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ABSTRACT 

Thi. Twelfth Qua.rterly Progre .. Iteport prea.nt. the reawt. of work 

conducted at GeMr.l Mill •• Inc. WIder Contract DA-18-06.-CML-2745. 

"Di ••• minaUoD of Solid and Liquid BW Agcnt." during the period from 

March of to June •• 1963. 

In repol1iu. on the continwl1lstudy of the mechanic. o! dry powders. 

data are pre.ented which were obtained with the improved multipurpole 

teal unit iD which ah.aso .trenlJth. ten,ile 'tren,th and bulk denaity are 

me.lured within the conline. of a lin,le lanlator lab. Initial finding. 

are eli'culled for an lnveltiiation at three ,upposedly identical !:!. 
.ample. which exhibit dl.tinctly different compaction c;haracteri.tic •. 

Particle-lille diatribution. (Whitby' are Included. which ahowa amallea' 

MM.D for .aeenarin after compaction to a compre •• 1ve stre •• of ~. 84 " 
4- ~ 110 dynea/cm. Teata ahowinl that the addition of Cab-o-SU to powdera 

Inereale. the atro .. required to produce a given bulk den.ity are ducribed. 

Experiments with bed. of fluidlaed powdera are dilcuued In which 

bed dlpth, de,ree of ai.lomeration. amount or lelresatioR or aVr:I.tion, 

and amount of carry-over were investigated. 

A specific surface area 01 1. 53 m Z II ;17 percent and a rugoslty of 

Z. Z are reported for saccharin from mealUrement. made by tho BET ,ae 

adaorption method. 

ae.ultl are lIiv~n ::rom experiment. in which the effect of poaitive 

ions on aero.ol decay waa inveAtipted in the aerosol chamber. 

An inveatigatlon of the etfect1vene .. of graphite in redccinl side-

wl.11 friction of compacted powders .1idin. in ,ylindors i. reported. A 

SO-perce&t reduction in the lorce required to eject the compacted powder 

haa been obaerved when Iraphit' ia u.ed a. compared to the force required 

using a bare all1minwn surface. 
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Wlnd-twmel .tucll •• are dbcu ••• d {or two area. olln" •• dS.tioD. 

Simulant Szn wa. efficiently .a.Klomeratell at an ail' velocity of Mach 
- .3 number 0, J and at bulk deuitiea ranling trom D. 33 to O. S2 iI em . 

Stor.,. of compacted ~ at -2 Cor -23 C for perioU up to 30 day. 

ha. 110 .I,Ditlcant detrimental effect all dea,l1omeration efllet.ncy or 
viability. 

Prolr ... Oil the fabrication of the .ecoD4 1:-41 .pray tank i. eli.
cu ••• d. Minol' do.lp chan, .. in the E-.l are ducdbed. Plan. to 

tlipat te.t the Z-41 at Zi"a AFB OIl the "·IOOD &ad the 1'-105 are 
mentioned. 

The .tatu. of planninl anel prepariDl toJ' tlipt tl.tiD, the It-41 
.pray tank 021 the AO-l Mohawk I.ltrplane it r~ported. 
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TWELFTH QUAR.TJClLLY PllOCUSS REPOR.T 
ON 

-- ------•• --__ --A 

DISSEMINATION OF SOLID AN]) LIQUID BW AGENTS 

1. INTR.ODUCnON 

Tbi. i, the twelfth of a .eri .. 01. quarterly pro,re .. report. which 

have beeD lullmUte4 to th. Biolo,1cal lAboratoriel .. documentation 01. the 

work beiDI performed by OaDlral Mill., Inc. uDder ContractDA-18-064-
CML-1745. Thia wOl'k penalDli tD the dlu.minatioD of .olid And Uquid 

BWalent •• ancl raDle. from experimental and theoretical .tudie. of the 

propertiu oC llcelyM cl1vided loUdl to the !abl'ication and field teltilll of 

lull-Icale dl"em1Daton. Much of the work ia of a eontinuiD, nature. 

aM refel'ence to preViOUI q,u6rterly prol,e.1 report. i, nee ... ary to pro

vide the complete coverase of the lubJect. 

A primary objecti" wa. to develop a 'P1'&y tank to be carried .. e an 

external .tore tor line.lource cU •• emination of dry BW A.lent" from air

craft fiyinl at hip lubloDic Ipeedl. The E-41 .pray tank wa. developed 

to .aUely thi. objective. and alpt triale haye demon.trated that the tank 

perform. yery well at a lpeed of Mach 0.1. Tute are now p!aJU'led in 

which the 1£.41 will be flown on the AO-l Mcha.wk aircraft at a .peed of 

2.00 knot. (Mach O. ~). Di ... mlnation and deaallom.utioa Itudiea con. 

conducted iD the blow-down wind tWlnel ciurilll the paet quarter have 

demonltzoaCed that compacted SOl caD. be efficiently I.e roaolized at thil 

low flipt lpeed ilitl bulk den~ do .. 110t exceed O. 5Z ,lem3. 

'. 
1·1 ~~FIEt'lI""UU 

AUfhoIity: 10 '1521 
Chief. Rec-:1Ss , Oed •• "'" ~ Dete· •• 1'n.oJ 
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Z. STUDIES OF THE MECHANICS OF Day POWDERS 

A prOIl'am of ltucly 1I underway to characterb. tbe behavior of powden 

in the uncompacted ltate, tbeir behavior durin. compaction, and thetl' behavior 

in the compacted Hate. Such & ltucly Ibould yield iaformatioll relative to tbe 

manufacture, bandlin" compactlon, aDd di .. emiD"tion of bulk powdera. Durinl 

tho current qll&rter, we have utilized our improved multlpul'po.e teat wt and 

the energy-of-compaction appa'atul to obtain fundamental information On & 

number of powclen. In addition, we are looJdna very clolely at throe Ifaimilar" 

~ lample. to determine what characteristic. are l'uponlibJe for tbeir clUtor.1lt 

compaction propertiel. Studi •• are aho underway to dotermlne "bethel' powder 

partiel .. are fractured dUJiIll compaction and to determine the effect of the 

addition of small amount. of Cab..o-SU upon the compaction charactedltic. 01 

powde". Fluid-b.d exp.riment. were cODcluc:ted to determine the leqtb of 

time required for a fluld bed to eql&ilibrate, ehe extent of product 10 .. durh~1 

fluidization, and wbetbel' panicle·lt.e ... relation n.wu durin. the flutlia ... -

tion proc •••• 

2. I Behavior of Powderl in the Compacted State 

Our completed mwtipurpoee teat wUt 11 ahown in Figural 2. 1. 2.2, 2.3, 

and z. 4. 'I'hil tlftit 11 u .. d to me.lure ahear ",tUft,til. ten.l1e Itl'C11,th, and 

bullt den_tty within the conlin •• of a lin,l. i.ol.tcr lab. The new •• t addition. 

the lmproved alidina-dillt Ihear •• trengtb UDit (FI,ure Z.4) il being used co 

obtain data reported in the followial aectiona. 

Z. 1. 1 Shear Strenlth of Compacted Powdln 

To me.lure .hear Itrln,th in the compacted .tate utilbinl the .Udina
dhk method, the powder mu.t first be compacted at a given compr ... ive load 

and thOft sb.ear-d a.t .ome l1,lltor load. Tho mecb"niu of thl. procea I of wet,ht 

chan,inl ".re Iulfictently complicated to make it diffic1l1~ to obtain reproducible 
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data at the lower IU' ... leveh. The improved .he.r-Itren.th wUt 

(Fi.u .. Z.41 hae b •• lI completed to eliminate the.e cli!ficultie., U IUuatrated 

in FlIUJ"" Z. 5 tbrou.h Z.9. Each point plotted r8pr ••• nt. tb. avel'a.e value 

£01' thre. determination.. For purpo.e. of c:omparilon, data for four repre-

88DtatfV. powderl are prleeated in Fi~ur. Z. 9 by the method olleaat .quare •• 

Z. 1. Z Ten.ile 5eren,th of Compacted Pow-den 

TeaeU. atrenlth reblain. the one powder propeny mo.t cbificult to 

rne •• ur.. The determination of the ten.fle .trength t •• however. of .uc:h 
dglliflcance to the total development of th_ technoll.l,y of powder. that the 

time and e/fort apent on it. determination ie well Ju.ttfted. We are currently 

invenlSatiDI the .elmented column and In..tron triaxial teneile methodl. 

The recent .. dditiOD of a 10w-.peed Iynchronoue motor to replace the hand 

cr&J1k meehanl.lm permit. cenlUe failure of tbe compaeeed powder to take place 

at a more wUform race. Becau.e 01 tbe accuracy poutble with thil chanl_ in 

apparatul deli liD. we fe.l that tbe data obtained are tbebut available trom thb 

method. Repre .. ntativi ,raph. ar •• hown in F1lurel Z. JO and 2. 11. Future 

work will include powcl.ezl with cU.ametere in the !-mic:ron rAD,e, IIuch AI 

Iro'qnd ell albwnin, srou.n4 powdered .u,ar, and Sm. 

2.1. Z. Z Triaxial T.n.Ue Method 

A continuin •• Uort bal been mad. to ImprO\re the tJ'lalidal tensile te.t 
'1' 

techaique that c;an be carried out in the Inetron teu machine. \, Dit!i.~Wtie. 
in lampl. pl'eparaHOIl hAv .. retarded ~tt'!!m;JU to carry out a pro,ramm.d 

eel'l •• of tenlile telt.. However, .ev.ral teata w'2'e conducted utfn, powde2'ed 
J ,\1, .. 1' with Av.ra •• denaittee from 0.85 to 1.02 ,I c:m. FaIlure wa.. found to 

occur III tn. center .actlon wheZ'e the Cl"Oe'·.ectional areA ia em.Ue.t. 
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Sample -preparadOil pracecllU'e wa. varied to find the but methocL "atuloa 

llquld", a .Up anel &AUltick .,Iat, &lid ,,,aphite .... ere .eparately te.ted for ae 

an the huter wall 01 tb. app.ratua. Both Cbe Irapbite and RulOll allowed the 

flared tr1 .. ction to be removed without dama,. to the powder.d-I •• !' .p.cina .... 

In ;addition to thie, .. increa •• in the tentile Itreneth 01 powdered ..... 1' at a 

,iv.a denlity wal found when In,htte wal "I.d. 

n. accepted method of lamp'e pup.r.tion linally Adopted 'Nat to place tiaU 

powder sampler iIlto the ,raphUe-coated .pparatu. aad to compJ'eel tbe powde,. 

simwtaneoualy trom boa enela b, mean. of two 1. Z-inc:h diunetn pbtiOD. to 

which equa110ad. are applied. The depiCy wal found to be bilJh.lt in the end 

cyUnclere and lowelt 1n the c: .... ,. .. CtlOlI. The elanlity 01 the center .. ctioa 

incr.aled with tbne of cOmpac:tion. Denlityand cen.11e tut. 011 powdered 

.upr reve.leel that all M,hteen-hour p.riod of compaction wa' ,wfide"t to 

produce & .tate 01 eClUilibrium ilt the powdered.l",ar .pecimen. 

The procedure followed for telUn, the lpecbnen jll the Inltron machiae 

durin, tbh quartn wal the laml .1 that previou,l, reported. 

ne denaUI •• of tbe powdered a",.r apecimena in lhe re,ion o£ laUuZ'1 

were determinlcl by carefully cU ... ctin, them aCter (allure tFt.ure 2. U). 

Preliminary zoeawel by this method yielded ten.ile Inenlth. which lie between 

0.9 to 1.6 x 10" dyne./cm2 for clen.iti •• of O. as to 1. OZ I/~m3 u.in, Rulon. 

However. wbtA .raphite WIL' ",ed, tenlnl Itren,th. at hi,,, ill S.6 x 10" 

dyne.' ern? were obtained for the .ame den.ity l'anSe. TIItl ran,e of bWk-

I ' tensile .Cren,cb. \\taa approximately the .arne I.' that decermineC: by the 

le,mentt:d-column te~il. teat for powdered ,u,ar {lee Fs,ure Z.23, 

Ref. O. 

It would Appear that many problem. can be eliminated by inen."D, the 

di&lfteter of the Z. 5-1 •• lolll ''necked-dDwD'' center uctioa •. 
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2. 1. 1 Compaction Cbaractui.tice ot J .!!!! Sampl .. 

Tbree !!!. .. mplu (Sl-SM-342. 352, and Pool f7) currently under Uay •• ti

lIation Iii'play dl,t1nctly cllll.rent compaction char.cteri,tlu. aeC&u.e the •• 

• ample. al"I 'uppo.eel to be id.Ddcal, it I. of Cwulamenlal importAnce to 

determine wbat property aIlcl/or properti .. contribute to thi. dillerence. We 

.bould ultimately be able to trace the dU£erence to vaJ'iacloll' in methtJd. 01 

m .. u.wacture Ad/or diUereace ill proce .. ina of the .amp1 ... ince rnaai&£ac,u,.e. 

Samplu of each were taken from a deep freeze in .. aled jan a.nd placed 

tn .. clry box with. a relative hlllnidity Ie .. than Z percent. After a11owln, 

'uflldent tinte 101' til. •• ample. to reach room temper.tur~, the compaction 

unit wa •. carefully filled with e&eh powder, .. &l.d iJltO a Z-mil polyetbylene 

ba,. and removecllrom the dry box lor te.tin, in th~ In,tron unit. At DO 

time prior to the lillin. 01 the compaction unit were the ••• led jan opened. 

Th. pi,ton 01 the compaction unit wa. th.n advaaced at • con.taDt rate 01 

O. oa IlL Imin until. a load of 2000 Ib wa. reacbed (or each te.t witb!!!!: Altu. 

each telt, tbl compaction 1Ift1t 'Mal removed from iU polyechylene bAa ~d re

turnecl to the dry box. 

Compaction farce il plotted •• ainlt denlity in Fi,ure a. 1) for all thre. 

lampl .. ol!!:!!. :E&eh 'ample Will' tuted in dl.lpUcate witb ,ood a,reement . 

. Bllt althaugh ehe compaction curve. tor the three .ample. have appro~marely 
the .ame .lope, th~ IndiVidual curve. are oll.et wiCh re.pect to one anotber, 

inclieatin, a Ica1e ',hUt. Thi. mean. that tbe Itre .. required to compact each 

of the three .ampl •• to a liven cl.n.lty i. quite different. 

Several teat. have Nell ialtiated to explain the Icale 'hilt for Ihe thre. !!!. 
.amplel. Th ••• are ,e.t. lor particle-.i •• dhtrlbutloH, parhcle deDllty, and 

moi.tue content. Moi.t\u.'e coatentl of tbe Ihree .amplel, deteJ'mined by a 

.taad&.reI technique. (10) are indicated on Fipre Z. 13. .\. (an reacbly be .een 

Irom chi. information. mol. CUre conClllt alone do .. liot explain the relative 

polilion. o£ the C\lrve.. Previoul work With .,' albumin (l) ha •• h(lwn a 5hHt 

toothe right with lncre .. inl particle .i.:ce, And we cherelore expect that partide

si .. diltribution. and partlcle.d=lity tut. (not yet completed) will .hed .ome 

li,ht 011 thi. leale .hilt. 
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To ell.minate diff.rence. due to adsorbed mot.ture, the three!!!. aa.mple. 

were dried by the lame technique .. e that used for the rnoillture elet.rnUn.lLtion •• 

CO!npactiOIl c:urvel were alaiR determined lur the three drIed sample •• anel 

r .. alta are pre.ented in F1gure 2. 14. Durin, theae te.ta. no attempt .1.. 
made to break up &'llomerates pro~ed by clryina. 

Compaction curves for the ell-ted ~ samplel Sl·SM·14Z ~d 35Z are (for 

all practical purpo ••• , the .ame and are nearly coincident with the C:.:lmpaction 

CUI'V!'l Lor Sl·SM-34Z at Z. 18 percent mol.ture (Filure Z. 13). The compaction 

curve for the dried Pool #7 .ample lie. to the right 01 ita curve at •• 41 

percent mot'Nr., 

It iI tbu. evident that c:han,e. in molltu ... content alone do not account lor 

acal_ .hitt. In aclclition to work alreilCly underway, studie. of deag,Iomeration 

iUld chanle. in viability will be includ.d to further explore Chi. problem. 

Z. 1.4 Fracture of Particle. durin. Compaction 

A study i. curre-nlly Wld'rway to determine the enent of particle f rac~ut. 

rel'J'e.ented by chan,e. in particl.-liz. dhtribution tbat occur durin, the com

paction of a powder larnple. W. are determining e"P*rim.ntally the chaD", in 

Whitby particle - .1 •• dl.t.rtbution. 01 a aacc:harin lample under a compre •• ive 

stn .. of Z. 84 dyraes/cm'1.. 

Con.iderin. the tran.miuion of applied .tre .. rhrou,h a bed ot powder by 

mean. of interparticle contact., ch' interparticle contact &1'.& in a plane normal 

to the compl'ellive '£1"" i. 118. than the total cros.-.ectional are., and tbe 

.trell in tho bed woulcl tberefor. be largOJ' tMD tbe 6pplied .tres._ 11 tbi. 

Itre .. in the bed i •• ufficient to ca"" failure, then the aize dilU'lbut1on will-

be chanaed. 

Saccharin with an MMD of 6. 9 micron. and a .tandard deviation of 1. 48 

'Na. compr ... ed in the c:ampa-dim, apr-ratu, (l) by the In.tro, telt machine to 

iL c:onIpre •• ive .tre .. of z.a .. x lD4 dyne./cmZ. Saccharin .ample. of approxi

matelya milligram quantlt)' were tben withcbawn from thl! Z 1/'1.-1D, d.i~ot.1' 
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powd.r a;eceptaole, ud ita po.ICloD fl'Oftl the centel' ,... ... cori.d. a •• 
&Daly ••• of the .ampl •• were p ... fonn.d, typical r .. ults Qf wbich ar. p ... _ 

.ent.d.~D Illve 2. J 5. It ia evident that. chaD •• ia particle-ai .. dJatribatioa . 
ba.. occ:urnd. .\.drnittedly. thi. t.at was pedona.eU at a bi.1l Itn •• "v'l. 
which may exa .. erata the eff'ct. Bat it lhould be iniormaUv. to rnaJca a'luick 

cheek throu.h • wide .. ran,. 01 eomp ..... 'v. ,u-.... s and with cWf.,.eat powder. 
to detennino wbelher It,nilicant chaD, •• In aiae 41.tribatioD r .. ulc boom the co",

paction proc.... Pal'Ucwu attention .hould be paid to powd .... with compactioa 

curve. whol •• lope. dec rea •• at theiz qppel' portion. ( ••• Fl.-ue Z. l~). Thi. 

deviation frOm a .crai,he Un. OD the 10,-10, plot of compaction .tre •• ver.\UI 

d •• ity mi,Dt indh:at. that partida faiJlIJ'e i. occurrlftl. thu. allowtna denlity 

to incre ••• mon rapidly with. .tr.... !!!. would be a aoad .ample 101' thi. te.t. 

See the compactton CIl1'V4tI lor s... (Fi,lIr •• Z. 13 and 2.14) in this repot"t aaui 
- 2 note tb. chan,e. In .10p. hs the viciDity of , • 1.8 dyne./em • 

• • ., 
; 
II 
> ... • • 

l 
'd 
It 

~~------------------------------------------

FlaGre 2. 16 Dlu.tratJon of Deviatiena from .LOII-Lot Plot 01. 
Camp,.. .. tve SUe •• "rau. DeDat." 
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1. 1. 5 Ueet of Cab-o-Sll OD Ene,lY,oI CompactiOA 

A nUltlber of fwsct.mema1 .twI1 •• earried out in this labo .. acory (3) have 

.hown that Cab-a-Sil type additiv •• can be " •• d to me •• ure flowabilit, aDd ell.· 
perailtiUty of powd.red material.. TIM ••• :.perlln'AU were carried ow: OIl 

uncompacted powder.. AltbouJla the U. of aclclitives with BY material. i. 

nat currently beiq sbe .. ed, we feU that the po .. ibilUy 0' th .. e principle. 

betn, applied to dl .. imination Of compacted powder. wurAnteel inv .. tipC1cm. 

Powde ... ample. were mixed with O. as to 5.0 percent Cab-o-Stl by weilhe 

by proc ... in, throu,h a moclilied IlWd-.nerlY mill. Energy-ol-compactioD 

data obtAiMdlrom th .... &ftlple. indicated tb:at much ,reater .tre .... were 

requtt.'1tCi to compact the Cab-a-SU altered .amplu than to compact the Wl

&ltered powcleu to the .&!fte blllk defteitl... We have thus made .. p1'4llinlinary 

observation tbat the de.itable properU .. which re .alt frOl1l the addUioa 01 

Cab-o-SU wUI b. obtatned at the upan.e of ,rcater dH/lculty In compactial 

the urnplo. 

We are dUi.niJl, and bllildlllJ a piston-cylinder appal'a·'lS that will be 

ca.-ble of meuurin, atro .. at th' cyllndel' wall cre.&ted by the powder undor-

1I0ua» compaction. The m.a.vement will be made a ... function oj a ftl.Unbor 

ql variabl .. iaclwllDI type 01 powdezo. applied .tu... aDd w.I1 friction. Thi. 

huormatioft will be 01 botb ttl'Ol'etieal aftd pnetical value. Det.l.i1. o{ cbi • 

.. tudy will b. pre.ented in 01&1' aext quarterly report. 

A sketcb of the platoa~cylilsdel' unit of the apparatul .ppe.r. in Fi,ur. Z. 11. 

Th, thiD bra.s .Io."e was rilidi:sed by the outer heavy-walled aluminum .leeve. 

HoI .. drilled thrOllih the &lucnJaum .leeve permit .train I"ulo. to be place. 

upon diaphralm-llk,s"meatlof the inner bra •• sl.eve. PreUmill&l'Y te.t. 

_l1ow that the •• I •• eel al"a' lore very s.n.ldve to ehanps in wall stl'e ••• 

The .y.tem 01 .train '.111" 1. currently beiD, connected to an autom&tic 

_witchinl load recordiJa •• y.t.m to permit ellh:ieDC and accurat. data COll.ctiOD •• 
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2. Z Behavto~ of Po'NCleu in tbe Uncompacted State 

Our current objective in thie area of .tudy ia to determine the behavior 

of fine powd.rl undar,,,inl IlUidiaation. Studie. are b.in, made to decennia. 

tbe lenlth of time req\&1red lor equilibra.tioft 01 the flwd bed, the p.rcenta,e at 
m ... loat by a powele .. WlderloiAl flutdbation, and the extent of JMrticle •• iae 

1e'1'8,atioJ\ durinl fluidiution. 

Z. 2. I The FlUidization PrOCI'!U 

A fiuidi •• d beel i • • fluid-.olid ayltem in which & bed of finely divided. 

loUd partlel •• t. lilted by a .trea.m ollIwd. 

When. fluid i. palled. tbl'01Iih a bed ot loUd Iranular material. ona of 

t1NO thins_ can occur. II particulate nuicUzation takel place, there wUI be a 

uuiform expanlton of the bect. in which the 'ncr ••• tn, .pac:u between p.utic:1e. 

allow Ireatel' ..... vf pa".,e of the fluid. U klll'e,attva lIuidbation takea 

place, there will be a beel e~an.ion accompani.d by the (ormation of large 

bubble. tbat I. an.!0lou. to the upward 110111' of ,a.. throu,h a column of liqutd. 

Whether. !lWd.aoUd 'Yltem will exhibH particulate or allrelati"e Iluidiza&ioJl 

depend. on tbe r&eto of particle den.lty to fluid dell81ty, and /lO & leaser extent) 

on particle .la.. Particulate nuidi~ ... tion ,ener.lly OCCUrI when the flujd i. & 

liquid, and &llre.ative flu1dizaticm most ofte. occurs when the fluid la a, ••. 

Con.icler • bed of particle. reeUng on a fine maeh Icreen. A. the fluid 

velocity tb7ou,b the bed i. mcreased, the pl'euure drop acro .. the bed in

crea ... until it .quala the weilbt of the bed per unit ioU ... 01 the ,rid plate. 

Thie il the point 01 incipient fluidizatIon, which Ja d.ltJ,ed .... the 10.., •• , .uper. 

ficial fluiel velocity at wbich the pre .. ur. dr~~ .aero .. rhe bed (at ita low .. t 

density) equah the wet,bt of the hed cl\&r.e. \ ) 

When the point of inCipient fluidieaUoQ i. reached. CODtlftued incre •• e of 

£luid velocity producee no further iner ..... in pr.uure drop, but re.ultl in 

4ft expansion of the bed. in whieb the void Ipane bftWeen the p.rtic1 •• .an 

iru:rea.ed, and the individual partide. reat more upon a eu.ldoD 01 the fluid 

than diredly upua .a~b other. 

2-Z4 

Page detemrined to be lJncI-....ct 
Re~ Chief. "00. WffS 
'AWEO 13526, ""'3.5 
Oat.: APR 12 2013 



( ! 

U 

! J 

I! 

I 

L 

I. 

I 
I, 

Slllilin. alul cb&aneliDI al'. me cwo major problem. encowt.cered ill fluidbecl 

beel experimenU. If etther i. present, it mLle' be elu.ws.ted befol"o meaninsful 

reeult. C&II be obtalDed. 

ChanneUDI t. a condUioa in which ·f1uid pl. .... tbl'ouah a bed of particle. 

alOft, a pZ'efenoci path. Once .taZ'te4, chaue1iD. tend. to ,1'OW worae _til 

alDloet all the fluid i. pa .. lll, tbroqb the challDe! lAateali of beina diltrllNted 

evenly throulhout tbe beci. One of the ca"''' of chanfteUn. i. a poor diatnbu· 

tion of the .0Ud material in the b.d befol'. fiuicllzation. II the initial paclrin. 

ie .\&Cb that a partial channel ext.tl, tbe fluid wll1 tend to Jo11ow &hi. path 01 

le.lt re.letance. It 'e .1.0 very impOJ'taDt for the fluid to be well dilcributed 

over the entire atea of the bed by tbe Iriel p1"te. A l&l'le nwnber of .mall 

bol •• "I'I preforred to a few larlo one •. 

51Ul,i1l1 relults WMD a bubble tllere •••• in liso \111m iu dwmetel' eq\Jal. 

that of the tube. It thm cud ... Ilul of poweler with it a. it ris... Fluid 

velocity i. Ul ImportaJlt factor in tbe rat. of hbble .rowtb. For" liven rat. 

of bubble arowth, aJUIllna CaD be eliminated by ulil18 ~ t1.1bl with. lenjJth-to

diameter ratio tha, .llow. the bubble to •• cape before atainio. the diiAmeteS' of 

tbe tube. 

z. z. Z Apparatue 

Havln. completed a pre1imina1'Y etudyon the problem. of fluidiz4tion of 

tine powdeJ'l (dJI.eribed ill the prevloll. report), a more permanent and exact

in. experimental ty.hm wa. desipeel .. nel con.tructed. nne syetem i. pre • 

• entedin Fiiure Z. 18. 

The fluidization chamber i. compo.ed of a glat. tube .ftd nylon b.... The 

leDath of the Ila.1 tube will vary depenclil18 Oil the work beiD, elone, blat ita me. 

in.ide diameter ie 2. 59 em. The ba.e, m&chilled from A .ohd nylon rod, i. 

cOIl.tl"UCtecl in three .ecUon. for ... e in ellUtin. aDd ... embly. The ,rid plate 

ueed for the p, •• ent "riee of teet. 18 a flne 8creen with openinll' of about 

169 micron'. 
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Manomete 

ala .. 
Tube 

Baae 

- - --_ .. _-_. - - -_. 

Rotameter 

Pr.a."re 
R.eJUlator 

To Air 
Supply 

Fi,ure Z. 18 Fluidlaed Sed Apparatul 

AD oll manometer mea.urea the pre .. "re drop aero .. the powder beel anel 

arid plate throUlh a pre .. ve tap Oft the .tde of the bal'. Silicone oil with a 

cllft.lty of 1.066 ,/cm3 la ",aed tn the maMmetft'. 

The fluicliJltn, media (air i. currently beirl, u.ed) enter. the Na. jue' 

below tbe ,rid plate. The flow rate ia meaaurR by a rotameter. and i. COD

trolled by a O-Z lb/in. Z pr .. aure ululator. FiB. adj".tmentl ill now rate 

eaA be made with a ZO -turft De.dle valve. 

In ell ,cullin. flow n.te. in connection with fluidi.ed b.da, it ia COIl

ventent to u .. fluid velocity bec:aU8. chi. take. tube diameter into accowaL 

Velodtie. up to about ZO em/aee are po .. ible with the preaent ~pp.ratu •• 
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2. Z. 3 Experimental hoc.clue ud Ita.ult. 

A .eriel of experimental .twti •• u.in, ,,,u1llated .u,al' wa. cauieci OUt 

\l,in, the n .. experirnental an .... emeat. The pl'e .. ve dl'op (4p) wae .tucliecl 

a. & fuaotion of fluid nlocit, (v) fol' bed depth. of 6. 15. aDd as cm. 

A .et of typical newh ie .ho .... in FiJUl'e J. 19. It I. leeD th.t in each 

ea. .. the"e il a peak before tbe C'lne l."e18 off. Thi. ia a !' .. u1t 01 thl coa

dit19D of tbe bed before fluicUaatlon. U a bed hal maximum void volume. 14 4p 

_lll tACrea" 11111&1'1, with In " Wltil tJlelpient flaiclil&tion veladt, i. reached, 

and will then level off. Any other aacldn. wUl re_uJt in the peale eIi.played hlZ'e. 

Withia expll'irn ... cal errol', tb- lDclpie .. c Iluidbsation velocitie. of the th"e. 

b,a deptb. air., quite weU. a. do their .lope. before incipient 4uidtaatioa: 

Sed Oepth 

6 ern 

15 em 

ncm 

lIlcieient nuicti&&tion Velocity 

a. 55 em/.ee 

3.10 em/.ee 

Z.60 cml.ee 

Slop. 

3.81 

3.65 

3.78 

2.2. 3. 1 Fluiciiaed Bed Teat. - Talc 

In the tl\aic!iae4 bed te.tt reportea iJ1 the 11th qUArterly report. we noted 

that talc tend. to a,alomerate quite badly when it h flU1d1zed. Thi. effect 

hal been ob.erved bofon with .mall paJ'tid •• of hi.b material den.ity. (5) 

A. a zoe.ult ot th!. &.Jlomez'&tion, the bed'. clepth does not remain cOJlltant, 

but .teacli1y deerea ... with time ev'll tho\l,h tb. Ilwdt • "elocity r.m.aiD. COD

.tul.. TIl. PI""ftC urie. of te.u wa. cond\&Cted to det.rmine how much tim. 

the bea nqulre. to r.ach equUibri\lDl. 

ChaM.Un, probl.m. duina the t •• c. weI" corr.c:ted by tbe addition of a 

,mall vibrator to the .la •• tubl. With ZZ I ot talc, it Wal then po •• ibl, to 

oblain tillrly lood £1uldl.ation. Sevollty~tlV' minuc, fluicb a&C10n atudie. ware 

rnad. \.IDder Il\aid veloctuo. of f. 8. and 11 em/sec. Th ••• will b ... oCerr.d 

to a. ntnple. I. Z. and 3. 
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After the bed wal pt'ep&red, a pua.ure re&U~tor W.J.I a.djusted to live tbe 

duired fluid velocity. and a timer was .t&1'ted. Minor random correction. weI'. 

neceesary to maintain proper fiuid tlow. PertodJ~ mea,uumentl of bed depth 

and pUu"r. drop were macle and :ecordeci. Thr •• !'\IIl' wete macl. at eacb 

of tho thro. auld v.ladUel. ",lnl fre.h powder sample. each time. ltepro

ducibUity alr.aultl waa .atisl~eturY. 

One run at eaeb of the fiow ratel h prelented in FiSUre Z. Z(). Bed d.pth il 

plotted again at time for a bed fluidillecl at 4, 8, and U emf uc. At the end of the 

75·minuto run. the bed depth at" cm/ .. c 1128.7; at 8 em/tee it i. a •. 5: and at 

II cm/aec it i. Z2. O. Thil mi.ht be taken a' an indic.tion that the lower flow 

r.te actuaUy nUidizu tbe ~ed better thaa the hil"er. Th!.. :el"lt. from tbe 

fact tMt the hi,her no.., rates a"lomerate the powder more. reaultina In .. 

lower beel depth afteJ' now i •• topped. The follOWIng t .. ble ,Jlust2'atea the 

point. 

Percent of Expansion 
Bed Oeptb. Bed Depth. by Fluidiz&tion at 

&am!?!e No Flow nuidized Prtlc:ribed Flow Rate. 

1 27. " 28.7 4.8 

Z 20.3 Z4.5 '1.0.7 

3 17.9 Zz..O ZZ.9 

Sample I wa. fluidiaed at 4 em/eee lor 75 mUlutel. At the end at thts 

tIme, the bed depth was '1.8.7 em. When llui.d velOCity wal re~ced 1'0 zero 

the bed depth wal '1.7.4. Tbh meanl it wa. expAnded •. 8 percent when 

flutdized. The l&me realoninl Oft Sample Z (8 em/lec; and Si.mple 3 (12 em/ •• e) 

reveilola that the higher velOCities do expand the bed bye. ,relltrr percentAle than 

the lower velocitiu. 

In the 11 th quarterly report. 1t wal noted th .. t _hen a bed of tuc: 11''' 
flUidized, the elope of the cv.rve for bed depth VI flllid velOCity decrcAud with 

each luceeasive expaneloD. Thil _al due to the fact that the powclu Woll Itlll 

ol.galomeu.tilll eacb tune the bed Wol.& fluidized. DuJ'in, the recent teeee, 

powder wal fluidized for a 75-minute period. After each of theae tu, •. 
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four sllceelllv. expaJUiona were mad. wtthout otkerwiae dbturbinl the bed. 

It was found th&t for all foUl' e~lon. tbe curve of bed depth va fluid velo

city followed the SaDle path (within experimental errol') for both the 8 ane! 

U em/flee treated .ampl... The 4 em/aec lample did ahow aOme deviationl. 

partieularly at velocities above" em/aec. 

One would expect the .ulomUatel in the U em/ sec sample to be lara.at, 

and the 4 em/a.e sample to be amaUut. Thi. was confirmed by the Incipient 

n\u,U"aticn vt'lloeity for the tbree lampl .. ; 

Sample 

1 

~ 

3 

Incipient Fluidization Velocttt 

0.6 cm/eee 

1. ~ cm/eec 

4.0 em/sec 

At fluid velocities of B and 12 em/lee, load ailiregat1ve fluidizatioD wa. 

obtained throughout the bee!. But at 4 em/.ec. we found that flU1ci1zatian took 

place in the upper portion of the bed while the lower portlon wal not fiutdiaed. 

Thi. effect hal beeD oblerved belo!'e fo!' heavy-.,.rtide sYltem., .. nel re.ults 

from the -"'Panllon of the fluie! 101 it'palle. from the bottom to the top of the 

bed. 

Z. Z. 3. Z Powder Loat W Entrainment 

Becauae the velocitiee uaecl exceed the termin,,) ve10cltiea Cor milny 01 

the partic1ea. it is obvioU8 that a certain amount of the materi.l will be ea.rrlecl 

ou~ of the beel and be lOlt by entrainment. At 4 emf .ee: 'h~l'. was no not1ce .. ~. 

10... At 8 em/.ec .nd 12 cml •• c, 10" wae v .. u~l1V detec:t .. blt', 'rbl' r"t~ .n 
10 .. decreued al the powde,. a.,lomerated. Mealured louet aTe given below, 

Fluid Velocity 

4cm/ .. c 

a em/lee 

lZ ernlsee 

o. b I or Z, 8 perc pnt 

1. Z I or 5. b ptrc enl 

l-31 
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2.2.3.3 Putiele SeeeQUon &Dd Particle Attrition 

After .. bed h&cl been !1wdiaed durin, a 75 -m.inute run. 1&ft'l91e. Wei" takea 

from the top and bottom ", the bM. The tampl .. were lubJected to liae analy ••• 

by the Whitby technique. There were lis .ampl .. (top .utd bottom tOI' 4. 8, ."d 

U em/.ee run.'. aad all were fOUftd to bave identical dze diatributtoM. The 

valuet obtained Abo alreed witb thoee lor uatluidicecl tal". It app.au that 

there bal been little. if any, ae,regation or atUition durin, the curl'ent 
experiment I. 

2. a. 4 Conelulionl and Future Work 

We have shown that under prop.rly cQlltrolled condition •• powdera with 

di.metet't in the S-micrOIl range can be 'atiefactorily fiuidired with only 

limited lOll of product bom the bed. Ai.lomeratton do •• occur but without 
p&l'tlc1e-.l.e ".re,ation withb. the bed. 

Future work will include the Quidizatioll of ather type. of powdeu, and 

attempt. will be made to conduct "viscolity" mea.urement. in the fluid beel. 

In addition, experlmenU will be performed in bedl of bulk powder to eleter

mine intel'partic:1e ,ellitance to flow and rUiltance to flow impoled by 

val'iaue geometric Ih&pes. 
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3. PHYSICAL AND CHEMICAL CHARACTERISTICS 01' TH!: POWDEJl 
PARTICLI: • 

Beba.vior of particwace raatedal il fundarnentally determined by the Dawzoe 

of the intennoleeulu torc .. (phy.ical and chemical) ext.tin, at the contact are •• 

between particle.. The number uel character of the.e contacta i. directly re

lated to the DatuI" of the 8urf.ce. of the powder particle.. To .cudy thl. pro

blem, we are campa rift, tbe expe:riznentally dotermined exlel'D&! .uri"e of a 

p&J"tide with a calculated tbeor.tically .pherical particle aurface to obtabl a 

me.aura of tba rou,hn ... of an external lurface. The use ,of Ilectron ad li.bt 

mieroacopy il providinl excelleat eupplementary particle-ehap. information. 

The problem of me.lutDI the I,rensch. of a"lomeratea and tbe problem of 

powder-to-metal friction are cUI'rently hein, illvelnlated. 

3, 1 Total. Surface Area 

The BET II.. adlorptioD mathod (namecl for BrW'l&uer, Enunett, and T.U .... 

itl developer e) il bel. uI.d to determine the total luriace <'re .. 01 val'i01.d 

powcllU. By thi. method, the qU&J1tity of ,.1 n.ce .... ,y to form .. mODOmo1e

twar l<'yer on the lurface of the particle la determined. By AI lumina a valu. 

{or the area covered by a afn,.1e molecule, we are Able to ca.lculOlt8 the arl. 

covered by the adaol'becl,a.. Durin, the pncediJal quartet'. the total ludoKe 

area of talc wa. determined. Talc pa,1'ticle. are Jailed. lrregul<'r. p01'OUI 

plateleta ( .. e el'ctron micro,raphl in .ection 3. Z) whereal saccharin baa a 

relatively smooth, nonporous lurface. We mv.atl,.ted the surface ah'uctare 

at .accharin for comp&riloD dUJ'iq thl, quarter. 

3. I. i Total Surlace Awea of Saccharin 

TIl., total surface area of saccharin .ampl .. hal been me.lured, alul a 

procedure bal been developed to cope with the problelll of lublunation or otber 

type. of decompOlltioft. A Il,niftcut difference between the total .uZ'face 

are.1 of .a~charin and talc w-:. .. obaerved. Uncertailltiea in total .urface 

meaaurementl were ana' fzad in an error analYlil of the BET method ... 

applied to tbe gl'avim,-u'ic _Yltem. 
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In the applicatiOD of .W'face-area mealurementl to powders (e.,_. cata

lytic material.) there ie no doubt about the ltability af the powder under t.at 

conditione. The ODly COnclm i. the removal a' adaorbed c:ol\tam1naace. &ael 

ele,aaaini conditione are controUed by the natun of the eOIlt:aznina.nt. 

However. ill the caee of eaccharin. tb It&bUlty of the poweler ia the COD

troUlqfactor for delalllni condidoal. Saccharin lublimee readily at 

temperature. about 50 F above room temperature at pre .. are. of app1'oxi-
-5 mately 5 x 10 DUn HI. At room. temperatuzoe, it. IUb!imatioD rate ia 

nesligible. permitUnI eleS ... tn, at thil temperature. 

A elesa.aln, proceduJ'e 01 evacuatioll at a pre .. u.re 1e .. than S x 10 -5 

nun Hi at 16 F for Z daye Will proviel. tho .. d., .... d a tate " • The de,a.l.el 

atate i. eleflneel •• th. atate whera further del.l.tnl will not produce any 

inc rea.e 1n surface area. It tit ••• &1'. aDY cantamiaant. rem&inin,. they ma.y 

be Ln one aen •• cOIl.ielereel part of the .tructure. line. to remove tbem olle 

would bave to decompoae the powder. III thl.. ca •• , dicompo.ition meane 

subUmation. 

The dega .. ina temperature w.a eleereaaed I1Ilttl 8ublimation occurred at 

a lleJlilible rat.. Ae hiah t.mperature (160 F) .acebarin W."I ob.e%vecl to 

coadenle above the heatinl ZOne. At lower temperatal'ea (96 F) eaccharlA 

waa abawD to be lubllmin, by tIL. fact that Ivfaco area mereaaed witt. tlme 

of ev."cuation (Fllura 3.1 and l. Z). F!lure 3.2 .howe tbe iaotbenn •• a chi 

.urfac. aria iDc2'la.ed lrom O. 8 m'1.J, to Z. 32 m'l./! "nd a. temperature and 

) . de,alain. time ... erl iucreaa.d for the lame aample. Filurl 3. 3 and Ffpre 3. 1 

show ieotbll'm. £011 d.I •• ain. ;at 1'00m temperature. The aur!ol-ee areaa of two 

tampl •• are l"eprodllCi~le for ml2Ch dilEnent evacuation tim.a, and 10% the 

!. 

'.me powder the area dola not {ncre ... e with 'vacuatlOl\ time. Mea.urlrneftc 

of the total .u.dace al'ea under cOl1dition. of powder lubilitv !la-I tDUI been 

accompli.hed. 

Applyilll thl BET eqll&tiOllto the acl.orption clata.\tl W. obta.in a sp.cUle 

ludace for aaecbariD oIl. 53 m Z,. * 7 pel'cent. The .pecific: surlaee from 

the .urface mean diameter. calculated from the MMD 01 6. 9 micJ'oll', ia 

0.71 m
l
,.. The rusoaity defined"l BET Surface Are." 

Siirfice area from MMD \ Whitby) ia 2. 2. 
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Run 

1 

Z 

:3 

4 

S 

6 

7 

8 

rip .. 3. 1 Saccharin Behavior 

.oe.& .. ~ ConcUtiou 

Temperature Time (u) Pre .. ure (mm Hs) 

76 F 16 < 5]1 10.5 

96 F +a6 < 5 s 10.5 

96 F +16 < 5 s 10.5 

85 F +19 <5 x 10.5 

16 F 113 < 5 x 10-5 

16 F 18 1 x 10-3 

16 .. +30 < 5 x 10.5 

76 r +19 <5xl0·5 

3·3 
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to prmou run. 

2.U 

1. 53 

1.32 llwl. 6 -8 ar. 
the .alDe .~p! •• 

1. 59 
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o 76 J' lor 16 h:r Run 1 
o AdditiOnal Z6 br a.t 96 F llun 2 
A Additioul 16 hI' at 96 F ltun 3 
X AddiUonal 19 hI' at 83 F Ibm 4 

",- O. 6 

! 
1 o 0.4 

~ 

o O. 1 0.2 0.4 O.S 0.6 

Fip:re 3. Z N2, M.ol'ptlon on Saccharln a. a Function 
orDep .. lng Condition 
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j . 
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0 III hI" EvacuaUoA at 76 J' Run 5 

A 18 h2' at 1 x 10.3 nun a. Run 6 
&Ad 76 ... 

0.1 a Additioaal 30 hI' at 76 F ltun 7 

X AdditiODal 18 hI' at 76 ,. RWl 8 

o 0.1 0.2 0.3 0." 0.5 0.6 
P/Po 

Fiaure ) • .3 NZ Ad.orptioa by Saccharin after Variou. 
o. .... lns CondUioD. at Room Temperature 
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J , 

~.~-~"-.. -- ... -

From the complete i.otherm (Fipra 3.4), we eee that .acchal'iD. exbibita 

110 l1y.t8ra.l.. Tbia indicate. that .accha~in hal UtUe o. no int.rnal .wot&c. 
or pore .tructure. Thi. i. in markeel CO!ltrut to talc, (1~ whic:h ~ibit. deftnlte 

hy.tarnie. The ru,olity 01 Z. 2 lndicate. Chat a .mall amount of int8~aa1 .urf.c. 
exht.. Tbi. C&D be .8.n by compartnl to OD. "rouslme .. ractor" detiD.ed a. 

BET Surface Ana 
EIectroll-liilcro.cop. Lea . 

Numerou •. powd .... axhibited rou,Mee. tacton of 1 to 1. s. (7) Surfac. "lIea' 

ba.ed on MMD by Cho Whitby method an uluaUy • little lar,er than tho .. balH 
OIl el.ctron-micro.cope de.ermiDatlOlY. C8} Therefore, tha rulO.tty actor will 

be .omewhat 10 .. than the 1'O"lbft8" lactor lor a ,lven powder. 

3. 1. Z Awy.i. o~ J:1Uir~.ntal Error. in tbe Gravimetric BET M.thael 
of Me •• uin, lac. An •• 

Tbe BET equation Wleel to det.rmine .Uge. area. by ad,01'ption b 

where 

v • Volume adeorold (STPJ at pr."l1re P 

Po" Vapor pr"lUe of la. at ad,ol'ption temperature 

e", Con.tant 

V m :II V01111118 req,uired to fol'm monolayer 

From a plot ~ 

(Zl 

the .lopa S and lncercept I ... calculated, and are in turn a.ed to calculate 
V m by tbe equatiOJl 

(3) 
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J 
u 
u 
~ 0.8 

O.Z 

o O.Z 0.4 

o Ad.orption 

A D.'Ol'ption 

0.6 

, 

0.8 1.0 

Fil"l'e 3 .• HZ Ad,ol'ptioD Iaotherm on Sac:c:harin 
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ElCperiuUnatal enon 01' Uftcel'talntiu efflct tbe quantitiea 

Thl errorl in F 1 and F 2 are compoa.d ot the erron in eacb 01. the element. 
p. Po' and V. 

Tbe erron in F l aad F 2 .n relatld to tbe eno ... ill P. Po' and V by tbe 
~qu.tioll 

. j( ~F ) 3 (c)J' :.\ Z l..!t ) Z-{I/Z 
dr, "llrldP + ns;..f \0.

1 
dV I (6) 

{(~r ) 2 far )z} liZ 
d I'z = -J.dP + ~d~ (7) 

In other WOI'dI. the aquare 01. the 11'1'01' b eqllal to the awn 01 the aquaI''' 01 
Irror. contributed by eaeD element. 

SubaUtatlnl Equation. (f) iAto (6) and (5) into (7). we obtain 

I( )2 (dP )2.}1/: cU'Z:l PIPo 11 ~ + P: 

ConYlrein, to percent of errol', 

3-8 
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(8) 

d:'" f (~r· (d~·rr (~ 
In the outline below, we dlCIl'mJU individually by the technique above the 

uncertainty due to each element. 

3. I. Z. 1 Enol' In P and P 
o 

The error in P and Po i. du. to ".&din. 11'1'01': 

dP = (81'1'01' in I'eaclln. eacb manometel' IlllVZ (10) 

The volume ot ,ae act.ol'bed La obtained from the wetJbt auorbed, by 

the ideal ,&. l&w: 

The percltQt of 11'1'01' in V i, 

(11) 

where Wa " wei,ht act.orbed. 

Wa La related to e:lpe1'irnental data for 11'avimetl'iC method, by 

W 
_ Wap ... WSf 
- W a , 
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The percent of error in W due to .rror In each component i. a 

where 

w.P = w.illht chaD._ recorded by Iprin, 

W Bf = buoyant lorce 

W. ,. weigbt of .. mplo. 

3. 1.2. 2. 1 Error In W.l.ht Chan" 
EI'~or in wei,ht chan,e .. me.lured by sprin, displacement VI Ip ie 

d.termbaed by the 'qIl&C!oD 

The p.rcent 01 .rror t. 

wher. 

Df II eIi.plac.ment read by filar eye piece 

K .. "n.itlvtty of Iprint, filar IDllta/wsit wei,ht. 

Th •• rror in Dr i. 

(lZ) 

(13) 

dDt ,. 'error ia. maklD, eacb ro&ely) 'Vi (14) 

The 01'1'01' in K h due to calibration .rrora and uncereo.lnty of Iprin, 

temper.lur~. Tb. len.itlvity i. determined by the calibration equation, 

o K fcal .. ~ 
3- 10 
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t 

and tbe percent of error la 

wbero 

dK " { (ci DfCal)Z + K D
fcal 

Dlcal • diaplacement reaci by filar eye piece in calibratioll 

Meal " wei.ht lI .. d to calibrate the eyo piece. 

(1S) 

Error in K £01' quart. apl'lftla dlle to temperature UACutaiDty ia alven by, (11) 

where 

~K ·4 -or" - 1. Zl x 10 

aK .4 'iJ"r dT" - 1. 23 x 10 KdT 

T = temperatuG of sprln. 

c1T = temperature Wlcerta1nty 

(16) 

The percent of .rror in K due to temperature and calibratioll IIIlcertainty t. 

dK.{(dDICal)Z + (4 MC&I) 
2 

+ (1.UX10.4 dTIz}l/Z (17) -y b leal ~ 

Percent of error in W due to each experbnental error ja fOWld by .p 
I . lubatitutinl Equatio~ (17) into Equation (13)t , 

--re-"" I + leal + eal + (1.ZlxlO·4 IlTiZ dW {(e! D)2 (41) )2 (41( )2 }I/Z 
.p .", Dlea! Meal (18' 

3.1. Z. Z. Z Error in Bueyant Force 

Buoyant £01'c •• are calculated by 

3-11 
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i. 
f 
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L 
L 

l. 

L 
I E 

If 

alld plrcent at 11"1'01' by 

d Wru (el VT)Z .. d" )1 
{ }

l/l. 

~. -v::- .,. (---' 
lU T III 

V T" total vol~e oC .ample plu. quart. bucket and flb8l' 

It ... gal dqltty. 

The total volumo!. liven by 

VT .. V + V 
q I 

and the pel'ClDt of errol' by 

whlre 

v Cl .. volume 01 quarts 

V. '" volume of .ample. 

The pel'cent 01 errol' for the quarta volume i. 

wherl 

W .. wei.ht of quart. q 

P q " denlity at quart. 

3.11 

(19) 

(10) 

(2.L) 
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aGel the peTeeat ot error lor the Ample vOlume fa 

wbere 

(ZZ) 

d W. = ", from lealt equarel line for relaUn, spriag defiectiOlS to 
WQiiht 

W ... 'ample wet,be 

~ I .. lample d.llty. 

The den.tty 01 the vapor wa. calculated by the BleChelot equation (12) 

Where 

V: molal volume 

R .. ,a. conllant 

T R .. reduc:ed tempeJOaNre at temper~ture T 

P R • reduced prl!" at pre •• ure P 

T .. tlmperacure of ad.orption 

P If pre"W'1 of aclaorptioD. 

(23) 

If .... e ... ume that the Birthelot equatioll ,ive. eXAct result., the percent. 
01 error in tile ,a_ den_tty tJ I i. ,ivell by. 

3·13 
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The tempe:ratu1'8 wal de,e1'1'ftiJled by interpolatinl between value of vapor 
• pre .. "re VUhl temperahue by 

ttl" percent of enol' in temperature fa. 

Z.303 d Po 
dT = 0 05I1j.,,--· (25) 

• 0 

3. 1. 3 A Typical Enol' Analy,i. to Determine Controllinl Erron 

3.1.3.1 Error in P and P 
o 

The uncertainty b due to tbe uncertainty in resadin, the manometer lei 

wit" the catb.wmeter which 11 o. 1 nun Ha. Therefore, 

d P z d P = O. J Vi o (26) 

3. 1. 3. 2 Enol' In V 

3. 1.3. Z. 1 Error in Welsht 

Error in ... e"ht il ,iven by Equation (18l: 

III 
From critical tabl ••• the .q .... tion JOelatin, VApor pre'lure to temperacu .. e i. 

By lakin, ratiol at thl adaol'ption temperature aud tbe norm&l boilinl point 

and if tbe adlorptiou temperature 11 clo.e to the normal boiling point, the 
workin, equation can be derived. 

3-14 
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1. 
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d ~;. k~f r + (d':;::, r · (d~:1 r + (I.U. f." d,,·r 
Tbe WlCI.~taiAty in readin, the filar eye piece i. one writ. Th. WlcertaiAty 

d Of = 1 -vi .inc:e the dhpl&c.nsent I. tbe difference betw.q two uadin... 1D 

the ul1bratian, a 10. DZ • O. 01 m. w.t,ht wa. " .. el and produced a .pzoiftl di •• 
. placem'nt of 8Z1 lUal' eye-pl.c. waiU. 

d D 1112 
J) lcal. ~,. 1.13 l( 10-3 

fcal 

and 
elM 

eel. 0.01 = 1 x 10-3 
~ IT.1Jl 

The uncut&iDty in tbe temper.tul'e 01 the column water wal mea.und 
at 0.05 C, 

-4 6 -6 1.23 x 10 (0.0'). . IS x 10 . 

Beeau •• IprlD, deflectionloU21 lilar eye-piece unit. neyer OCCUI', &ncI beea.l. 

male deflection. are lI.wly an order 01 ma.llitude Ie .. , the contro111n •• rrar 1ft 

wei.ht chan,. a. me •• urecl by the 'prin, i. the error due to roe.diD. the eye pi.ee 

(27) 

01' 

Tbl. rn •• no that til. uror la W.p LI con.tant for any given Iprin,. 

3. 1. 3. l. 2 Error in Buoy.ne .Farc. 

3-15 
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The ueual cae. h that the volume of the .ample fa 10 time •• 1 lar,. aa the 

volume of quares. TheZ'efore. el'l'O'" in the lample voLume would predomiDate: 

(28) 

Errore in Volume of the .ample &1'e determined by Equation (22): 

From 1 ••• t -Ilurea aDaly.ia. 
d W = /I :I O. 36. 

• I 

The errol' in the true dell.ity 1. approximately Z pvrceDt: 

d~ •• { (~r + (D. ",·t . 
From thia ,., ... "e dlat the error in den.ity o~ the ... mple pl'8dominate., or 

dV. d". 0-v-._,,-
• a 

Tbe anor In tbe deutt, of ,al II provided by Equ&tionl (14) and (Z5): 

d p 
p-A. 

(dP/P)l+ [1+81 PaJ2.[z.303 dPo IJI 11'1. R'TJ 6. o!ll j -p;;- T 
R , 

[. + ~;; (1 . T:' W 
-3 At tbe normal boilin, pOint of nitro"eD. Pa :I 6. S x 10 and T a • 0.6; and 
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The percent of error tn P ie always much Ie .. than Po and dividing by T. o 
the temperature of ad.orption, makes 

dP 
d P> > 1 05 0 1 .".. . .,,-~. 

o 
Therefore, 

d~ clP 
~ .. "... 

I 
(30) 

The enol' 1a the buoyant force t. liven by Equation (19): 

d WBf _{ [d VT)~ + (~)z111? 
-w;- -v;- ~ i J 

Subatitute Equation (Za), (19). and (30) into Equation (9). and we obtain 

~.{ (~r + (~r}'12 
Since cl P = O. 1 Vi mm H, ana P i. alway •• reater than 50 mm H,. 

Therefore. 

d ". d P p- «".-. 
I 

d Wsr d p 

.. • (3., "B! ~ 
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The error In the volwne .deorbed 11 cletermmed by Equatioa. (11) .ncllla): 

d V .{Id w.il. + (d Wet)! + (d we)Z}l/Z. 
-V- (W + w )2 ~ 

lip Sf 

Seca"l. ehe error in ebe cleneity 01 elle a&mple ... ehoWn to obec:url the 11'1'01' 

dlle to wei,hint the lample ( ••• th- AD&1y.h of .rrore in ehe buoyant [ore e), 
dulvabnn of Equation (Z9) 11 

d V. Cd Wee) + Cd WaE) 

T (W + W )z . 
• p BC { 

1 ~}ll: 

SUbltituUn, EquaCioD (31) and Equatlon (27) into d •• allove equation. providel 

({

dDI
2 [w dj)e]2}1/Z 

1\ f Bf-p-
d V. I 
-V 

(W" + WSf) 

The error in the (unc:t1oD 1 , •• rrived a.t thro\l,b Equatlon (8): 

(ll.) 

d Fl. {Cd PIP)? + (d P o/P 0)1. + (d v)l}l/1.. 
""ll (1 _ PIP ,2 -V-

o 

Becau •• the error clue to the deneity of the .ample obleured the error due to 

pre •• ure in the buoyant-force error analYIII, derivati~n 01 Equatlon (ll) can 
approximate the error ia Fa by 

. and lub'tituUn, ECl\l&tion (la" we let 
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~={[:;tr [WBl~r}l'l 
1 (W-p + WBf) 

For the .ame rea.OD, we can e.y that the error in Fl t. mucb ,reatel' 

than the 8rror in Fa and that in plata oJlly the error in Fl need be coneidered. 

~. 1. 4 Application of the Enol' Analyei.1 

In Fi,ve 3.!), the resalta of tbe enur analysil are applied to the e"chaJ'in 

data, with the uncertainty of each·po1nt plotted •• an ".1'1'01' 1: ... 1''', The e()lid 
. Z 

line f .• the averaSe line depicting the area for saccharin of 1. 53 mfr.. naB 
d •• bud linee are the envelop.e of the mo.t probable dopee drawn throu.h &DJ 

e.t of cia.ta. They were drawn to include a/3 of the error bare in each rQD. (5) 

The are.s calculated from thee. ,nvelope. represent an uncertainty of 

1 percenl. The envelope incluci. about 21l of the.points, livin. credance 
to the concept that J. 53 is the moat p70bab!_ vallle, with 7 percent be in, the 
etanda, cl deviation. 

3. a Particle Shape 

.Electron and Uahe microlcopel ba.ve been uted to obtain very Illefw 

particle-shape information on many of the powdere currently under study. 

Figure. 3.6 throullh 3. 16 con~ln micro.raphl of talc. lar:ch41rin, en 
albumin, powdered mUk, !m.- powdered IU8.r, and cornltArcn. Althoulh 

the microlraphs "Ipea.k £01' them •• lv.e", it ia Interutin, to note the WliCl"e. 

jall.d, plate-like Itrllcture of talc because comp&c:ted talc dhplaYI much 

lireater elaeticity thaD any of the other powders under study. The micrographs 

indicate & complete ran,e of lhape characterietics from the irregular structw'e 

ot. talc: to cbe smooth. nearly spberical structure of cornstarch. Fi,ure 3.13 

dramatize. the Wide ranie of particle ,bee (ounei typically in ~ lampl ... 
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Figl:re 3.6 

Powder Ground Talc MMD (Whitby) 1. 75 micron. 

Method of Di.per.ior1~sol cloud formed by hal'!d syringe. 

Gravitationa.l settling ;jf po ...... ceu upon a speei~en grid. 

Magnification 30, OOOX (~fc:roscope). Z. 5X (enlargement); 75, OOOX total 

~icroiraph No. __ 6_3_-_2_-_7_1 ______________________________________________ __ 
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Figure 3.-; 

Powder Ground Talc MMD (Whitby) 1. 75 microns 

Method o£ Dispersion Ora,,-itational settling in an <lerosol chamber upon a. 

specimen grid. Aerosol .io:-med b,' hanci ~:. ;;." •. 

Magnification 30.000X (microsco?e): Z. 5X (enlargement): 7S, OOOX ~otal 

Microgr~ph No. __ 6_3_-_4_-~5 ____________________________________________ ___ 
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Figcre ),8 

Powder Ground Talc MMD (Whitby) 1. 75 microns 

Method of ])laper.loD Particles dispersed in liquid naphtha. Sus?e!!5io!l 

liquid sprayea on sPecimen grid with raa.!H,O ;YVe " J.. Airl):':1sn. 

M&lniliC:&tiOQ 10,OOOX (microscope); 2.5X (enlargemer.t): ZS,OOOX total 

Microlrapb No. __ 6~3~-~4~-~4~3~ ______________________________________ ~~ ______ __ 

. (specimen grid .hadow cast wit:-, chromiu:n at a 3 to 5 
height to length :-atioj 
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Figure 3. 9 

Powder Ground Talc MMD (Whitby) 1. 75 mlCrO:lS 

Method o£ Diaper.ion Naphtha dispersed suspension sprayed on 5?eci:nen 

grid with PaCl!l-il 'l)-'::O VL Airbrush (:: 4 ... ;:.: :: ,..i~:, 

Magnification 10,OOOX (rnicrosco?e); 2. 5X (enlargement); 25, OOCX to~al 

Micrograph No.~6~3~-~4~-~4~4 ____________________________________ ~~ __ __ 

(Specimen grid shadow cast ..... ith cnromiwn a.t a 3 :0 :; he:'gh: 
to length ra.tio. ) 
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Figure 3.10 

Powder Ground Saccharin MMD (Whitby) 6. 9 microns 

Method of DiaperaioD Dispersed in naphtha; sprayed Oil grid ~'ith a. 

Magnification 19. OOOX j:":'liCIOSCopeL 2. 5X (enlargement); 25. OOOX total 

Microlraph NO.~6~3~-~4~-_5_2 ____ ~~~ ________ ~~ ____ ~ __ ~~~~~~~ 
(S?ecirr.er: grid shado",' cast with chr-omiwn at a 3 to 5 height 
to length ratio. ) 
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Figure 3. 11 

Powder Ground Egg Albumin MMD (Whitby) 4.8 microns 

Method of Diaperalol1 Dry powder dispersed on specimen grid with a 

Pusche ~ITe V~.J s,-U"u!ysh (15 j... 'lnd 40 tail. 

MaloificatioQ 10,OOOX [microscope); Z. 5X (enlargement); ,5. OOOX total 

Micro,raph No. __ 6~3~-~4~-~4~8 ________________________________________ __ 

(Specimen grid shadow cast with chro:r.i= at a 3 to S height 
to length ratio. ) 
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Figure 3.12 

Powder Ground Powdered Milk MMD (Whitby) 7.0 micron. 

Method 01 DtaperaiOD Di.pereed in na.phtha; sprayed on grid with a. Pa.asche 

l4 .. lUficatioD 10,OOOX (mic:ro!cope); 2. 5X (enla.rgement); 25. ooax toW 

lIicrolrapA No.~6_3_._4_-_5~1 __ ~ ________________ ~ __ ~ ____ ~~~~ __ ~ 
(Specimen grid .ha.dow cast with chromium at a 3 to 5 height 
to length ratio. ) 
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Figure 3. 13 

Powder Sm (Pool * 7) MMD (WlUtby) 6.4 micZ'Olnl 

Method of "itll~r.ion Dilpereed in Ilafbtha: 'frayed o~.peeiInen grid with.,..!

Pu.ac:he Type VL Airbrulh (15 in. and 40 psi}. 

MallEli£ieatioQ 3. OOO~( (microlcope); Z. 5X (enla.rgement); 75. OOOX toul 

l4icrOlrapbNo. ___ 6l_.~4_._5~9 ______________________________________ ___ 
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Figure 1.14 

Powder Sm (Pool ~ 7) MMD (Whitby) 6.4 microns 

Method of Oi.DeuioQ Dhpersec in butr1 alcohol; !prayed on glass slide 

with air~ru.h (15 in. a.nd 40 esi). 

M&gniCic:a.tlon 400X (light microscope); 2.. 5X (enla.rgement); 1. ooax total 

Miero,ra.ph No.~6~3_-B~-~11~ _______________________________________ ___ 
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Powder Pu\\"ci·~ :-ed Suga ~ MMD (Whitby; 3~. :; ='-~c :-c::s 

Method o£ Dispersion D~s:lcr5ed in b~tyl a.~co~ol: s?:-ayec. O~ gla3S dice 

with J. Paa~':he T'\o-:?e ':L .-l.irbruS!1 (is i •.. -iC psi). 

Magrl1[;'catio"_7iJOX (E>:::: :-::icrosco::;e): 2. ~X (enl.arge:-::e:-.:): !. ooox :otai 

Micrograph No, __ ~~~~_·-~~ •. -~3~j ______________________________________ __ 
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Figu:"C' 3. ! 6 

Powdert;ngrounci Cornstarch MMD (Whitby) 12.2. :"::::cro:-:s 

Method of Disper;ion.£io~e!.sed in cu:yl alcohol: sprayec or. a g!'7.~~_~~id-=-

with a Paasche Type YL Airbrush (1:; in. and 40 ?!i). 

Magnification ",OOX (light microscope): 2. 5X (enla:"lle~e:1tl: 1, OOOX tOtd.~ 

Microlraph No. __ ~6~3_-=B_-~1~1~ __________________________________________ __ 

.3 - 31 
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3.1 A8Ilomuate Stnnl!h 

We repol'ted previou.ly (9) that the enerp'-of-compacnon apparatua ••• 

belna ued in an attempt to mea.ure the .trenacb of ... &lomerat .. in a powder 

bed. Tl!.e relultl to date .re not encour&linl' Experimental condition .... nsi

ttve enough to mea.un aiPOlDerate strenlth. aLso pick up background nol •• , 

vlbration., and minor powder bed nomaniformitiel. thu. ob.curinl the de.ired 

information. 

3.4 Powder-to-Metlll Friction 

The ule of g1'apbH;e to reduce powder-to-metal friction i. di.cuued 1n 

variou •• ectionl in thia report. Grapbite Or gr.phite .like materiala leem to 

be unique in thei1" ability to reduce greatly this frictional force. A .tudy wUl 

IDon be made to determine criteria for methDcil of app1i::ation and ttt. 

smoothne .. ,,1 metal surface. Ilece .. ary to Dptimise tht. propert.y. 

3.5 Partlcle-Si •• Analystl of the Swirl Disperser" CutEqt 

To determine illrLndtna of powder' i. taking place in th'!' swirl di,p'mwer 

\lIed ill the aerolol atudie. ( ... Seclioll 4." of thi. report). Whltby ai •• analy ••• 

w,re determined on repre.entative .ample. obtillned {rom ,he dispen •• r. 

The method of lamplil1l cOluiet. of coupUnl .. 5··liter flask to the output Df 

the .wirl di.pell.er by m.an. of •• hort tube. The tube extend. into the fi •• k 

and il Immereed in. settlin,Uqllid about two inch .. deep. The .. tt1ini medium 

'. \lied i. the .ame a. tbat u.ec1 ill the Whitby tec:hniq\le {or the powder in qu •• tlon. 

The .wirl dispell.er was operated at 250 p.l of nHrolen applied to the .... iDlets 

ior 5 •• conde. 
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Aft." a nan. the •• ttUnl medium caat&iDia. the po .... d.r wu coa~ODtl'&t.cl 
by centriCulal force. The lupel'aatant liquid wal dec:anted and the rem.indel' 

wa. diluted with naptha ~ • predetermiDed ratio. The m.ixture w .. tbeft ".eel 
.1 the f •• dill.liqllid. for Whitby .taa analYI' •. 

The r •• ult. obtained were •• followa: 

Saccharin 

Powdered Sulal' 

OJ'ilin&l s.Jnple 

~ Std • .Dev. 

6.11£ 

nlol 

1.50 

Z.01 

mapus.' S!unpl. 
~ Std. Dev. 

6. 766 

12" 

1. 47 

1. 60 

w. determined. fl'om the •• analy.e. that little, if any, grindin. t. takln, 

plac:. in tn. dhper •• I'. 
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4. AEROSOL STUDIES 

Durin. thl. period. & p~ol~am of r .... l'eb .. a. laiUa&eel to .twIy u.. 
effecta of atmo.pli.7Ic Cha7 •• coaditloa. OD ano.ol eleeay. loa eODCeatn-

dOli i. tbe .ero.o1 ebambel' ... "ari.d by latrodacinllar.a qU&Atiti .. of 

po.idy. lou at .el.cteel time, fa .... roI01'. hi.tory by .e.A. of • COI'OU

di.cbal',e ioft •• ".ratol'. Oth.r tea*- w.,. coaclact'" In acldldoa CO th. electro

atatic-ewSe I'UD' aDd ue di.1IC .... later fA thl •• eelioa. 

4. 1 De.criptloa.net Op.ntiA, Char.ctad.tlc. of the Corona-Potat 
ron Oiiieracor 

The ••• ra! operatiaJ cuqct.ri.dCl of cOl'oaa-cll.char •• lon •• enton 
aU di.ca .... at Ioma 1-.tb IA cia. lltel'aNr. aad will be trl.ted oaly b71ef1y 

h.,... Thl .pecUlc de.lp of tIM unit III"'" dev.loped by Ci ... nl Nill •• lac:. 

peraouel On ancnbu coatraet. uuI a detailed clucriptiOD may be .... ill the 

a •• octated reportl.(3, The corcma poi'" loal.8I'ato~ is .boWD Ichematically 

in che aecompaDyia, .ketch. 

H.V. 

Metal Sa .. Plate 

np,.. <t. I Co.roaa-Polat loa Cie •• ratar 
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When a volta.e i. appUecl ~ the corODa needle, & hilb electric tteld t. •• t&b-

1i1h.d at it. pOint. Th •• trn,tll of ebb lield i. directly pJ'opoJ'ticma1 to the 

applied volta,e ad iD • ., .. ly pl'opol'~onal to the !'aeli". of the needl.'. dp. 

Far & .ullable combiu'ioa 0' tip raeli,.. and applied VOltA", tbe Ilectric 

f1eld ."'enlth in tbe immediate neilhborhood 01 the point i. I,..at enouth to 

call •• toniation of the ... moleeW •• tn thet ret,ton. In the ca •• wber. the 

needle is po.iti"I, the r .. wtlq ae.att"e ion. (pr.sumably free .1.cuoal) 

&,.0 (0110(:'041 &, tho a.een. after trav.Unl a .hort di.t&nce. The po.itive 

ion. drift tow.rd the ,I'oundecl ba .. plate at a 'Isla city loverned by the 81.c

tric lield and the ion mobility. If a, .. i. admitted through the ,., We" a 

"siak flow" of ,a. develop •• at the eldt orifice. At .onic operatiOD, th. 

velocity of thil flow it .ueh that a lar,. fraction of the positive ioft current 

i. ewept out tbroqh the orillc. aDd into the region bevoDd the ba.e plate. 

The ioni.ar u •• elln th~ pre.ent ¥,ork ha. a needle .harpened to & Up 

l'adtu. of .bout one micron. Th. needle .p_einl.! 1. 1. i mill, aDd the orifice 

diamet.1' ,i. 0.79 min. nfY ftitrolen I. u .. d a. the IOQ12in, .... W. 

m ..... ur.d the fr.a 101\ CUl'J' •• t Ollcp"t of the device by collectlnl tb. tall 

current in a 51-em lOll, by I-em ID coppn tub' mountecl coaxia11y anel 

.paced about 1/8 incb from the b.1. .. plat.. The rU\llt. He .hown in 

Ti.ure .ft. 2, which alto pre •• no the .... ·flow n.te. 

The ioa sun 11 mounted ill the chamber in a pO.ltion diametrically 

oppoaite the dilp'l'aiA. IW'. a •• hawD 1ft the faUowi.n, .k.tch. Both pIl' 

art .xt.riOI' to the cbambel". The ba .. plat. of the ion 8un it electrically 

connllcted to tbe alwniI\UID aero.ol chamber, which in turn i. conn.cted to 

permanent Il'o_d. Th. lou that l'av, the lun are eventually collected 011 

the ch~ber'. wall •• (Se. FiflU" 4.3.) 

We ha"e m&c1. mea •• r.m.llt. of CUr1'OD' den.ittu at e~Ubrtum now, 
" I'ou.h map of which i •• hown n.xt Note thAt" l.rae frAction of th. fr •• 

ion output iI coll'cted 01\ tb. aoor of the chamber near the :onlzer. Som.
what .maller current elen.lti ••• m.t a.t other polnU III the chAmber. (See 
Fll1&1'e •• 4.) 
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The ,81'i0' o~ NIl. to 'b. %epol'ted h.re aU involvecl cUtper.tq 01,100 • S ma 
of powder Into the chamber with eUbel' .tmWtaaeou. (Nod. B) OJ' .u.equllt 
(Mode C) lDj.ctioa of po.itiv. ioft" The •• run. ar. to 1M compal'ecl to 1'1IU 

wher. DO char,e waf injected (Mode A). The procHert tor I.eb of the .. 1'1 .. 

1. inellcated in tbe clialram. (Flp" f.5) 

The tim •• cal. for each moci. of opention 1 •• tamd WMA ttle 10 ••• 1' '" 

ie tIlrnH OIl. In e.ch c •••• th. awlr1 powder di.pener .a. operat.d fol' • 
!I-.. concl interval .tartill, 10 •• COIl" aiter the ioDizer ,a', The .wirl eli'per e 

.er w •• operated at 60 p.t. The difference betwe. th. mod .. of operattoa li .. 

In the application 01 hiah voleart for tb. corona needle; it i. tel. volta,. whleb 
cau.e. iOll proclactiou. 1a Mode A no ion. are injected; in Mod_ B loae ar. 

lnjecteci .imaltaD.oua1y with 1M powder lor a IO-ucOllCl interval: in Mode C 

Ion. are injected for lO-.lcond bstlnal. aft.r powder tnjection C ... FiF' ".5). 

Th. la. pr ... ure In the ioaize .. for the runt to be repo .. ted wa. 30 pIl, &nil 

•• the hilb volta,. wa •• et at 6000 volt., ODe call DOW .ee by refenlna to 

Flpre f.2 that the volum. 01 la. admitted wa. 10.2 11ten and that tb. toca1 
chari' injected wa •• boue 2. !I x 10.6 co1a1ombl (1. 5 x lOU _lcha,.,ed ion.'. 
On tbe oeber baacI, the powd.r di.,er.er t.ebnitted 3.6 liter. of p. and about 

100 mJ of powder ( "'109 particle. 01 5-", diameter). The D103mber ot poalUvl 
ion. inh-oduced pel' pal'tfcl. 01 powd.r t. therefore approl#mately JO·. 

We bav., of coar •• , no ,_rante8 that the .. e il actually. combiftation of 

powd ... particl •• and injected loa.. On. mi.bt expect .ome fraction of the 

powd.,. particle. that de.cencl into the chamber bearinl Delaliv, eMJ',. to be 

neutrali.eci. The estent of tbil .ulcbaJ'liIla i. not known, however, &t the 

pl'l.eftt eim., The experimenc t. to 1M vlew.d .imply .1 one in whicb th. 

.11'0101 partid •• ar ••••• ct to an abnol'lllaU, lal'le coaeC1ltl'&tion of po.t

ti". ion •• 

The ~el'O'Ql expel'lmate were carried Out UDder coall1noa. of room 

humidity, which J'emaiD' .... lattvlly con.tant throu,boGt a liv.n •• rlee 01 

run •• 
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Electroltatic char,e rwsl have b.en macle OD ulc: and .",ccbarin. £acb 

powder wu ~ t!t:roQ,b the lequence of Mod •• A-B-C-A twice, the two .. de. 

lnvolv!n, dillenat hwnfdUy conditione. ne1i,At-Icattel"in, data from each 

run wore recluced by tile IOI-normal plot procedure explained pl'evioully. The 

hal! livel &Ad taitt&1 arnpli.tucies of the variOUS ael'OlOla are ahown in Fi,\aue 

•• 6anct •• ? 

The data pointl in nguru 4.6 and 4. 7 &1'. coUe,~e<l into group. acc:ordin. 

&0 prevailtlll humidity. Each ,roup of pointe repruentl .. .aerolol run. (only 

3 in one of the aaccharin .eri •• ) carried out under "ideDt1cal" pr8Vilwl'II hUD1icli&y 

cODd1tton.. The fourth point in each group 11 • rerun at tbe n~ch&l'l. cOilditioal 

of the firlt point and il tbu. a checlc on reprodudbility. 

The data of Fi,ue. 4.6 aDcl 4. 7 can be lummarized a. followl: 

The injection ot po.itive iOI1' simultaneoully wirh the injection 01 powdezo 

reduc .. aerolollOllIOYity wule,. the no..cbaJ'le condition: th~ Injection of pOli
tive lOne after injection of the powder funher reduce. ",erolo1 lo",evity. 

4. 3. Z Sac:c:h&rin Aerolol. 

The injectioa of posulve tone .irnwtaneousJy with the u2jectioa of powder 

inc::re.s.s lonlevity, whe!'e •• iOa inJectton alter powder Injection recluc:es 

lOl1,evity, Imder the no-cbar,e injection condition. 

It sbould be l10ted that ther. i' all .1ement of ri.le in dUW'iI1, rhe .. bov. 

conclulionl Irom the dAta a ..... ilabl. lIeC&1III8 the reprocl'lC'lbility il 110t A. ,ood 

... one miaht bope {Or, It il quite widenc, however. t.;.t the IlabUltt •• of 

aero.ob are aflected by tbe l'ac1I.c&1 atmolphl,.e chari_ condiUon. employed 

here. In view of thi., it may btl n.ce •• al'Y to modify certaia Itatement • 

• dvanced previouly re.ardlD, the eflect of electro.t&bc ch.t.:rle on •• rosol 

decay. 

TIle .tu4y will be c;ontiaued durin, cbe next quart~r. 

4-8 

p. dtfltmlnld to be Unclueifted 
~~C ....... RDO. WHS 
lAW 10 13121, StotIon 3.& 
1.Mte:.. APR 1 S 2013 

i 

I 
r 
I 
I 

I 
I. 
, I 

~ I 
t I . 
, 



, ~ , 

(' 

IJ 

t 
L 
I 

J. 

I 

1. 

1. 

E 
[ 

4 

0 z!i 

l o-..~ 

0 

Key: 0 Mode A, No Ion. Injected 

D 

A Mode B. Ion. Injected Simultane. 
ou, 'NUb Powder 

o Mode C, Ion. Injected Sub •• queJlt 
to Powder 

/ 
Humidity 

~ 

c~ ~ 
InUi&1 Amplitude 

<I 

Z 

0 

Tipr. 4. 6 Hal! Live.. Initial Amplitudea •• nd Prevaililll Hwntdity 
for Talc Aero.ol Electro.t .. tic ChArge RWl. 

4-9 

Page determined 10 be UncI •• iIed 
RevieweQ Chtef. ROD. WHS 
lAW EO 13&26. SectIon 3.5 
lJate: 

APR 152013 

I 

" 



iff 

II [ , 
I 

f ; I 
I 
! , 
I I ; 1 
I 

( 

I. 

---- .. --

o Mod. A. No Ion. Injected 

V Mad. B. Iona Injected SimwtoUleoua with 
Powder .. o Made C, Iun. InJected Sub •• quenl to .. ... 

:§ Powcler 

>-
k .. 
!! 

Half Llle aO 10 lot 
< 
a "" ... e u -'G lit 
Z !! .... 8 a ~ } 

;a < 'j ~ :z: 
;ij6 

(, r ... 
~ 0 

• t I> 
~ Humidity .. 
~ 

g, 

~ ~ 4 4 ... 
~ 
J 

~z 
Initial Amplitude 

~ ~ Z 

0 0 

Fil'll'e 4. 7 Half Live •• ' Initial Amplitude. and PUlla,hnl Humidity 
for Saccharin Aero.ol Electroltatlc Char,. Run. 

4-10 

Page detennlned to be lJrtct.eifted 
Reviewed CtIt8f. ADD. WHS 
lAW EO 13528. SecIIon 3.5 

LJate: ,~PR 1 5 2U13 

! , 



r 
,I II 
I 

I' i 
l Ii 

Il 
Ii 
I. 
I. 
I 
I 

, . 

I 

I. 
I. 
i: 
J. 

4. 4 Sampliy of Swid Digerle"'a ~ 

On. of til. que.tlo.,. w!sicb .... plapecl the aero.ol pro,urn·tol' .ome 
tim. i. whether pillcliq take. place ill the cUaperetJll proc.... DuiJll Cba 

paat qa&1'tt't1', teet. weI" an ... 111 wWeb lb. oDd" ou&pu of the awi1'l dtap .... 

.... 'Na' collected .aDd 11Ibmlttecl to Wbltby lecUmentat!oD .b:e &Daly.t.. Th. 

coll'ctioa t.c~ i. df.lC1I .. ecI '" Section ,."' of dU. report. Fo!' tbe two 

powd.n tri.d •• laccbariD aad powd .. ,d IU'&I'--tb. Ii •• cUltl'tbudoa"·of the 
awbl-diape: .. ,ctaampl,. "'1" noarly identical to the .bl di.tritNUo.I of tJw 
_tock. from which the _ampl •• W'I" taken. 

In &DOthe ... twIy of lhe .wirl·cl1a'IIl .... perfoI'm&DC'. the dt.p.rliDl ..... 11ow 
rate •• , me •• uec! by lIleaD. of a capillary tube flowm.tel'. The I'I.ut., aom •• 

what bi.ber thaa .... beea aatlclpated, &1'I.bcnm in Ft •• e 4. t .. 

.' 
" 

"-11 
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5. EXPERIMENTS USING GRAPJUl'E TO REDUCE SIDE. WALL FRICTION OF 
COMPACTED POWDER. SUDING .IN CYLINDERS 

At the Fourth Coorclinatin M .. tinl on Dl •• eminatioJllt ••• arch held at Fon 

Dotriek tn May, 1963, Mr. £1&1._ 1'1111'1e d .. cribed .Om_ compacted powder 

experiment' conducted at th •. Blololical LaboJ'atoJ'iel tll.WhlCh ,npblte ", •• 

uleel lucce .. fully On th_ waUl of & lmall cylinder to reduce friction. Since 

aidl-wall friction i. an important cODeleleration in developinlll equipment to handle 

compacted dry-alent material., an inve.tl,atioD of tbe u •• of ,raphite to reduce 

friction wal atarted .t Genenl Mil!., !ae. Molt of our interelt in lowerin •• ide

wall friction rlllate. to the performance ot thll It-41 spray tank and it. a .. ociated 

loadin, eqUlpmellt. Dllrma the development ot theae 1tel'ftI, a n\llllbH' ot ellped

mea" wel'l performed ",bicb provided data Oft the torce requil'ed to move a ma" 

of compacted powder out of the cylinder in which it wa. compacted. Some 01 the.e 

experiment. were repeated d1ll'iDt Ml.y and June 1I1iD, ,raphite a. a lubricant OD 

the cylinder's waUa. Tho reeulta were very IratiCyinl. U.e of llZ'apbite hu 

lowered f'ric:t1Ooal·force by approximately 50 percent. Experimental procedurol 

employ.d anel l'elwt. obtained are di'r:ulled in th. fo11owin, paralraph •• 

S. I Procedure 

The data reported herem .ere obtained In three .. ta of e"P.rimeutl: Two 

.. ta of teat. wet'e concluct.d In May and AUlult, 1962, durin, ~ determiaation 

01 the tore .. Ukely to b. encoWltered in eompactiq and loadin. dz:y-pOWder 

cha:r.e. iDto the 1:-41 sp:ray tank. The •• telts provided data on d.neity a •• 

functton of compactlve pr.uve, and on ehe force required to puah a body of 

compacted powder out 01 a cylinder a. a funr:tion of compactive preeelll'e and the 

cylinder'l lenath-to-diameter r&tio. A 6-inch dlam.et8l' aluminum cylinder _. 

und in te.te with Miatron Vapor talc, and a 7. 5 -inch cylinder wae u.ed wUh 

powderecl lu,ar, flour, and powdered milk. 

For Che third .et of esp_rimenta, the t~s·s W In tall and pc,wderecl .u,ar 

were repeated iD a 6-lnch cylinder, u.sin. graphtte to lubricate the cylindel"l 

waU.. The .. explll'imenta wore conducted durm, the latt8&' part 01 May and 

early June, 1961. Thetr objective wae to det.rmine the .ff.cuvell. ••• of I; graphite In loweI'm, siele-wall reel.taDee to the .Udin, of eompacted powdel' • 
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The experimental pZ'Oceclu,. •• weI" th. _. for aU tIu' ••• et. at te.t., 

Th. powder wa. pr •••• cltato the cyliDd.:r u.iA, the U'rllDlemll1lt aboYna 

Ichema.uCAUy ia F1pS'. !. 1. DImnI compacl:ioa. force wa. appliec1lo .. A 

Iu.ffl.ciently 10ftl p.:rfod 01 l:ime to allow .ntnpped air to pa .. tbroup the 
leIC pad &114 all' bol •• iDcorporat.d in the compacdJa. pi.ton. Th. compactly. 

"p'ndan. the cylind.r wal r:ai.ed off the ba •• pla,e with .paun ao that tbe 

bocly of compactacl powde .. could be p".bed down out of the cyliDd.l'. Th. 
torce l'equirec1 WIUI m.al1U'ed oa the platfoJ'lll .cue. AIld the c:yUnul' .aa kept 

vertlcal a' aU tlm ... 

Wk_ filliPl tbe cylindn, we added powder La meremeate &Ad appliecl .,ect

fied compactlY'e loree alt.1' eacb addition. One-baU pouncllncrement. wezo. "lecI 
with talc, aad one-pound me •• url. with powdered IU,U. The toW amount of 

powel ... wa. varied .0 that clUfe"lllt lensths of compacted powder .pseimen. 

we,..obtaiaed. The 1enltb-tIO-dtame,er ratioa employed ran.ed bom O. 7 to 3.8. 
Th. eompaetive pr ... ur .. ru.ed tram 3. 5 to 13. 1 p.i. 

n. ,r&phU. u.ed to lUricate the cylinder wall wa. wtp",d on with • pleee 

01 chamo! •• Jdn when appli.d dry. Thll wa. the ca .. fol" mo.' of th. experiment •• 

A t.aw trial. "ere made in whicb the ,uphlte wa. mixed with a liquid and Ipnyed 

on with a .ma.1l apray can. The fUm wat allowed to dry before we ruled the 

cy11llde .. with powder. Wat.r, alcohol, and trichloroethylene were tried a. 

vehicle. fol' applyiJlI the ,I'apbice A .... pray. 

Two 1n'ADd. of flnely..divided .:raphite were \l.ed. neir particle .tae. 

were not kIlOWD. but"e plaa. to make .be determ1n&tion.. One 1n'ud wa. 

"620" powdered a.morphou. ,raphlte from the Amel'ica.n Graphite Company. 

Tlconderop. New York. The othe .. wa. "Mtcroiyne" lubrlcatiq flake ,rapbUe 

from the Jo.epb Dixon Crucible Compuy. J.ney Cltv. New Jel"ey. Th .... 

wa' no df.cernibl. dUf.rence in pel'formante. of the two brandl. 
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7igur e 5. 1 Schematic Dia.ram of Arrangement Used to Compact Powder 
into a Cylinder and to Det ... min~ the Force Required to True. 
late the Compacted Powder tbrou.b tbe Cylinder 
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Tbe relutta of the IxpeJ<imenta are pl'eaented in nlU1"ea 5. Z. 5 .. 3, and 5.4, 

wbere the force to eject thl body Qf compacted poweleS' ia plottftd apln.t tile 

IOD,th-to-di&meter ntio of the bolly of powder. AltlloUib tile ejectloa fo,"ce 

..... mea'UJ'ed directly In pounda. it hae been converted to pound. per aqua2'e 

incb to permit a compLriton of tbe relw.tI obtained with the 6 -incb cyUade~ 

to tho.e bom the .,. 5-incb cyllader. In both Filure. 5. a _d 5. 3 there are 

two .eta of data plott.d. The Inult. &om tbe plain aluminum cylinder ue 

repre.ented by cIa.heclliA .. , and thO.e Irom the ,raplUta-coaleel cylinclo" 

are depicted with lolid linea. Eacb point reprelents a lintl. tnt. 

The data from th. t~ial. wltll talc :lU pre.eated in Fi,ure 5. Z. It i. 

clearly evideac that tbe u.e ot lrapbue ~ lubricate the cylinder prod1lC.a an 

appreciable reduction in .ide-wall friction. Thea. da.ea al.o iDdlcate that the 

percentage of recluctton 11 ,reate, tor the la1'8et' 1ealth-to-clbmeter ratto. 

than it it for the .maller r .. UO'. Thi. was obaerved 1.0" both compactly. 

1'2'8""'1''' employed in tbe t1"iall. For tile 5. l pat pr~ .. ".n. the percentale 

of reduction waa '" percent at a len,th-to-dtametel' ratio of t. 5, incre.ainl 

to 55. 1 perceDC at .. lenlcb-to-cllam.~" 1"C10 of 1. 3. 1'0S' th. 3. " p.i com
paeth'e prellure, the p.l'cent ..... ~ reductiOD at the respective ratlo. were 

ZI. 8 and 49. 

It will .1.0 be obaerved that the percentale of rec1w:tion ill eJectinl pre.-

8ue ia Ireater at a bilher eompactl"a pre.aUI than at .. IOWlr OIlI. (Thia 

i. undoubtedly related to the hi,her dln.lty produced by the hilbu com.pactive 

preaaure.) i'or a lenat!l-tG-cilameter ratio of 2.. 1 and a. compactlve pre .. ".re 

of 3. 53 p.i, the "..e of ,raphlte renlted in a 49 pe1'ceat reduction in ejece1n, 

preaa".!'e whe .. ea. the percentatl of reduction WiLl 55.1 percenta.t a pl'.a.".r. 0' 
5.3 pai. 

Ao lxamiutiOIl of the data pr ... teel ill Figure 5. ] for poriered a".ar 
.bowa tbe .a.me leDeral patteI'D. Here alain, the 1181 of graphita to lubricat. 

the cVllNlu'l wall. beto .. e paekina in the powc1ll'ed l\1Iar l'elQltall in a .ipifi

cant raduc:tionln the force required to pUlh compacted powder out of tbe qliadel'. 
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(Compactive Pr ... u1'8 and O ... Uy an Marked on the CUr" .. ' 

____ Oraphite OD Aluminum 

___ Aluminum 

O. 426 s/cm!: 
3.53 pel 

o~-----~------~------~------~------~~ o 
Len.th-to.Diametel' Ratto 

J'tpre 5. Z Compa"ieoQ cd FOl'ce to Eject Compacted Talc: from a 6·lnch 
Diameter Aluminum Cylindel' with anc:l Wlthout Graphite 
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(Compac:tive P"unre aftei Deft.it)' are War ked Oft til. Curv •• ) 

--- Grapbite Oft Alumimam 
... 
l 

- - - Alnmioum . 

O~----__ L-______ L-______ L-______ L-______ ~ 

o 0.5 1. 0 1.5 a.o 2.5 

Leuath-to-mameter R.atio 

J'1pl'e 5. 3 Comparitoft ot Force to Eject Compacted Powdered Sulal' tro;.D 
a 6-inch Diame'.1' Aluminum Cyllftder with GraphUe and a 
7. '-inch Diameter Aluminum Cylil1cier without Qraphite. 

5·6 

Page determined to be ~ 
Reviewed Chief. fU)O. 
lAW EO 13e26. S~ 3.& 

lJate: APR 152011 

f 
I' 

'-



"!'t~";'::'.-

.-
t'-
--,,-, .. -----.-

i 

It 
n 

I II , , 

lJ 
U 

Ii 
I! 
1 : 
Ii 
Jj 

L 

t i 
l. 

~ ! 
I; 

~ U 
II! 
t f i f. 
I 
I 
! 

, ... _--
. ,0 

. ___ o_~ ___ o. __ o_. ____________ -"-_ .. , ::. 

(CoIY.pacU". Pr ... ure Df 3. 53 pal U .. d far AU Tn.b) 

o Dry d'.phi, •• Wiped On 
.., Orapbite in Water - Spray" OIl 
• Orap.lte III Alcobol - Spl'ayed On 
X Graphite In Tnch!ol'oethylen •• Sprayed On 

o~ ____ ~~ ____ ~ ____ ~~----~~----~ __ __ 
o O. 5 1.0 1. ~ 2. () 2. 5 

Lenlth-To-Dlametet Ratlo 

I"1pl'e 5 •• CompariaoD "'Fotee to Eject Compacted Talc: from a 
6·lftch DIameter Aluminum CyUlld., !olr Variou. 
Method. of Apply tn. Graphite tor LubricatioD 
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The, p.nlnta,_ of r.4ucttoDiD force _I more fo~ c/l. lar,. le",th-to-diametftt 

ratiol chan tOI' tile lmall. The clata. !o~ chi ,,,.phite-Iubricatecl cyl1nder lbowecl 

lell~ _',catter tJw:a Cbat lor the plaill alamblcn cyllftclel'. Thil could be'iDa_"" •• 
aa • fUJ'th.I"issdicatloD tbat bicttozsal .rt.ct. are allmand by tbe u •• of poapbit •• 

A. wa. pointeel out III 'be dlacu .. iOll 011 pl"OCedu" ••• the ,rapblce powder waa 

appllecJ dry with a ebamoil aJdsl for moat of the trial.. Tbl' ... 1 the method 01 

application Imployttcl foJ' the data pZ'e.elltecllD Fi,ur .. S. Z aDd S. 3 A few tl'l.&1. 

were macle ill which the Irapbite we. ,uepeaded III a liquiel and thell .pnye. CIIdO 

the aurface. The liqutcJ wal thea allow.d to IV.parate lIIfol'e fiUina the cyllrJdH 

wiCh powder (Ml.ltl'Oll Vapor talc .. a. ulocl). Water. alcohol. Ind U'icbloroetlly1elle 
were tried •• vehicle I. WefoUDd that all tbJ'le .y.tlm. depoltte. ,I'&plaice lattl

factol'lly 011 the cylindel'" wall. Data frOID the tl'ial. \lIUs' the 'pray tec!udque 

are pre.ented III I'tJUI'I 5.4 with comParable data for dry trtala with talc. All of 

the data pOill&l toJ' th_ aprayed In.phite trial. were fODd CO be all.btly below the 

cur". for tbe tl'l&l. whue the ,rapblte .... applied dry. The r.aa1tl obtained 

when tl'icbloroe.hylesu wa. ",eel au .ep.etaUy en~oW' •• in, and I".,e.t that a 
t.chnique for applyin. ,raphiCe may be elilcover.d that wiU 1' •• u1t in evn.1ow.r 
.Ide-wall fricdon. 

III "t ... of th. encouraJing relUlta obtaille. with the 6-inch dt.m,.ter cylind.r, 
we decided to exp.Z'lm.nt with the load.r u.ed for lillin. the 1:-61 'pra, tank 

with compacted powder. Tbi. loadel' t. d •• crtb.cl in Ch. Nin.th QuaZ'~:rly Pro, ..... 

Report.(Z) Th.1oadlna tub. 11 16-3/16 mcbe. in diam.ter and 36-5/8 inch •• 

laD,. It containl .ulilcl.nt material to au one end of the E.41 Ipra,. tank ia. 

sin.le 1oac:UA. op'J'atiOft. 

Th.loadla, tube il made of alumiAum. that hal be.n bard-coat anadi.eel ucl 
th'n~'edw1tl1a dry-film lubricant. Experience 11&. lhown tbat an air pJ'ea.UZ'e 

01 from 30 Co 35 pata bebiAcl the pilton ia required to £0 rce the compacted powder 

O\lt of W. tu'be. 

In preparadoll fol' the up.rimellt with araphit. lubrication. th. N~ wa. 

c1"'Idl'cl of pawcl.1' from prerioua loaclift, op.rattona by 11 li,bt rubbin, wltlt 

ate.l wool. Then the lraphite we. wiped 011 with a chunoi •• kin, ad Mi.~on 
l 

vapor WC w •• pack.d into the tube to an avera,. den. tty of O. UI/em , 
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The loaelinl t\abe wa. then po.Uloae4 hol'boAtaUy. ael the talc wa' paeheel 

out and allowed to fall lAta a buret. A pr"lure of 11 p.i, wa •• ~flri_' to 

loree the talc: out of tb, talM. TId, puttc:QlU' npel'lm_t baa DOt be. rep4l&ted, 

but paphite lubl'ic.tiem 'Na' .... ,.b.aquntly ba flWna tbe E.oll 'Pray taDk with 

talc prior to .hipment to EJIba AU- Force Ba.,. Duiq thi. operatioa • p ..... VI 

of ZO pli, ...,al ob •• ..".d em tbre. oee •• toa.. Both the lZ p.i. oIIId ZO pal , .. e.

.ur •• are lubatanHal im,l'oveadnU over the 30 to 35 p.i, prmou.l, reqabed. 

5. 3 Conclll.ton. 

Altboup aaly a limited amount 01 data baa been obtaineel OA tbe a •• of 

grapblt. to r"duec .111 .. -w&11 £ol'~e .... oclat_ with mOYiq a chal'l' 01 com

pacted poweler In a cyliDcle ... tbe 1"1111" are lipiflcant enou," to wanut 
reportin, them at tbi. time. The tilt. with the 6-incb cy11Acle". lbowed. 

reduction in fol'CI of approxlmat.l, 50 percene whea ,raphite l. a.eel to lubri

cate the cylinder'. wall. Cae cut witb tU 16. 5 .. inch cylinder lha,weel. 

60-perullt reductiou in the fore. (,,"om lO to 12 pei) requireel to puh • char,_ 

ot com}l6l:Led talc out of thb cyllDde:r. Sub.equent ellPeri.ftC. 1a laaelln, lo~ 

the EfliD. ce.'e hulleat •• thai a redaction 01 app~oxim&t'ly 55 p."cent may b, 
zno~e realoublY'.ece.d. 

Aa & cone.qu'De' of Ch. ,ood .... ule. obtained tbu. far with Il'apbice. 

flUther work in tilt. ar •• ia planftect. Mol'e tilt. with 6·inch c:ylinde1'l will 

be coaclucted. One are. of apec1a1 intel'e.t ia the tnnllIDC' of initial IUJ'fac. 

l'o,*,hn ... On frictional force. when ,l'apblce 1. ",.el .... IllbrieaAt. Full
IC&1. Celtl witb the Ixperimental dbeamiD&tor are allO plaJmed. 
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6. DISUMINA TlON AND DEAOOt.OMEM. TION STUDIES 

6. 1 aeneral Approa.ch 

Dluin, thi. period •• twI1 .. were cODtinuecl On the cl'.,Pomeratloa 01 dJ'f. 

finely divided!!!!. .imularlt. Wm~~.l te.t. w.re coaclueted to blv .. tipte 

two ladora: di"'minatioa at low Qi,ht .peeo. &l\d di •• em1Daticm of m&terial 

.tored in the compacted .tate. 

j ,. 

6.' 01 ............ at Low FlIrt !!rH. I 
Prior to this time. we h .. v. b •• n cODc.2'necl witll the fea.f.bllity of dea.pom.rat. , 

In, fln.ly divid.d !m.at 111.bt ep •• d. of Mach numb. I" 0.5 to 0.8 (330 to 511 kaot.). 

a.eeu1t. from ... ind-t\annel t •• t. aboweel that tbe mlLt'l'tal could b. mechanically 

dt.al'l'e.at.d and di"emlnat.d witb bl,b pbyaical emcieney at th ••• 'p •• d •. 

Our 'Ncly baa now b.en extencled to COVei' flight q •• d. b.low Macb DumlHt2' O. 5. 

W. have det.rmined the minimum .p.ed for die tent dt ... ntination of Wlcompacted 

ma.terial, aad bav. concluctecl .. tborou,h tnve.U,ation at Mach Dumbu O. 1. 

Durinl the •• te.t., we employecl the .am ••• rolol-.ampliD, tecbniquu 

delcnb.d in an e.dler l'epOl'&. (2) Full-flow impactor t .. t. provid.d I. 

qualitative m ••• ur. of the pre.ence 01 v.ry lar ••• ,.lom.nt •• (l00 CO 500 

micron. tn dtameter) in the .'1'0'01. "'bu ... .:ol1.ction of ltDe hi.bly clea.,lom
erat.d matel'ial Oft m.mbrAn. fUten provided. qUDtltative data from which th. 

limitiJll bulk-deD.ity conditiOft could b. det.nnined. For tbtl pUJ'POle, the 

bl,b-velocity .ampHn. pl"ob. was located O. 5 blch from tb. bottom tuanel waU. 

The!!!!. useel in thb study wa. taken from lot Sl-Sm-342. ~he .ame lot 

u •• d 1ft ou pJ'eviou, ,elts. The moi.tw'. COllteDt 01 Cbi. IUnul&nt hal in

crea.ed to Z. 6 percent from a value of 1. 1 percent wbich it had d\U'ift. 

many 01 our earlier te.t.. Thi. chan,. do •• not, however, appear to b. 

aUecUJ\I the de_"lom,utloa efficiency. 
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The r .. u1t. of th .. e telt. at Macb awmber 0.3 are abcnlm in J'ipre 6.1. 

Th. me ... u ... ment. indicat. tbat tbe c;oncentration of fine, d.a,pornented 

ae%'Olol i. e .. ential1y independent of bulk d,utty in tbe ranae O. n to O. 53 I/~~. 
Above this ran,e, however, tbe quandty of material in tbe llne .... 0_ c1cNcI 

deer...... ConvoZ'ldly, the impactor r .. u1te Indie.t. that •• the 1:Ialk deD.ity 

exceedl O. S.2 ,/cm) an tncrealinl p.rcentat' of the .erolo1 1. compl'll" of 

1&rge aQloment .. that do not readily break lIP. TbJ. val.,· the"'!OI'I'1 repre· 

sent. the limitiAS condition lor a flight apeed of Mach number D. 3. 

With the IIn.compacted matedal, we lound tbat very good break-up can be 

obtained at a nlsht .peed of Mach number O. n. As tbe all' velOCity .,.. ele

crea.ed below thil value, the 1arle a.llomerate. became lncr .. 8iD.ly. prom

inane. 

6.3 Efficient Dea .. lomeration with the 1:-41 Aircraft Di ... minator 

R •• ults ~t have been obtained with the wind-twlnel appar.tul .re com-

biDed iD thll •• ctiC'n to clefine more clearly the relation.hlp betwean Oilhe .,eed 

and compactJve d.n.ftyror • diuemiaator 01 the 1:-41 type. The maximum bu1lr 

cleD.lty that can b. de •• ,lomll'ated e£flc:iendy wa. determinecl froID conclDUaUon 
curve. lucll .1 thaC .hown lD nlUZ'e 6.1. Tho.e lor Mach number O. 5 and O. 8 ",ere 

eli.cll •• eei In BAllauncl Z. For tid. Plll'po •• , we determined tbe IIbl'.ak point" 

lor each curve; braaa point i. d.fined al the 1N.1k deneity at ",blch the flne .ero-

.01 conc:entl'aUoa d.cl'e •••• to 95 percent otit. maximum, value for. p&rtical .. r 

•• riea 01 Clltl. Ff,llre 6. l aDd Table 6. 1 .ha", the bl'lu poiaC. lor nut •• t 

Mach numbezoe of O. S, O. 5, and D. 8. At the bl'eak point, de ••• lomeraUon 

.,llci'lley il appro.inaately 90 percent--that I.. 90 perc:ent of tile pazoUc:le. 

that od.inally had diameter. in Che 1- ~ 5-miuOft r&D,. are di.pe1'led in the 

.ame sl.e rana. by thl dillemlnator. Mierolcoplc analy •• aof filter .ampl •• 

and.'ull-flow impactor collection. have be.n IlSed to determine chi. value 01 

I e!£iclency. 
I. 
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Tabl. 6. I Break Pointa for DiuemlAaUOIl Tntl witll Compacted. Sal 
at Willd Tuna,l Mac" Numbera of O. 3, O. S. and O. 8 -

Mach Number 

O.lO 

0.50 

0.80 

Bulk Denltty (,I cm 3) 

0.5J 

0.S8 

0.59 

In l'isure 6. 1 the break pOint a are plottld alainlt diaaemination fli,ht 

.,.ed. Alae, tbe minimum fliaht apeed. ia llbown lor Wlcomp~cted ~. N. 

Cllrv. definea th. operational resion in which tbe 1:-41 ia elqJected to be very 

effectiv_ in d •• ulomerat1n. compacted materiall. In the bulk denlUy ran._ 

0.3 to O. S a/eml. tbe cune i. quite flat becauae the 111I1'IY of compactioa I. 

'low Ca •• Fiaure 6.4). In mechanically diaallrelatina the compacted. al,. pnor 

to di.aemination, the mat.dal 1 ..... nUally J'tmulled to ita orillnal conditiOll. 
1 -eoa. .. quently. dry!!!! compactod to O. 5,/em ia ae la.y &0 d •• 'tlom .... te &I 

tM uBComp.cted materl.l. A. dlllllit"1 increa.el above 0.5 ,/em , tb. blndin. 

nerD of &be panicl •• iller ••••• va", rapicl1y •• a ahown in· !'llure 6. t. 1ft tM. 

1' ••• thl m.chanical clil.I,reptor prowce. material wbieh conailta of an 

iIlcr .. aial percenta,_ of larl" atroBI all1011\l:r&t.1 with diamet..r. in lb. 

100 to 1000 micron atae ru,e. The .. are quile dlfficwt to d .... lom.l'at. 

with fluid ener,y, and the O1lht .p.ed reqwrement therefore !Dena •• a vel'., 

rapiclly aboY. a denatty of 0.55 a/em3. For thi. mater1al, the maximum dendly 
3 

that can be diaa.min.ted with hl,b efficiency i. 0.59 a/CfA at M,h .ubaonic mlbt .e •.. 
lt I •• ppannt that the curv. ahoWD in Fi.ure 6.3 will abilt .omewbial for 

each alent. DlHerent lota of ~ have bien .hown to b. either more 01' le •• 

dUficu1t to di .. emmate ill the compactecl .tat •• dep.ndln. sreatly 011 the COlD

paction anarsy-denalty r.lationlhip aboJwn in Fipu 6.4. We th .... for. belilYe 

tllat m •• auremeat of this parameter will be one method u.edo to predict the 

fll,bt-apeed requirement. foS' varioWl a,ent.. 80tb tb, ahap. of the r •• u1ttlll 

C1U'v., and th.ir .blolut. valu .. indicate the blndin, enor,y of compacted 

material. which mu.a be ov.rcome durin. the diel.miDati01l DroC •••• 
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-_. - .- .f-- -.--.. 66 
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0.35 O. 40 O. 45 O. 50 0.55 0.&0 

Bulk Den.1ty (c/eml) 

Fllura 6.3 Flilht Speed Required for Dt .. emination of Dry, 
Compacted 8m Simtalant (Lot Sl-Sm-l4Z) at 
Appruximai;;ty * i'erccD1; ~"11Drncra'ign 
El!iciency 
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E = 8.4 x 103 e (ZZ.3) (DB - a.") 

c 1 .. 
"'5 :-o -
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f-

0.30 

for O. 30 < P B < 0.58 j 
1 

V 
J .-

j 
~ 

V-

...CJt-"" 

0.35 0.40 0.45 0.50 0.55 060 0.65 

FlIUI'8 6.4 Energy lleqlJi.ed to Compact!m (Lot Sl.Srn-.34Z) 
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6.' Di. ... miDatioft of Stored ~ in the Compact .. Coaditioa 

At aD earlier date, dh •• miDation teata were conduct. on !!!!. .tmalaae 
that bad b •• n .tone! iD the compacted condition at -18 C fOr 10 week.. The 

re,ult. indicated. tbat thi. matuial wal 10000ewhat more cli.Uicult to dea,J1oaaer

ate &ban Ilmilar material, wblcb bael not be_ atozoecl. Sbace lto .. e.,e 'I an 

important factor, a 1t.rser t •• t Plt0ll'&ln wa' plaftD.d and initiated clarinl thi, 

period. The prolram i. divtcied into two puta·-namely. wind-tlDIDel de •• a1011l
eration te.ta. and viability teata. 

6.4. I Wind-TUNali Deaulomeration Teeta 

Th. di •• emlftatiOll lad d._lIlomlration te.e conltitute' Z x S x 6 factorial 

wiCh duplicate I'1Inl for each treatm.nt. The variabl •• tnve •• llaced And .. 

Storal. Tem.peratve 

-a c 
-.UG 

Sto:rale Bulk Den.ity 

O. 33 .'cm~. uncomplcted 
O. S7 ./em, 
0.61 ./em 

Stoule Period 

0.04 day 
1 day 
7 daya 

lO daya 
91 day. 

182 cla.y. 

w. are "ainl 01&1' ataDclard method. £01' leneratina and ...... in. aeroao". 

They incl\Ul. the OMI.' dlueminatlon fixture, and tile iaokinetic .ampU .. 

probe IDd full·flow impactor-coU.eliolt IY'leml. 
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For tbi ••• ri •• 01 t •• t. ~ lOCi 61-Z6 aael 61-2' are beiJa. died. Th. 

material ha. a MND ot 9. 5 miCI'OD'. In prepaztn. the ... mpl •• , !!!. t. com

pact.d tato ltor." cylinden of 0.75 lacb diameter in a dry. COliU'oU •• 

atmoapla'n. The coataiD.J'I au •• &lec! "cQJ'll), dun.., the .ton,_ period. 

At tbe p~ .. _t tim. t •• te bay. been conducted for all tim. p'riod. tbzo ..... 

30 day.. 11te ,.eulte iDdJcate that th ... , il no .i.nific~dy det"im .. tal eUeet 

of .to ..... OD u.,.lomeradoa .1I1c:t.ncY'. Mat.rial dlat can be deal,lome,.atd 

Immediately afte .. bei,. compacted alllO can be .f'lctlvlly d.a"lomerat.d 
aftel' etol'a •• at -2 C 01' -;U C. 

Th. lampl .. prepared lor the abov. c.lt. are a1.0 Ii .. d in a .tudy ot the 

ellect of .tara,_ 011 viability. Tho .un. variabl •• ar. inv.ID,ated, but da, 

tut baa an .dditiona! .even tim. perioel. &Dd th .... lo". cOlleht. of a Z x 1 x 13 
lac lID rial. The time variable iDCJud .. 

Staral' P'rlod. 

0.0<6 day 
L day 
1 clay. 
S day. 
7 day. 

14 day. 
21 day. 

30 day. 
6l day. 
91 day. 

UZ day. 
UZ day. 
182 day. 

SuQp1.e of the •• te.tt are tak'n after the .1u,. bav. IMIIl m.cbaniC4al1y dil. 
a.,re,.ted. 0uJ0 .tand&rd m.thoel 01 bialo.lc:al •• la, i. 1I •• d, &Dd. ".dol 
blender 1. employed to bz.all-up the c:ompaeted c1u"en of material. Each 
auly.l. ha. an IIDcompact.cl control, which i. ItOr.cl al -,n c. 

A. In the lonn.r ca •• , the ret\llt. to date do not indicae. a 'ipificallt 

decl' •••• in 'liability .ftl:r .to:ra •• perloel. ()f 30 day.. Detailed re.wt. of 

tbL. pl'Olram will be pruented in the next prolr ... report. 
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7. £-41 SPRAY TANK 

Durin, the quarterly report period, wOl'k related to the 1:·41 Spl'ay Taaic 

c:olldAuacl ill the o.velopmftt .,Ul •• rin, Departmeat. eo.lid.nbl. p:ro,~ ••• 

wa .. made ill the labric:atiOll. 01 the •• cond Wlit, MiDoS' cle.i.ft c:1Ia .... an 'bela, 

Incorporated lJa UlU .. cond u.nlt a • ..,ell a. ill tbe lir.t air-borne £.41. Some of 

tbe.e mocltllc.tione will m&ke it po .. ible to fill the Wlit with 100 •• powder by 

la •• rUnl a llUln. tllb. thl'OUlh the ena p1&'8 and pletoD. The arr..,ement of 

component. within che dl.ch .. "S. Ib"owi ba.. been moclWed to provide lmp*,oved 

ucoDtanllaatloftle.tvee. PI",I wer. initiated for flilht t •• t.of th. E·,U 

Spray Tank.t £,11" Ail' Fol'c. Ba •• OD th. F·100 lono F-IOS airpLanee. 

1. 1 Fabl'ic:aUoA of the Sel:ond E-41 Spray TpJJk 

A .econel E·,U Spray Tank i. bem, r&brir:~ted for u .. in lutw'e ai,bl-t .. , 

pro,ram.. In view of the hiSh de ... ee of '~C"I experienelcl With the fir.t all'. 

barn. E.41, th.re will b. no maJol' de.llD challlcI in the •• cond unit. The 

minoS' modUlca.cIoA. which &1'1 beiDI incorporatec! in the •• c:on4 UAlt are ot 

I"ell • natl&te cut they will aho bl made on the firat unit. Thu •• both 1:-41 

Spray Tank. will be IimUar. Completion of the lec:oDcl Wlit il .checl\llecllor 

J'UIMI. 

7. Z Improvld Arran,lment 01 ComponenU withiD Dile_rle Shroud 

The IhrowI Iu.rrounclinl the "he hal". lube On tbe bottom of the E·41 

!pJ'ay Tank .erve. al aIL Inclo.ul'e for componente ... odated wit" the dl.

ebal'll valve'. ope rattaIL. Thl .hrowl abo .treamUnee the cltecharse tube 

aDd .eparate. the .... oeo1 .tream bom tb •• pray tank- The initial deat,n 

lor ddl area WII .omlwbat cleiic:ient in that it W&I difficult to decontaminate. 
NI aua ba. beeA red.lipcG. InG the improved featvrel are beilt. snCOI'

porated in both E.41 Sprav Tanka. 
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l'D the r'9hed de.lp. aU ttle el.ctric&! component. .ucll a. the moto~ a.JUl 
Umic .witch .. are eaclo.ed lty a .eal.d covel' 01' hou.ift. a •• howa iD .l'tJUl" 7.1. 
AU of the wlriD, l'adlD, {I'om the dl ... mmatol' propel' to th ... compo ... ~. i. 

cOlltaifted iD a .mpa "aled cable a •• embly. The cODllectol' 1. mcnuated.tD tile 

coY.r. TId .quib wl,... alld cb. al'nUn, wil'l al'e connected by mean. of te1'm%Dal 

.trip. mOUllted .xt.nsa11y on cb. cover. Slnc. the •• alift, a .. embl, (wbich i. 

mi •• 1ft. iD Fl.",.. 7.1) on the di.char,e tube contain' the -caW" and armill. 
wil" aDd mutt be replaced after each million. th ... wire. can be dl.connected 

at tb. termiDal .trip. durin. tit. ciecontamtnatioa proc.dure. 

7. 3 Removal of H'ater and Low.Pr ... W'e SWitcb 

Experience with the £·41 Spray Tank hal .hewn that the WIlt can be 

opented .adlfactol'ily wi,lw)ut the heatint Jacket on th. hi.b-pr ••• ure mtra, ... 
tank. The b.&tiq Jacket ha. be.n op.ratiD, aati.factorUy to date. bIlt , .. t. 

have .boWD thac tbe tank ba. adequate capacity to aupply a .uUici.ot volume 

of nttl'olen without h.atina. Th. h.atin. Jacket will ther.for. :.0-" lon;er be 

u.ed on the nitro,.1l tank. 

The a.".Atb Quarterly proar ••• report contain. a dilclI •• ion of tbe 

performance of the 10w-pre •• ur •• witch durin, the fU,bt tl'ia18 at Dl.apay 

Prom, OrOUlld la.t January. An analy ••• of tbe .pray tank'. pel'formaJlce, 
takin.into cOIl.leteratton the airplane'. Ill,he .. altitude cbanlu ciurin, the 

trial •• leel to the conclu.ion that the .witch wa. operatin, untimely to cau.e 

... boft delay in tbe 116l't ot d1 .. eminat1on. In ae muc::h •• the jamming con· 

ditlOD wblch Cbia .witch In.. iftteDded to protect again.t h..1 De"er occu.rred. 

a elect.ion wa. made to eUminate the Iwitch. The mOUDlin, hole. Illr the 

.witch tn the enel plate will be lealed with plUII. 

7. 4 AdditioD of FllllDc Hol.1 in Piltonl and End Plat •• 

Beca".' the 1:·41 Spray Tank it capable of di ... min&UnI dry .. a.t material 
trom dlel00.e bulk ltate a. well .1 the compacted Itate, there i. jUltilicatiOD .. . 
for incorpondnl fillin, hole. in. pi.ton. &lid e.,d pJar"l for lOAd1n, lOCI. 
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powdu. FiUln, hole. bave been adeled to the end pl ... te. of both E •• " Spray 

TaDk.. Corre.pandinl bole. have been made in the. pl.ton. 01 tbe wlit. eo 

that • mUnS wbo can be in .. rted into tn. tank •. 

ne bole. fit the pilton. are three inches in diameter, and the bole. in 

tile end platea are ).25 Lnche. 10 chat the pi", for tbs piltone can be removed 

tbl'Oulb the hole. In the end plat... The cla.lIZe. 1n the end plates are lealed 

wttlt .wa O-rin". 

7.5 Fli,bt Tut. at EgliD Ail' i'Qrce Bu. 

. 
Ia May 1963 Detachment 4, ASD. W ... pon. Laboratory (ASQWq E&tin Air 

Forc. Bate reql1uted tbat the E· ... Spray Tank be m&de uaUabie to them for 

Ili,ht teat. on tbe F·I00D and the 1'-105 .irp4nel. It Wal lubeequently 

decided by J'o.rt Detrick that a.n E·'" would be Ihipped from General Mme, 

Inc. ~ Ellin Air Fotc. Ba •• for thi. purpoee. The teUI are Icheduled to 

be.in durin, the latter pan uf June. 

The •• fiilh. trial. are intended to demonstrate the compatibility or the 

.pray tank with the F-I00D and tile F·I05, and procedure. '01' uurin, 

Itound covera,_ ra.ullin.from di..,eminatlon of aimulantl ar~ not included 

in the plan.. The unit wiU b. loaded with talc, which will bl cliueminated 

durillll tM trial •• 
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8. PREPARATIONS FOR FLIGHT TESTS OF THE E·41 SPRAY TANK ON 
THE MOJiA WK AIRCRAFT 

On 11 March 1963 Mr. Ciordoll R_ Whitnah of acneral Mill., Inc. viaited 

Lt. Col. Vincent Ulery. Army liabon Oificer at the Navy Bureau of We.poD., 

and Mr. R. Oroundwater at the Mohawk Project Oifice In BuiJdin, T-7 to di.

eu .. plan. for flyln, the E-41 Spray Tank on the AO-I Moh.J.wk airplane. On 

38 March 1963 en,ineera from aeneral MUll. Inc. met With Mr. John Coauen, 

Mohawk Project Enlineer. And with leveral other Grumman personnel at the 

GrummAn Aircraft Company. Bethpa,., Lon. hlanel. Durin, thll villt Oene,..J 

MiU., Inc. obtained en,ineering data perlaininl to tbe innanatlon of the £~41 On 
the Mohawk. 

The wei"bt and lIlZC: of ~he £-41 present no apparent probleml, 'l,tlt it Yiill be 

nece .. a", to carry two unit. or one E-·U and Ont: 150-,a11on fuel tank to obtain 

'yrnmeU'ic:al10adin,. Thh decreuea the rn&ximwn obtainable Ipeed but I. 

necuu"y fDr flt,bt llability, The muimwn diu.mination velocity will be 

in the ZOO to 240 knot range. Wind-tunnel experiment. reported In Section 6 

of chi. report indicate thaa BW &.ent ...... n be a"cc;e .. fu11y diuemjnated and 

aero.oUlied at thl~ a.lr .peed. 

Tile .pray tank will be mounted on the Aero 65 A pylon at winl atatlon 18S. 

11 only one unit La flown. h appearl that the len-nand pylon- (a. viewed from ehe 

front. iI the pl'eferable location beca,,,e of the tendency of-tbe propw •• h to move 

[rom riaht to Left. 

A cruciform taU ia u.ed on the 150-callon Cu.l L&nk. nown on the .\0·1 

Mohawk. The major realon Cor thia ia to .tabiUze tbe 'ltore when it t. releaeed 

Crom the pylO11 upon jetthoninl. Becau •• the empty wetght of the E·,U ia 

.1lftUlcantly ,reater thAn tbe empty weisht oj the tuel tanJr, It liIho\Ald nO' bit 

noce •• ary to u.e the cruciform tail However, ,Inee the crUCIform tail t. 

the aceeptod do.ian and tbere it no .trolll objection to uling it on the E-41. 

a elec1.10n w •• made to provide an interehana_ .. ble aft I.cllon with cruciform 

taU !or the E-41 Spray Tank when flown on the Mohawk ;urplane. Detail. of 

thi. four-finned tan netton at~ .hown in OM! drawln@ SK 29100·1305 in 

Apponclllt B. 
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.b.tallatioll of the 1:-41 011 allY particular Mohawk aircraft will require 

r.wbin, Of the win.. pylon, and control box. Sinc. a. fl'" -fall J.tti.on .,.tem 
... employed. a pi, cail with quick-rei .... conn.ctor b needed fOr the apl'a, 

tank to in.UI" po.itiv. 'ep.ration from ",e pylon wirina. Thu. i. ample room 

tor chI lC ... l control paM1 in the airpNn.'. cockpic. Cil'ununan .lepr •••• d a 

wUUn.n ... to p.rform the .. irin, modUleatlon. Oil the tut &hp1aD' pl'cwided 

th.y al" paid lor th.ir •• mc ••. 

J'urlbu proll"" OD the MohAwk f11abt-t •• t pro,ram i. dependent upon the 

.. caWl.hm.Dt of dat~!I tar the f11,hte by the Mohawk Project OfClcer in W'a.h
iqton. D. C. 
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9. SUMMARY AND CONCLoUSIONS 

TIt. improyed maldpurpo •• te.' unit ia now bel", u.ed to meaaun 
.uar Itrenatb. tealile Itre,..tb. and bulk denl1ty within the c:onfiMl' 01 

• eincl' iealacol' lalt. The lact that reproducible ruult. are beitJe 01>

taiaed with W. unit ta iDdtcat •• by the dAtA pr .. entad for .Iyeral 

pow_ .. I. "R.ulOD" Ilip a.ent lind ,raphite hav. been tried an the moW 

uI.d to fonn the "aecked-down" lpedmeme for the triaxial can.U. te.t. 

Tltne euppo.eclly ide"tical !!. .amplu have bun 1000nd to exhibit di.· 
th1ctly dillll'eat c:om,,&ctlon characterilt1u. rutl for particle .1 •• 
cUltJ'ibuUoa. particl. _naity, ancl molature content are bel .. coDCluc;ted 

b, an eHort to explain the differ,ftC .. Ln the behavior of the.e ~ 

umpl... WhItby partid.-.i .. decarmiutlo"l Ilaye .hown that .. dlaIIae 
ia .... dhtribulion toward a .mall., MM!) occllrr .. d whe •• accharin wal 

conspactecl to. comp,. .. in aCre .. 01 2.8. x 10" dyne,,1cm1. It ~ bee. 

fOIl_ that the adcUtioll 01 O. Z5 to 5.0 perceat Cab.o-Sil to powder8 caua .. 

.. aipdficant incre ••• in the compaction .tr ... req\iJred to ,rowce .. 

livea bulk dlD.ity. 

Expedment8 were performed to d.tAlrm~nt! the ~m. required for the 

fluid bed to equilibrate. Even thau,1t extenstve •• pomel'ation occur., 

partlcl •• at •• aul,. ... performed 01'1 lample. tUen from differem level, 

ot the bed .howed no evidence 01 .",rel"tion or attrition duriD, the 75· 

minute l'UD'. Ther. wa. no 10 .. of powder by carrY-OYer at a fluid 

velocity of " cm/"ci but a. 8 perceDt .. at lCl.t at 8 em/a.c, and 5. 6 

percent 10.' at U emilie (Sectioa ZJ. 

TIl. BET ,.a-ad.orptlon method wa. u •• d to mea.ln. the total 

lurface are. 01 s.ccharin for compari.on With .lmlal' data obtained lor 

talc durin. the preyiou. qu:art.r. For .accbaJ'in, the BET .pecific sumce 

&re.1I 1.53 ml.,. *7 ~I'c..nt. which is .ilnif1cantly Ie .. than the value 

ot15. 9 m Z,. detenninecl tal' Wbtl'Ol'1 Vapor t&lc. Th. iDcr .... 4 .urface 

u.a flol' talc I. attributed to itl poro.tty. The l'ulo.Hy, cieliDect .. 
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11 Z. Z lor .accJaaria. Wlcrolnplaa that haw beea u ... to obtain partide. 

ahape bdol'mat:t.OD ~re pre •• c.. for talc, •• ce_rill, en al1:Ramill. powdere. 

milk, !!!!. powcle"ld ....,... aII4 COJ'ldItal'dt. Whitby .be aaal".e. made Oil 

laccharia aM powdered aup. belorl aacI &feel' their bem, eIl_perua by dse 

I"hol ell.pel'l'l' lor u .. III die uro.oJ cbmhr bav •• Jacnna that ,l'lacUa, 

doe. Dot OC~ ill the dllJHlr.u (Section 3). 

A P,olJ'anl "a. haltiac.d to .tuIly tM .aact. o! aunolpharlc cb ..... 

CODd1tlOD. on .'1'0101 .. ca., u.fftl cIw uroMl cbamber. Ion c:oJlCeDtl'aliOD 

la the chambe. 1. vad.d throup iatroduc:dOll gf po.iti.,. Ion. by meu. 01 

• c:oJ'OIIa-dilcbar •• lOA ..... ra&ol'. TIle lnjection of po.itlve ion' rlclucu 

the lon •• "Uy of talc ul'atol.. '01' .&ccharia .e"ololl. the iatrocluctioa 

of JlGliti"e 10"1 almultaDtoualy with the iDtroductloa of the powder IncH •••• 

auoiollonievity, wher ... loa iaJectloD altel' iftjectloa of the powder cIe

cl'ea'" lODJevity (SeelioD 4). 

J:xperimama we ... c.-.lucte. to detel'miM thl Iffectivene •• 01 powde ... d 

,raphit. in reduc111f .tde.walJ tdctioa oC compacted powdera .Udiq in 

~yUDd.eI", .Data r.port.ctwe .. loIatalaeci wlth th .... Ib.1 of cylind.n •• 6, 

1.5, and 16.18118*1 1Menal cllAmeter. Gl'apldti w •• applied dry arul 

a. & .".peneloa 1a ... w ... alcobol. aM'richloroetbylene. The laCWr 
aho"ect & .m&11lmpl'cnr ... at over tIM othel'" The tor~e J'eCluired to eject 

compacwcl talc ud powcle". ,up' from a .npJdte-lubriuted cyUncln 

wa. fOUD. to be 'lpUicutl, below tIsa, lor a plaiD aluminum c:yliftdu. 

AlthOQp tl» I' .. ulal v.deet .. tIuI JeDlt!l-to-dlam.ter I'atio &Ad tll. com
pactive p'.lIur. _ .. e cII&a •• d. a renction of 50 pe .. c.1lI: II rep ..... atad" 

of the d.c ... a •• la ejecdoa IoI'CI obae",ecl durin, the te.tl. Ful'tber te.t. 

aft :plaDUd. .Aa area of partkular iDCIr.at 1. the .Ilect ol _dace r~p

nell Oll .ide-wallldc:doa .111" .r&PlCe i. u •• d a. a luoricaat (S.CtiOD 5,. 
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Dl".minaCiOJl ucI c1eawomeratioa .tueIl •• wtda Uy !!. \a.iftl th. 

1l1ow-clowa wind twlul have be.ft colliducte4 to ...... tlIe rut. 01 iave.d

pted air .elocttl •• cIow1I to llaab ....... 1' O. ZJ. T .. t. rUII at va:riou 

bulk auitl .. bay •• bDWD 6&t th. CODc.Dtratloft of n .... de_glom.ratecl 

&'1'0.01 i ••••• fttlal indepe_at oIlnalk ..... tty ID tit. r&Dp trom O. n to 

O.52./cm3. Ccm'.qu.Dtly. 0.52 "cra'l. the UmAtin, bulk .,,,.tty for 
!!!!,/or a .pe.d of Maela AlUDbe:r O. 3/ Wtact-ma.l _."lomeration te.t. 
aacl viability tltt. oa!!!. .tol'.tlia the compac:tecl .tat. have thu. far 

demoD8trated that .tora •• at -2 Cor -23 C lor period. ap to 30 day' ha. 
no .Aplftcant d.trim.Dtal .ffect OIl .Ub.r .auJo=.ratian .ffici.Dcyor 

viability (Section 6). 

Fabrication 01 the •• coact £·.1 'p:r&, t&All PI'OII' .... d .i.JUllc&Ddy 
darin, th. q\l&rter. MillOI' de.t,D chut •• beta,incorporated la the 
E-.l t:aD.k h2clude 1) tmpl'ov, ••• aUA, of compaunt. In th. dI.chal'" 

tube resloa; Z) r.moval 01 tile heattlll Jacket from the IIIltl'ol.a taU: 
3) r.moval of the low-pree.ul" ""tela •• from the p •• upply .,.tem; 

&Del •• the adeldoD ~ a11lD, hol .. ba the pi.toa. &ad .ad plat •• to taciU

tate 1aadlnlloo .. powel.l'. Plaa. w.n lDittat •• to c:oacIuct flJpt tuU 

at E,111l Air I'orc. B ••• la which tU E-41 will be flown on the F-IOOD 
aDd 1'-105 airpua .. to demon. Iwata U. ahwortbbM .. aad compatt1:dlity 
(Seed on 7). 

P.nomutl from General MlU •• IDe. met with .1IIi1l ..... at the 

Qrummaa Aircraft Com,..y (B.th,.I" LoaII.1aDd) to lIi.c" .. the 

probl.m' of flyln, the 1:-41 'pray taak OIl th. AO-l Mohawk airplane. 

En,1,6..ftJinllUlCl pel'fol'mlac, data .. e ... obtaill'" When th. £·41 1I 

tlown 011 th. Maha • .Ie. it .UI 1» IMIc,,,uy to carry a epray can.lc (or • 

I SO-,.Uoll!u.l tuic) oa eada tria, to matataia Waac.clloacU.D,. MaJd· 

mum fll,ht .pee. will be ia the ZOO- to 2~·kaot 1'..... Cnelloftll tail. 
hay. bee. ol'del" •• /ol' the £-41 .pray taD.Ic.lMcau •• chi, t. the acc.pt.d 

cleet,_ for the 150-p11oD lul tuIce 0 •• OIl tile Mohawk. MJaor all'cJ'aft 

tewirina will be riec ..... ry to accommodate the £-41 (Section 8). 
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The tollOWin9 repGft aovue thl _aio loada aD! aUe •• 
analy.i. of a apecW tank bai1~ 10&' t:M l1eauon1c8 Divi-
110n of Genua! .MUle lila. 'l't\a dea1gn 1. ~ th.u epec1-
f1c.Uoll GH8-2!Jl00-610, aDd 1. aovuecS by t=dule. on. 
HD-S43S4 dated 6-4-62. 

The klla loade for the tank da.1gJ1 are dllftlopecl fraa the 
l:equ1J:ementa of S.~ion 13.5.6 of H:U.-'r-717BA, dat.ct 20 
O~obeJ:o 1958 and kOla auloacl ISaa .fUnieM4 -, Gen.ral 
MUla 1D tbW 1.ttll: ~ P.A.C. da~ed July 27,19'2. I.oa4 
fa~oZ'. fo~ the catapult takeolt and anltteel lladiJl9 00Il
cUtlonl, a. well I. f« the lli9ht CCIIIId1t1one, are bkea 
froa 1'19. 1 01 ue alloY. JU1 .,.a., wh1cb 'Ii.,.. 10M ftct.0Z" 
for Vinq-lIIOUnted .tor... SiDce the loacl nqW.r~t. .f 
HlL-...... SI18 are the .... a. iUL-'f-1378A, they u. alR 
met. 

'!'he r.actionl Oft the 'allk attach po1nU ua calc:ula1:e4 and 
au.aarlaed on pap • .A!.. and.1.l... .enltant Ihear and 
bMCUIl9 _to at =1Uc:al .tat1on. alOll9 tIM tank are &1_ 
calCNlatld. a .. page. Jl.. to .1.!&... incl.1".. 1'Ile for.,oU9 
data b then ItwUed aNt a '~IY of d •• l9D condition. 
ed.tical 101: the var10ua it_ ot .tructur. i. pre.eated 
on page n,. '1'he dhoic:e of .tat1o t .. t c:aa.d1t1one 1. 
ba.ed on th1. .Ulllllazy. 

'1'he .1gll coavaUoa foZ' both th. iDU'tia leade and a11'1oad8 
all4 the hac:t:1on. to tb. load. 1. a. toUaw •• 

z • upward actin, 
y • Act:in9 to the l.ft (looUnq forvarcs) 
X • aeuw.mt actJ.Df 

'o.ltlv. lIIOIIeIlio ... cto~. an 111 the .... 
duect1oa, \1.1119 the left-band nl •• 

In ebe ca.. of the ilhaar anet beDdiD9 IIICIIIInta Ua ioh. t:aDJc 
ahell, the .1p of bodt the .bear ad benlUn9 IIGIDeDt agree. 
wi~ the sip 0," the fOree on tha eDd of th. ta."'Ik ~ 
tbe Cl&1: •• ~1oD. 
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tal:n.tlated OIl pag. L. AU load., l'.aGt:loa. and aU .= •• 
Analy.!a u. ~'MIlted 1D tUlIa of ultJ..au load. unl ••• 
apea1f1caul' Doe_ to the c:oatnzy. 

'!'h. J: •• ult. 01 the ,U ... ilDaly.i. Of the adtle&1 .true
tural. it .. 1ft the taM u. ~1.'" .ta the fthl. of 
H1D1mwa 1faq11la of saf.ty # pag • ..::J... _lela 1IIalUdU aU 
UZVtn. of .a:tRy le.. thaD 20.. 
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"'08. hC~lOD M ••• " 
"lIulJchead - .iD support" 
"I ... - 1'1D" 
"Antl. - I'iII 8uppo&'t, ~" 
"AIl91. - .iD SUppoR, LaIofeZ'
"'1ft Aa.aIb1y" 
·ca.'!ft, - c., .. 8eGt1on ~. 
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... • 4552066 ·roz91n9 al~· 

Genaeal Milla SpeclfioaC1oa taMI 29100-110. 
Genual M.Ul. 1.~~ G P.A.C. dated 7-11-62. 
Gene_l M.Ul. let1:U to ... A.C. elated 7-27-62. 
Mlt.-'l-737. - "Bftenal hel. '1' .... . 
HlL-A-8591a - ·AUlIome 8t= .... Zqui,...c". 
HlL-BD8X-5 -" SU-f1:b ot Met.l AU'cr.ft l1 __ t.". 
QQ-1-718C - ·Cono.J.cm ... i.tiDg It .. J. Ib .. c". 
r.A.C. Mpoft M3.284 - "Load." 'U." Analy.l., Geaen1 

M111.. Tank·. 
If.A.C.A. '1' ...... 27 - ·TJWa-walled c:yUnd.u 1ft 'fOnJ.on". 

.. '1' .... M79 - "!b1ft-walled CylWe. 111 hDcUJ2q". 

.. 'f.II. tt29 - "Cuc:ulu 1be11-luppOI'ted 1'rUe ••• 
LOdcbMd Aircraft sue •• ..., _tal 

Alcoa Stn=ural HudbooJc, 1958 ed. 
F.R. SMnl.y - • ... 10 .~ctu •• • 1144 eel. 

Me ......... 
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" factor, c:oeffioJaC 
~ l_ctth (111.) 
A length UA.) 
MCIIeD~ (iD-ll:t •• ) 
Ma&'9iD of "'ely 
Load tactoz 
Load (De.) 
aeaat:_ 100c., hocdlt load, rdtue, 
MelDeR ara, ndi.u UA.) 
Shear load ca •• ), .-y .acre 10lid (a •• ) 

'WUg'ht (lJ:».) 
R\lftn1D9 load Cl~U1ll.) 
Longitwu'ul ~1.&'M\Ce axie, poa1t.1ve aft. 
Tank atatiGD at cent8&' 01 ,&'a.1~. 
Lat..,al &'.f~ axie, podt1v. out:]a'4. 
to left. 
J)Utau. to cent_ 01 gftvi tr in Y d1:r:acUozs. 
V~ica1 &'e1eswaC8 aXia, poaJ.t1.8 upwa&'d. 
Sec:t:1OA .odulu. Un!) 
D.l."'UGe to CUte&' 0' gao&vity in II dUeClt1oD. 
Inu ... t of c:hUf., a. 4&, cbaDge Ln 'c*CIe. 
M 1ID91. (.Det'. ) 
PUah1nt aqu1.r accel.ation (R&d./aec.a, 
YIlI1.nf aqulu aClcel.ntioa (1ad./Mc:. 2) 
Deflec:tLon (iD. J 

A Aft 
:b SenditMI 
~ s .. r1n9 
o Compre •• 1OQ 
I: CZ1PPlin9 
l' l'CtI'wud 
H llO%'illOhtal 
L Laft .14. 

Page detennined to be Unc:1uIified 
Reviewed Chief, AOO. WHS 
lAW EO 13526, Section 3.5 
1Jate' 

, 11 5 APR 2013 

~ , 

I 
I 



'IC ... ' •• 

JI 
a 
a 
t 
u 
v 
X 
y 
• 
y 

Mau, __ & 

RanltU&, ~""'& _"'
Shear 
'1'eDsion 
Ult£lute 
Vertical 

... 
" 

~::::~. a .. sip ac:mv.Uoa. paqe...L 
z-ax1af 
YieU 

Page determined to be lJndaaifted 
RevieWed Chtef. ADD. WHS 
lAW EO 13526. hclIcIn 3.6 

lJate: "5 IPR 2Dt3 

IJ 
I 
I 



L 

L 

l: 

L 

L 

I 
I. 

II' - -... ....: 
I ......... R.W. IIUl '-12-'2 i"n"". ~"''''oN COM'.'; .... T--I~ 
Il- ~ 

1-. CU.~ t.oAD. • .. If AJlALnxl 
,.A....wt. IOttZD raIL ,.. ,13.300 .......... \ . .\.> . 

" 
-;wan. 

ttmn MleMJD 01 ...." • 
\. 

!au ms Ig. 'MR&t1 Q:&S& • .lI ....... 
; 

35 -20180 '1'YPe ttJ04 .U1D1... 'uel . T._1cm .04 . . 3. -2017. UI-'1'I C:U_i.~ It .. .la, .00 3. -20181 . 4130 lteel, h.t. 1'0,000 lendiq .04 41 -'232 2024-H ,lau '!'.' .len4iDt .GO i 4.1 -4t'7t .T-101JOl~ -- .11 \ 4' -U72 '0.1-" .uu :MH1at ,OJ 

• %aa1u.s •• aU 1llU911l. 01 nlfty'l ... thIIa 2'* 

;Jage determined to be Unclalellled 
Reviewed Chief. ADD. WHS 
lAW EO 13S26. SectIon 3.5 

Uat.: 1 5 APR 2013 



I 
, I 

I 

I 
I 
l ' 

I: 
'1. 

.J. 

I 

I 

1 

~I 

r.nN 
r:,nlt. 

Me "-, ...... 

<iEN.f'.04 L -MILL S lAWAI;' 
(S(JL ID trVGL J 

fl.", 

/. 

I 
S'~., 

IViMI 

~s.t.~Nr 44r4 
w 

hlply II~.D 

;:OJ/II "'r.o 

-)( I 
'fa.o 14.0.3 slu,.(t.~ 
1'.a..D '"~o ,lfI, -It •• 

Page detennJned to be UncIaIaifIed 
ReviMwtd Ctuef. ROO. WHS 
lAW EO 1352&. !ection 3.5 

(JaW: ~ 5 APR 2013 

, 
, , 

. 
i 
I 

I 



L 
I 
t. 
I. 

I. 
J: 
t, 

I 

) . 

... --',' .~ ..... .. . ',' --'" ,- .... 
JiJiDqQ R. W. HIli ' 8-24-62 ",1TOMfl AVIATioN COMIAMY .... r-IT , ,..,. 
CIIMua L .. & S".. Analy.r. -. Custont 

~D¥n 
Solfel FwI r_ 43.300 ......... 
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LOADING ASSU1M'T19N$ ,,' 
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'th. batl. 1_ for th,""Ie "'1ft .. _II .. ' .. tit. '., ... 01 Sectlan l.s.:.. 
of MlL-r~, .ted 20 Octob. 1951 ... ,.. _'rI" ''''''IIh .... 0 ..... Mnr.~ 
rlt th." lett., to f.A.C ...... July 27, IfG. Th ....... M tho n.c.t.,. NIle,. 
from tu Mob ancI.wq-b,... ,.. w ........ ,.- ... stNcture f111h .... , .", 
th. 'oU_'. GltumptJona . 

Me,.,. , ... 

'j 

(1) ReactloN'fDffI 1It •• war ........... at.,. IIOfIIIPI to the ... ",,, ... , at! 
Oft anal. aI ~o 'l'0III til. vert,.I. ... .•. an page ",). ' 

~~ 
Cl) $1. 'GllcI~ fa ,.r.tad ~ , hDok y ..... ,..I .... tho....,. ..... ..",. ot 

26° ' .... the y.,r.l. 
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(S) Pitch,,, IIIOIIhIftfl en ,.r.tecI ~ ............. ft ~t ,net tho ,., 
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(6) Vow,"" 110....,. ON ,..sat. by a .... tonn.d by tho l.t .... 1 OOIIPOftMfI 01 
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bolore Yltlmot. NIt , ... GIl ,....,.... 
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J'1na " attacllllant. 3 Max. iLD loacS 
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" IIAX. drag- load 

Cond1t.1on 115 1s an eJeet10n concU,tioll. s.iDee the load. to 
be .xperleneed 111 the actual eJactlOft .y not reach the valu •• 
.saume4 111 de.1gn, .taue t •• ta wJ.ll be conducted at the n~ 
moat ~1t1eal d •• 1gn conditione in o~er to demonstrate aD 
adequate stren~ leval in the abov. 1tema ot atrgcture. 

It appear. that atat1c teating to ConcUt1ona *3, 4, 5, and 11 
wUl prove out all the atruct1U'al items. It appears also 
eIlat the bigb sway »E'aae load 1n ConcH. tion i5 (pE'ocIuc1DcJ blgh 
local bending in the central C&atin9) would ba duplicated 1n 
C0DC3:1t1on .3 if th ••• load. WaE'a all J,ncu:e ... 4 ~ 2."'. 1'bls 
~d el1a1nate condition *5 .s a te.t condltloa. 

BEQtlDIQ S1.'A'1'IC uS'!' CONDD'IOBS 
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I rN"l'RODtm10N 

0Z1 OCtoJ:)er 4, 1962. a rav1aed set of aLrloads 
wa. received from General Mill. to use in 
conJUDot1oQ with the 1nerti4 load. derived 
troll MIL-'l'-7378A. '!'his lIeallt: a revision of 
P11ght ~~41tioca *4, 5, 6 and 1 basic load', 
as shown on the following page.. N4IW attach 
po~nt reaction. are calculated. and ~a.u1tant 
.hears and aomentl are f'ound at fow: atations 
along the tank abell, .a baf'ore. 

Prena the above data it was found that condition 
H t. no longer a critical condition requlrinq 
statiC t.sttnq. Xt will be replaced by Condi
tion t5 and 7. (see discuss10n OD page A-IO) 
Thi. mean. a total of four design conditions 
will require static tasts. 

S~t1n9 on page A-ll, a review of the effects 
a! the new load. on the previOuS stress analYl1. 
18 made. It::1a !iJllown that all Itructural items 
affectod by the new loads 8till ~ave positive 
1NU"91n. of safety. 

.---- .•. --------------------.------------------------'4' ,.,. 110. 
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A ~l.on of the 4ata on the preeeacUnq pagea for revlsed 
Co:ldlt1cm8 .. , 5, 'Illd 7 witb t:he col'l'GlIPOlld1nq C)aa. for 
all ~p other d .. 1gn eond1tions in the earlier o~1g1na1 
part of th18 repozot indicate. a need for a Dew S~ of 
Cr1t:f.~ l)d1gn COn41t1ons. Ail em page l7 of thU rep=t, 
the tollow1nq talNlauon of the oJ:1t1cal. structural ele
meats 1n the tank abowa vJh.1Ch d.s1gn condit1ons produce 
the ~ .. t.8t loads OD the.e items. 

ita CritiCAl Lead! crUe;ia I 
' . 

Condition -115 18 an ejection concU.~on, 1:0 be proved by an 
actual ejlction te.t. (Seo page 27J Condition #~ orltical 
fQ~ the bending produced 1n t~. central casting by the 
h1ih •• t away b~c. xeaction, may be replaced by COndition '3 
With 1ta load. J.noruaed by 2.6". This eliza1nat:.oes Condition .2 aa a te.t condition. Since COndition .3 teat loads and 
aata bave alrea41' be.n prepared on tha basis of loads in
cre ••• d ~ l.~/ t •• tini will be conducted to theae latter 
10ad8. (s •• pate 27) 

It nov appear. that all structural 1temc will b. ~rovcd 
out by con4uct1n~ .t.t1~ ~asta of four design c~ndit1onB. 

Condition *3 - Flight (with loads 1n~roa~od ~f 2.9%) 
Condition i5 - Pl~t 
Cond~t1on.7 - Pl~ht 
Co ... Ut1on ill - . Arrested Landing 
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Optional Four-Fined T.U Section 
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