2. lnetaU pylon on ft.~110D fiXture. 

3. Install 119htw81qbt .~~. on Prlon. 

4. Apply 2ev D.C. to the aec:han1a. 

5. ....aure volU,C)e at flr1nq pina. 

6. Aemcwe safety pln. 

7. _-sun volt4C)e at f1r1nq pln8. 

B. DiSconnect. powv supply and 11l8tall aa'ety p1ft. 



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

" 

~ I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
J 

i 
I 

Page determined to be Unclassified 
Reviewed Chief. ROO. WHS 
lAW EO 13526. Section 3.15 
Uate: . JUL 1 9 20IS 

,II MO. i .tI I FLnC ... '. AVlAnON COMPANY , ...... ,-
,... - .a:...t .. - ~- , &+fat ., -- .~ i ; ~~ ___ 

-c_~ - - I - <IIClaIm •• __ .....-i'-' P~--.----I---- GIDUL Ill,.,. .. ~ .u.286 
A ..... O •• DI I ..... ,.. ..... -

- 0 lNmIMe .R 

UIf "'9£!1!'. (00fttd. 

11. Install .xteu~&_. 

12. o Install ~a. 

13. Chec:1l 1nltrulNllc .ad ~. aJ.~c:u1t. 0 

14. Iaetall cuu1dV". 

15. a-mGve .. facy ~n. 

16. Aat,1vat:. 1natr\lMDt ...s c:aMl"a ci&-c:naita. 

17. Activate flr1n9 mecbaN.¥A. 

18. Clean pylon anHmbly Md 1na~. 

19. Install heavyweight 8to~ on pyloa. 

lOa Repeat .tape 4 through 17. 
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... 3Ject.1on Pone 
Peak ACaIluaUaa 
FeU Velocity 
A~tltUd. at end of at%Ok. 

-
r.A.C. ~·R. !.;: --: -:"~i ,,', .. 
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" .... -.. RIiI'Oft .... I 

'.1'0 dGftlOnsuate the at:ructural 1ntoeg&'ity of the taM. 

IWIlIlACfPUR'S .. HO· 

2 .... 300 

MfPBI.! QIWIWCI. 

l6-lGO-. 

OM (1) 

a;guTJ c;.uPGQftCWI 

Rone 

'1'Ift MU, 

1-a-62 ~1u:OUfJh a-U-6a 

wayne Callaban 

Qlgppngw or lPICilBPa 

11014 at. P .... C. for 60 day. t" g ••• l. d1qo.1UOD. 

ABI'l'I!'7 • 

IAC_,U. 

The ••• .ably aucce •• fUl1y me~ all 0' the ~i~"'ftt. 
of the t .. t • 
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RITCH ... fI.nON COM'.'" 1
9l1li·_,·-

"AM ".1 
I 43.28. 
--'Ma. 

CD@ 
TEST noUllUlMpl' 

'''C''. "0' 

The t.anl<. 18 subjected to the following teat cond.1t1oMl 
and doee support theee condition. W1thOU.t failure. 

A tank that has not been used for other testa ahal1 be 
uaed for th18 teet. 'l"he ataUc ten tanll llhall be a 
complete structure, 1 ••• ~.non-.truccur.l al..anc. 
a8 turbine generatar, boola, a=ua1:O%, ~ .UppDl't 
ttrucbU'o. fluld hMdl1ncJ ~ta. aDlS electd,c:al 
components. Abo, the inn_ f11:Mm'qla •• tank aNall be 
811aulated by a su1t~le at.ructw:. of the ._ 81ze and 
configuration. The 8t~tic ta.t tank ahal1 be of the 
sama quality workmaA8h1p a. the flight t.~ delivered 
on the contract and eMil be, except lor the inner: tank, 
structurally identical to the flight taU .s indlcated 
1n the ropocta and drawing a auba1tted. 

The teat tech:U.~ of the taft)t 18 as follawa I 

file tank 8U13PO:'t 119 .hall be co"etruc::ted to dupl1cate 
the atum point locatiOftll of tha Aero 7" rack to p&'O­
duca the IQOst. c:J:'it1cal hook and ".".y ltrace roactions. 

Load. are J.ntroduc.t into the teat tank by "'AS of ten­
sion pad. internal to:M#8, snd/_ exte%1\ftl straps. 
Of those method., t.endon pad. are preferUle in tlJAt 
they a11CIW 11 batt.or 1044 cUet.l'1bu.t1on and Ue le .. 8ua­
oeptable to local O'IrUloadJ,nq difficulties. c:are 1s 
taJcen to in.ure that the load appUc:at10n cleviaa. 40 
not I118ter1al1y affect ttle strenqt.h of til. u.t tanlli 
by lntroduc1n; artificial .t1fb~e, etc. 

All appl1ed t.OR loads are .uitably .oni......s by caU­
brated oquipmaqt (pre. sure gageD, load dyna.aaetera, 
etc.) _0 that acceptable t_t. ac:c:w:aq 1s ollta1nild. 

Int.rnal p~e.nre, where applicable. is appliod pneu .. 
maUcally or hydrauli.cally and the pr.s.ua:. suJ.t&lJly 
monitored with cal1bcated .... ur1aq 4e~~ca •• 
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laQ'taL PAD (eontd. 
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43.286 
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'l'are weight of It Oft aJWt au 1 .. applt.UCMI 4 .. 1 .. 
ia accounted tOl' in all t .. ~ lo.d1np. JIh:t1aalu ~ 
1. taken when danse fluide (vater, etc.) areul.a ~ 
J.ntroclUCing lnternal PZ'."ue '0 that true 1ncr ...... Ul 
loads far all load coa"onenu u. olttal". Inc!'ap nJea~ 
appl1caUon of cCllDb1n.a load COJIIPGnftU (that 1e vut1eal. 
ai~.. ~r~ aft loads) a~. preferable over ~~tanc la.d 
.~1cntion to l.cJ11t.~ maintaining co~ ~.latloa­
ship of load COIIIponlDU w11:h each otllu tor tull rauage 
of load UCIII ze.ro to ul tJaa~. 
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'l'tle te.~ lOolda of the tank ;Jre •• apeclUed b coat.nat. 

niT IQtrIIMlN't' 

1. Static teat ftame. 

~. Tank support fixture. 

1. (.Qc\(Ung pads. whiffle trect., etc •• peZ' applJ.caJ:tle taat 
ccmd.1t1ons • 

1. nydraulic: pumpa. 

~. 'lyUt'I3Ul1C cyllnc!ert (Jacks' with net area. ae u.ated Oft 
teat data sheets. 

., 1~lraullc tost 9age81 as noc •••• ry 

7, Pour 24-inC'h starrett: .teel enq1ae IIIArk~ lIeal.a r .... 1D9 t.o 
.010 inch. 

0. SUi-veyor' 8 18111:1. 

All toat condition •• arc run "11th the teet t.ank 1III;Nftted in the 
horl?ontal poa1Uon 1n the te.t. J19. The teat FOc:echu'. 1. 
iden1:.i\!<11 oln eolet, t:4at! and c:onahta of the follawlnq a~ep •• 

1. 1'hu lIyat.QIII of loadihCJ Ja.ck. and ."hUfle tre •• 18 1Ilat.U lid , 
C'hC,~l<;fld funcUoMl1y. and in&poctsd tar propeZ' laeatlaD. 

Z. Readlnqs of daUectlOil At zero load 111 tak ... bIf ..... of • 
Sui-es of atael Beale. h1UlCJ aloR9 the laagth at the tank. aDd 
II .urveyor I. lovel. IAtud deflect1 •• an _.v.d ft'0II 
a w.l.re 3tr.tc:hed alonqa.l.da of tlltll tank. 

3. "l'he load 1a theft appl1ed 1n 1acr_t. of 2. o~ l11aU~ 10114. 
aad the deflection readl"". talc .. at 21. 50, 71 ..... 101* 

4. The Jade loads are thea J:educed to ""0, aDd deflec:tJ.aa . 
rQadlD9. t.aJcon to cheQ poa.Utle pe~ .. t. 

5. toad 18 aqat. applied 1n 2S~ lacrement. up to 100. ot l~t 
loau. 
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un rJPCPUUI (CONT.) 

7. DeflectioD re.ding_ are taken. 

o. Th. nt~Ul' lo.ld h increased to 150l' Qf luu,t. lQ&cJ. AM 
deflection road1n~o 4~g ta~en. (150% of l~t load • 
lO~~ ult1ma~. load.) 

9. '1'h8 jaQ~ 10tl~t8 are rtKIuced to zero ~ deflection ~Md1Dge 
are taken. 
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A review of F.A.C ... port. 110. 43.*. IOI.OIId. and stu •• 
AnIllya1a, a.enl JU.lla '!'ank-. 8~ tMt ~ ue ~ 
des1gn c:ond1t.101a1l =1t1cal tor the tMk and ita attaclU.nq 
sb'uctw.e. 'l'he •• are conditions ~O, n. aNI 29. C01l41-
tlon .29 is sn .. j~~ian coad1t1on which w111 be adequatdy 
COYered by the actual tank full aNI .apty ejectl0D8. ("f. 
p&1IJ •• 6.0 t.o 6.1 incl.) 'reat load. ff* COndiUan 4tl0 and 
25 81'. developed on the &l1aw1ng p&cJe •• 

Aa on pa~ .2 of' UpCWt M3.2&6. t:be sip coaventlon ff* ~ 
teat loads 1. a. follow.. 

Z • Upward acting 
Y • Ac:tineJ to the left 
X n Aft acttn9 
POsitive ~nt vectors are in the 
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