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Thu ll'ourth Quarterly Pros:e•• Repo:R proaenta the ruearch ou 

dieee111nat1on ot aol1d and liquid aputt. The tesurch C'll tbts ,pro

ject 1a 41recte4 tovucl the clevelo~nt of weapOn 118temt tor line

source d:l.uemillation fl'OIII h:l.&h-e_peed, low•tlying airenft. 

It has 'been found that the viability of Sm aubjeatad to air streams 

ablatlatiug a jet engine uhauat 11 :n~dically afteated. Ccmpection testa 

on Bill shoved 8all.e v:l.ab111t;,y :reduction. 

Meaa\ll'ellle!lte were u4e of the coef:tic1eat ot fr:l.etioo and the bulk 

deneity ot varioua »>Wclera. 

A theo:ret1cal anal~ia of the fo:rae required to litt a 4:lak am

bedded 1D a dilatant matuial was conducted. Theoretical results were 

Tbe:mal conduct:l.v1t1 and viacolit)' meaau:rementa of esg elur:ries 

were aanied out. .Rheological p:roperties ~ Sm slurries were itl.vee-

tigated and data are preaented. 

Bounda:eyo layer studies are :reported which indioete thet villd tun

nel tuta on daagglcmaratiozl 11"e slightly cotl .. rvative as ~red to 

actual flight c:ond1t1ocs. 

Hish•lpeecl motion picturee presented. in thia report give an 1n-

11gbt into tb.e breakup of Sm auJ,ome:rates. Deag.lomeration to ,Primary 

particlea ~ Sm baa been o~erved. 
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A mathaatic.l m04el r4 a lina diaaem!Dation qatem "' atud1ed. 

CCIIIlf'.o1ied dilL& ot 1Dtectiorl J)Z'Obebil1ty aa a functioD ot do1mVitad cli8• 

tance are aleo sinn 1D thia :report. 

An iiJVeatiptiou 0: tbe atore-cerryins capacit:l.ea ot an Wlllllaned 

aircntt ad • prelila1Daq daa:tsn ot a llQU1d 41&.aem1Dat1ug Ul.lit :lt 

1nolu4ed 1n the Appendices. 
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1. Ilfl!lOIXICTI«* 

Tbia 1a the rourth ~rl.y r:rosr-•• Report on tbe propu ot re

eearc:h on 41anmizlat:lon of .olld aatl liquid JJI aputl1 beiDa condUcted 

UDder coutract Bo. n\•ll3-o64-c:ML-2'745· ~ia :reaearch u directed toward. 

the developmeDt ot d1 .. tmilaat1Ds atorea to be carried extenwlly on higb

pertomance del.ive%7 aircraft. 

The three-month period covered. by thil r.port 1a a part of Pha1e II, 

which vu atarted 1D Dece~~bezo 1960. The objective of Jlhaae II, 1D the 

:1'1eld Of SOlid apnt. diB8111111J:Iat:Lon1 is to advance tbe ata+..e Of knowle~ 

1n the a::eaa ot wracte:r1zat1oo1 cllllive:ey, meteriDg1 di .. eminat1clll'l and 

deaSS].CIIIIIIration of 1'1Del.y-d.1viM4 ~114 •terial.a, to provide data for 

des·:t:sa of a reaeuch protot,pe dileemiatozo. ID the field ~ liquid 

apnt d181utinstinn, Phue II includes the dee:tsD of a :reMarch ;I'Oto .. 

type dilaemiQQtor and the fabrication ot one unit. 

T.hia report preaecta proszeaa in aeveral inveati;ationa currently 

beirlg ccaducted to meet these obJeot:tvee. Becauae 0: the larp a cope 

ot thia proJect, • n1.1:11ber of nlat1vely 1ndePend.ent studiea are :reql.l1:re4. 

Xott of the aubJecta diaCWiaed in this report were introd\lced 1D ouzo 
l.l 'l'b:trd Quarterly Prosre•• Hepo:rt , to Yh:tcb the ~"Mcle:r f.a reterre4 

for ac!41t1onal be~d intol'IJIItion. 

l.l Oea.eral Mills, Inc. Report lfo, 22001 D.1slem1Dat1on ar Boli4 and 
Liqu14 JJi A&entl 1 (unclaa11tied title) May 15, 1961 (CDI1f14ent1al). 
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2. Emal' at mYAD:D AD 8TRIAM ~ 01 m· VIABILI!L't -or SDRlm 
MARCISCUS ADOBOLtZilD · J'RCii L:Qtrm SOSSliiiON 

IC1J.l1Sl8 or &1rbome bacteria b7 •a. ot diaintttctants in •%'0ao1 tozm. 

or b)' sa•a, ultraviolAt re.41at1on and incineration baa bee and continues to 

lMt an important uea ot iatereat in the field ot ll!crobiolog. It 11 recos

ZUied that 1nc1Ditrat1on bringa about oc:cplete aterilizat1on or contaminated 

air. HCM~var, to the author's kncwadp, intol'lll&tion on the ettect ot expos

ins biological t.el"'ao1a tor abort ptriodl ot time to te~~,Pe:raturea 'below that 

ot ino1neration is nODBxiatent. 

The purpose ot the 'llXl'erizlents reported here vas to obtain dat& which 

will enable prediction or the etteat ot mixiq a viable biolog1oal aerc1ol 

vi th the hot uhauat sue a ot a Jet enaiJ.Mi, The pre•nt report explore. the 

posa:lb1lit;r ot V1Uility loa• 1n an aero1ol cc:aposed ot .!!.e!!! a.rcescene 

(Sill) when tbe orsaD111Q are exposed. tor a period ot ~. 7 1to0Dda to vartoua 

temperature•. The ·.1. 7 second eJCpOaure time uMd in these experiments Y&8 cho-. . 
seD t'rcm an &Dal7s1s .or the Jet plume of the Nort-h Ameri'.lan F-1001 a& presented 

1n North ~r1oan AiHn.ft ftaport M-6o-l403, An expoeure time aa lup u 

l. 7 aecon4s was considered necessary in order to aecou.nt tor turbUlent 1111ld.nl 

effect• Vbich exiat at the :point ot interoeJ~tion or the aerosOl Jt:rteml1nea 

with the pl\1118, It 11 pl&DDid to continue this work b7 atueytns the emat 

ot shorter exposure · times at varioua temperature a. 

2 .l E?S!r1!\!nt&l 

Cell 1Nepens1ona ot Sm which n:re UHd in these ae:ro•ol ltudiea we:re pre

pared traa pellet• ot the ozopn1 11111 tunu.lbed by .Fort petrick. The apparatua 

u.ed in these experiments ie ahovn achemat1cally' 1n P'ism'W 2.1.1. A fiv. pll011 

NNPIIIIlll. 
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sJ,aaa carbo7, which aervea as the fi8Z'OI01 oblllber1 11 coaneated to two ident1• 

cal 91.5 x 2.5 em &lase tUbes by •ana ot a "Y" tube •. Heated air is aiud 

Yith aerosol iD OM ot tbl tubla while l'OOIIl air is llixad with the other halt 

ot the •rosol. The unheated ul'Osol:, v~oh Naeiws :roam air, Mrna as 

the cODtl'Ol.. -.pl.e. .Durins the C<NrH ot exp~l'igJtta 1n vhioh both leSt ot 

the &ppal'Btua l'ltaei ved unheated air it waa tOUDd that the control lei ot the 

appuatua rece1wd approximateJ¥ 1.3 tU.a u JIIU.Ch aerosol as the heated l.ei• 

If the aerosol ohamber with "!" tube YU t\lftllld throqh J.8o•, thG With 'both 

less unheated it vas tound that tJse control lei :receiwd only 1/1·3 t1Ma aa 

IIIUah uroaol as the heated lei• bnto:re, unequal tlow through tbe tvo lese 
vas cauee4 by the "Y" tube tlov-aplitter. Consequently, all puc:ent recovery 

data tZ'CIIII heated %'WlS were multiplied by the factor 0.76. 

Aeroaola were pnerated uain11 a. modit1e4 Vapmephrin na'bul.iur chupd · 

vith six Ill ot the ceU 11.\lplnaion. 

2.1.1 S!mplinl or Aeroaola 

Aeroaola vel'lt 1811Lple4 aillultaaeoualy tl'C'A both the heated leg of the 

apparatu and the Wlheated ocmt:zool lei uains All Glasa 1mpinpra. The 

tlov rate 1D all oases vae 1.2.5 litera per minute Y1th all l'lm8 haviDS 

a durat1Dll ot lS lllinutea. An in41vidual particle 01' orpo1811l vu exposed 

for a period ot 1. 7 seoon4s to the heated air at:reu. This was true tor 

all 1'Wl& to be diacuased. Approx1111ately 1olO viable orsaaillli1B vel'& aal• 

lected in the control. 1mp1nser dv.r.1.ns a 1; lliDU.te l'lm• '!'be colla ctiDS tl.u1d 

vas 10 Ill of sterile t:eyptoa ealiJJe dil"aant ( aCIIlp081t1Dll deaaribecl below) 

plWI two dropa of sterile olive oil to red.uae tOBIIIing. After the 15 lllinute 

- 4 -
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811111;p.l1ng period baa elapae4, the 111lpinpr. Wl'e raoftd frca the apperatus 

and cooled 1n an ice bath. Arter oooJ.iq1 ·the conteuts vera q,uantitathely 

transte:rred to 50 llll volUIDitric tl&ltl and dlluted to TOlU~~e with tryptoae 

saline diluent. After thorough llixing, tM content I of tbe volw.tl'io fluke 

were seri~ diluted tor viability detexminationa. 

2.1.2 Viability Detel'minationa 

'!'he Mdiwa WMid in v:La'bility a.te1'1\illationa vas caaposed ot the tol.l.ovins: 

Wilaon' a paptcmt 

Cel'eloae 

Dist!l.lAd water to lOO Ill 

pH adJusted to 6.8 

2.0 I 

0.5 i 

0.5 g 

2·5 g 

&erial cUluUon. wrw lllada in tryptoa Ul1ne diluent of the follOV1ns cCIIIlpO

sition: 

Distilled water to lOO Ill. 

All viabilit,- dete:minat:l.ona were 1ll&de uaiq sterile plastic petri 

diahes. Atter the platea were poUl'ltd, they were placed in a 37•c :l.noubatoor 

tor a »erioci of tvo houra prior to plating. 'rhia treatment Z'GOl'eCl aDT ex

cell IIIO:I.ature which mi&ht interfere with aub•quent · devel.OpDant ot colonie•. 

Samplea of 0.1 m1 troa tlxe tin&l d:l.lution were atreake4 on the aurtl.ce ot the 

- 5 .. 

JiSt:rrnno'·' • 
DECLASSfFIEO IN FULL 
Authority: EO 13626 
Chief, Records & Declaaa Dlv, WHS 
Oate:2 6 APR 2013 

l.l 
'3 



8 
I 
B 
n 
n 
... n 
'I it 

If 
n 
n 

I n 
n 

I H 
I 
I -
I 

f 

I I 
i 

f I 
I I 

.... , . ' ·•·'--~ .. -- -

W.fiiNiil£ I 

asar pl.a~a vtth atar:tle sla•• streaking :l'Oda. 1'be. plates wre than inou'batt'd 

at a temperature or 37•c. 

2.a 1\!IIUl.ta an4 D1sausa1on 

'l'he etr.ct or hllated a1r lt:NAIIUS ora the viability o~ sm in aerosol ro:rm 

ia Jl%'lltl'lted in 'l'l.ble 2.2.1. Theee data repreMnt the avarafPII pel'Cent re• · 

ccwrita 4eterm1Jlad traa at least atx sep&ftte teats at each te.prature, 

Bach &tte:rmill&tion wu baaed em the aerosolization ad eollection ot ~
mately 1olO Viable crsazusu. The ... z.aulta shaviq tbe mean pereent re• 

c;:ova.:r:r &D4 the d.eV1at1011 or tbe meu ue preaezrted in Pisure 2.2.1. The 

decmtaH in ·viab1l1ty at ;o•c 11110\Dtted to about ;1~, at 7;•c 12'/.1 at 1oo•c 
~~ and at the J1111.XiDwm telllpeftt\U'e Ot l25'0, a dea:reaet ct m hall thliH 

results 1t 1s readily apparent tllat uzoosala or Sa are s1ga1t1cantly a:ttected 
by heated air. 

Since it 1a seDIII'al.l7 knawn tb&t •:rosola or vegetative orp.niSIIIS ex
hibit an appreciable deaay rate even und8r opt:taum coa41t1ona, tbt l'etul.ts 

obtai.J:184 in theM expe2'111entt w:re not unupectecl. As in other t)'pls ot tX• 

]lert.ata where bacteria in UI'Oiol tom art aub,jacted to lethal apata, e •I•, 

UV radiat1cm, the BU~~aepti'bil:f.ty ot the orpniiiiU 1& ua1.WJ.ly a· tunction at 

the medium :f.D whiah the orpn:~._. are srown, tht ph&H in the growth cycle 

at Which the or.pzliame are harwlsted, the matrix 8U!'X'OUD41Da tbe 01"811111111l(•) 

after tbe water s~ the nt'b'-'liud droplet haa evaporated, an4 the 

cocd1t1ana ot the exparimeDt. 
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TAmB 2.2.1 

EFnCT OJ' EIIVA'lSD AIR S'l!PJW( ~S ON TliB 
VIABILITY ar S'&RRATIA. NAROESCIMB ABR~CLIZED J'RCJ4 LIQUID StJSJIINSIOJf 

'l'emperature ~ •c Paccmt!,'l1 Parcent• 

25 lOO 

50 49 

75 28 

100 8 

l25 o.B 
Durat1cm ot all ruu wa• l5 111Dutes. 

*Averase ot six detem.tnat1ons 

Mean Deviat!2e. 

It was preV1oual;r at&te4 that ~ inoubation tur,perature vas 37•c:. 

Since this temperature vou.U be conda.red by acme 1nvest1ptora to be alisht~ 

hiatJer thaD optimUm fen- !:. marce~ccn1, the po .. 1b1l1ty ex1ste4 that acmewbat 

41tf'ueDt nunal.ts misht be found if the orpniiiiUJ were incubated at a lower 
2.1.1 taperatu.re. 8uah a poaa1b1l1ty extets bec:a\Lie of the 1"HUltl ot .AD4erlon. 

who tOUD4 that !1cberiohi& ~ B, tol.l.altiq i~atiOD with ultraViolet 

Upt, produced a1SQ1tioantly· &Oft ao.l.oni•• when inaubated at Jto•c·:rather .tbaD 

the cUitCIIIal'J 30•c, ln ~r to datel'laiDI wbether or not the results ot these 

expel'iMnte were 1n:tlu.ence4 b;y tlw 37•c: incu.baticm tempe.ratun~, two ad41t1cmal 

4ete:na1Dat1ou vtre mada at a.n air atreUl temperature ot 75•c. l'ral eaah rw~, 

l.a ~tea were prapa.red tram the control les and 12 plate• tl'CIII the heated 

2.1.1 .AM~non, I. B., Heat Beaotivation ot mtraviolet•iD&ct1vated l!acteria. 
J. Bacrtertol. §!, 389 ( 1951) • 

.. 8-
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aaaple. . S1x ~ontrol plates ad. •1x p.late• . trca tAe . beate4 •III.Ple wen pl.aae4 

a tbe ,-,.a 1DoW!ator. ~~ .r-a1n1ns ~1x plates !rca _each ot ~· .•~ 
vve incubated. at ~ ttiiii,PeZ'at.1&1'8. 1'111 ruult. ot tbil upeJ"ilrlent are pre• 

18Dte4 1ll 'l'abl.e 2.2.2. 

1 

2 

'l'.Aatl 2.2.2 

man 01 liC~mv mcPilW.'UD 01 m a::ovur or 
AlllQIQlB OJ IXJIOSID '1'0 

AI AIR 7,.0 

n=c (:U.Ou'bation !l.'m.) 

,z 
,0 

25•c (Incubation Tst.) 

~ 

26 

1rc. tbeae zoesul.t1 1t ou 'be aHD that a lowr teQen.t\U'e of iDou'bation 
produaea :rwer aoloDi• o:r tbe ozo,..U.u traD tbe heated 1ample. Wbether 

tbue rwsulta are etati•tioalq •i&DifioiUlt or not 111\Wt await furtber e:K• 

perluntation. lowevw, it doe• ~ar tba~ tbe 3r'O izacubat:1on ~ratve 
:t. not deletenoua to opt1aulll aZ'Oittll o:r the orp.rd111. 

S1Dae tlle naultll of tbe1e Q~t~zoiaeat. 1D41oate m &PIJNC1able dea:reue 

1D tbe v1abU1.t7 or tbe orsiA111JU even at fairly low t.Qe:raturea, tbe Pl'OXi· 
attr of the 41aa..U..tinl de'fioe to the "et q1ne will be a a1pit1o&Dt 

panuter a tbe deaisll of a BW 4elJ.v•Z7 171ta. 

- 9. 

"01'111111' , ' L 

DECLASSfFIED IN FULL 
Authority: EO 13526 • 
Chief, Records & 0ec1ass Olv, WHS 
Date: 

2 6 APR 2013 

l ~~ 

j 

l 
j 
I 

I 
I 
f 

., 

' I 



fl 
ff 
fl 

t: 
f I l : 
( I 
f I 
r 

f T r ... 
t 

r r 

~ 

I 
I 
I 

f I 
I 
r r 
f 

t I 
t 
f· I 
' 

3. lmBDBJfl'S ON 9!1:1 ~CS rP PCiflllBS 

IJl oraer'to detei'IDiDI thaae f'lmdaental. propel'tiea ot fiue~4iviad 

dr.Y powders Yb1ch affect thti:r te141Ds aD4 ha:D4lillf obaraoteJ,"iatica, iDfor-

. .-t1cm 11 beSJls o'btainad on the aoemo1e~t or Motion or povd.era al141Di 

apiDSt Worioue -.tel'1ala, the bulk dlnait;y of powa.n as a f'Wict1on or cc:a• 

P"ll1ve load, and the tbear atnqth ot ~r bec!a. Corxoelat1cm will the 

be aCNSbt between then oh&HcteZ'1at1ca &ad the output and GeJ'81 Nquired 

to optrate teedins devices IUCb ae p1ttou and •c:rev tean. 

3.1 Prict10Dal J'oroe• Jetvea PcllrUn &D4 Clwmltl WaUa 

lD a J)ftviOUI rtpen't,3.lol Nl\lltl WN g%.'Wift 'fOZ' the f':r;l.crt10Dal :tOZ'OII 

betweD talc pov~r ana. a SlUe c;rlinclar. The expe:r:l.JIIental teohDiQ.\18 vat 

411ac:l'ibe4 u4 a tbewn:tcal. NlaticmahiJI dal'i 'WI4 tor the force 1 1nvolw4. 

'rhia relat1oub1p ia: 

vbue: FA • force applied. at oz. aJi4 ot a pluc ot povder cOD1'U.4 ill a. 
cyl1zaa:r . 

FR • reaiati"N force at the othert%14ot the :Plus or povbr 

JJ. • coeft1cn.nt ot tzo1ot1011 ·be'tVHD pc:Nder and. aJliAder. vaJ.l. 

c1 • 001:11tant 

l) · • d1-tu at ocmfiDiq CJliDde:r 

L • ~ ot CCIIlPJ'81M4 plus ot ~r. 

Acaordins to this eq\l&tion, a plo1f ot the lopntll11 o'f rJ!rR va J./P 
shculcl be a atl'&ilht 112». 
3 .1.1 O.U.nl.IH.lla, Inc. Poeport !fa, 2200, 'l'hi:n! Qua:rte~ Prolnlll .Report on 

· I>1atllliD&t1cm ot Sali4 and L1qui4 lll AP.Dt• (UDcl.e.llit1e4 Title) Maf 15, 
1961, pp I 5-16 ( COD!'idential). 
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The .tem ~ /1 can be calculated. :f'~Ut the elope Of the line. 'l'be exact 

value. ot the eoe1'tic1ent ot triction 1J. caDDOt 'be 4etem1ned becauae c;_ 11 

not lcnalm. c1 ia the ratio of the to:rce1 Within the powder bed Which are 

perpendicular and parallel to the applied torce (1·••1 C1 "' ;-. ). . II 
DUr1ns the period oove:n~d by th11 l'epOrt, teats nre P.rtOl'md in cyl-

11l4!n ot var.t.CWJ materials uaiJll talc povdar aDd t'in.ly ground am. The 

. reau1t• of these teats azoe ahcwn in P'ii'U'8• 3.1.1 and 3.1.2 (in the tom or 

the beat ltra1Sbt line thl'Oush the data points for a S1vell oyUnder material). 
The oyll:ndera used vere not all· the same laqtb or aiameter. Tbe pbya1e&l. 

dimlnaiona o1' the various cylinder. ~ presented in TAble ,3.1.1. 

c,.l1nd.er 
Material 

Glua . 

AlUIIIinulll 

Teflon 

TABU: 3.1.1 

PHYSICAL DIMINSIONB 01' CYLilmhS AND PISTOliS 
OSIJ) IN FIU:CT!ON MllA8trmiM!lifl'S 

I.erigth r.D. O.D. Piston Diuutter 
'inl .U!U i!!L 'iD~ 

1 ~.18; 1.37 1.182 

18 1.;oo 1.90 l.JJ86 
12. o.ag, 1.50 o.891 

stainleu Steel 18 1.;oo 1.90 1.~ 

The values tor the te~ c1JJ. were· aaluulated from the alopea ot the linea in 

FiSW"8• 3.1.1 and 3.1.2 and are s:tven in Table 3.1.2. 
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1!ABIZ 3·1.2 

VAUJIS 01' THE !SlM C~ TM.C ran:D 
Aim SID ~ VABICUI XAmTALS 

~ gzl.incler 9.J.jJ._ 
!l.'alc Gl.all 0.279 

!ralc A.l'UIIdDUIII 0.319 
Talc Tetlon 0.358 
~&lc Stainl••• Steel Oo3l5 

am Glue 0.301 

Sill AJ.\a1mll 0.2;6 

Sill '1'111'1011 0.306 

In au ot the teat• at. hast f'ou.r d1f'f'erent value a at Fa wn tested. 
The.. values tor the d1ttewnt oylia4e.t"a are: 

StaiZileea Steel 

3;.o, 84.2, 134.1, aD4 l83o3 sa 
711 170, 3Si, aD4 450 P 

21,7, 49,5, 16•71 an4 lo4o5 81 

77, 170, 3;7, an4 4~ .. 
Tbe:re vu •c. ;ueatiou u to what effect tbe 8\&Z'face :rouat:uw•• of' the 

cyliD4er material bad on the tn.ct1cm maaa\lrllllnta. To atuq th11 e:ttect, an 

alulaimlll cyl1Dd.tr ot similar d:iJQauicm to 'the one prev1outl7 Ull4 vu poliabe4 

on the iu14e and a Mriel of' teats wen llll4e With ta.l.o powder. b data ob

taiDt4 are ahcwn 1D Fil\lft 3.1.3, iDd1catiq that the IIUI'f'aae ~••1 u 

encounte:Nd in then testa With al\lllin\1111 is DOt an iJJflu.nc:ins factor. Thl 

aurraae ~sa ot the 1Zllide ot all the oyliDdera vu 118UUN4 nth tbe 
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70 

60 

50 

30 

20 

10 

9 
8 

7 

6 

5 

4 

3 

2 

l, 500 Inch I,)), Al\111d.D1a 
0 Cylinder 

· Su:rtace Roustme•• Jto-100 
Micro-Incbet 

:t..;oo Inch I.D. Al\111inum 
X Cyl1Dder 

8\artace 1\ouShull 4-6 
Micro•IDCt.l 

J'IGUJIB 3 .l.3 

COOAmfK>N at PISTOli·cn.IlmR D.UA 01 'l!ALC roR 
CYLINlliRS OF DIP'JDBlft' SURFACE: IWG!DSS 

l~------~------~------~------~------~------~----0 1 
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8urtin41cator Mo4al. BL-ll~·1•2 vhioh ~~o~aaurea "the al'itlllletioal &\'fta811 

cleviaticm trcm the •&D l!De" in ll1o:ro-inohes. 'l'ablJt 3.1.3 shan the turtace 

rouahne•• ot tbe eyliwra. 

'lUII 3·1·3 

AVEMCI: StJIUI'ACZ ftOU(IIII88 ar '1111 IlElt1l 01' 
vAittODB an.IHlUS tJ11D II IXPDIJIBlfl'S 

Glaaa 

Teflon 

Stainl.eo• st .. l 

Polllhe4 AlUIIlin\111 

SUrtaoe R~•• ot 
Iuide ot Crlinder 

2., -4 m1dl'o-1nehll 

4o • lOO miC1'0•1Dcbe1 

75 - 150 micro-incbea* 

10 • lS micro•izu.bea 

4 • 6 Jl1cro-1ncbel 

* J:atimated.. Teflod ia too eott to be Muure4 Vi th the in~ru.nt. 

A teat vaa al.1o a0Dduate4 to 4etel'lline what ettect the Wide 4ilm8ter 

ot the oyUn4er had on tbe nau.lt•. Acaord1J11 to the theo:ey developed, tor 

ut Si'VH powder &1'l4 07l1Dder •tenal, all po1ma ot the plot or los PA/'Is. 

v1 L/D should be on the ,._ atnish~ li.IJ8 rep.x-4l.eaa ot the oylin4tr dia

meter. Another al.UIIimllll qll~r;,., obtained which vaa l2 112Chea loU~ b)' 

Q.Be; 1Dche1 1u14a 41aeter, ac4 ba4 u aftl'SP aUl'f&ce l'OUS}mell on the 

:LDii&l ot ao-25 aicro-inohee. The crlillder,... teltecl with talc pov4er Uld 

the results an cCIII,ploZ"td·Yitb thOII .of the 1.~ incbee 1na14e 411Mter &l.\ai

D\1111 tube 1n F11UJ"8 3.1.4. .U cu be ... n, all thll po:I.Dta cube &41quately 

repreMiltt4 b7 the liM etl"aiaht liM, in41oat1nl that eyl1D4er diemetezo hu 

D.o effect en tbe result I, 

3 .1.2 l&li\iiact'UJ'ecl by :Bruab lleCt1"0Zl1Cs C~, ClevelaDd, Ohio • 
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L500 Inch I~D. Al'UIIlinum Cyl1n4ar 0 

f p o.aes tnch r.D. Aluminum Cylin41r X 
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f: I 4 

I I 3 I FICKR 3.1.4 
t: ·1 COOABISON at PISTO!J..cn.IlltiR M~ 

II ON TALC FOR CXLiliiJ!lBS rJI Dim!IM' 
2 DWBDM 
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3.2 Ooetfieient ot P.r1ot1on lltneu ~n and Vari0\.1.8 Matel"1w 

A •tbod ot 4etel'Dt1utns the coefflaieut ot tnation ·~ctl7 'betvMn 

pollUra an4 1'arioua •tcial.a 11 11asc:ri"'-4 by' ea-r et &1.3•2•1 Iu th1• 

•thad a plate or the •tel'ial to be teat.d 11 apr1nkled Yith powder and 

tUte4 'UD't1l tha ••• or pov4er a11a.1 ott. l'i~Ul' 3.2.1 ehc:Ma tbe t<m:Kl 

di&gl'Ul. 

\ 
\ 

\ 
\ 

'~ \ 

It tbt atatia h'ictiOD 1a balld OD tlle CODftntioaal theory ~ Coulamb1 then 

X • the tnction&l f'Ol'Qe r. u4: 

L 111 Jl 'S • Jlaa coe-·6J 
3.2.1 Cramer, 1.,1. Conrad and 1'. ~. "Dit Hatttlh1ske1t von PUJ.vam und.. 

1hft ADVendwl,; aur Bletillllwla voa Korn;r8a•on, ".AzlpwaDAte Chait, Vol. 64, 19521 PP• 1o .. u. 
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where: J1 • coetticient ot hiaticm 

a • IIB8B ot the po!l4e:r 

1 • acceleration ot gravi't7. 

!'real Pipn 3.2.1 it can be IHn ~t: 

K • Ill 1111 9. 
SUbstituting tor K and L we have: 

ma a1n B .. 11111 aaa ~ ,, 

or 

(3.3) 

(3.4) 

(3.5) 
An att~ vaa u4e to meuuzoe the coefflcient ot tncti<>D ot talc u4 

am b7 this -=er Y1th ~ry little aucceaa. The 41trJ.oul.t1ea encOUDtere4 nn: 
1. J'OI" llllall. •••• ot powdar, there vaa no angle at which the Mil 

vou14 elide (up to 90• ) • 

2. J'or J.arpr •••••1 the povder vouJ.4 bftak e/lla7 hell the u.s in .. 
~ •OWitl aDC1 al1c1e ott, The entire mass at powder YOI1l4 ael&:a 11148 

. . ott at the 1&11111 tiM. It was &lao 41ft1cult to Jll&iDtaiD Wlito:rm thJ.ckaea1 ~ 

the -..a ot powd.el'. 

In Ol'ISer to aolve these probleu, it vaa deoiclad to ccmprass a plug ot 

povde:r 1n a ~Ul.ic preea anA th&n un thu plus ot powder to tletemtm the . ' 

coetficient ot tr.Lct:lon b;r notiDg the aag1e at vhich it 1l14ea. A eteel o:yl .. 
:lDde:r W&S obtained vbiah ha4 the 41Mu1oDIS lenath 9" 1 l.D. 1.60" 1 O.D. 2o37''• 

. !he ~r wu sifted into tbh a;rl.in&tr, o~aae4 1D the ~c pre .. 
ua1111 a piltoD 1.;7" 1n 418Mter, pl.Uid OA a t1ltin8 ta'ble,3•2•2 &114 the 

ansJ,e or al14e JDe&I\U'ed. b &DsJ,.e of sU41 vu MUu.re4 by pl.&c1ng the plq 

3.2.2 ~und by The Angle CCIIItP\l'ter Co., Gland&le, C&l.1fol'D1a. 

- 19 -
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ot pcJVdU" on a chao, 417 aurtace, &D4 wo b7 4wlt1ns the auzotaae fil'at with 

tbe powder UDder test. IJ1 e1thV cue, tl1e ~· o~ lll4e ,., the ._, 11241-

oatin& that the coett1o1Bt ot fl1.ot1cm ot the actual powder vu 'beiDa ••· 

~. 

1o ••~llt ot the a~111"" tore. vas 111&48 tor the llltUU:..Dta: 

Vitb talc pava'ar. HclnWZ'1 it ilt •at-te4 that the force UH4 VU aboUt 

1.7 X 107 ~a/ira2. for 811,the t~ Y&l varied f:rcll11.7 X 1o6 to 1.0 X 108 

47fttaa/J, v1tb no 8PPft01Ml.e vaZ'iaticm ill the aasle ot slide. The::e&tte2'1 

a toroe ot 1.7 x 107 ~a/aa2 vu ~4 tor the teatt. ID M~ 3.2.1 ue 

the :rewl.ta ot theae teata. At leut lO MUUNIIIIIltl on tbe ~Slt ot ali& 

w::e u4e on eaah u~ri&l and the ftl.ua 11 vall 11 the awnp ot theu ••· 

~11tl. 

Glul 

Staillle11 Stftl 

Cll&al 

OCBJ'J'IOD.ft 0'1 J'RIC!'ICII or T.WJ PaiiBJl AID 
sa racx ~mnro 2UIZ Mlm(l). 

1'al.o PcW4.:r 

Avt~ ADilAt 
of S11c!e 

~3.6' 

30·7 

36.2 

33.0 

-20-

Deviat101l 

4.8 

a.a• 
,.a 
4.1 
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f 

n 
n 

s: n i; ,. 
. . ~ h'aa tbe 1"11ult1 or the• ex,pe1'1211nt• an4 the ftlulta ot tba pilton CJl

:Lnder expe1'illlets1 the val,_ of tM OOftltlmt C1 (&!tiDed below ) can be· 

calaulate4. Table 3.e.e gtws the val.uea c!etel'lllim4 tor c1 • 

Tttlcm 

Stail:ll.ell steel 

Clla11 

'l'et.lon 

~ 
Co-rt1c1ent or 
J'r1ot1on '") 

0.664 

0.594 

0. 732 

0.6'.9 

0.654 

Oo'705 

0.724 

• -

0.319 

0.286 

0.358 

0.315 

0.256 

0.301 

0.306 

o.4BJ. 

0.482 

o.489 
o.486 

Oo392 

o.427 

o.~a) 

~. aYVrep value or c1 tor t~c powder 11 o.484 and tor a. 11 0.414. 
The variation ot the val.1W ot cl tor t&lo 11 INCh 1111 tbaD tor 8111 in41oat1q . . 
that the w.l.uea tor the coefflcient ot motion tor talc &D4 tba variOL&.I •· 

tert&J.a 1a probabJ¥ 110:e rel.iab~ ( ccapare 4ev:l.ationt 1n ansle or el1d8, 
'rablt 3.2 .l). 

1'hell valU.I tor the C®ltaDt, 01, iDdicate that Vith both talc an4 &I 

at:eaa tranlllilliOA in the poW.er 'be4 11 ~ that a to:rae ll.iptl.y lell tb&n 

ODe halt ot the applied torce 11 c:Nated 1n a direction perpendicular to that 

ot the applied tarce. 
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3.3 Averye Bulk D!mlitz ot Tala Pavaar &D4 Sza UMer Vanoua Qcgreaaive Poree• 

In tl»ae tellta the bUl.ll &tnaity ot the ~:r vas .a.tal'ZiDed aa a f\mct1on 

or the ccapreased length of the pl.Ui of powd.e:r W2du various loads. The appa

i'atua used vu an J.8 :tl'lOh leJlll:h of al'U111num pipe or 1.;00 :l.nah I.J)., a 1.486 

incb d1Uiftter pis toe, aDd varioua wiltlta. 

The procedure vaa to aitt a knoWn we18ht of pol(t!er into the C)"l1ndei'1 

plaoe the pistOil CID top at the ~r 1 aa4 •uure the lenct;b ot the ccmpn11ed 

povdel'. Then aMitianaJ. ve1Sbtt vere added and the length of tht aC~~Pzoease4. 

pavdel' plus was &pin MaJNNd. 11M OQIPZUM4 l'J.UC1f'U removed fl'CIIIl the CTl• 

in~r ADd the proceas repeated with a di:tte:ut quantity ot powder. ICnawiq 

the ve1Sht of the p<M\Ir and thll d1Diu11CIDI ot the powder plq, the bulk den

Bit)' can be cQipU'ted. Thia 11 tl» awrqe bulk dena1t)' ainoe tlw deDdty Yill 

V&%')' al.ODS the entire J.enstb, beiq bipat at a croee Mct1on Dext to the 

pietan. 

A plot of the loprithm of bulk density <P) va the lensth of the c~

presM4 plus (t) vu II&4G for each CCIIIIPI"'IIIi'YI · to:.C., :e1ultill& in • curve 

Vhtch could be rep:reaented by the relatiouabip: 

vbtft ex ' fJ I an4 k &rei conata.D'U. If' C( ie asl\llled to be the bulk denai t;y 

of the looH, u.ncaQPre11e~ poW.r CP0 ), then the equaticn can be written: 

(3.7) 

A plot ot los ( P • p 0 ) vs· Ln should be A atrr.1iht line with intercept fJ 
and alope lt. 
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The loon 'b'llllt c!aaity ot talo vu t'OUD4 to be 0.153 f14!=3 aDd that ot 
am to be 0.285 p/am3. A plot ot los ( p - p 

0
) w Ll/3 save a at~sbt line, 

iDdicati!ll tllat the ave:rase 'bulle 4eu1ty ot these povdars under canpreeeiOD is: 

{3.8) 

Fisura 3 ·3 .1 is a typical plot ot los P vs L tor a apec:H"id ~resliw 

load, aDd. Fisure 3 .3 .2 is a plot ot los ( p - P 0) vs L1/ 3 tor the nme caa· 
preaaive load. J'iaure 3·3·3 11 a plot. ot the a"':rap b\llk cSeDa:lty ot talc v.r• 
I'U.I the length ot cOBp:reased plug ot pov4a:r under various ct:lllp%'eaa1 ft torees. 

!'iSUl'B 3•3•4 is the 1'181118 t~ nt plot for Sm. Table 3·3•1 gifts the 

values ot the acmatanta fJ and k to~ the va:rioua o~al1 ve torcea for both 

tal.o puv4er ana. Sm. The value ~r f) (llaO) 11 alao given. 'l'hia quantity ia 

detilled as the bulk d8na1 ty ot the powder at a crou seotion Dext to the pia

ton or OCJill)relli WI to:l'Ce. It 1a determined by adding the value of the loose 

bulk density ot the povde' ( P
0

) to the vaJ..u. C¥£ the interoep'r. fJ. 
The value at the term k IH!Ill to be t&irJ¥ constant tor talc powder 

nth an averap value ot 0.464-. · This ia not t:nae tor am. '!'here is a definite 

decrease in k with inc:reaains oompreaaive toree. F1sure 3·3·5 ia a plot ot 

the values ot k, fJ, D.4 'P(LaO) tor talc powder, and Jl'isure 3.3.6 11 a a1m1lar 
plot for am. 

In tha tuture, 1 t 1 s pl&ZU\id to make teats on polyvinyl &loohol pov4er 

WtirlS the piston-cylinder and tiltinS table methods to mtft8UZ'e the :triational 

propertiea, and alao detel'tlliDa the bulk densi't7 under various ecapress1ve 

torcea. It 11 aleo plamled to meuure the lhear strength ot talc powder, em, 
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aDd :P.V .A. AD attempt Yil.l be ma4e to oo1"1'8late tbln p:ropertiel ot tbe 

tmoee l'lOVdera to the reed rate ot ~· sc:rw feeder as reported p:revioual.y3·3·l 

aDCl with the torque required to operate the acl'W teeder. 

OO!pr!taive Force 

l.Ol X 104 ~1/om2 

2.73 x lo4 ~s/em2 

5.32 x lo4 ~•/am2 

9.61 x l04 ~a/am2 

2.00 x 10; 4':/Dea/J. 
3. 72 x lo5 qa.ajcm2 

l.Ol X 104 ~s/am2 

2,73 X lo4 ~a/cm2 
5·32 x 104 ~a/cm2 

9o6l X l04 ~~~~ 

a.oo x 105 6:1r.a/cm.2' 

3•72 X 105 ~a/cm2 

" 

1'al.c l'c:llr4er 

_f)_ 
o.a:rr 
0·297 

0.354 

o.426 
o.473 

0.557 

.J!L 
0.291 

0.339 

0.382 

o.4ol 

0.432 

0.458 

; 

-L p(U.Ol 

0.483 0.38o 

o.lt-51 0.450 

0.467 0.507 

o.48J. 0.579 

o.4J1.9 0.626 

o.4S6 0.710 

0.676 Oo576 

0.542 0.624 

0.486 o.667 

o.432 0.686 

0.381 0.717 

0.346 0.743 

3 ·3 .1 Oeneral. Mills, Inc. Be::port Wo, 2l6l, SeoOlld QuarterJ.7 Proll"'•• Report on 
D1aeeminat10D of' Solid &Dd Liquid Bil .Apnta {Unclasllitied Title) Peb. l.31 1961, PP• 2-l3 (Contidential.). 
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:In pzoevioua reports tvo basic approaches tor st\uVins the 111tchanic&l 

behaVior of puticul-.te J!l&terl&l~ have been. exam.imd. Tha :t'irat was baaed 

UJ20D interactions &II.CJl8 individual p&rticl.ea,4•1 v·h1le the second c!e&l.t with 

bul.k properties of p.owders. 4 • 2 During tbe current report :period, aw tional 
-

theontical and experimental work has been carried out along the lines of the 

BIIICOild approa.ch • 

A theoretical stucly haa been maaa of the f'orce required to llf't a disk 

1m.bed.ded in material haVing dilatant properties. !!'be results were found to 

agree well vith experiments conducted with glass 'bead.s. These theoretical 

devel.o:p~~~tnta and poasibilitiea tor turtber reau.roh along theoretical linea 

are discuased herein. 

4.1 Analysis of the Force Required to Litt a tons Cylindrical Rod :t'rJ!!L! 

Ora.nular Bed 

Consider a long Clflind.:rioal rod imbedded in an elastic sranuJ.ar bed at 

a depth y0 which is large ccmpa:red Yith the diameter of the rod. The axis of' 

the rod is :pua.Uel with the bed aurtace; also, the sranuJ,Ir material 11 ••· 

auaaed to have a shear stren,th characteristic ot the torm.; 4•2 

r .. Cftan ¢ (4.1) 

'l'he force :required :per unit length to lirt the rod t':rolll the bed 111&7 be 4eter

I!Uied as f'ol1ova • lor a line load ot maan1 tuda P srmu/ em, applied to an 

4.1 aenera:t Milia, Inc. Report No, 2161, Second Quarterlf Prosreaa Report on 
Diaaeminatian ot Solid and Liquid Ill Apnta (t1nclaaa1f'ied 'I'itJ.e ), Feb, 131 
19()1, PP• 46-55· (ccm'IDErmAL}. . 

4.2 General M11lJi 1 Inc. ftliport· No. ·22CX\ ThiJ'd Quarterly Progress aet'D01"t on 
Dissemination or Solid and Ltq,u14 Bf. Asenta (Unclaas1t1ed Title}, May 15, 
1961, PP• 22-36 (CONI'II!'E:rm:AL). . 
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elastic medi\llll as ahovn in 11'18\U'8 4.1.11 the stnure at a point 4aftned by the 

polar coordinates (r, Q) is in the radial dil'eotion and defined b;y the equa

tions:4·2 

I"'{ 2P COl 9 /"( 
vr = 7T -;- J v 9 • tr9. o (4.2) 

The l.ccal. condition f'or shear failure within the bed is daf'ined. b7 the ex

press1on:4·2 

where d1 aM. d 2 !U"G maJor and minor pnncipal. atreuea at a point within 

the granu.l.a1- bed (see Figure 4.1.1), If' it is assumed that the initial st:rass 

d1str1buticn in the bed due to ita wei;ht is hydrostatic, the slip aOD41t1on 

trCIII Equations (4,2) and (4.3) becCIDis: 

tii.O Q - 1 

1 + rr7Y9
2 cL> 

p Yo 

whera r is the den.sity ot the material. 

(l- ~) 
~ 

(4.4) 

Frail an &ll&lylia or: Equation (4.4) it il round that, tor a pv.n lot.4 

P, there ex:l.sta a region ~ n~arly circular c:ro11-1ect1on v:l.tbin which tblt 

tntn1.al. 1a ill a state of shear failure, and an exteme.l region vhich is in 

statical equilibrium under the load P. 'l'he shape of the YI.U'face aeparating 

these restona ia defined by the equation: 
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n 

when yl is obtained by solvins the quadratic: 

(4.6) 

For ~. 30• and pffy
0
2 • 5, the 1hape or the allp bowac!a%'1 b as shCMl in 

Figure 4.1.2. The fOl'Ce per unit length required to lift a smooth roc1. havins 

a croes-eection&l. shape defined by the slip surface (Equation 4.5) is, trCIII. 

Equation (4.4): 

_ry d Bin, 
P • II I 10 4 (l - Yo) l • a1n ~ 

where d = ;rl detines the "diameter" or the nearly-circular rod. 

This equation is valid only for very small values of 4/y0 , since the 

boundar,y conditions at the surface or the bed are not satiSfied by the •P

proxillate solution S1 wn above. Thi1 ~teet caD be removed by app~ng a11 

imp load p• " P at the point y • 2 Y'o as shovn in l'iS\11'8 4.1.3. With thia 

load1ne;, the stresses at the surraae Y' • y0 vanish as required at the tree 

surface. Ce.rrying out an analy1:l.l similar to that g1 ven above 1 1 t is found 

that the requir.d loo.cl per unit length is: 

(4.8) 

These resul.ta are particularly interesting in that the load P varies 

linearly With the depth of tmmera1ou y-
0

• 
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4. .2 ADalY!1B at the Force Required to Lift an Dllbeclded DiSk fraD a Gnnmlar 

~ 
\ 

AA ~te aatl.yi:La 0'! the force req~d to li:tt ~n :lmbedded d18k 

:rrc.. • bed caapoaed ot .~l..a~t~c IHmWtl c~ be . carr~. c:>ut along the liaea of 

the above tvo-d.imeneioa.l al'lalyda. l'or a po:lDt load applied .noX'IIal to the 

. 4.3 
aurtace of a aemi .. :latinite elastic tolid, :aousail'leaq obtained the at:re11 

component.: 

Cf.r • 
3 ;p ~z 

I 

27T (a2 + ,!2)5/2 

d • 3l z3 
z 2Tr (z2 + 1))5/2 

1 

rrz. 3' rz2 
(4.9) - (z2 + r2)5/2 

1 

e.1T 

where r and z are eyl1Ddr1cal ocorcUaates (see :r1sure 4.2.1). 

'hkins the or:Lsm at a point at depth' ~ f%'0111 the aurtt c.e of the bed, tna 
. 0 . . 

requirement that the streases be Hl'O at the bctd IUrface raay be satiatied, ., 
. • I 

il'l the two•dimea.a:l.aul 081t1 by OOI'lliderins& tl.etitiOWJ load P1 • P to act at 
the point. z • 2 10 , The at~ II d:f.atribut:l.oD is then obtained by auperpoa1t10D 

uaiDg JquatiOD (4.9)· 

1'be 1l:1p ca:ldit:loa. 11 ap1n given by Equation (4.2), OD the aseumpi;ioa ot 
. ~ . . .. 

a linear shear strenlth cherauteriltio •• axpreaaed by lquaU. OD ( 4.1) , 

. Ca~g out an anolysia t:!milar ~. ~oae ~dou~ly described, it waa 

fOUDd that the :toree. needed to lift an approximately epherical obJect ot 

4.j TliiiOihenkO, s. ancl: J, u. Goodier. Theon ot !last1city, 2nd Edition, 
McGr~v·Klll (1951)1 P• 85. 
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n 

-----~-'~ 

lila ~ 2 lo . :·c-> 
l - lia rJ d 

(4.10) p. 

The 1\m~:toD t • (~)(1 + il )
2 

11 ·platted iD ll'ia=e 4.2.21 ~dicat~g . .. 2'"L 
the way 1n which P vuiea Yith ihe depth z0 • 

Althou.&ll the load approaabea a l111ear d.ependenc:eon &spth for l.S:rse 

valuea of zofd ill the Uil)'aetrio case, 1t is apparent that a conai~r· 

able departure frail 11Deu1t)" occun tor 1111U veluae ot Zofd. ID the 

nnse 1.1 < Zo/d < a.o, the tbeoretiael load ill repreaented quite aocuntel.y 

b)' the power lew: QNdl.62; • 1
0 
1.37;. 

4.J Diacu .. :ton Of the '.lhe017 llld cesert.on Yith !qJeriment 

~~ &111lyt1cal :resulte preaente4 .above ccmtl:tct SOIIC!lthat with earlier 

4:tlk-lift1ns exper1mentl4.l' Yh:Loh iod:l.cated that the force requi:red t.o 

lift ID illl'bedded diek fl'CII fiDelr·dividecluteriils au.ah as talc, .. cchariD, 

etc. , varies approximatel)" aa the .3/2. paver ot the 4epth. 

lD or~i' to check the validit)" ot the theor.tical oODo~iona for 4ile• 

tent meter1ala 1 41ak-l1tt1Ds uper:imeDtt vere ~nducted uains sla•• bea41 of 

~Rueter 100 end 200 111crona1 :reapectively. The appantua and technique 

emplo,.d 1D the1e teata ~n &taaribtd iD aD earlier report4•1 • 'l'he %elu.lta 

are ehow in l'iSIU'e 4.J.l. Within the nnse covered b)" the ex.perillleDta, 

the as:reemeut between tlleorr and elqler:l.Jant ia very good. 
. . 

The lhear ltrength abancter11t1c empl0f8d 1n the the01')" (Equatiml 4.1) 

·vas alao checked aper:imentall)" to:r the 200 micron sle•• bee41 u.dng the 

apparatus shown ill Figu.l'e 4.3.2. The results of these testa are shown 1D 

F18UM 1!..3·3· 'Jt.(ll thear anta.• obtained fl'OIIl the teet dat-e b ¢ • 26.8°. 

- 38 -
Page determined to be Unclassified 
Reviewed Chief, ~00, WHS 
lAW eo 13526. section\~.5 
uate: 'l ~ WR 20 

~ 
J 

~ .; .. 
:t 
~ 
.~ .. 
1 • • l •· 1 ·; 

l 
i 
l 

I 



18 

12 

t 10 

8· 

6. 

4 

2 

0 

DU.aaicm ••• P&Oitor f(!!i) . 4 ' 

1ll the 'IW ~la: v 4 

p 2Tr:!J 3 ainsb_ ~ -L t ( d 0} ' = 3 1•11D~ 

I ..... 

) ~~(~) • (~) (1-
4 2 
-) 
2Zo 

L ,. 

--

v .. 

I~ 
L 

2 4 6 a 

J'ICJURI 4.2.2 GRUH at t v. Zo/4 
- 39-

• 

' 

.. .. _ 

1 0 

Page determined to be Unclassified 
Reviewed Chief, ROO, WHS 
lAW EO 13526, Section 3.5 

uate: 2 6 APR 20'3 

! 
' 



p (g) 

100.0 
90·0 
ao.o 
'10·0 
6o.o 
50·0 

4o.o 

30.0 

20.0 

10.0 
9·0 
8.0 
7·0 
6.0 

s.o 
4.0 

2.0 

1 . .() 

) 
·// 

V/ 
) v 

/I 
// 

//' 
1/ 
v 

.. . 

.. 

A ~ 
. ~ 

}~ 
v 

v 

-

! 
v 

..... 
' 

Dbk Diaaete:r 4 ,,. l c= 

'?t1f!nt&l Data: 

0 ·100 Mia:nm Glasa·~ 
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Sc:ae cautioD u neoeaauy ill il:lterpntiq tbue aheer 1trengtb me&l\11'1• 

unta beeau.e ot P"81ble l.1m1tat1ont ill the e¥;Perimeutal techD1que. It 

appean that a direct ahear teat ~ thil t:ype, iZ1 vh1oh 1 tangential ahetr 

atreaa ill a;pplied to a thm layer of the :a~~te:rial UDder teat, •• in4icate4 

1D J'ipre 4.3.2, may couatrain the 111teri.al ao •• to prevent natural ahear 

ta11UN. ADother diftioul~ With tM• tn-e of -taat 1a that a:lDae the atate 

at atreaa in the hor1so"tal plane 11 not da:t1De4, the natural ahear •D&l• 
cannot be inferred frail the teat reaulta. :tD apite of thele po11ibl.e abort

CQID1Dp1 41ftct IAIIZ' ~Ita lboul4 be litilflctcn'7 fo:r MIIUZ'1q the :rela• 

tiYe •hear atNDStb of snaW.ar u4 particW..w •terlall. 

ID aOIII:PUiDS tbe behaviar of d.il.atut Jlllter:l.ala aca:poae4 of relatively 

la:rp particle• With that of t1Del)t'-41v14ec1 orpDic povden 1 it 11 oble:rvec1 

that the d.Uatct 211te:riall teD4 to flov vhlzoeaa the latter aateriala otten 

exhibit a teD41DC1 itc .=-eall up aDd tom l\IIIIW agrttptel vhen 41apllce4. 

Thil dli'hrenee iD hat~dl.ins qual1t1ea 1111 'be attr1bute4, at leut in part, 

to tvo hQ4aaeutal factorar (1) ccmpact:l.bil:Lty anc1 (2) :I.Dterp!lrticu.late 
. ' 

forcaa. ~· role pla)'ed by illterperticulate force• 1a -411'f1cUlt to iso

late 1'l'CID other ta.ctort vhea ded1Ds v1tb fiDelJ•ground ~n. Howeve'r, 

it 1a 1ent1:rely feasible to seunte controlled 1nterputicle forces IIIODg 

.relatively larse risic!. particle• 1uch •• sJ.a•• beeda or ateel •hot. S:I.Dce 

the•• uteriall an cUlltant, the innumce ot OQIDPICtitm :S.. elia1Date4, 

thua eubliDs a atu~ f1t the etfecta of :l.Dterpart:l.cle forc:es oa the be· 

havior ot »articulate 111ter1al.a. 

!1 CCD~tins experiment• With 1u.oh materials, it il. believed poalible 

to Pin t:OUiderable iDaisht into tactora respoalible for the haD4;lizlg 
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charaote1'1Jt1ce ot ch7 !ll.tel'iall • Acc01'41DS].y1 teeta ot tbil natul'e are 

planned in tl.rture work. At the .... t~, an ettort will be made to extecd. 

tbe theory 4e1Cl'ibed herein to include effect• ot 1z:rte:particle toroea. 
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5. IMBTIOATIOKS 01' PROPDrDB OJ' 8L'ORBIU 

'Dw:1n8 thia 'Npcn't;ins parioc.\1 the visooait;r and themal oond\lcthity of 

tour esg slurr;y eaapl.ea weft deter.ad.aed. Mditional 1ntomat1on on the rbeolos:.v 

aDd denaity ot Sill al.\U'1'1a1 in a liquid 1'~u01"00htmical vu obq.ined. 

5.1 :Properties ot Eg Slurries 

~ viscosity ot tour ess slurries (W.E.S. #l, #e, 13 and 14) vaa :re-

4etezmined usins a DaY ahip!IID't of trozen ~lea noeived tram fort Dltrick. 

em. of the eu al'IU'1"ita \lied tor previouel1 reported viacosit)" ~ta1'111Jl&;. 

· ticme5•1 •1 eonta1Dttd larp aolid. particles vhiob clog~d the capil.lar,y Via• 

caaeter, tberebr prevent1DC attau.tnt or llll&niDSfUJ. 111&8111'8JIIIII.ta. C\lr.NDt 

4ata on th• other thNe 1a.p1ea ua p~aented tor eCIIlparhon purposes. 

The DeV 111 t1U%'1')" aaplaa also ftft uae4 :t.n the datel"'lliD&ticm ~ ther· 

mal conduot1vit7 •• a tunot1cm ot temperature. 

;·.1.1 Jilcosity of Egg SllUTJ. .. 

· The ea eluny samples· deaipted w .:&.a. fl, 12, 13 &ad 14 ve:re eval.u• 
•. 

ated uains aD Oatvald capil.lar:y V1ace~~~~tar. The tvo moat vS.1cous slurz:ie• 

(w.:z.s. ll and f'2) were also ev&l.uated.in a concentric Oflinder _:rotational 

v.lacCJMtor (modified stomer Visocmete:r). 

81&pl8 W .z .s. 11, vhen an&l.;ysed iD the StoDIIr •liacCWJ*ter at 20•c, vas 

found to be non•Jlewtonian in the shear :rate ra.np ot 32 to 310 .·.o·1 •. The 

appaant vitoolitiea at dif'te:rent 1hear :rate• &re presented in Table 5.1.1. 
'. 

5.1.1 General Mille P.eport.llo. 2l6.l1 Second Qwu-te:rJ.T Propse Report on 
D1uainat1cm at Solid and Lir.cl llrl Apnt• {Uncluei:fied title) Feb. 
13, 1961, P• 81 (Confi4antial , 

•. 1(; -
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TABIB 5olol 

APMJB!lr VISCcm-rf a1 W .I.a. #1 VDSUB 8BIAR !1M!! 

Shear Bate 
hec•l) 

32 
79 

134 
190 
25l 
310 

Appa.rent Viacoeity 
( eentii?Oi ae) 

56.6 
46.2 
41.0 
36.; 
36.5 
35·5 

The appa.nllt viacosity dete:rmiDed 1n the Ostwald v1sccaeter was 43ol cent1• 

poise. 

Sample W.E.s. 12 illao wu tound to exhibit non-Newtonian flor behavior 

in the sto:rmar visaCID8t-\tr at 20•c. Table 5.1.2 lb.QVa the variation in appal'• 

· ent v1scos1t7 With shear rate tor this slUlT)"· 

TA:au: ;.1.2 

APPABEm' VISCCJJITX' 01' W .z .s • #2 VERSUS SHEA.ll RA'l'l!l 

Shear !late 
(aec•l) 

76 
165 
299 
419 

Apparent ViiCOiity 
( centipohe) 

1·5 u.o 
l2.2 
lJ •. l 

The appuent v1soosit7 obtained in ·thl · Qab-.J.d Vieecaetel' Y&l 7. 79 centipoise 

at 2o•c. 

Fii\L%'8 ;.1.1 it. a plot of tl::le shear rate ve:l'll\11 ahear ltress data ob

tained f1'CII1 the stcmaer rtacametez• on aurples W .m.s ... ll an4f2, 

The viscosity ot 11u:rr1ea W.I.S. #3 8114 #4 wu too l01t to 'be accuratel1 

evaluate4 in the Sto1'1118r visaaeter. .t.t 20•c, values ot 1.66 an4 1.35 centi-

• '•6-
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3,0 

300 

-r-1 
I 250 
rl -

150 

100 

;o 

50 0 70 
Sl111ar Streu, 'I)ynes/cm2 

i'ICRJRE: 5.1.1 CONBIS'lZNCI ctJRVES J'OR·W.I~S. #lAND f2 A'l 2o•c 
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poin were 4etel'lll1lle4 :lD the Oltvald viaoCIIIItter for the apparent viacodtiet 

of slurries W .J.s. #3 and f4. reQect1wJ.y. 

5.~.2 Tbe:naal CoDducrt1'Yity of Eg BlUZ'l'iaa 

The tbelBl conductiVity of eu el.Ul'l')' aampl.ee w.:m.s. ll, te., #3 an4#4 

vas 4etem:1Dic1 uains the expeJ"iillent&l. apparatu toM. teclmiqu.e 4aacribe4 in an 

earlier report.5•1•2 The tbel'lll&l conduati'Yitr cell (Fipre 5.1.2) cantain• 

two liqUid. cwatera which a:r. fomtd 'b7 thlwe copper diaca. The upper can

ister va1 t1Ue4 vith a re:te1oenae liquid (water) and. the lonr canister vith 

ODI of tlw tour ea slurries un4er teat I Water Ya8 choaen u • rete:r~~nce 

liquid because ita thel'lll&l cozu\u.cth1.ty 11 well known, and :l.t1 a'baolute valu. 

W..s believed to 'be close to that ot1 the au alurriea I Tbe upper aol14 llDI 

in li'isure 5.1.3 is the average va1.ue for the thermal oon4u.ct1vity of water u 

:ropcrted 1n the litemtun~, and the dotted liDes represent the mDilnlll and 

maximum values vb.1ch have been touna.,5·l·3 

By placins the cell on ita eide Y1th the copper 41aca in & vert1a&l 

po~iticm, the cell vu euil;r filled witbout entrapping air bu.bble1. Liquid 

vaa alovl;r forced into iba cell fl'CIIl the bottCIIl Wl.til the c&niater onrtloved. 

The C&1'111ter ope!Wlsa vare t.hen sealed and the cell vu Ulllrted. :Lrlto a st;r

:zoofOIIIIl inaul&ticm a~eew • bataDt ta.penture water fl'CIIl a l.ar81, (.ICIDitazzt 

teape:rature bath was circulated throqb the beat a1Dk. BladillSI tl"CCIl thl ·lix 

the:mocouples in the copper diaaa n:rw oheaHd per1o41c&ll;r to-z. about fort:y .. 

five llinutea. When no :fUrther ohanp in temperature vaa noted, the temperature 

lirop• &al'OIB the aania'bera nn :N!lordK. 

5.1.2 O.neral. Milla ~port No. 2200, Third Quarter~ Prosre•• ~port on :D111a1• . 
nation. of Solic1 an4 t11114d lll Apnta (Uncl&aa1t1ed t1tu) Mq l,, 1961, 
PP• 56· 6J. (Conti4entitJ.), 

5.1.3 Intemational Critical 'l'&blea, Val. 51 p. 227 
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~ w.1.s. #l 
I Calibration Val\»a 

tor Water 
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water. Beaults of the calibration revealed a 2 percent qatemic error •• cal

culated trc:a the follOVing relationabips which were preeepte4 1l1 a· earlier 

reportl5·l.lf 

where: 

ThWI: 

Q. • beat tlux thzooqh the oell 

K., • thflnn&l aon~uet:IVity of vater 

Ka ., tberml oonducti v1 ty ot Bl.\U'JT 

/1 ~v • temperature 4rop aaroaa the water la1'er 

lJ. '1' 8 • temperature dl'op aoroae tht slurry ~:r 
A • area through vhich ·heat tlCNe (aqual tor both liquids) 

Ax • 4htance betvee, the discs (eQ.U&l tor both li;\\141). 

l<y ~ 'ly • IC1 !:J. T 8 

!J.'ry 
K• ... lCy 6 Ta 

(5.1) 

In oal.:LbratiDS Yith water it1 both caru.te:ra, K, • Ky &Dd thel'ltore it would 

be expected that /j, '1'1 • IJ. Tv• Hpnver, a l.al'pr temperatura cli-op vu re~rdad 

across the upper cwater tor all 1"'UD8 reprdl.eae of vhetber the maD ~ra .. 

ture of the water in tither J.a;v.r YM above or bela.t the •bitnt templrature, 

In each c&H1 1;he error cbllld be accoWtted tor by applying a correction taotor 

u tollQIWa& 

/J.'l'y 
K5 n Kw A::""" (0.9786). (5.4.) 

LlTs . 
5.1.4 General Mills, Inc. !teport 2200,. 'l'hird ~rly Propaa Jllport on 

Dissemiution of Solid and Liquid BW A&enta (t:Jnclaadtied title) May 15, 
1961, p. 59 (Confidential). 
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It hal wen calculated tbat it the diat&Dee between tbe Make ~the upper 

~r uceeW the th1c:D .. of the love%' vatezo ~r 'b7 0.002 inch, this 

diftiNDce CCNl4 account tor the conaiatent error. SUch a aall. variation 

in tbickneaa ia 'be;yoDCl the abil.it7 to •UUl'lt once the cell :1e assembled. In 

vtev ot the ccmatancy ot the enor1 lqua'tlion ;.4 vu used i~ cal.cult.tiDa the 

the1'Bil. ccma.uot1V1ty ot the egg alurr;y IIUPlea. 

'l'he t.henaal conductivity of esg slurry uap1es W.E.s. #l, f2, 13 au414 

ue pre Hnted in Table S .1. 3 • 

TABIZ 5.1.3 

TBUMAL COftDUO'!IVM C'JI lCD SLUJmi SAMPIZS 
W.E.S. #1 W.B.S. Ia 

~. l,x lo3 'ralp. ~ lo3 m (cal.-em/eec .. Cllll2·•C.) ..l:.£.L . (CJ!J.-o!/Ha•am2-•c) 

5·9 1.069 ~.2 1.105 
15·9 1.102 6.0 1.092 
22.9 lalJ3 18.9 1.188 
31·5 1.182 2216 1.199 
32.2 1.182 25·9 1.206 

6.0 
u.a 
12.7 
19.6 .. 
24.s 
29.0 

28.2 1.228 

... 
6.8 

10.9 
19.1 
24.5 
2~.9 
27·9 
32.4 

t 
W;E,S. f4 -·~ 

K1x 10"" 
(oal-cm/aec-aa2••c) 

1.285 
1.299 
1.329 

. 1.355 
1.367 
1·391 
1.418 

The data of: Table 5.1.3 are presented in sraphioal rom in nsun 5.1.3. 

'!'be stra1sht 'lines thl'O\llh the experiJIIental. po1r.tl were calculated by the 

Mthod of leaat IQ.WU'81 &Dd &Pll8ar to be an &dequate repnsentat1on of ·the data. 

- 52 -
Page determined to be Unclassified 
Re~wtd Chtef, ROC, WHS 
lAW EO 13526, Stctlon 3.5 

LJate: 2 6 APR 2in3 



l11 
I 'I 
I 11 

1 [ l 
II 

I 

I l I 
I 
I I i 

II 

I 
II 
4! 

n 

! ll ); ( 
• .!.;. ... • r 
' I! l 

If 
' JI f 
r tr 

' 
][ 

f 1r 
~· li. 

~. 

f 
I ~ 

' 

lt. r 
r 

l· -
~ 

I L 
t 
i . . 

All of the liDea have appl'OXimatelf the 181118 alope, and the thllmaal COEI4UC· 

tivit;r valuee of the es; slurry .-plea tall within a ra.np between 78 and 97 

percent ot tl8 va.lue for water, 

5.2 !Uleological Behavior of am Slur:riel 

Addi ticmal inf'ol'Jiaticm on the f'lov aha1'acteriatica or: Sa ll.urries 1n a 

:tluorocbelll.ioal liquid haw 'been 4atem1Md. 'l'he cwusitr at these llurries 

has been IDIUU1'8d1 and an· appare.tus baa btu deaisned .and ia beins built to 

s~ the flw behaviol' throu8h capill..ary tulles. 

5.2.1 Effect ot Su:rt'ace Active Apnt on the :RDeoloiY' of am Slun1.es 

P:rev10U.l.1 :reported. reaUlta5•2.l on the flow behaVior ot Baa slurries 

were obtained Vi th sa.plee oonta1nin8 a surtace acti 'VII a.pnt c!eaipated L-1161 

a JII&ZlutaCt1U"'d b7 Mizmeaota MiniDS and M&Dutacturi.ng CCIIIp&JlY. Thia taot vas 

1nad:verten~ Olllitted fral the cUecutaion of exper.l.lllental results. ~ surt&ee 

active asent vas eapecial.J.T cc:apoun4ed by 3M tar u.n with their flu.o:roolwmiaal. 

liquid.. Suplee bave been StiJlt to Fort Detl'1ck ror determi!l&tion ot ocapati· 

bili ty ot the apnt v1 th biololical •ter.Lale. OAe tenth ot one percent b)" 

~1sht ot the tluo:rochemicurJ. liquid, 1'0·751 wu used 1D the preparation ot 

slurries tor the earlier i'heololical 1nwst1p.tiou. It vas a&8UIIIe4 at tbe 

atart of' tbose iDvtet1sat1cma that a surface aati ve qent would be 11HW to 

p:rnellt phase ltparatian since a small uaunt ot Sm addecS to F0 .. 75 and blended 

th~ came ou.t ot suapenaion rapidly. Inveat1pt1one conducted duriDs 

this report period have been 4aaip4 to detel'llline the »tabillti' ot thiCk Sat 

slurries v1thout a surface ac:t.iva apnt, and the ehanp in :rbeolOS1Cal. proper

tiel eau.ed by the Clllisdon ot this agent. 

5.2.1 OeMral Hilla, Inc. Report llo. 22001 Third ~rl;r l'rograss Report on 
Diaaem1nat1on or Solid and L1qu14 JJi Agents (unclaseifittd title), May 151 

1961, PP• 62·75 ). 
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An attempt &lao vu made to •UtU"e the viaaoaity ot Sm. lll.\11"1'1ea con

tainiDa a concentration ot solids sreate:r than 25 :percent b)" vaiS}lt, the upper 

limit pmVioualy 1nv .. tisated. 

~ 111118 tecbniqua was tolland in preparing the alurl'1ea Yhich baa been 

zoeported 'pi'eviou~, exc'J)t that no aurtace active apnt vaa a44ed. Reaulta 

indicated that tM app&Hnt viacoatt)" of aluniea without &Mi.tive vaa atronaJ.y 

ele~nt 'upon me'ohaniaal h1ator.y. bretore, it was neceaaary to obtain :1.11£• 

t:l.al ocmaiateJloy curves at increaa!Dc and dloraaaina ahear stress aa well aa 

ctmdatency CUZ"V118 attar extended periodll ot sbearins at a c011.11tant shear 

strati. The 1D1t1&l coDaisteney curves 1nclioated that thiak al1Jl"1"1ea (25 per· 

cent by veiaht Sm)~ au.bject.d to abJ.7 a fiDall amount of prior ~hearing, ex

hibit thixotropy, 1. a., apparent viacoaity decreaaea vi th shear. Honver 1 

\lpOZ1 ~bearing tlwae lluzonea tor extcded l'lriodl of tie at a conatant 

1hear stress, the initial trend toward a decreaae in &p]l&rent viacoaity ia' 

nvened &ad tbe appuent viacoaity begina to increue. 'rhia latter ])henomt• 

non 11 called rheopexy. According to tbe literature, rbeopuy can.be ex

hibited by au.apenaicma vbll.c:h contain anilc:metric particlea. 'lbe increase in 

app&ftnt V1acoa1t)" 1a believed to be caused by ahear·in4uce4 orientation of 

aniaCJIItric particle•. !beopct1c materials nave been observed to main this 

orientation for considerable puiods of time following the nmova.1. of the 

Conaistenc)" cunes for Sm al\U'l'iea Without a surface active agent and 

containinS 16.7, 2;.0 and 28.6 percent by weight 8m are preJented in Jigure 

5.2.1. W data were obtained at a temperature ot 2o•c. 'l'te experimental 
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data Which· ware obtained ahortJ.¥ after the 11l\UT7 ha4 :reached the equilibri'UIIl 

temperature ot the bath are :repzoeaeutcd 07 aol:14 linea in nau:re 5.2.1. The 

eiXllisteney eunes obtaiMA after exteu1w ahearing a:re :repreeente4 by broken 

lines. 

It vaa found th&t slurries aonta1D1118 J.6, 7 percent by we1Ft Bill baw 

nearly the same c~1ctenc:v curve vitb or without the sU%'1"ace active asent • 

!\lrth.emore1 tile coneiatency curves obta1:ned a.t 1ncrea.111na and tben decreu

inS 1hear stress agree quite vell for both llurrie.s, but with sa~~e sl18ht 

e"lidence ot thixotropy in the ca• ot the alU%"17 without additive. After 

ahaal"iDS the slurry cantiZNDUSly far 3000 %'8VOl~t1ons at a shear stre.ae ot 

about 200 ~•/am2, tbl eu:rve waa Bh1rt.e4 tOW&l'Q, higher ~rent. viscosity. 

A alUl"l')' containinS no I.M:l.tive and 2; percent by ve1sht am 1n:tt1&l.ly 

exhibits conaiderable thixotropy u evidenced by tbe fo:m ot the conlietency 

eunee obtained at in-lreaains and then &tcreaaiq shear stress. At'ter aheu-

1ns aontinuO\Uily tor 3000 revolutions at a ahear etreae of abou.t ll.OO d::/rlfas/ 
., 

em"", the O\U"W 11 shirted cona1de:rabl.y 'tOIIU'd .tUgtler appuen't V1sco81t1ea. 

'l'hue, the phellCIIIInon r4 :rhe()J)txy beacaea more prcm1nent Yitb 1nczeae1ns sol1da 

concentration. 

'I'he consittenc:y curve obta1Ditd on a slurry cont&imne; no &Mitive and 

28.6 percent b7 veisht 811 1S also presented in Figure ; .2.1. This tlurr,y was 

auch too thialt to handle in the coaxial 07l1nder Viaea~~eter. The apparent 

hish ;yield point made it 41tf1cul.t to %'CIIOV8 air trapped bel.01t the bob upon 

iiiDereion and p%'evente4 the slurry frail :fiowinl ovar the top ot the bob when 

it vas lowered into the CUll· 'l'he curve pn~santed was obtained at ine!.reasing 
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aheu stress and p1'0babl7 1a only a crude rep:r6.antation of the true flaw 

biL&vior. Attempta vili be 1Ude in the tuture to obtain data on these thicker 

slurries USiJli cap1l.J.a2oy V1tcc1a.etry. 

Minimum yield points for Sill slurries containing 16.7 and 25 percent bf 

weight of aol14a are indicated on the ahee.r stress axis of FiSUl'C 5.?..1. 

These ftlues were obtained by increasing the torque to the critical value 

vhich would induce rotation or the bob 1 even though rotation woald s-llbaequently 

cea•. 

-1'he change in apparent vilaoaity with lhearina tor tha 25 percent by 

ve1Sht a. slurr,v 11 presented in FiSIU'• 5. 2.2 in tel'ID8 of chansa iq lhear 

:rate with Z1UIIbor ot bob revolutions. As vae stated peviouely, the sample 

vas aheared tor 3000 revolutions of the bob at e. con.tant, shear stress o't 

about 1100 4yrllls/Cf12• :Both the initial thixotropic behaVior and aubaequent 

rheopexy are evident tra~ thi& tisure. 

Ooaervation of the slUl'l')" samples a:rter completion or the teats revealed 

no vbual evidence of pha•• aepvat:ion of the tina and r-c .. 7;. 

Upon 41scoverins the rheo-,P~ctic behavior ot thase concent:.;ated am 

alUl'l'iea without aurrace aati'"' apnt, an 1nveat1pt1on waa made or the 

8IIIOWlt or PC-75 l1ClU14 which evaporated traa tha elurey during the experiment. 

Ti.1e reaults shoWed that a ohanp in slurry concentrat:~:on fran 25.0 to 25.2 

pe:rceDt coUld. be expect.d during tbG time period or the exper1Dient. such a 

IIID&ll change cannot account f'or the increase in &pparent viscosity with time. 

Tb8ni'or8, the phenQIDincm ot rheopuf 1a a real characteristic of Sal eJ.urriea 

v:lthout a.Mitiwa. The tn1tial ;yield point and thiXotropic behavior of these 
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a~urriea ia probabl1 due to the break-up ot flocculated particles, and the 

subsequant l'heopectic behavior to the orientation of aniaoaetr.L.c Sm part1clAta 

,.lPOD adtt.1 t1 anal Shearing. 

!he c•leXit7 of the tlow behaVior of Bll aluniea without surface active 

agent renders impossible the extrapolation of t'lov data obtained tl'OII1 experi

ments 1n the coaxial cylinder ViaaCIIDiter to now behaVior thl'ough tubea and 

orif'i. 'l'he:retore, tuture experilllenta will be confined to inveut1gat1ng tlov 

tbroush capillary tubes • 

5.2.2 Appar!tua for Capillary V1ac~t;r Studies 

Ca.pillary viecamet:cy V1ll 'bw employed to wxtend tbe rbeoloj1QaJ. 1nves

t1ption of am slurries to hisber shear n.tea and sreater aolidlt concentration. 

Because Sm. alurries are non·Nevtonian fluids, a nmge gf shear stresses must 

be uaed. This Yil.t be accampliehed by varying the. preuu:re dl"Oj) across the 

aapil.lar,y. 

Th~ vi~~t~!' tMt Will 'M ueed ia ~1!!.1 eon!+.:r..1.eted. ~t the pre;ent 

time. It ia reported5 •2 • 2 to· be conve!Uent, abaol.ute and accurate ancl is 

capable Of cover1ns a wide ranp ot shear stress in a a1J18l.e deteminat1on. 

The apparatus is shown schematically in P'iSUZ"' 5.2.3 •. A colUIIIl ot mercury 

:forces the sample through the capi.llaxy tube. Measurement ot the heisht ot 

the JDel'C\U'f cdlumn as a function of ti.JIIt y:tel4s both the pressure 4rop and 

fiOif' t"Ste. 

The relation between the lheal' streaa ! and the she&%" rate tC r > tor 

this instrument is given by: 

l =) !Lfl"' -! 'l + 9.212 m2 • dt 
5 .2.2 M&ron, B., J. Ir.rteser and A. Sisko. J. Appl. Ph;ya. ~: 97l (l954) 
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Capillary 
Sidlam 'l'Libe 
Tuhea a~ the 88ml 
Di~UM~te::r 
!all a.Jld Socket Joint 
Water Jacket 
&,rinse 
Stopcock• 
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vhe:re: 
d los h 

Ill "' d.t 

b .. height ot 111111'0\lry aoJ:umn 

B "' con.tant. 

5.2.3 Densities ot .am Slurries 

In order to pel111it calculation at tbe ve1sht pnalty involwd 1n ll\U'J'y 

aysteu as compared to dry poW.er sto:rea, 4ene1ty mell8Ul'Ul8Jlta ot Sm in J'C-75 

·rar Vll'ioWI sollde c:OlWUltration bave been made at 20.o•c. :rrcm this data the 

WiSht of biological mater.t.al pt1" un1 t volume cu be calculated aa a tunct1cm 

ot .aoli~ oonCC~ntration. 

'l!b.e 11lurrtee n.re p.rep&l'8c1 bJ veighiq the 1nantd1enta on au a.cal.yt1oal 

balance and then lli.XiDS tho~ With a perto:ratecl plate stiner Yhich vu 

de•cribec'l in the preV.SOWI quarterl:y :report. The end ot a pipette was inserted 

well below the iur!ace or the slurr:y, and the pipette was :N.U.d b:y applyins 

auction thro~ the top. When tllll1 the p1pettle Vae sealed at both elida aD4 

weighed. Tll6 densities obtained aze recorded in Table 5.2.1. 

Weight 
;E!l'C!ent or Sm 

0 
16.7 
2.0.0 
25.0 

1.77 at 25•c 
1.66 
1.62 
1.;8 
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6 • !IOUliDARY LADR STUDIES 

orowth of the 'bouudaey layer on the dieaeminatins store 11 of aondc!e:r· 

able interest in tlliii progr1m1 be~wae the .PSrto:mance of tbe diaaem:lnator 

may be substantially affected by the locel nov conditione at tlle point at 

release of the aseat. A lmovledge or the boundary layer srovth 1a usefUl 

1n {a) selecting a euitable J.oeation tor the discharge of the diSseminating 

store, and (b) correla-ting tbo results of experiments ill a wiad t1muel 'With 

the per:t'ormance ot e :f'ull-size store ua4er fligbt coad1t1ona. 

:In SecMon 6.1 below, calculations of boundary layer growth on an air· 

cratt atore are presen-ted. In Seet1on 6.2, calculations or bourldary layer 

growth in the wind. 'tunnel are given. Thu iafo.rmation ia considered. ilnpor-

tant ill interpreting tbe results of the wind tunnel deagglaaeret~on studies 

discussed in Section 7• 

6 .1 'BOUnwu:y L!Y!r o.,g, an Aircraft Store 

Tbe boun.,oey ls;yer thicknesa on au MACA =acriaa 65A &tore c! fineness 

ratio 8.0 '1\'lls cslc~wd for a Mach rnaber of 0·9 at sea level with air 

tem,pentu.re o! 8o•F. The length seleoted tor theae illustrative caloul

at1ona was l.7 rt. TWo methode. vert used, the first aasumea the boundary 

layer is s:1milar to that fo::med over a flat plate in oae-djJaensional in-

ccmpreaaible :flow vi th zero streamw1•e pressure gradient, For this case 1 

the tb.icknua of the boundary layer ia given by the following relationa r 

end 

- 62 • 

(6.l) 

Pege detennined to be Unclasslfted 
Reviewed Chtef, ROO, WHS 
lAW EO 13526. Section 3.5 

!Jate: 2 6 APR 83 

! . 



~· 

I 

where: 

x • distance measure alons store aur:face in now direction 
vx 

Re
1 

• V • Reynoldl' number based en & • 

(6.2) 

Aa the boundary layer develop• .frgm the atasnation point, it changes 

:f':rom laminar to turbulent at aaae location "t depending on the atream 

turbulence, st~em Mach aumber and the surface coudition. The point o:f 

transition was determined by using a critical Reynolds' number of 8ooo 

aceorcu.ng to Reference l. .ror this Reynolds 1 number, transition occurs 

at apprcx1mately O.Ol in. tram the staption pointJ thus, :tor purposes 

o:f' calculation the laminar reg;lJDe was neglected. 'l'he boundary layer 

thickness, usinS only Equation 6. 2 above, is shown in Jig •. 6.1.1 as a 

function of distance along the store a:xia. Equation 6 2 does not 

reason the curve atertR at x e1 .20 ft. The boundary layer separates 

from the OOd.y at aome point beyond the raax1mum boey thickness. Looat1on 

of the eeparatioa point can be estimated by examining surface presaure 

distribution diJta for the store. Such data was not available for thi& 

store, however, and the aeparation point was estimated by e:xamil'ling 

the pressure distribution data tor prolet~ spheroids aa given 1n Defer-

ence 2. By this method ve find that the boundaey layer should aeparate 

l. Heaslet, M· and Nitzberg, G., The calculation of Drag fer AirfoU Sections 
and Bodies of Recluction at Subcrit1cal Speeds 1 NACA RM A~6, 1947. 

2. Cole, R. r., Pressure Distributions on Bodies of Revolution at Subsonic 
and Tre.nson.ie Speeds, NACA BM L52D30, 1952. 
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:t':ral the bod.y at between eo and 90 per~t of' the exial ~rd. !y 

4raY1D& the separated stream liaea puallel to the store axie, the siZe 

ot the turbulent wke can be a,pproxillated. Actually, tb4! wake would 

coaverse sli&htly, becauae the eta tic pre•~ 111 the veke ia le11 than 

the free streu atatic preeaure. The bounc!ar,y layer is drawn to acale 

on the atore show 1n Fig. 6.1.2 tor CCllllp&rilon of' tbe :relative aizea 

ot the boundaey layer thic:lmeas &Qd tbe store. B!f'ects of pyloa bouD· 

dary layer and aircraft wing deW wash are neglected, becau.e 1t 1s 

&18\lmed that the boundary layer developing oa the under a:!.d.e of' the 

wing and on the pylon will not be thick enOUSh to affect the atore 

bowldary layer and alao tbat the atore Yill be mounted ahead of' tbe 

wing down wash field. 

Tn.e second method used to calculate the boundary layer th1ckneae 

includes the eom,preaaib111ty amd 3~dimenl1anal effects that oecur in 

the actual lituat1on. ~e method vas presented by Englert in Refer-

4. In applyins this metbod it was nece1111a17 t.o start with the pr•as\.U'8 .. 

distribution data and dedace the local Mach n'LU11ber and sonic velocity 

along the surface by ass wains ilontropic flow. Preuure d.:!ztZ'ibution 

elate were again taken :f'rcD Be:f'erence 2. 'nle thickneea of the .fully 

turbulent bounmy layer i.e given b;r: 

3· Englert, G. w., lst1Mt1on of Compressible Boundary Layer Growth 
·over Inaulated Sud'aoea w:Lth Pn11aure Gradient, NACA TN 4022, 1957. 

4. Truckenbrod.t, E- 1 A Method of QUadrature for Calculation of the 
Lall11nar and Turbulent Boundary Le;yer in cue o.f Plane end Rota• 
t1onally Symmetrical Flow, NACA·~ 1379, 1955. 
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where: 

and.: 

6/7 
71 . 

~~~~~ ... :~r 

!;!)1/6 1: lD/3 //6 (~) i# ax 

0 

a
6 

• local free atream sonic velocity 

a
0 

• sonic velocity at atasnation 

21
0 

• kinematic v1scodt1 at ataption 

x • d.iatanee along flow d.irecticm 

r • body radius at x 

M@ • local tree stream Mach number 

r"' rstic of specific h~ata gf air • 1.41 

(6.3) 

(6 4) 

The results of our caloulatione :rrom Bquatioo 6. 3 e.re al.Jo shown 

in Pis. 6.1.1. A cQII.Pa:rilon of the boundary layer th1ckneee eatimetiow. 

fraa l"is· 6.1.1 showa the~ "he 3·dimens1ona1 cOID,Preasible boundary ~yer 

(Equat.ion 6. 3} :L8 thinner for x/L-'. a. 565, b~cauee the flow area nor• 

mal to the &IU'faae of th@ body or 1-evoll.ltion incrt~eaes t11 the aqu.e.ra or 
I . 

the 41Btence 1 whereas, the flow .area increases directly with the distance 

above a :tlat plata. qbe rapid growth of the cOJI'3)reasible boundary layer 

tor x/L > o. 565 18 due to t11e ad.verse' pressure srac11ent and the onset of 
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bowdary layer aepen.t10D wh1ob, accorcliDs to the c~eaibla th801'J, 

OCC\U"' at 101111 p0111t10D be1C)~d x/L :::> , 75• 

Vel.ocity dilt:ributioll vithia the boundary layer a show in Pig. 

6.1.3. Thia diatri~t1oa. vat calculated tX'OIIl Pl'andtl'a emp1l'1cal 

equation~ 

In the tollcwius 1ectioD1 thit velocity distribution 1a eompared 

w:l.tb that exiat:t.ag 1n the wind tunnel. 

6.2 Dow:l4ary tazer 1a Wind 'XWmel 

(6.!)) 

Boundary thicla:Wiaa .PMdictiona based on Blquat1oaa 6.1 and 6.3 

veH al.lo made :tor the hi&h•velocity w1ad tUMel used in our daaulOIIl• 

eration studies, A&nemeat with meaa\lr'Qient tor thia case 1hould be 

good, dwl to the nealisibl• camp:naaibUit;v e.f:tecta aasoeiated with 

pardlel·· now along the tunt1el vella. Retulta ot th" cal.culat1ona are 

shown 1c r11, 6, 2. l for the va rioua tUDI'lel Mach ntm~be.re used 1D our 

studies. Loeatioa ~ the apnt ejector 1a shown on the a'bciaaia; notice 

that ejection occun well w1th1D the tur~lant tlow regime. !Ihe tran

sition to ti.U''bulant flow occurs approximatel.7 at the locatioc shown tor 

eacb ot the three Mach nuu!bert. These transition locationa were ob-
~ tained b)' aaewaing a transition Refnclda' nWilber ot 5 x 10-'. TraDII1t1on 

to turbulent tlow may CCCIU' 881'l.ier1 b\lt DOt la-t..er- thaD the locaticna 

shown, 'becauae ot the mod.erately l.ltrge tree-atreu turbulence in our 

tUtJnel. 
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A ~IOD betnea the boW141:7 1a11r vllocit1ea occunq111 the 

tunne~ an4 oa the asent atoN tor a tuonel Mach nwaber ot o.8 at the 

,pomt ot ejeot1oa ia shoWn in JiS, 6.2.2. Apnt eJect!on 1e auumect to . . . . 
oo.cur ma the sur:taoe at ou balt the axial chol'd (x • 8. 5 tt.) 1D thia 

exaxaple. BOth bo\U1dal'Y layen 11'1 tui'buleDt, but. the aton bcnmda17 

layer 11 approximately lO times thioker, due to the grea~r llitanoe 

that the air hal traveled at the eJeotiOD point. The ti"lact ot the 

dii'ferent ·Mach numbera (o.a ill twmel, 0.9 tor store) 1a smell. 

:ria. 6.2.2 1n41catn that the velooit:l.ea ·~·quite aimilar in the 

two caaea at diataneea o~ 0.02 to o.o4 tt. t1"CIIl the eurtace. Thia re-

. g10D 11 Of OODJ:Lit.n"bla Utel'tlt, liACt it h11 'be8D fOWld. that the 

finely-divided material can be inJected approx:la&tel;, th11 diatanea. 

It ia believed that the nauJ.tB show o~ J'ia. 6.2.2 indicate that the .. 
deasgl.cae:ratioc et:t'ecta measured 1n the wind tuzmel Vill be ali~tly 

gouae;rvat1ve dnce the v•loo;t.ty gradient :f.n the region 1a elileentially 

zero, Vh1le there :ta a modest velco:Lt7 sn41ent iAc1icate4 tor the 

actual tligbt caea. 
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Studiee oa the cU.aaemiDatiou ot Sill a:lmulaat in the higb-aubloaic velo

cit7 'Via4 tuanel ~re initiated dul'iDa this report1Ds period. A •~Z'iea ot 

hip a~ed. motioD picturtt were taken_ ot the aerosolization proceea within 

the tunnel ac4 aam,plea of Sm were obtained with the high velocity umpling 

7.1 Motion Picture Stu& of Sm D1ueminat1on 

Viaual o'baervat:loaa ot the aerodynamic: break-up proceu clw:ios the dis· 

aemiaatioa oZ S1ll have. ~eo acccmplilhed b7 pbo·bos,raphiDs the area of iajecM 

tion inside the wind twmtl at 3000 .tramee _l)er cecon4. 'lbe phot~graphic 

equipment 1111Plo:f84 iD this work eona1tte4 of an !llastman High Speed c~mera 

(:rro. 3) and. aa l!ldgertoa, Oermeabauaen, and Gr~:a· IDa. lighting system. 

'!'he latter haa a speed ct 1. 5 J.l.. aec., wbicll waa .~at eaousb to atop asslca• 

uatea larger than 0 .l • in the•• pictures. ~rae :f'aatora were 1nveat1• 

ptecL 1a tnia study: (.t.) bulk t:UIDJJ1ty, (2) tunnel Mach nw1foer, and (3) 

mcilture content. 

sqplea .trom two aol)arate batabea ot sm, "A"* and "B"**, were used 

1D thil vork. The material wu iajectGcl into the wirld. twmel Y1th a pil:ton- · 

t:vpo device 1 •1 •1 at an average veloait;y of I~ meter~/aea, 1"he aamplea we;. 

prepa!'ed ill three different bulk danaitteu 0.33, 0.431 and 0.49 p/co. 

At the low decait1, tl-..e uterill vas 1n itll looae form while at the hisJler 

* Shipment GBI. A-341.6691 
** BUD Bl-sta-34a 

7 .1.1 General Mille Report No. 2l6l, Second. Quarterly Pl'ogreea Report on 
"DuaeminatiOil ot Solid. and Liquid BW Agents" (unclaalitiad Title) 
Feb. l3, 1961, p. 36 (Confidential). 
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~DJitiea it VII ccapacted into cyl1nd1'1cal sl~p, 0.63 em dia., by Ulias 

a lov tnctioa pilton device. Since . ccmpactioq atud.iea show that it 1a 

neceeaaq to 1'om compressed slug~ in atepw1ae maDDer to assure a unuom 

denlit~ throqbQ1J.t, (see Section 3 ), aeven e~pa were u.sed and each ses• 

!!Mint vu compreued to a leagth-to•d.iameter ratio c4 o. 3· Each of the 

cleDiity Sl'0\11)8 VU photopo~phed at tunnel Mach n.umbere 0.5(), 0.6;, and 0.80. 

The sia moisture contents wo::e determined by the Floadort-web&te!' 

vacuu.m oven method. Approximately 2 p of B1ll vas filled. 1a a bottle vhicll 

had a kllow tare· veigbt, 'the ample waa plac:•d in &Q ovc maintairled at 

50•c, at aD abeolute pressure ot abOut 100 microns ~ mercury, After 22 

houn it vae veipd apin. 'l!le reductioo 1a weisbt of Sm divided by ita 

or1Sillal weia;bt gave the moisture coDtellt which tor am "A" wa1 4.0 percent 

and Sll "B'' l, 0 percent. 

1'rall the atand,point ot dissemination, an Sm moisture content ot 4 

percent :!.c considered to be high. This motion picture study ahowa that 

auch material c:ea fom strong awomeratu which are c:!.1f:t'iault to b:oe'ak 

up completely in a high velocity ail' stream. Thl11 1 the importance of oon

trollin& moiature oonteat is demonstrated. 1a thia work. 

J'181U'ea 7.1.1, 7.1.2 and 7.1.3 show inJections of loo .. Sm "A". Much 

ot the 11111te:oial appears to be aeroaolized within a short time, 3 tramea o:r 

0.001 sec. However, the:rtJ are some relatively large agglomerates, approx

imatel;y O. 50 111111 1D aize, which .seem to be unaffected b~ the fAir stream. 

Thtle ue shown 1D J'igure 7.1.1, in the upper part ot l'rlme 10. 

In comparison, ll'isurea 7.1.4 and 7.1.5 ahow that am "B" ha.l fev of 

theae hard agglomerate• and the material seema to break up faster. ~111 
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ditfere11ce u atvibuted to their moisture contents siven above. 

J'i.gurea 7.1.6, 7.1.7 and 7.1.8 ahov the d.ia~eminat10n ot Sm "A", cam• 

pactell to a dendty 0.43 p./cc. Note that the end ot the slug 11 ahearecL 

~:r erodell veey :rapidly aa it enters the air stream. Ae~emic bl'eak•l.lp 

•»peara to be ae eatiataoto%"1 as that ot the lover density. 

The results at density 0.4.9 fi}J/cc, naurea 7·1.9, 7.1.10 and 7.1.11, 

can bl c=parel1 vi th the p:revioua group to show- tbe lisnit1cant e.ftect ot 

ac.pacticz ot :rela~ively moiat sm 'ceyond tbe deuity o.43 p/cc. At. Mach 

number 0. 501 the Sm slug protrude• into the stream an estimated 0. 5 em 

betore being broken by ae~ie d:rai to:rcea. Thil 18 beyond the boun~ 

lare:r which wa1 calculated to be o. 33 em thick et the point ot injection. 

AIJ the compacted. pieces tlow ta:rther into, the stream they break up rapidly. 

For• example 1 note the chanse between ll'ramea l1 and 6 io J'igure 7 .1. 9. 

With increai1Di MaCh nU.ber the slus- are broken up closer to the tuaAel 

w!lll. !!1 thie ;rt:'..tp of pictures there appears to be a &1gn1:1'1cant llUIIlber 

ot partialel formed in the 0.1 to 0.5 11111 size range whic:h. do not show e1p 

ot aCDpletely- deagl.CIU:ratiq. 'l'hua, it seema likely that t.bia combiD· 

atiOD of com,pact10n d.eneity a:d ~oilture content may be beyond the limits 

tor aat1etactory d1asem1nat1on with a aimple inJection-type ap,paratua 

such as vas employed iD this study. 

Generally, the maximu:a particle injection distance from tbe vall into 

the tunnel decreaaea with 1Dcreaa1DS Macll number. For example, in nsuzoe ~. 

7.1.1 (M • 0.5), the mater·ial flava out as far aa 2.0 em before paaains 

out ot viev, while in :risure 7.1.3 {M • 0.8), it flow• to 1.2 am. It 
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should be noted here that Sill does collect on the wall as a result ot 

ita close proximity. 

In ca:retul atuey ot these pictures, possibly tvo ot the chief meeha

n18111a by which d.easgl.omerati~ ~c:c:ura in the wind tunnel may be observed. 

J"l,:ret, it appeara that unequal preuure diatributiona around larse slusa 

during acceleration cause them to break up suddenly into a lars- number 

of finer partialea. J'igure-7 .1.9, J'l'emea 4- and 5, Bhawa this phenomenon, 

where a piece of slug was shattered. 1n the period of 0.0003 aac. It 

should be noted that thia mechanism dou not appear to tully deagslomer-

ate the material in t.hia case. Numeroua particles, on the order of 0.2 mm, 

were prodUced 1n the process. 

SeccmrUy, the mechaniam ot fluid shear, in connection with fluid. boun-

daey la:yere around agl.cmeratea and clustera, 11 considered to be very 

important in cliaaeminat!on. It causes erosion of amall particles from the 

material clur1ni tbe acceleration process. For example, Figure 7.1.1, 

Frame 16, shows clearly the formation of clouds of fine particles arou~d 

clusters ot am. A large .Percentage of the break up ot Sm into ita belie 

partiole size ap~are to occur in this manner. Jlle to the high aeceler• 

at1on o: these tine particles, the cloud 11 o.t:iented in the downatreem 

direction. 

The motion o! 0. 5 mm agglomerates has been traced :1.n these motion 

pieturea to determine their acceleration in the air stream. For the fl011 

c:oadition Mach aum'ber 0. 5, calculationS show that they undergo accelerations 

gret:d;er than 3000 times gravity. JI:Valttationa of their pressure and friction 

drag coef:ticients indicate that the forme:.:" 1a approximately 50 timea greater 
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t.han the latter. Thua, acceleration ia pr:l.marily ca.used b;y non-uniform 

pressure d1a·tiribut1ons a~Wld the agglomerates. 

It hal not been determined wllether fluid shear in t-urbul~nt' or lam-

1Dar bOWld!l%7 layera 1a moat affective in d.eaqJ.aDe:r:ation; however1 it 1a 

a well lmowa. tact that the ahear atre1a at a boundary 1a higher in the 

termer case. 

7-2 Sm D1aaem1nat1on - Particle Size D1stribUtion 

ZXRer:iments have been c:onduated to determine the degree of deaglom• 

ention of SDl aimulsnt ·1n the wind tunnel. In these studies Sm "B" was 

iuJaoted at an approximate velocity of 4 m/aec into an air stream main· 

tained at Milch number o. 50· The resulting aerosol was thell sampled at 

a diatana• ot 67 ~ ~natream ot the inJector with ~he high velocity 

aamplins probe and 76 mm Millipore t1l tera • 

The desree ot d.eaggla~~aration waa determined by atu~ng the material 

illld.e~ a m1crosco.Pe. segments of tho sample• were prepared. for the observe• 

t1on1 by inverting them on slides ·and dissolving the filter material with 

one drop· or acetone. By ~JRaliag a COV$1' slip over the sample, good pr~rt1• 

cle contra~tt could be maintained for long per1odl of t:1Jie. The &lllllytie 

was made by first scannina the prepared sli~e to determine the type of 

particlea that were present. Aggl9I11Brates could be distizl@;llished i'rom 

ba•ic particlea ·so that a qualitative underatandina could be obtained of 

the degree of deagglomeratioa. The •a::lld atep waa to datermine the part:l

cie a1ze d.istribution (by number) of the sElmple. 
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These teats indicatl'l tbat dr7 (one percent moiature) Sill v1th a aeadty 

ot about 0. 33 p.f co call 'be d1ssem1natecl to produce an aerosol ill ~·. wind 

tuunel which 11 :f'ull;.r deagglaaerated. The samples vera found to consia:t 

· of 'baaic am pazrticlea. On a number 'balia, where the et4tistical Mart1r.' 1 

diameter* waa measured with a Filar micrometer eyopiece, approximately 

90 percent of the particle a we:re 11118ller than 5 J1.. 
Thia work dll be continued with both loose and <:OIIlpe.cted Sm at 

air stream veloc1t1ea, Mach o. 50 ad 0.80. The rctaulta aho1Ald provide 

a sood uuderstanding ot the degree of d.eagglomeration of dry Sm in a 

h1sh velocity ah»t.t:eam. 

* Length of a line intercepted by the particle profile bouad.ary whic.'l 
sp,proxjately bisects th~t area of the profile. '!he measurement is 
takllll in the same direction for all particlel. 
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6. A STUDt 07 'DI DJ'.IC' fJI COOACTIOll Olf 'm Vwm.rrY OP A raY SIMlmAI'l' 
MATERIAL 

01u- 'l'bird QUarterly Progress Report U1clu4ed a stu~ of the iqtluence 

of effective f1lltns density ~ ae~c draa ot solid asent exteroal 

ator.a. Tbe. tilling denaity ia a p~ct ot the mean bulk dlnaity g£ • 

finely-divided solid agent and the fl'latiOD ot the total volume enclosed 

by the skin of the store vbich ia occupied by the agent. ~is stu~ pointed 

out that dras ia minilllized it the external ato:re hu a large fill1na den

sity. J'raa a structural point ot viev, it 1a desirable to have the ttore 

as small as .PQtllible. It cac be ooauluded :f'rom this that it 1a a.Jsira'bla 

ta uae the 110at danae ap1:1t that can be produced. 

OUr work oa the physical characteristics of powder. ahowt that the 

hishu powder denlitiee nquire 11lcr .. l1ns hisher compaction forces. Pre

U.m1D.ary work by J'ort Detrick auggaata that these h1Sh c:ompa<:t1on force• 

·may sreatl.T reduce the viability ot apnt. To explore the etf'ecta pro• 

duced on a aDI.ulaAt, • aeriH o:t caapaction-via'bility testa uling Sm 

have been initiated· 

J'isure 8.1 shows the ccapaction device which waa fabricated tor the 

oompaotioa-viability testa. It is oOIIlpOSed at tive separate parts~ the 

baae, cylinder, clo11ure plua, piston, and tunnel. 1'1111• particular deli&D 

waa chosen to allow tor accurate deaaity measurement, eaee of applying 

a loecl, eeae or handl:tng, and proviaiona for keep.l.ng tl1e agent under 

teat su1'f1c1ently cool. cooling wee considered. e1nce viability li8Y be 

sre•tl1 effected by the heat generated durin& campreaaion. 
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In ell teatl made to date the compaction d.ertc:e end S1l vaa brougbt 

to approximately .4•c prior to c:onductins the teats at ro011 temperature. 

'l.hia hea appeared to be adequate cooling for the law loading rate used 

in these t .. tl. The procedure iJ to iDaort the cloaure plus into the 

cylinder 811d in tum insert these into the base. The am is poured into 

the cylinder 1n amaU lots. 'resta in tbil type appantua have ahow 

that derlaity decreaaea W1tn distance :f'rca the piston. To Qep the dea-

lity variation acceptably small the pellet w .. fo:r:med in la~ra, each 

aboUt 1/3 the 250 Jllf!l total. The piston waa then inserted &:ad slowly 

loac!ed with the mass capable of p:roduoing the desired density. The pia• 

ton waa removed and the procedure repeated until the :f'ull 250 mg pellet 

VII formed. 

'l'he length ot the pellet waa 11111aaured with an optical he1sbt gage 

so that the volume and aubaequeatly the density of the teat pellet could 

be determined. 'l'ha reault1ng .P•llet val next weighed and placed into a 

diapera1ng 1o1ut1oc :rrcm 'lh1ch viability asaeaamentll were conducted. 

Compaction teat1, ulin& loading rate a aa low aa 16 srau .Per second 

and piston loadl up to approximately 16 ataoepheres, seve sm dens1t1ea 

up to 0.65 grams ,Per cubio centiJIIeter. Preliminary reeulta eusgeat that 

the etteat of .1QIIpaction on viability 1a not excetaive. Baaed on the 

procedure described above and a content sample, it appears that the via• 

biUt;r recoveey ot 8m may be II biab II 8o percent. Further teata are 

currently beinsmac.\e to f11~ establish this compaction-viability 

relat1onah1p. 
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9. SlSilDe 8'tUm 

~ obtain a numerical evaluatioD o'l target area eo.verage as a :runc

tion fZI tbe various }181'llletera (tlow rate, aero11ol 41'lfU.eiou, height of 

release, etc:.), the appropriate equation• were FOsramed on a Dend.f.x G•l5 

cligital computer. ~e JIIOdal uted vu similar to the ooe used. by Horth 

l 
American Aviation, :me., but with a different expression for the lethal 

dosage as a function of down wint1 4iatanoe. 'fhe model. used in th1a re

port is tlle one dUe to x. calder with the additional modification of a 

variable d.ece;r rate. The s:ym'bola uaed are de:f'iued in 'l'able I below. 

We assume that the plane is flying crosswind end dissemdnates a 

liae source. 'l'he line source strength is siven by: 

q t.c.a ·-v 

Ass\lllling that this line aourae :11 effectively 1nf'1n1te in length, we 

obtain the ground level l.athal dosage via t.hl!l "quatiQn: 

(9.1) 

DL • (2/7T )1/
2 

[ qj (f u(x/xl~ ] exp [ -h
2
/2(f 

2 
(x/; )

21• (9.2) 

exp [ - decay 'la ctor.] 

We have a variable decay rate and the "decay f'aetor 11 is assumed to be: 

and 

.o5x for o~ x/u. i. o. 5, 
u 

.01 (~ • 0.5) + .025 for 0.5 "' x/u :Ia 6.0, 

.001 (rr- 6.0) + .025 + .055 for 6.0 .<:.. x/u. (9.3) 

l. North American Aviation, Inc., Report No. NA-59-632, "Airborne 
81olosical W•rh:t"e at tow Al Utud,.~,~u, Vt:lJ.- 111 J 6 Jun" 1959, .PP- 183 
and. following. 
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a 
v 

dSIC: LDiifiiAL a 

Detiaitio:l Unita 

Probability ot iateot1oa Uftitlesa 

No. ot orpaiams requ.ired 
to infect 50; of tM pdople Ch'S&Diallll 

Source strength Ors/tt. 

Aaent Mcay rate ~/nr. 

Down wil'ld olou.d travel Miles 

Wind. speed xnes,htr. 

!ei~Plt 0: release J'eet. 

Weather parameter J'eet 

Weather parameter UDitlesa 

Hei&ht tor whiob d a4fJ Miles 
are datcmine4 

!reathiDS rate at maa rt.3jhr. 

Dt.aea!Dation flow rate 7t. 3 /min. 

.Apnt concentration Ors/tt. 3 

Di1aeminatioa ettioieucr UDitlass 

D&livery speed Ft./min. 

Ground level dosage of Ors-hr./tt.3 
lethal a.gent 

- 105-

ISLdiiUZICil £1 

If\IM.riaal Valu.e USed 
tor th1a Deport 

Variable 

5 tor 0 a t ~ .5 br. 
l tor 0.5 <.. t .::a 6 hra. 
0.1 tor 6 hra. <. t 

Variable 

Variable 

lOO 

variable 

0.20 

48,000 (•511·5 mph • Mach • 76) 
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That is, the deeay rate 11 tin percent per hou:r durins the tuat half 

hgur, oa perceat per hCNr for the next n.ve 8114 one half hOUl'l, al14 

one tenth of one »ercent thereetter. 

It •houlcl be noted that time haa bean intesratecl out of the expne

aion tor DL and hence DL ~ :I.D ten~~ ot viable or;aniau pnaea.t per 

cubic toot tor oM hour. I:t we mult1pl.7 D by tho total intake ot air 
L 

ut one .P•raon ~or ODe hour we obtaia the dollap1 d, tar that peraors. 

lQlovii\S d1 ve obtaiD the pro'bability ot illteot:l.oa, P, f%'011 the equation 

~ • l - 2 -4/ID')O, 

ID the exponent d/IDso the quautity C/ID;o occura aacl th1a will 'be 

treated aa a variable, 

CUrves ot P versus c:l.owa wind 418tance1 x1 are plotted ad lhava 
• 

in li'1S. 9 .l. 'l'he pan. :ten a:re · C Jm
50

, wind speed u, and flow rate. t. 

Theae curves caa be related to a apecitio agent through the para11ete2' . 

C/ID;I)' aaaWDiaa we have uaed the proper deca;y rate. Since these 

curves are not reat:r1cte4 to a pe:Ricula:r ageat they can be thousbt 

ot aa un:l.ve:raal curve a. 

It ia ot coa.a:L~rable interest to compare tbeae curves with the 

experimental :rea'Ul.ta eODtlined :I.D the North American Report, PP• 103-

117, eapacially lisure o-6, ~· 11;. Ve obaerve that all data baa a 

cl:laractuiatio lhape vhiah riaea aharpl$ :I.D the beginnins, atarta to 

dz'op, riaea ap1D and thea talll into an ex;poneatial ~cay. 'l'hia 

structure 1a precisely that exhibited in our compute4 curvea. Th1e 

agreement with expe2':1mental data g:Lvea c:ona1d.e:rable credence to the 

theory of e variable daca;y rate. 
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Since the t!leo17 c4 a va:rilble daceJ rate aeeu eveu 1110re plaua- · 

able now 1 a mathemati~l JDOdel it being 4evelol*l which vill aocowt 

tor thil. ~1a 11104el enta1ll particle 11M 11 one ~ ita paruetera. 
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10. WOB1C Olf LIQ.UID AGEif.P DISSDilHAflNO BTCHI 

M nllorted ill our Third ~rterlJ Prosre•• Report, General Milla, 

:me. vaa asked to coca1der the potentill aton-careyins capabU:Ltiea ~ 

the AN/UBD-5 Drone, betore eelect111& the final coa.t1suratiou of the re

search protot~e liquid agea.t d1aa111iDaths a ton. In order to thorousblJ 

1nveatigate this potential application, General Millet Inc. iaaued aub

c:ontraots to Fairchild Aircratt and Mi.lllllel Div:S..ion and North .American 

Aviation, Inc. tor studiu on thia eubjec::t. The work atatellenta tor e1ch 

ot tbeaa atud1es were included in our Third Quarterly Progreaa Report. 

Both of the.. atudiea have boen c:a~ilated. 'lbe t:l.nal report pre ... 

pared by J'airchild 1a incluud aa AppendiX A· '!'he :t'inal report prepared· 

by North Allllrican Aviation :La included. aa Appendix B. '!be reader :Ls ra• 

:t'erred to these appead1ce1 for tbe detailed ticdings ot these atu41ea. 

Couclulioaa are awmaarized 1D Section U. 
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[ 

u. 

.......... 
~iJla thia reportinc _ ~lo41 tbe Pbaae II st\141ea were continued. 

'l'hia PM.ae 1nclu4u re .. U"Cb :related to tolld -.ent cliaaea1Dt.t1on IZl4 

tbe deaip and tabrlcaticm ot a reae&I'Ob Jll0481 of a 11qu14 aaeut atore, 

inteDded tor f\lture field oxperi.ul:lta. 

Exper:1JieAtal atu41ea ot tbe etteot ot expoaure to baated air 

atre ... on the V1abilit;r o-r Sa aeroaola bave been made. Relul.ta tor 

&ll e~u.n tiM ot l. 7 aeooQ4a abov a V.'f'1 tUbatalltial. loll or vt

abilit;y at elevated temperaturea. ror exaple, axpoaure at 1Z5•c oaue• 

99 percent lota ot v1ab1llt)r. Tbia won 1D41catea tb,e.t lll1Xitl& ot the 

aeroaol w:l.tb tbe Jet pl.UIIIe ot a carrier &1~ should b• &VOided. 

(Section 2) 

'l'he atuq ot :trf.ctioD&l. torcea between vvioua povde:re an4. v:irlout 

a\lrlaaea bu beeA continued. With tbe ute ot a piaton-cylinder &PJI&I'

atua, uaaureunta were made ot tbe p:ro4uot C1J.J., wlaere C1 ia tbe coG• 

!1:-'nt t:lf' J:lropo1"tioa&lity batv•en l'oroea &et111J! _perpendicUlu to and 

parallel to the clirectton ot the appliecl toraa, md JJ. b tbe ooettio1e.ot 

ot :trictio.o, Keaaurome.nta were alao med.e at JJ. 41rectl.)', u&iDS a tUtl:la

table methOd. It wu po .. ible to oalc:UI.ate o
1 

t'r<XIl thue uuuxw.nta. 

The averaae value for o1 vu t0Wl4 to be 0.484 tor talc and o.4l4 tor s.. 

A et'lad¥ vu llleda ot average bulk deult;y ot a colUIIIJl ot CCIDliN .. e4 

pawder, u a tunctlcm ot collaA 'J.uatll1 tor vazoiOUI compre .. lve atnuea. 

Xeaeuremata wen .ll&4e on both talc and Saa. All e~DP1r1C&l tol'INla vu 

found to t1t tbe experi:aantal. data quite well. 

.. lll-
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A thewet1calanal.111a ~ the force required to l1tt an 111abed484 

dialc tro. a bed ~ dllatant mater1al vae carried out 1 UDder the aaaUJil)• 

tion that attrac:tive farce• between puticles are nesl.isibla. 'Dle re

liOVal :f'orce Wll found to depencl on the denait;y" r IDd the s.hear &nsle tj 

ot tile particulate 111ter1al., toe torce beiaa proport1owal to tba :f'aotorr 

rain ~ 
t:a1i'1 . 

1'ha as:eaeat between theory an4 ax;parlment was toua.d to be sood 
tor ala•• baa~ ot 100 8114 200 miCI1"CG diametar. (Secrt1on 4) 

T.be v1acoa1ty or ess slurnu w.&.s. IJ., je, #3 end 14 na :e

deta:mine<l, ua1as a nev llhipeat ot troz~ tiiii,Ple•. 'l!be themal COD.• 

ductivity of theae alurriea .-l•o 11aa determined at intervale ot 1. 5°C 

1n the teJa.perature reese trca 0 to 32•c. 'l!ba ther~~~al cca.d\acti'dty 

val:u.ea var1e4 tl'all 78 to 97 ~rcent ot tlle value for •ter • 

rhea rheolog1C!C!l propert1u ot SID alurriea without a aur:f'ace ~u~t1ve 

•gent were inve•tipted at 2o•c. The alurriea eXhibited initial toixo

tropy ( apptll"eat viacoa:tty 4A!Cl"e81al wita tJlear) :tolloved by rlle0pect1c 

behavior ( incraaae iD apparent v:tacoaity y:f.tb shear). A slurry con• 

talniQa 28.6 parcerat by wei&tlt Sm was too thick to baadle 1D the co

axial ql1ncler 1111cometer. A capUU117 v11001118ter 1a beins COIUitNcted 

to extend the ~ealosical 1Dvett1gat1ora to greater solids conceatrat1oa 

and hil#ler shear rates. (Seet1oa 5) 

!ouruiaey layer studies shove! that the boundar;r layer ot an air• 

craft extemal store 11 approximately 10 times thicker than the boua-

dnry layer 111 our V1Dd tuaoe.l. .Hovever1 with a reduced wind tUD.Del 

• U2-
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Mach nWiber 1 tbe ~agljc:aeration measured in the l(ind t.unnel 1a con• 
aervative, since tb.a veloait;r gzoatieat st the apparent:·1t!Ject1on distuce 
(0.02 to o.o4 tt.) ia sreater tor tbe •seat •tore than tor tbe wind 
tunnel, while the velocity at tA.il dittance ia almost iclentical. 
(Section 6) 

studies on the d1aaemination or Sm simulant ill tbe h1Sl•Yeloc1~ 
Vind tunnel were cond.uated duriDg this reporting period. A ee.riet of 
high-speed motion pictures, taken or the aa:roaolization process with1D 
the tunnel, showed the &ero~ic breakup cbaracteriatics ot SID at 
varioua bulk deaaitiea, IIOilt\u'e content•, and tunnel Mach ntmibe:n. 
The degee 0'! deaglcraeraticm ia at:ronslr ~pendent on the moitti.U'e 
content or am; values in the r,anse of 1-2 ,percent b)r weisht aPJlear to 
be moat satiataetory tar di&e~at1ou. The two meahaniJIIIs which aeaa 
to be pr1lllarily reapont1ble for 4eaglc:mlerat1on a:r:e non-Wlitorm pres• 
sure 'diatribuUona aroWld. agslomentes and fluid !!hear etreuc:, at 
their boUndari••· 

Samples were takeu or em u:roeol1 :produced 1D the ttmael at an 
air stream velocity 1 Mach number o. 5· For the case ot dry Sm with 
density 0.33 p/cc, 1t waa found that the sample conl11ated ot bal1c 
Sm particles; i.e., tul.l deagl.clllerat1cn was obtained. (Section 7) 

Experiments were conducted to ~tel.'m11:1e the eftect ot cCIIIpact:tcn 
on the Viability ot 4ry Sm. l!:arl;y reiNl.ta indicate that the 'IUbUi~ 
reccwery :ror .smplea subjected to ap,Pl'OXimatal.y 16 atmoapherea presaure 
was in the order ot 8o percent. (Seaticm 8) 
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A ~W~Derioal eval:u.at:I.OD of tlle t~t are& coven&• wu ~ted. u 
a ~ot1cm ~ tbe varioua parueteH, :lnol\141n& tl:le factor ot a vazoial:lle 
dec~¥ rate, 'lbe nault ot t.bia atucb' ia a i'Miq ot tnteotlOD web-• • - - • < • • • 

• 
• ' 

ab1U t:T cunea 1 vi~ a characterlatic abape d1ch hu bee deal0utrate4 
1Jl actual t.teld. experi!lle11ta. 'b:la aareeellt vit.b exPe:rimental. reaulte 
a4da cone1derable a~eqth to the vari~ble cl.:!cay rate th.r:<>.:-y. 

(Section ~) 

The t.lSl>-; 1a capable ot carl'11128 extel'2)1.l atorea at tbree location• 
witb ve'q 8lllal.l pell&ltiea in ltnacture ve:l;bt. It wu detel'llined that 
tbt neu optimum atore tor Wl1vera&l. u.e on manned aircratt 11 aUbatan-
t11lll7 laraer thaa the near o:ptimwa aton tor tbe USD-,. In &441t1cm, 
tbe .IIIIUU1e4 aircraft a tore cu reaaonably :lncl.u4At an independent paver 
•~•· On tbia baa1a, it wu 4eo14e4 tbat the moat uee!Ul \mit tor 
th1a prograa 11 o:ae dea1ped. tor a li&DDecl a1rcratt. (Seet1on 10) 
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SUB.IECT:.. BW Stores With the AN/USD-!S (XE-1) Drone REVISED ------i 

SECTION!. SUMMARY. 

I ·80o-23A 

To assess the compattbtllty ot external wing-mounted BW 
stores with the AN/USD-6 (XB-1) drone, the tntttallnvestl~&tlon 
considered the Installation of tanka 18, 20 and 22 Inches in diameter located at wtng butt lines 37, 74 and 86. Parametric analysts of 
these tank sizes and locations at 0. '1 Mach number indicated the 
moat deatrable conflguration to be a 22-lnch diameter tank located 
at wing butt line 85. Further investigation based on the •elected 
configuration indicated a sea level radius of actlou capabilltJ of 
111 nautical mUea with a BW agent capacity of 1240 pounds. 
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Study of Compatibility of External Wing-Mounted 
SUBJECT:. BW Stores with the AN/USD-5 (XE-1) Drone 

REVISED ---~--1 

SECTION 2. ~NTRODUC'l'[ON. 

s-aoo-23A 

Thta report presents the results of a. study to tnvestlgate 
the compatibtlity of external wing-mounted BW stores with 
the AN/USD-5 (XE-1) Drone. 

Under a contract with the Unlted States Army Chemtcal 
Corps, General Mllls undertook the develapment of external 
stores for line-source dissemination of solid and liquid BW 
agents fl'Om low flying manned and unmanned atrc1·a£t. In 
order that the resulting stores be adaptable to a large number 
of delivery vehicles, investigation of the potential capabutttes 
of the AN/USD-5 (XE-1) dt•one for carrying external stores 
was l'oquested. 

The prlmnry mission 1s line-source dissemination of BW 
agent's from a. low altitude drone. Basic assumptions are: 

a. ModUlcatton of drone components other than the 
wing structure will be mln1mtzect. 

b. Weight allowance wtll be made !or tnatallatton of 
functional BW control pa.ekage. 

e. Normal surv~~tillance equtpmont will be lnata.Ut!d. 
d. Installation of a wlnd determination system wm be 

con::Jidered. 
e. Drone will be returned and recovered. 
f. Launch will be made at the htgheRt practical gross welgbt 

consistent with the operating limitations of th~ AN/USD-5 
(XE-1) drone. 

g. Agent dissemination wtll be made at minimum feasible 
altitude and 0. 7 Mach number. 

h. External BW tanks will be ejected alter dtssemtnaUon r.Jn, 
1. Minimum radius of operation wtll be 300 nautical miles. J, A ·c.E.P. of three nnutical miles for a 60-mtnute flight 

duration wtll be acceptable. 

Baste design data. of the BW external tanks as compiled by 
North American Aviation Company ts contained tn Appendix I of thls 
report. The following additional data was furnished by 
General Mills - - - : 

a. Density of payload: 8.33 poundlf pe1• gallOJi.. 
b. ~1.te of pa.yload dissemination: 9 gal/min/tank. 
c. Tanlc drag (tsolate<l store drag coe!flclent); 0. 08 
d. Elec trtcal we r requ tr,e.rn~ry t~ .• of t!lnk. and control: 28 volts de 2 a 
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- -sECTION 2. (Continued} 

S ·S00-23A 

e. Tank stze and wetght: 

Tank Size Tank Wt. 
(diameter) (lb) 

18 tn. 
20 in. 

22 tn. 

• 22 tn: 

440 

520 

600 

460 

Agent Wt. 
(lb) 

233 

491 

783 

1241 

Tank Cap 
(gal) 

28 

59 

94 

149 

Total Wt. 
(2 ~Dj'B) 

1346 

20241 

2766 

3401 
* Alternate tank weighl and capacily supplied after completion 

o! preliminary investigation. 

The study was conducted in two phases. The objective of 
llhase I was the determination of the best tank configuration con
stdel·htg tank size and location on the wtng, Tanks of 18, 20 and 
22-tnch diameter located at wing butt lines 37, 74 and 85 were 
investigated. The effect o£ ea.ch con!lguratton on drone structure, 
stability and control, and performance was analyzed lo establlsh 
the most del!lii'H.blP. t~nk configuration. 

The objective of Phase n was a. study nt the selected configura
tion conatdertng the design, flutter stnbtlity, lateral stablllty, 
load annlysts and stress checks, watght, center of gravity and 
momentof Lnerua. A sea-level dlssemtnatton mission was cal
culated utllizing the selected BW tank con!tguratton as well as a 
summary of dcstgn load factors for tile tanks. 
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Study_ oJ Compattbtl1ty o
1
t External Wing-Mounted DAT£ M."l:v 28 1981 .

1 

.... 
SUB.IECT:- BW Sto1·es wtth the AN USD-& (XE•l) Drone I!YISID ---.....:.--f 

SECTION 3, 

B. L. 

SYMB()lS, 

. . . • butt line 

c m 

en 

en 
II 

c'l 

ex 
D 

F.S. 

G.W. 

I 

IX 

I 'I 

IJ& 

IX 
0 

L . .E. 

M 

MAC 

Mt/lb 

MRP 

. . . 

. . . 

. . . 

• drag coefftctent = ..D.. 
qs 

• circular error problbUlty 

• 11ft coefficient : .!:!.. 
'lS 

• center line 

• pitching moment : ~ 
q,:,l 

• . • • ya~tnr moment = JL 
qSl 

• . • . • static directional stabtllt:y parameter : ~ 
p 

• . • • side force coelrtcient : qX,. 

. . . . axial force coeU1ctent 

.drag 

... • fuselage stat1011 

. . • • gross we1ght 

• moment of inertia 

.•.• roll moment of tnertta 

. . . . pitching moment of tnertta 

. . . • yawing moment of lnertta 

• mass moment of tnertta of the drone about a centroldal ws 
parallel to the x datum axis 

• leading edge 

• Mach number 0, 7 

. . . • mean aerodynamic chord 

. ruwtieal mUe per pound of fuel 

• m1lltary rated power 
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91..,ECT:- BW Stot&e with the AN_LUSD .. G Q!!-1) Drone 

DAt~ Mar ae. uef --
anaato ------"1 

SECTION 3, (CoD.Unuect) 

RIA 
R/.C 

s 
T. E. 

v 

Wt. 

4 

/1 

' 
tP 

i: p 

• • • • fulelaae moment about horizontal axla . . . • wing moment abollt vertical axta 

. . . • nautical mile 

. . . , normal rated power 

• • • • product of tnertta 1D the .u plane wttb respect to cantrofdal 
X twd a Uc'ai 

. . . 
• • • 

• radius of aotion 

. nte of climb 

.. · • • • area in square feet 

• • • . . trailing edge 

• • • · . wing torque about tratllng edge 

. . . • airspeed 

• • • • vertical shea.r 

• weight 

•••• Incremental change 

• • • • angle of attack 1n degrees 
• , .• alrplue angle ot attack 
• • . • angle ot sldeshlp - degrees 
. . . • control surface deUeetion angle 

• . • • Indicates a coefftcleot baaed on maximum crosa-aecttonal area. 
• • • • roll angle - degrees 

••.• rolling ve!Qeity of drone about longttudtDal uta - rad/sec 
. • • • angle of roll 

. rolling velocity 

. . • . rollin; acc~:teratton 

. • • . y.awtnr veloCity 0t drone about vertical US. - rad/sae 
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SIC'nON 3. (OOiitmuecll 

a 
c ••• 

1 

y 

I 

•••• atleroa 

. • • . .centu of pavtty 

••• lenltb' 

.••• lonlltudlnallDacl fa.ctor; poslttve -forward 

•• -. l&teralload factor; pGattlve - rlaht 

• • • normal load factor; poalUve ·- up 

• • • dynamic preaaure : 1/2 I ya 
· •••• rudder 

••• wins 

• • · • lonlltudtnal center of aravtty 

. . . • lateral center of gra.vlty 

• • • verttcal center of sra.vtty 

D&ClASSfFIEO IN FULL 
Authority: EO 13526 
Chief, Records & Declass Div, WHS 
Date: 2 6 APR 20!3 



Study ofCompattbUlty of External Wing-Mounted 
sua.IECTI- BW Stores with the AN/USD-6 peE-l) Drone 

SECTION 4. 

4.1 

4.1.1 

FACTUAL DAT.A 

PARAMETRIC AN:ALY$IS OJ' TANK SIZ.E_Mfi) LOCATION
PHASE I 

PERFORMANCEANALYKm 

The performance analysis coneslated of a study of the effects 
of tank size, tank location and cruise altitude on radius of 
action (Phase I) and the calculation of the mission performance 
for one selected tank size, weight ancl wing location (Phase II). 

4. 1.1.1 Baste Performance Data 

s -aoo-2u 

The thnlst required for the. drone without tanka lnstalled ls 
baaed on tbe Uft and drag coefflcienta obtained from wtnd tunnel 
tests of a AN/USD-5 (XE-1) model. The thrust requirements 
with tanka installed are based on the addition of an Incremental 
drag coafftclent due to the tank inatallatlon to th'a baste AN/USD
(XE-1) data.. The drag breakdown ta given 1n Table I and &:plot 
of incremental drag coefflchmt versus tank capacity Is presented 
in Figure 4-1. 'lbe tank capacttlea used in this figure and later 
figures are tbe agent capacities specuted by General Mills for 
the Phase I parametric study. The drag coefftctenta are baaed 
primartly on data suppltoo by North American Aviation and 
General Mllls. The drag coefftctenta are applicable up to · 
M=0.7. . 

The thrust available 1s the same as that used for the 
AN/USD-5 (XE-1). When calculating cruise performance, the 
present normal rated power (NRP) of the engine was exceeded 
when necessary to meet theM: 0. '1 speed requirement; how
ever~ mtlltary rated power (MltP) was not exceeded, 

Specific range data are presented in Figures 4-2 thru 4-8. 
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.. ~ ~ "" "' TABLE l. INCR.EKENTAL TANK INSTALLATION DRAG COEFFICIENTS ~ i~ ~ s ,, ,. .... TANK DIAMETER .. '~ ""' ""' ITEM 18 Inch 20 llu:h 22Ioch C0!414ENTS ..... 
tJ:J r.o ! :;o Usable tank capacity per tank 28gal 59 gal 94gal Speclfled by Geo.e:ral ~! r-

w 
Q;l 

Lli1l.s for Pbase I Stod:y .... Tank frontal area 1. 762 sq ft 2.182 sq ft 2.640sqft 

~~H • 0 

•o 8 CD .Cor iaolated tank 0.05 0.05 ·o.os NAA data per TWX dated ~B 
~ -oo ~ 

w 
March 31, 1961 er., ~ for fins 0.01 0.01 0.01 .NAA data suppUed by erg jO :II 

~0 w 
General Mills CD:: •% 

~4 r 
.. _ 
;;,. CD for~lons 0.0103 0.0103 0.0103 

Gene.ral Mills a.l1owed s2.~ ~0 
w 

0.0'103 0.0703 0.0'103 0. 08 per TWX dated t"iljoo ~. .. -.!t ..: .. 

I~ ~ 
March 31, 1961 ~0 a. ('I f.- i; CD f<lr ram air turbine drag 0.1587 0.1281 0.1039 <1> = 0. 013 based on area ~!c ::t I= i w - of 21.5 sq ft ·~ ". I~ , ... 5" r::a Total A CD per taDk. 0.2290 0.1984 0.1'162 ;_ lti Sa. I~ w ... , 

~i Total .t CD for craise out 0.00402 0.00432 0.0046S Two lanka ~~ ·-~ :. 
a =· (Based 011 "Vt1ng area) 

::!; 
i ,. . ... .A CD for dissemiDatiau nozzles 0.000'10 0.000'10 0.000"10 Based 011 chag of two g fairecl cyliDd.ers per tank, 

42 io..long~ 1ln.dlam • ~ 

i 

aDd inclined 60. to rl ~ rl ""' .... vertical - ... -Total 4 CD for di.sseminatJoo 0.004'12 0.00502 0.00533 ;; ~ ~ .,. 
(Based oa wiDg area) ~ ti i N .. Usable tank capacity, two 58 gal 118 gal 188 &al. 1-a. e r: ... ~ • 1aDka 

.0 
0 ... .... I ... 

. ~' .,... ___ ,., '•- ···-- ··-- ·-· 1 ··- ..... -··-·---··---·-·--------........ ...._ .. --.. --~~-- ..... ·---'-4-~ ........ -....-...-...,_~ 
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Study of Compa.tlbUtty of External Wtng~Mamted 
suB.JECT:- BW Stores wtth the AN/usD~5 PCE-1) Drane 

SECTION 1. FACTUAL DATA (Continued) 

S- 800·23A 

4.1.1. 2 Mlsatons 

The mlsstona tnveattgated were all radiua-of-a.ctton 
missions and consisted, basicalJ,y, of a boosted launch. crutse 
out to dtssemtnation pot.nt, dts1emlDate Uqu1d agent, drop tanka 
and pylon• 25 nautical mUss after dluemtnattan, and return to 
base !or recovery. The rules ft:Jr the mtsstoiUI are gtven 
below: 

4.1.1.2;1 ·Sea Level Cruise Mission 

a. Fuel allowance (67 lbs) 11 provided tor two minutes opera~ 
tton at NRP for pre-launch clleclc out. 

b. Lauch and cruise out at Mach number = o. 7 at sea level. 

c. Dissemlnate agent at Mach number • 0. 7 at sea level. Agent 
ts diue·mlnated !rom both tanks stm\lltaneQUS]t at rate of 
9 gal/min/tank. 

d. Range does not include dlssemtnatlon distance. 

e. Drop tanks and pylons after 25 nautteal miles of cruise back, 

f. Cruise back at Mach number: o. 7. 

g. Recover.. 

h. No reserve fuel . 

.f.1.1.2.2 Altitude Cruise Mtsston 

a. Fuel allowance {67 lb) ts provided for two mlDutea operation 
at NRP for pre-launch check out. 

b.· Launch and climb to SO, 000 ft with MRP at best rate of climb 

c. Cruise at 30,000 ft and Mach number • 0. 7 untU weight de
crease. to point where aervtce ceUtng (R/C : 100 ft/~ln at 
NRP) 1.1 35, 000 Ct. 

d. Climb to 35,000 ft wtth MRP. 

e. Cruls£1 to dll:lsumtnation point at Mach number : 0. 7. 

t, Descend to dissemination area, No credit is taken for range 
bi descent. 
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Study of Cbmpa.tibtltty of External Wtng-Mounted 
suBJECT:- BW Stores wlth the AN/USD-6 (XE-1) Drone 

SECTION 4. FACTUAL DATA (Continued) 

DATE May 28, 1961 

REVISED ------1 

I· Dtssemlnate apnt at Mach number : 0. 7 at sea level. 
Agent is dlsaemtnatecl from botb tanks atmultaneoualy at 
rate of 9 gal/mln/tank. 

h. Ranae does not include dissemination dtsta.nce. 

l. Climb to 36,ooo· lt with MRP. Drop tanks a.nd pylons 
alter 26 nautical mUes range in climb. 

j. Cruise back at 35,000 ft and Mach number: 0, 7 to recovery 
area. 

k. No credit is taken for range during descent to recove17 area. 

1. No reserve fuel. 

Typical mission profUea and the results ot the radtus-of
action calculations are gtven 1n Figures 4-G thn14-9, Weight 
and fuel data. are given in the Gross Weight Summary. 

NOTE: Gross Welgbt Summa1'1 baa been submitted by Welghta 
Sectlon, 

It should be nnted that none of the tank installations con
sidered wera able to meet the mtntmum. desired radius ol aclton 
of 300 nautical mlles at sea level • 
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4-2. Nautical Mi/lb of :Fuel va Tank Cap. (Sea Level) 
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DATE ·May· 26,, 1:.:.96.;;;.:1:.--t 

REYUED ----;......--1 

SECTION 4, 

4.1.2 

FACTUAL DATA (ContinUed) 

STATIC STABILITY AND CONTROL CHARACTERISTICS 

s·aoo-2u 

A brtef statlc stab111ty and control a.nalysil was made of the 
various tank configurations in order to determine tbelr feul
bUlty. The study was made without consideratlon of aero
elastlc efiecta. The results are stven below. 

4.1. a.t Longitudinal 

The addition of tanks with horizontal fins is estimated to 
p rod\lea a forward shift of the neu.tral point as much aa 3. 5% 
MAC (see Ftgure 4-10). The greatest effect is obtained with 
the largt tanks in the outboard locatt.an. The shift in neutral 
point wUl be handled by restrtcttng the aft c. g. ltmit. This 
solution 11 expected to introduce problema in c. g. control. It 
is recommended tbat horizontal fins be used to minimize the 
adverse effect of tanks on longitudinal stability. 

No control problems are tndlca.ted based on static 
considerationa. 

4.1. 2. 3 Lateral-Dtrecttonal. 

The statlc d1rect1onaletabil1ty parameter, en- ls reduced. 

slgntflcantly when tanks Without vertical fins are added to the 
baste AN/USD-5 (XE-1) configuratlon. Bee Figure 4-10. 
Further study may indicate the destrabllity of addlng vertical 
fins to the tanka. 

Lateral control ta auftlcient to handle unsymmetrical dls
ser.ainatton o£ agent. 

4. 1. 2. 3 General. 

The changes to the AN/USD-6 (XE-1) Rtahiltt;y :1rld control 
characteristics becomo greater aa the tanks are moved outboard 
on the wtng; however, the results of this atatlc analysis bas not 
tndtcA.ted any insurmountable dtfflcultlea. 

The results of a brief lateral dynamic-stablllty study tndlcate 
a potential problem at V : 200 kts. The lateral oscUlation is 
d· e but I e l'Udder to stdeallp angle ratios are required to 
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stiiWECT:- BW Storea wltb the AN/lJSD-5 (XE-1) Drone IIEYI SED _____ .. 1 

- - -SECTION 4. FACTUAL DATA (Continued) 

S •IJOG-2U 

4. 1. 3 STRESS 

4. 1. 3. 1 Structural ModUtcationa Required to J'uaelage 

For au stores at all locattona on the wtng the fuselage 
bending momenta and sbea.ra are higher than the design valuea 
lor the AN/USD-5 (XE-1). The area aftected la·between Station 

20'7. 5 and 2S9. 5. Therefore, there wtlll:le some changes in the 

longerons and shear panels In tht.s area. 

For the 1383 lb store at etther B. L. 85 or B. L. 74, the tie 

bar ln the tusela1e frame at the front spar (Station 207. 5) must 
be increased tn atze. · 

For all stores there may be a. allght change ln the fasteners 
wher~ the rear spar fitting attaches to the fuselage lower 
lonpron. 

4, 1. 3. :a Structural ModlficaUoDI Requtred to Wing 

For all stores at all locattona on the wing lt Ia necessary to 
increase the strength of the root rtb at the Jo1nt where the lead
ing ed&e portion attadlee to Use malta pc>lilon of the rib. 

For all stores at B. L. 37 the existing fuel bulkhead must be 
converted t,nto a structural rib, 

For allstorea at B. L. 74 or B. L. 85 a structural rlb must 

be added. 

For the 1011lb store at B. L. 74 ~n 0. 02 lnch doubler must 

be added to the wtng skin lor 10 inches inboard of the rib. 

For the 1383 lb store at B. L. 74 an 0. OS inch doubler mu1t 

be' added to wtng skln for 10 tnchea inboard of the rtb. 

For the 1011lb store. at B. L. 85 an 0. 02 inch doubler must 

be added to the wtng skin lor 10 iDches inboard or the rib. 

For the 1383 lb store at B. L. 8& the w1ni sktn pge must be 

lncreased from the extstlng 0. 08 inch thtcknesa to 0. 0'7 (an 

o. Oltnch Increase) from B. L. 86 to the root rtb, and an 0. 03 

inch doubler must be addecl for 10 tnches inboard of B. L. 85. 

P'or all stores at B. L. 85 and B. J ... 74 the front spar fitting 

would have to be changed slllbtly to add more material. 
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Sli:CTION 4 •.. FACTUAL DATA (Continued) 

4.1. 3.2 Structural Modificattqns Required to Wing (Continued) 

s·~23A 

For all stores at B. L. 74 or B. L. 85, a swept pylon ts 
required because the store c. g. ts 'so far forward ln relation to 
tbe wing aec:tton. A swept pylon is far more complex than a 
straight pylon from both a design and a manufacturing standpoint 
and, due to the fact that the c. g. Ja so far forward In relation 
to the wtn~r section, the greatly increased moments and torques 
require much heavier structure ln the pylon. 
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Study of CompattbtUty of' External wtng-Mounted om:· May 28, 1961 
sUIJtCT~· BW-Stores with the AN/USD..;s {XE-1) Drone R£¥1SED _____ .. 1 

SECTION 4. FACTUAL DATA (Continued) 

t·BOQ- 23A 

4. 1. 4 · THERMODYNAMICS. 

4. 1.4.1 J-60 Turbojet .l!:ngtne Estimated Jet Wake Diagram 

An estimated jet wake diagram on the J-60 tu.rbojet engtne, 
baaed on sea-level concUtlon and M : 0. '1, was obtained by cross 
plotting Pratt and Whitney data for ather conditions and ts, in 
the opinion of Thermodynamtcs, conservative for the purpose 
stnce lt docs not account lor the eUects of the secondary air
flow tn the cooling ejector. See Ftgure 4-11. The cooling 
ejector ta part of the baste design of the AN/USD-5 (XE-1) in 
all its versions. 
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. ·study ot CompatibUlty. of Extern~.l Wing-Mounted 
SUIJECl;- . BW Stores with the A,N/USD-6 (XE,;.l) Drone 

. SECTION'· FACTUAL DATA (Continued) 

s·I00·23A 

•• 1. 5 WEIGHTS. 

4. 1. 5.1 Basts for Analysts. 

a. Maximum launch gross weight shall be 10, f\00 1h, 

b. Baste drone shall be the operattonal AN/USD-6 (XE-1). 

e. Agent tanka shall be full (96%) tor launch. 

d. Fuel tanka ahaU be partially full for launch. 

e. C. G. nf all external stores shall be at F. S. 228.0 
(20. 9% MAC). Refer to Figure 4-14. 

f. Maximum dtan1eter ol ~ at B. L. 3 7. 0 shall be 22 inches. 

g. Pylon constant for all tank diameters at a gtven butt line 
location. 

4.1. 5.2 Applied. Changes to Operational AN/USD-5 (XE-1) Drone. 
Refer to Figure 4 .. 13. 

a. Add circuitry in guidance and electrical systems for stores 
!unctions. 

b. Revise wins fuel plumbing to provtde for partially ftlled 
wtng fuel tanks at launch. 

c. Add beef-up ln sktn panels and longerona (F. S. 187-2'10) 
of fuselage to sustaln increase in bending loads. 

d. Wing structural beef-up ta required and vartea wlth a11ent 
tank stze and locatlon as follows: 

(1) All conditions require changes to root rib joi11tg and 
the rear spar llttlng. 

(2) For au stores at B. L. 37 thtt extstlng tuel bulkhead 
must be converter into a structural rib. 

(3) For all stores at B. L •. 74 a strur.tural rlb and local 
sktn doublers must be added. 

(4} For tho ta and 20-tnch diameter tanks at B. L. '85 a 
structural rib and local skin doublers must be added. 
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4.1. 5, 2 Applied Changes to Operational AN/USD-6 (XE-1) Drone. 
(Refer to Figure 4-13) (Continued) 

(5) For the 20-tnch diameter tank at B. L. 85 a structural 
rib will be added a.nd the wing skin lncreased by 0. 01 
inches from the root rib to B. L. 85 rib. 

(6) Design of the structural ribs at B. L. 37, '74 and 85 
is based on the 22-inch diam~:tter tank. 

e. A straight pylon can be used from B. L. 37 thru B. L. 60. 5 
and the weight is estimated aa a constant. P'or all storea 
outboard of B~ L. GO. 5 a canted pylon is required becaus-. 
the tank center of gravity ta projected· !orwa.rd of the wing 
by the sweep back of the wtng leading edge and the pylon 
becomes far more complex and heavier, Figure 4-12 
shows the influence of the pylon wetght on the expendable 
stores configuration and Figure 4-13 reflects the penaltty to 
the empty drone weight. 

4. 1. 5. 3 Summary Build Up of Drone Gross Weight. 

Refor to Tablo n for the summary bUild up ot drone gross 
weight from the AN/USD·5 (XE-1) weight empty to Uie M,361 
launch gross weight. 

4.1. 5. 4 Longltudlna.l Balance. 

Longitudinal balance o! the nine recovery gross weight con
ditions fa.lla between 22 and 23% MAC And a.ppeartJ to be sa.tis• 

factory. UntU such time that c. g. envelopes can be established, 

lt ls assumed that lhe longitudinal centers ot gravity for Cllgbt 
can be satisfied by selective placement and programming of the 
drone fuel. 

4.1. 5. 5 Alignment Angle. 

The effect of agent tank size, agent tank location and place
ment of drone .fuel on the booster alignment angle has not been 
included in thl1 phase or study. Once a configuration has been 
selected, booster alignment w111 be resolved. 
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' lllliiLM-381 ' I ·~r.·"R.·Bothmbersrer T ~' lf~·K. Putnam "Y."Y. -Morton 

·. Sl:udy o1 Compat1bU1ty of External Wing-Mounted DATI • MAV 28: 1961 
sua.ncr: .. BW SSgry :stith 'the AN[USD·& !XB-1} Drone UYIIID I 

T ABLil II. GROSS WEIGHT SUl'dMA.RY 

B L S'7 0 B L 74.~ B L. 86 Q 
Basic AN/USD-8 (XB-1) 14495 4496 44911 4495 4498 4495 4495 4496 . 4496 

(Calc.) Per/Nov/11/60 

M-381 Mod11lcationa (Eat) 65 ea 65 93 ' 93 93 101 101 123 
ElectriCal System 4 4 4 4 4 4 4 4 4 
Guidance System 1 1 1 1 1 1 1 1 1 
FUel System 10 10 10 10 10 10 10 10 10 
F\lselaga Structure 10 10 10 10 10 10 10 10 10 
Wing structure 40 40 40 68 68 68 78 78 98 

Total Empty Wetgbt 4660 41560 4560 4588 4588 41588 4698 . 4596 4818 
Fuel ... Unusable 50 50 50 50 50 50 50 50 ·50 

Total Recovery G.W. 4610 4610 4610 4838 4838 4838 4648 4848 4688 

FUel .. Usable 3631 2855 2111 3481 2805 2081 3446 270Y 2003 
Storea - Expendable 1428 2102 2848 1448 2124 2868 1478 2152 2896 

Pylon (2) 80 80 80 102 103 102 130 130 130 
Tank (2) 880 1040 1200 880 1040 1200 880 1040 1200 
Agent 8.33lb/Gal 466 982 1568 468 982 1666 466 983 1866 

Total Drone G. W. 9667 9587 956'1 956'1 9567 9667 9667 956'1 956'1 
(less booster) 
Booster 1300 1300 1300 1300 1300 '1300 1300 1300 1~00 

Total Drone G. W. 10867 10867 10867 10H67 106G7 10&67 10867 10867 10867 
(plua booster) 

Booster Drop Off G. W. 
(level atti~de) 

- Wt. -lb 9600 
- Ixo (roll) - slug-:tt2 7513 
- Izo (yaw) .. alug-tt2 16646 
- P:xoco - slus-tti ... 180 

. Agent Tanka Empty G.W 
(level attitude) 

- Wt • -lb 8457 
.. IXo (.roll) - alug-ft2 3464 
- Iz0 (yaw) • s1Ug-ft2 11083 
- PXQz • slug-ft2 - '19 
Tank D~. .. inches 18 20 22 18 20 22 18 20 23 

J,.ength .. Inches 153 170 187 153 170 187 153 170 187 
Volume .. gal 105 145 190 105 145 190 105 145 190 

{to ouukle skin contour) 
Yclume • gal 28 69 94 28 89 94 28 50 D4 

(uaable) 
ftAI.I 
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Study of Compatlblltly of· Extcrr.al Wtng-Mounted 
SVNECT:~ BW Stores with the AN/USD-5 pCE-1) Drone AEVISED ------ot 

SEC'llOt; 4. FACTUAL DATA (Continued) 

s ·80G-23A 

4.2 STUDY OF SELECTED CONFIGURATION· PHAS.O: n 
4, 2.1 DESIGN 

4. 2.1.1 General Arrangement. 

The general arrangement and overall dimensions of the 
M-381 modified drone are shown on Figure 4-16. 

4. 2.1. 2 Mob1le Launcher Clearances. 

The launcher clearances are given in Figure 4-17. 'l'he 
M-361 modifted drone is shown ln the launch and also the 
transport positions . 
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SECTION 4. 

4.2. 2 

S · 80Q-23A 

-- .---· 

FACTUAL DATA {Conttnued) 

FLUTTER STABILITY 

DATI May 26, 1961 

REV I SU -----::.---a 

The addition-of concentrated masses to a wing wlll 

generally affect the flutter stability of the wing. The effect can 

be beneflctal in some cases, but often 1t will adversely arrect 

the nutter speed. No flutter analysis of concentratecl masses 

on the AN/USD-5 (XE-1) wtng haS been accompUsbed~ Be

cause no simplified method exists for esttma.ltng the effects or 
concentrated masses on a delta w lng, a formal flut.ter tnveatl· 

gaUon must be made before the final design is frozen in regard 

to spanwtsc and cnorc.twtse loc .. ~~on of the external stores center 
ot. gravity and fiexibility of the pylon mo..ntlng atructu1'e, Slnce 

the AN/USD-5 (XE·l) wtng ts tree from nutter wtthout external 

stores, 1t ta reasonable to assume that a flutter .. free deslgn can 

be achieved with external stores. A parameter study wtll be 

required to obtain the correct pylon noxtbllity constatent with 

tbe requirements for location of the external stores center of 
gl'll.vity . 

Tbe only genenl1'Ule of thumb avall&jle tn regard to 

external storn ill that Lhe center of gravity should always be fu.,.

ward of the. ''effective" torstona.l axia of the wing. The present 

deatgn does not violate thls rule. 
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Study of Compatlblltty of External Wing-Mounted DATI Mav 28 1961 
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SEC::TION 4, 

4. 2. 3 

FACTUAL DATA (Continued) 

LATERAL STABILITY 

4. 2. 3 .1 Lateral Stabtllty Study 

S·80D-23A 

The following presents the rei!IUlta of a PACE analog 

computer study of the lateral atabUlty of the selected configura

tion, allowing three degrees of freedom. The baste equations 

of airframe motion are listed below: 

In the clasatcal dynamic equations for airframe motion all 

aerodynamic coeff1ctonta are assumed constant for any partt<.'U

lar condition af Mach number and gross weight and small angle 

approxtmattons (l. e., cos £II : 1, sin a :tan .. : « (radta.na) 

are employed. The two orientation angle computations are: 

~: p 

~=r 

Transfer func tiona of tbe lateral autopllot uaed in the 

stmulatlon are derived from Reference 6. 3 

'r: 1.0 to:S+a r 

•a=<l.017+.61s) Eo618+(3• 

The steering loop baa been omitted from the analysts. It is 

also noted that no coupling between the lateral and longitudinal 

modes has been considered. 

The aerodynamic coefftctents are taken from References 5. 1 

and 5. 2. 

The conflguratlon tnveatlgated wu the 23 tnch wing tank 

located at B. L. BIS. Gross weights of 6500 lb and 9800 lb at 

speeds of 0. 3 MN and 0. 7 MN were chosen as lhe conditions to 

be investigated. Wetgnt and Moment of Inertta data are supplied 

by Retetence 5. 4. 
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Study of CompattbUtty of External Wing-Mounted DATI May 26. 1981 

SUN£Cll~ BW Stores ~ the AN/USD-5 (XE-1) Drone UYI SED ------t 
S.I!:C'IlON 4. FACTUAL DATA (Continued) 

Latural Stability Study (Continued) 4.2.3.1 

s ·800·23A 

Step inputs were appUed to ~-~ #1 p and r lndlvldually wbll.e 

the resulting responses were monitored by oboervtng the traces 

on a brush recorder. The step Inputs were as follows: 

step Input to 
r; 

~ 

p 

r 

magpltude of step 

+ to• 
+ 4. 

+ .4 rad/sec 

+. 2 rad/sec 

The resulting traces, Figures 4·18 thru 4 .. 33., show that 

the system mve1ttgated is stable ln the lateral modes for the 

conditlOJ18 considered, 
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4. 3. 4 STRESS 

4. 3. 4.1 Load Analysta 

A loads analysts was made of the AN/USD-5 (XE-1) 
drone with threA rHfferent stores {673 lb, 1011lb and 1383 lb) 
at three dUlerent locaUons ( B. L. 37, B. L. 74, and B. L. 85). 
In each case it was assumed that the top of the store was at 
W. L. - 19. 75, This analysts was done for several loading 
conditions which appeared to be the most crltlcal for the drone 
:wtth external stores. 

Following th111 loads analysis, stress checks were made on 
items in the moat critically loaded areas to determine wha.t 
mocilftcattona would be required to insure posltive margins or 
r:uuitty in all of the structure. 

4. 3. 4. 2 Loads 

Tho curves on Flgures 4-34 lbru 4-39 show the increases ll1 
loads on the wlng and fusc1'\gc uue to the varloua stores aL lh~ 

various butt lines. 

The wtng moment a.bout the fore and aft axts ls not increased 
aa a result of mounting these stores on ths wh1g at any butt line. 

The wtng fore and aft shear is greater than tha.t for which 
ths AN/USD-5 (XE-1) Wln!J was designed, especially when the 
stores are mounted at one of the outboard locations. However, 
due to the long chord of the delta wing, thta ta not a.n important 
d~stgn consideration. 

In no case ts the wing vertical shear greater than that for 
which the wing was designed. • 

Wlng momenta about the vertical axis and wing torque about 
the trailing edge for stores at B. L. 37 are not groatcr than 
those Cor which the wing was designed. 
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Study ol CompatlbUlty ol External Wtng-Mounted 
SUidECT:- BW Stores with tha AN/USD-6 (XE.l) Drone 

SEC'ltON 4. FACTUAL DATA (Continued) 

4. 2. 6 WEIGHTS 

4. 3. 5.1 Drone Contlpratioft 

The weight, center of gravtty and moment of inertia were 
eomptled on the baata of a drone configuration as defined by 
Reference 6. 5. The condlttona set forth Ill the drone configgra-
tlon are as tollows: · 

a. A 32-blch dtamete tank loeated at drone B. L. 85. 

b. A redesign of tbe agent tank, empty wetgbt 460 pounds was 
600 pound8, and usable volume 149 pllona waa 94 gallcna 
ln lieu of the tank ahuwn m Phase J study. Refer to 
Table 11, Sect1on 4. 1. 5, 

·c. Partial fllllns of the redeetped agent taw in preference 
to reducing the drone fuel load to maintain the fised launch 
grosa weight ot 10, 800 pounde, 

Item -
Total Recovery Orosa Wet&ht 

Fuel - UBable @ 5. 5 lb/gal 
Wtns Inboard 
Wtng Outboard 
Fwd. Fuselage 
Sump 

Storea .. Expendable 
Pylon 
'rank (149 pi usable volume) 
Agent @ 8. 33 lb/gal 

Total Drone Grol8 Weight (less booster) 

Booster 

Total Drone Gross Wntght (plus booster) 
Fuel .. Prelaunch checkout 

Total Launch Oross Weight 

I ·800-23A 

(308. 3 gal) 
179.7 gal 

83.0 gal 
54.0 ,J&l 
12. IS gal 

(2) 
(3) 

Wetght 

4668 

(2003) 
1188 

403 
351 

81 

(110. 8 gal) (2) 

(2896) 
130 
920 

1846 

9561 

1300 

10887 
67 

10800 
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Study of Compatlbtllty of External Wlng·Mountecl 

SUIJECTI· BW Stores Wltb the AN/USD-5 (XE-1) Drone llEYIS£1 ---...;.--1 

SECTION 4. FACTUAL DATA (Continued) 

S -SOG--23& 

4. 2. 5.1 Drone Configuration (Continued) 

Booster Drop Off GW {level attitude) - Welgbt = 9, 500 lb 

I (Roll) 
XC 

I (Yaw) 
zo 

Px z 
0 0 

- 7, 513 slug-it 2 .. 
: 16, 648 slug..ft 2 

- -180 slug..ft 2 -
Agent Tanks F.mpty GW (level attitude) -Weight - 6,457 lb -

Ixo : 

I 
zo --

P.xozo : 

Agent Tank Diameter = 
Length : 
Volume (outside sktn contours) : 
Volume (usable) • 

3,464 slug..ft 2 

11, 063 slug.ft 2 

.. 79 slug..ft 2 

22 Inches 
187 inches 
190 gal 
149 gal 

NOTE: The drone center of gravity and moment of lnertta as tn!luenced 

'by partially filled agent tanka has not been investigated. 

wt ONFIB itiTIL'•tr 
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Study pf Compattblllty of Externarwtns·Mourited 

Sllloi.ECT;• BW Stor. with the AN/USD-5 (XE·1) Drone 

1961 

IUIS£1 ------t 
SECTION 4. FACTUAL DATA (Continued) 

• -300-23A 

4. 2. 8 SEA-LEVIL MISSION. 

One sea-level mtaal011 wu ealculated for the 22-tnch 

diametel" tank located at butt Une 85. The agent wetght and tank 

weights are different from those used in the Phase I study; 

however, the aum 'or the agent &lid tank wetghta are the same. 

The calculation of thta mlsaton ts shown In Table I and the 

mtsslon pl'oftle ts given tn Figure •-40 .. 

.CONFIIENfiAt I 
DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief. Records & Declass Olv, WHS 
Date: 2 6 APR 2013 

-11-~ i 

·~ ' I 

.f 
'! 
t 
I 

J 
} 
J 
l 
~ 

~ 

1 



' I 
I 

J 

I 
~t 

I 

1961 
· Study· of Campattblllty of External Wlng .. Mounted 

BW Stores with the AN/USD-5 (XB-1) Drone 
SUI.JECT:. -------~--....;.._....;... _____ _ UYIUD ------1 

SECTION 4. FACTUAL DATA (Continued) 

TABLE I 

SEA-LEVEL MissiON CALCULATION 

Butt Ltne 815 

Take-off Grosa Welgbt 
Total Fuol 
Fuel for Reserve 
FUel Used For Check Out 
Climb Gross Wetgbt 
Drop Booster 

Gross'wt. @Start of C1;ulse Out 

Fuel Assumed For Cruise Out 
Avg. G. W. For Cruise Out 

Naut. Ml/Lb of Fuel 
Range In Cruise Out 
Average Speed 
Tlme.to Crutae Out 
End of Cruise G. W. 

Arrival Oross We!Gflt 

lb 
lb 
lb 
lb 
lb 
lb 

lb 
lb 
lb 

n .. ml'. 
kn 
hr 
lb 

lb 
Dlspense Agent (Cargo) 
Dlssemtnatton Speed 
Dtsaemtnatton Rate 
Usable Agent 
Dlaaemtnatlon Ttme 
Dtsaemtnatton Range 

lb 
·kn 

pi/min/drone 

Avg. Wt. During D111emtnatton 
Naut. Ml/Lb of Fue~l 
Fuel Used During Dtaa. 
G. W. a' End of Dlssemtnatton 

Wt. @Start of Cruise Back 
Naut. Mi/Lb of Fuel 
Range tn Cruise Back 
Average Speed 
Time to Cruise 25 n. mi. 
Fuel Used to Cruise 25 n. mt. 
Wt. @ J!.'nd of 25 n. mt. Cruise 
Drop Tanks 
End Weight 

gaVtank 
hr 
n.mi. 
lb 

lb 
lb 

lb 

n. mi. 
kn 
hr 
lb 
lb 
lb 
lb 

Tank Diameter 22 Inches 

10,8d7 
2,003 

0 
67 

10,800 
1,300 

9,1500 
7~0 

9,140 
0.1543 
111.1 
463.2 
o. 2398 
a, 780 

8, '180 
1,846 

463.2 
18 
110.8 
0,2057 
915.3 
7,-541 
0.1507 
632.3 
8,302 

6,302 
0.1607 
25 
463.3 
0. 0539 
1611. 9 
6,136 
1,050 
5,088 
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SECTION 4. FACTUAL DATA (Continued) 

TABLE I (Continued) 
S.&:A-L£VEL MISSION CALCULATION 

v. 

Butt Ltne 85 Tank Diameter 22 Inches 

G. W. for Return 
Fuel for Return 
Avg. Gross Walgbl 
Naut. mt/lb of :ruel 
Ranse tn Crut.e Back 
Avg. Speed 
Time to Crulae Back 
RacilUI Of Action 
Tot.al Mtaalon Time 
Recovery Wetght 

I •800•23A 

lb 
lb 
lb 

n. mt • 
kn 
hr 
n. mt. 
hr 
lb 

ABNFIRENJI!.L • 

5,088 
418 

4,87'1 
0.2083 
88.3 
463.2 
0.1831 
111.2 
0.6865 
4,668 
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Study of Compatlbtlity·ot External W1ng·Mounted 
.SUIJECT:· BVI Stores wUh the AN(USD-5 (XE-1) Drone 

UYIS£0 ------t 
SEC'JlON 4, FACTUAL DATA (Coatlnued) 

l·iGQ-UA 

4. 2. 8.1 Tank Loads. 

A summary of the destgn load factors for the tanks is presented ln Table II. These load factors are based on tbe design condttlons for the baste drone. Inertia loads and a.lrloads on 
the tanks are presented tn Table In. 

. . -
· :LUI' 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass Div, WHS 
Date: fl. 6 APR 20l3 

'1' 
t 
t 

t 
·~ 
I 
I 
1 
l 

{ 
I 
i. 
; 
; 



f.lR'!iHP'"'ll~~-t~t~i'*rRIJ!flll¥.;ijtrtllfCIW.i\Nii!lii~-"'""~UI~I8-·I\IfllU ........... ,., .. t •. ! .. l :~·- ., .·:=-1 

00)>0 
!!2:E~m CDQl:::r .. :-0 

N;;o~ 
Q)~ •• ~ 

~
om::q ao-cn_.m 
QowO 

~o~z 
-CD 0> "'11 
WQ. c 

Ql ,... 
~ ,... 
0 
.< 

f 

Flight P.ba.&e 
Sym.ID.etrical Flight I 8, 500 (with max. agent) I S. L. 

Sideslipping Flight I· 8, 500 tllrith max. agent) I S. L. 

Rolling Flight · I 8, 500 {with max. agent) I S. L. 

Accelerated 

Steady 

a - .longit>.u:liDalload. factor; positive-forward X 

n - later..U load factor; J1')sitive - right y 
n - normal load factor; positive - up z . 
~ -rolling acceleration; positive- right wing dawn 

nz = 2.33 

manmumln : 4. '12, - 2.12 z 1.5 

maxt.muml ny : ! 1. o 1. 5 

11 - 1 0 z - . 

c~Ullllnz : 3.0 1.5 

ii = ! 6. 8 rad/sec2 

n - 2.33 z -

" : ! 3.05 rad/sec 
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Study of Compat1b111ty of ~tarnal Wtna-Mo..mted 
sti!.IECT:- BW Stores with the AN/USD-5 (X!:-1) Drone mt sEa ------1 

SECTION 5. HB:FEBENCES 

S•80G-2U 

5.1 FAMD Report H262-019, 11Summary of Aerodynamics 
Coefftetentl Advanced Surveillance System M-282" 
November 1958 (Confidential). 

5.2 FAMJ) Report R252-078, 11.Analyl!lis of Phase n WSnd Tunnel 
Oat& HlP Speed Model AN/USD-5," November 1959 

5.3 

( C on.ftdenttal). 

FAD Report No. 74R-133, "Guidance and Flight Control, 
Flnal System AN/lJSD-6 ( ) Drone, 11 September 9, 1960 
(Confidential). 

· 5.4 FAMD EW-132, 11 Model M-381 General MUla BW Drone 
Study," AprU 19; 1981 (Confidential). 

6.5 Interoffice Memorandum, 11General Mllls Contract - M-381, 11 

il:PD-..3484, M&y 4, 1961. 
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The Prel1111na:ry Design ot an Airbol'ne 
·unlverssl External Store for Lin• Souree 
D1saeminat1on or L1qu1~ BW Agents. 

Marshall H. Roe, Aero·Tbermo Special Proj&ata 

~h1a report preeent.s generalized aerodynamic, 
weight, and inertia chara~tertstice or a 
universal external aircraft store tor 
dissemination of liquid b1olog1eal agente. 
~hese data were prepared to examine 
oompatib1l1ty of the store with an Army 
surve1llance drone. Also 1neluded are the 
reeulta or a eont1gurat1on 1tudy preliminary 
to detailed enginee~ing design ot the atore. 

DESCRIPTIVE TEru~ 

B1olog1ea1 warfare 
External atorea ror aircraft 
Line-oouree d1auem1nat1op 
General Mills, !no. 
L1,U1d BW agenta 
E!W CW 

FOREWORD 

• 

The studies -described 1n this report were 
oonduc ted in' aacul"llarwe wit» Amctndment 2 
at the General Mills, In~ •• Contraet 
MD-78766, subcontract to Army Chemical Corps 
Contract No. DA-18-064-CML-2745. The 
study period waR f~om 13 Pehruary 1961 
through 26 May 1961 · 
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INTRODUCTION 

NA~61~758-
Pils• 1-

North American AV1~t1on, t~a., is pa~t1c1patin; as 
a a~bcoatractor to General Mills, Inc., in an ArNf 
CbeMtcal ·aorpa p~oaram to develop ex~ernal stores for 
the line source diaaemination of liquid and dry BW agents. 
NAA haa completed the phaae or thil development procra. 
ot dea1sn atudiea or a universal liquid aaent d1 .. ead
nat1on etore tor uae With operational manned &iraratt. 
The prea~t wo~k is oonoerned wtth exam1n1na the ooa
pat1bil1t7 of' the Anry SD-5 surveillance drone w1th a 
liquid asent store, and prooaedins with the preltmin•rr 
dttiln ot a prototype ~tore. It 1a planned that the 
<1eta.1led c!ea1sn and tabricat1. on of the prototype atore 
w.l11 follow review and approval by OMI and the B1olo&1<71!1l 
T..abottatoriea or the preliminary deeisn reaul tins .. fl"'tt 
thil phase or the prosram. 

• 
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NORTH AMERICAN AVIATION, INC. 
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L.Ca ANG.._.. .., c:AioWORNJA .. , ...... 
DISCUSSIOM 

NA-61-758 
PAS~ 2 

The aoope or the work covered 'b'J' this report is detinecl 
by the work statement or Amendment 2 ot OKt Contrac-t !110 78760, 
wb1oh 1a quoted below' 

"1. Coaplete the. dea1cn requ1r••enta tor a prototJpe 
extePnal ltore 11qu14 acent d1aleminat1on .,., ... 
!he r.aulta already obtained under thil oontr.at 
w1th Clenel'al Milla, Ino. shall be uae4. !f'bt 

· deaisn requi~nt• to be established shall apply 
1naotar aa poaaible to a un1verell atore; however, 
detailed dea1sn shall oone1der 1natallat1on ot the 
1tore on the AI/USD-5 drone and also the P•lOOD 
airplane, which ia anticipated aa a teat vehlole, 

a. A• part or th1a wol'k, data ahall he 1Ubaitte4 to 
Oeneral MJ.lla, Inc. ror purpose• ot eV&lllAUn& 
oompata'b111 ty with the dron•. 'l'heee ~ala oball 
cona11~ or pr~l!m1n~ aerodyna.!o, we11ftc ana 
inertia ch&raoteriatica. 

o. ooor~inate With Qane~al Mille. Inc., the Ar.mt 
Oh~oal Oo~•· and the drone ~utaaturer in 
eat&bliahinc a mutallY aaoepta'ble •tore oon
tiauratlon at Oen'e'l.'"al Mllla,, tno. clireotlon. 

0. !'ftparat1on or Layout D1'&W1n&l ... l.a1oUt c11'&Winc• 
or the external atore shall be pre~d. which 
shall 1ndldde excernal seo.etry, detinition ot 
oa.ponenta (auoh aa turb1ne, a•nerator, valve•, 
pumpa, nozzle aaaembl1 and aotuatol'e), oontrola 
and control aequenoins, jettieon proV1e1on•, acent 
capaoitJ, inaulation, aaitatlon and heatlnl and 
aalntcnanoe provteiona. 

2·. Pres;are a repi'OduoS.ble teahnieal report covtr1n& tbe 
work une1e~ It• 1 a.bove." 

, 

Upon OOIIIPleUon ot it•• 1& and lb, NAA w&l ~ii'tlotad by 

GMI to eltatnate an1 rurther oona1derat1on wt store aompat1b111ty 
w1th the USD·5 d~• •• requl~ed b7 1tea 1. · 
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NA•bl-758 
raa• 3 

OENERALI-Z!D S'rOl\J DATA POR DJtONE C:OMP,A'l'IBILI'N SiVOY 
. a - . . 

. . . 

PoP ~rpoaea ot a oomp~~at1ve evaluation or store cnara~-
11e1ac10e vitraua dr-one· oapab111 t1ea, -aeroct,nam.o).- w•iah', an~ . 
1nert1.a charaotei"1at1ol as a l'unction or atotte ai.ze we.-. prepved. 
'ftleae. data are baaed on the store coni'1curat1on aa uho.-n 1n an 
C&l"l1ar propoa.al 'J"Cport, reterenoo 8, and cet'Uaet a aolldh&t · 
heav:ur enrpty wei&llt than tne atcre that has evolvea t'I'OID the 
pr•aent worst, · 

' 
Oecmetrical data ae1'1n1ns tne gener&J.1~1la store aJ"* ahown 

1n .1 ~urea l anel 2. A r1n~mns ratio or ~. 5 a wd chosen 
e1noe it naa an adeCJ.uatelJ h1gn orq • eli versenoe Maon number 
aa well as aa~quate capacity. Tne atabilizin~ fins anawn ~ 
opt1ona.1, aepenclins on the need t·or reliuct1on ot· tne cleatab111&2.nl 
etfeots or the noree ar1d l'or r:ree Llrop jet1s11lon1na ot the ~1;0i'ea. 

Aerodynamic Cbaracters1t1o' 

Aerodynamic characto~iat1Qa oona1at1ns or lift, dr&K, an4 
pltohin& moment aoett1o1ents tor the 1aolatecl ato~ are shown 
aa a funo,ton or Maoh numbes- and an;le or 11ttaok 1n ttsurea 3 
thl'ouah 6. 

Th• 1aolatecl ttore aerodynamio eharacterilt1oe conaiatina ot 
U.t1:J, draa and pituh1ns moment ooerr1c1enta or the tinleea oon· 
r1surat1on were 1n1t1all1 estimated on the oaa1a or data con
tained in rereranct (l) which dealt with the hilh aubacnio Mach 
nuaber wind tunnel te1t1n1 of' a similar external Dtore model. 
The t1nl•on data were also derived fr9~ the abova referenced ~
port w1 th neaeaaary cot'rect1ol'ls made .ror the t'1n etf'eots. A. 
No~~h Ameno&n report, "HA-55-llOS, waa also referenced in the 
oo&par1aon ot the body Alone (f'inleae) data. (Theae 1nj.t1al. 
data were forwarded to OMI oy eover letter and later ~v1aed bl 
w~re.) · 

SubaeqUEJnt analJais or the drag data 1n the rGtterenccd 
Doualaa Hpqrt and a co,ar1a<m at those data with data in 
retesaenqe1 (3), (4) and ')) indicated tiT&._ the .:Srac data or 
~•t•rG~o• (l) ar• opt1m1et1o, probab11 oeoauDe ot lmprofe~ 
corx•eot1on• ro~ the base d~as. All or ~•r~rence1 CJ), 4) and 
(5) ahow the low speed zero-11ft drag level of' o.o5 ot a fin•
orr low-4r&& body 3im1lar to the utore shapes eonoarned now~ 
p~~1oularly, the eont1aurat1on 17 1n rererenae (3) 11 alaoat 
tn• exact shape. Therefore, the 1n1t1al draa eat1mate was 
rev1eed to that rsnown 1n fi~ura 3 .. ~hio.l'l gives a dl'88 ooerrtcient 
or 0.05 at law apeed, zero l1f't. Eff'eets or ansle of attack and 
f1ns on the store drac remain the Game ae eat1mated from re
ference (1). 
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~•tant· and tntritt Charaoter1•~1~ 
V.i&bt *1\4 1MI"t1& daia are anown aa a tunat1on of' aaent 4&pao1ty 1n figure r. 
'l'haae d&'- were estuate4 t'rom an aftlangeunt as upload 1n NU «rawtna No. 2521-900001, aa anown tn J"'tterenoe 8. t1t1Jl& thta oont1gurat1on aa a reterenae mol, v&r1a;toaa 1a tank oapao1t1 and seo~try were eatabl11he4 an4 aN 14enttne4 1n tne followtns ~r. 

'tank No. l 
Tank Mo. a 
'l'ank: Mo. 3 

50 Gala Agent CapaeltJ 125 Gale Agent Oapaott7 190 aala Agent Capaolt7 
S1noe tM pl'ellalnary del1gn phase did not 1nolu4e 4eta1le4 detlgn tntormatlon, the atruot~l wetgnta were estt.ated troa prev1oua North Amertoan Aviation tank oont1sur&t1ona. We1&ntt tor thl .. oond&ry power aupplJ and pump1ng equip• unt nx-e obtalnecl trom equivalent ort .. the•ahelt unUo ~l')d haNW&N 1 ta!DI. 

A IUIIIIIll'J ot we1!}\f;, c .o., and inertia 4&ta 1• ahown 1n ':able I below. We1~t *-let-ups tor the three atonta are shoWn 1n !&blaa !I tbro\iib. rl. 
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~- Ulft (IDol Sup••) 
1lnU.1e Pro-1. 

5~ Pro•ia1on• 
P\lllpe • .Ptptac 
1!00. AtH•• 
Ael•tcn-• a. eontrolJt 
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TOrA1. Wilt AS81MB:t.T ( UCL. AOEI'l') 

• 

• 
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'0!5JGM !ARAMITIR3 FOR MANN~_D._A~~~Uto.!! , 
lo11ow1ng the deo1a1on by the 81olog1cal Laboratories 

't'l 4elete ~he requlreMnt roro store oOIII))at1bU1t7 with t!W 
SD-5 clrone, destsn x-equireJDenta £'ott tht prototype a tore· t'" 
IIW'\Mct airoratt were deter.ined and .&PJ)ltl4 1n the 4eatp 

1 lqout ,hOwn in t'll\loN 1\, A 41aouaa1on o£' thGie t"equire-
ment.a follow a. . 

ae~mttr1eal Par!!!t•~a 

- ' tn est&bll$h1ng thO ovarall store dimen110n1 tht tollow-
1ns anterta were aoM14ere41 

1. The sto1 .. lthC\:11! be ~7apab1e ot operattona\ 
de~nst~at1on on the f1rst-11ne tact1oal 
a1rarart (r1~ter-bombors. ~~d a~po~t 
type a) or the Altt l"or.,e, Navy. an4 K&J'ine 
00l9P8• 

2. Si.noe area ooveraga requJ.N•nta nave notJ 
been establ1shed. by the 1.1&11\1 oo~~~~~artda, the 
~unt or agent to be oarr1e4 waa aae~d w o• ion• ~i.un .... ~vsu1'ble t constatent wlth 
the reqQi~ment or ttea (lJ above. 

~ 'l'he a1roraf't ccns1c1ercd 1n .ttem (1) WA1'W s P'-1000, D 
·and P, ~·1058 and D, s.66B, AlJ•l, pJ.4B, and thft A4D. 
Racar•noe 6 ahowa the to11ow1ng Qapab111t1ee o~ these par\1• 
oular airoratt. 

Store li'u.l T•r&lC store Wetsnt Lug 
~ Stat!on Caj2ab;_l~t~ C!pAA~lUL. ~~911!1 

P-1000, l) & P lo6 in. 1150 0&1. 

r-105 .a a. D 0 450 

138 450 
B-66B 254 450 

A3J•l 110 400 

FJ .. ~ 1~2' 344 
A4D 0 300 

3170 lb. 14,20,30 tn. 

3170 30 

3170 30 

3200 30 

4000' 30 

2450 14,30 

3575 14,30 
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Frosa .::ona1derat1on of thttse capab111t1es evolved the store 
go&oiiiOtl'"J ot 226 1n. length, 26 tn. diameter, 190 gallon vol\ae 
ot agent tank, and 30 tnch lug spacing. 

Pre11m1nart Structural Des15n 

• The atr'UCtW'e or the BW Stor., as :shown on NAA draw1n& 
2533-900001 f1gure a. waa baae4 on the following prels.mna~, 
loads analy~1a. Air loa4a used 1n th1a.atud7 were baaed on a 
275 pl tual tank which 1a simtla~ to the proposed BW store. 
The a10unt ot inertia tor the 275 gal fuel t&Dk waa alao uae4 
u a basis tol' the ext11rnal shell or the BW store. 'l'ha t.nncro 
tank values we~ compute4 and incorporated into the overall 
reeulta wh1oh wera the baai.s tor tha de:~1SJ:l eons14er•t1on made. 

l'ollow1ng is a discussion or the loads used and the method 
ot analysis. 

Sj1!1bols 

W ft weight of atare including all ~1aposable 
loads, lbs. 

Hx - load factor in fore-and-aft d1reot1on 

Ny - loac1 raotor in lateral direction 

Nz - load ra.otor in vertical direction . e - p1toh1ng aooeleration, ra4/seo2 
•• . 
f - yawing aocelerat1on, rad/soo2 

·?~,a ... anal• or attack or store, de~··· 

~a .. ~lc or 31d~sl1p or atore, degroes 

q • l/2_.DV2, d:tnam1c presa ltt/rt~ 

.P - att" c:tena1ty, slugojtt3 

v ... &1r veloo1ty, rtjaee 

' 
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Ooaputi~s the Vol~ and Center ~r o~av1t1: 
Port: Lon VolWM ( tn3) x (Vol. )x 

(A) 

(B) 

(0) 

9720 

28,100 

7280 
1+5, 100 

i -4~ x1o4 • ~~~ • 
Agent wt ,,e~,uvoal 
1 Gal • 231 tn3 ' 

A&Gume Inn•r Tank l/8" Thiak 
Fiber~laaa Wt • .o1nlb/tn3 
Portton (A) 
Volume • 2'10 1n3 

?ort1on (B) 
3 Volume • 600 in 

Port·ton (C) 
Vo?lume • 180 ·'3 

• !0'5'0·J in3 

~ .. 15.7 xlO 
4 104.0 xlO 

61.4 xJ.04 

1q9.7 xlo'ff 

Capacity or T&nk • 196 gal 
'..tt ot Agent • j.n30'.,lb. 

Wt • 1050x.07 • 73.5 lb. 
U!e a weight ot 100 lb. 
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.... ' ... 
~·l' ftnk 

'liit• f7. and Iz 
Aaeuae CJilnde%- 22* d1a x 12911 lon1 
Vt • 1730 ll». 

M • ~ • 4.5 lbtn~eo 2 

. , .. • ~-

Ir •• Is • M ~( + tl2l • 4.5 fV.2 
+ ~2J • 6300 lb. isec2 1ft. 

r 7 '•li111 • ,6300 x 386 • 2,4~,o-~_lb. -111.2 

r..oo .• t't Compoa1te c.o~ ot Inne-r, Tank, outeP 'l'ank and t1qu~4 • 
outei · 'l'mk: 

.AAIMmt e.G. at Sta. 110 Wt. • 300 lb. 

Innes- 'l'ank o.o •. &1l S1la 30+34 33.2 • Sta. 97.2 lit .. 1730 lb. -
x• 1!1 JOOx100+1730J91·a • 99" (Sta. 99) 

1730+300 
Ute tank eta 100 ae O.t • 
.U~ load re.feflenoe point 1a at .4 x 220 • Sta 88 
POP a)'nW!tr1o&1 lup about tank c.o. lua• should be at Sta 85 
and 115 

Att 
Lua 

. 
I 

'I 
Att 

ft'IIDI 

~~:~l 

' 

.... -.--

• 

• 

UIO nay bnc• r· ~t 20° Pll" IP41C. IUI.·A-8'19111 .uD) llefl ....... a ineflt~a nta~at. C Q. tOP extePnal tant only 
My • I • ; m 2520G Ms • 2520 ~ 

8 
tor 1nn,r tank • 
Ill_ • 2 .. 4.000 ~ • 6300 ij Jll • 6300 ~ -y v 0 z ~ 
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Paao !4 l 

' 

Limit Load 1aator• (Reteronoe MiL-A·859iB) 
Wt .. 2030 lbl (eatiuted) 

Ifiertia1 t• :: • ~· : J! 
Hz 6.67 4,0 6.0 

Ny t1.5 t1.5 !~.o 

Mx t2.0 !~.o t3.0 
ij 1:6,0 t6.o t6.o 

• 0 Q 0 

s1sn• 
+Na Down +~ Noae Up 

+My Lett ·~· Nose Lert 

.+!fx Pwd 

Aft!! x:ae 
+3 or ~l 

tl.S . 
9.0 

!12.0 

!6.0 

. 

Catapult! 

+3 or -l 

t1.5 

-9.0 

!12.0 

*4.0 

•Mu· I>eai&n L1m1 t Lead Paetora from rue ll ot MIL•A•9591B ( ASO) 

A1~ tpada For a 275 aallon tank rro~ NA 52-186 (Reterenoe 9) 
'cond1t1on 3BoR (M .go at 3000 rt., q • 980 lb/tt2) 

.Pz • 653 lb, P~ • 1~90 lb. 
• · ~11.:. ."'\ 9611 in. lb. f11Z • 66282 in. lb. 
·ji~ • 1293 'lb. . 
.II 

'· ,CWnd1t1on 329R (M· .96 at 
:.~:Pa • 764 lb. · 

3000 rt., q ~ 1220 lb/tt2) 
p.!/ • 1472 lb. 

~ • 9545 in. lb. 
Py • 1881 lb. 

;r.rz • S2716 1n. lb. 

'Cond1t1on 30oa (M 1,10 at 10000 ft. A q • 1~20 lb/ft2) · 
'• • g8a lb. _P._y - 7ol lb. • 
~ • 59079 ln. lb. ~z • 98161 in. lb. 
Px • 2821 lb. 

tlor Hesat1ve cond!Uon, u•4 condition 4t!O mult1pl1ed·b7 1.44 
(to~ 1220q) , 

~: a!3~91 i4~.ii1!~l~~;ooa. 1n. lb. 
~ ~ 608 X 1.44 ••A75 lb • 
Mz • 35420 x 1.44 • ··51 ,ooo in. lb • 
Px. • 750 X 1.44 • loBO lb·. 

, 

•• "111111111 .. 
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Pl.OOA A1rloadl tor q • 1220!,./tt .. ~ 275 .Gal 'l'an1C 

C*itloa • P1 - My .!L Mz Px 
1042 . 560 ·83619 640 147242 2271 ) 

3008 -902 590'19 781 98161 2821 ) ·po8. lfs 

32-R -7~ ll545 1472 52716 1881 ) 

420 ],.1&3 -12]000 ·875 -51000 lo80 .·lf•l ,_ 

Coabine Ul'lloacl OonciS. t1on 101&2 Wl.th Inet-tia Con eli t1on 1 
U II It 420 " It " 2 
II II It 1042 II tl " 3 

~oP cond~tion 1 ancl ~ C!ndUU!J 2 
MaX ver•1oal Load• on PwcS. Prame roxo 
!4U HoM.zonlal 11 

Mu Vezatiaal " 
Mu !or11ont&1 " 

Condition 

1 

2 

3 

•con41t1on 

Daah 
Jfo 

-1 

-a 
-A. 

-2 
-1~ 

-a 

II II , II 

II Aft .. II 

" It II II 

tf' X H •y 

- + 

+ ~ .,. -
.. + ..,.___ ... + 

+ -
.· 

•N?t, ~ ·Hfx, +~ 

+NJ + • ., ·Hyl -'I 
+Nx 

.. f • 

+Q -· .. o 
X 

-Ky •• -M'y 
. . - ., • ji 

•• ; 

- + 

+ .. 
+ ... 

.. 
- -- + . 
.,. • 

1042 11 a a~trioal tl1&ht maneuver without p1tah1nl 
aooelera11on 

3008 11 an unaymmetM.eal tl1;ht .aneuver, ataacly roll 

32•2 1a an unaymmetrlcal flight maneuveP, 1teady roll 

420 11 an unaJIIHtl'iOal t'li&ht u.nauvel', abrupt roll I 
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NORTH AMIRICAN ~'VtATION, INC. 
1•111 ... CII'tla.Al.ilii!lilrr 

L08 AHOII.Za-~ 

... 8NIIIIINIIJCI' • HA·61-758 
Pa&a 1£. 

Ag;nt ~Mk Dat1Sn 

'1'h.e !Jelaotton of a t1lament wound f1bor ~aa asent tank w.aa 'baae4 on oon.icSeraUona ot atrensth haret;r), aorl'Qa1an, weipt, ••aline, cieoontaain.aU.on. heat tnnater, and pro4uo1-
b1llt~. ·l"he X...tex Corporation of l'&l'll1n&d.ale, •,r •• ••• oona\llte4 an 411a1p, tal)noatton, an4 structural teat1Dc ot tl\11 
UA1t. 

I 

Other maieri&la oona14ere4, bu' re~tott4 1D favor of tbe tu ... nt woun4 tibel'-sl&al wna alUiilinua allQJa, au1nl••• steel, 1elt sea11.q oella, lt;&4*1r oella, a.z1d J»~~a;roollb ttav .. sl&••· 
IIJA'l'Ilfli +9 pqlyt,A'fiOM 

~ tulf111 the zoeqW..re•nt of' u.lntatnina Uae t•J~JMtniun ot tbe 11quJ.4 acent wttb1n 35•~ to 7o•p, the a;ent tank 1a 1na11l&tad and the noamle ancl plumb1ng oollpOnenta &N h4tat:A!tcl. 

'l'he heaC tr&Mttl' IHW"&otertatioa ot the BW etor. aN r& . tuaot10D of tbe oata14e !Ua ooetttolent, the 1110\IA' ot 1na\ll&• 
~1on, the heat oapao1~ and t1~ ooett1c1ent ot tba &&~nt. 1'be etteot ot tM lna tton ta to negate the etftot ot th• outtlda ttla ootft1c1tnt. 

Plcure 9 ahawa the ertaot ot vartoua thtokneaaea ot t1bergJ.aaa DAU1ne 1naulat!tan on a;ent teape&-a.ture atter a three hour exposure at 43,000 tt Gruiae altl.twle wlth a na teJ~Pera
t~N t)f ·7·'· .Aa au u note4. the oh&nla 1n apnt teU!per&• ture 1t tna1cn1t1c&nt t~~ 1naulatton th1okr••••• in a:ccaa or 1/i 1no~ HoweYer, whtn the atore 1s pu•all:f t\all aa 1Nrn on naure 9,· caw &~~Dt l"eaonaa tta 11m1t aoone.r, aa the heat 
oa~oltY.1• not avatlablt in tbe aa-nt • 

A tt.e • to-.e~atur. hlatory tor agent te•~rat~ with a 1/2 1noh thtok lu\&l.atton an4 OnlJ 25 pl. ot a.pnt in the atoN 11 anown on t1aure lo. Tlde o\lne aaau.ea that tat 
•~inc aaent tapel'&t\U'e wu ~., and tM airplane ••• c.tl'Ull• 1111 above 35,000 tt wttb a raa tas!ll)erat\U"t ot -1•'1, 

Aa aan be note4l, the astnt will reaob 35•p afar 105 111nutea. Wttb trw tul1 tank or oou.rst, tbe agent temperatUN 
414 no• appzooaoh 35., 1n three ho'Jt"S. 

The &1110\IDt or heat J'eqW.l'tcl to •tntatn tM tan~peratul-. level ot the cS1 .. e~MinaU.t\4 boou a.l•"Ye t"Ntlllll 111 a t\anot1oD ot the aab1ent te~rature, a1rplant epee4 and ~· f1l• ooetf'to1ent of tJW boo... P1gure 11 &raphlaall;r Ul\laV&Ms th.e noat1ng l"eiluire•nta ror t.h• -'Ott ~1"1tlaal aond1t1on ot ua1ntal.n1ng the extended dheelll1natin8 booma at 3,;•11' tol' .a 

AaUfiiBtft" I DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass Dlv, WHS 
D~te: 

2 fJ API? Jnt'l 

-n 
Jf . ' 



:···, ;.., 

I•, 
(:t 

I I 
I I 

II 
! 
-· f I • f • •• II 
I·· f 

il ,, 
I 
B f ~ 

i 
I 
~ = II 
~ I 
~ 

J 
• 
i 
I 
t 
f 

•• ! 

.. . 
f 
•. 

' -J,I . 

-- -,..; 

f • • • .• • ........ . 

1 . 
••• level Nn. . !he ordinato ot t1gwoe ll 1a t~ 85f na 
~cove~ te~raturei whioh 1a a tunot1oD ot both ~1en• 

. tt,e~~~PRatura an4 at.rp ane apee4. 1'be' n.tatt.nc_requ1refl wUl 
VUJ then tn re-lation to the raa teJII)erature an4 tba alrplaM 
.,..~. Theae valuea are·al1o r.l&t14 to tbe &mbt,nt te~~
ture wh1oh 11 oro•• plotted on t~ oUl"Ye. 

1 nview ot the llinlaua t.111perature tor 11kel7 tar• anu 
1n4loa~a tbat_ . ..JtO•J 1a the loweat teqMtl'&tuft tbat · nHcS 'be oon• 
d4e.N4. tt.tereue to ttp.re 11 lndtoatea that & 1na&tlnc den• 
dty ot S Natta pel' aquan tnoh wUl be adequate tor all aht
apee41 ot spp~telt 0.7 .llaoh n\mlber &nd higher. It. aan be 
•••n t~t 8 watta per 1qU&N lnoh will prov1.4e aa1;1aftotorr 
bea'tin& at &nJ 1peH tor ubient ta.peraturoea ot -28~ or hi&ber. . 
fuS W Moult AlleP,k 

' , . 'l'be deaia;n rlow· rate or the 4iueiD1nat10D ayatell baa been 
tak:an a a 18 pllona per minute 1n ~oordanoe 1ft th tbe t1n41nga 
ot .Nterenoe 6. 'lha PwiP aeleated b noalnally l'&tecl •• 20 
pllona per lll1nute •' 50 pet. An &4Jua111ent ot plua-o.r...tnu. 

• t11f0 pllona peP ·IIS.nute is pzoovtded so t.h.a t the ~airoed rate oan 
be Ht 4\IZ'1l:lc benoh teata • 

The nossle deallft 111 baaed on ~ar11er teat rea\&lta •• re
ported tn ret ere not 7. On the baala ot that 1n.tanatton the 
noa~le aase.a11 1noorpol'&tes 50 individual a~tt·t~ orttioea, 
0.36o Lnohea !.n lenath &Dd 0.005 1nohea in w~dth. Thta will 
reault in a flow rat• at 18 gallona pelS mlnu~ at approximatelt 
35 pst-at ~ne no3zle. 

Turblne-OeMmtsr. 

AnalJ~il or tr.w tleotr1oal loa4 1mpoaecl on the pnenttnc 
• IIJatea 1nt11cat.es that a I~ 1\.'VA output 1.a adequate. !at1m&1:t4 
requlre~nta tor tht var1oua electrioal oomponenta •~ l1ete4 
~low. 

Pump 2~16 KVA 

A.Ot\.l&tol' 1.15 JCVA 

!ooa heatera 1.32 KVA 11.1.& (boom extended) 

Flex line heat.rs 0.34 KVA lll&lt 

Valve mnd plumbing heaters o.6o KVA max 
Solenoid valvea(pe.r valve) 1.00 KVA atarttnc. 

o.o6 KVA holc11nc 

f~------------------~,irirMes"aiizici:si~r-----::~~=-------~ 
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. ~ t\matiol\iq or ~be oaftt.Pola, aa 4asol'lbe4 1.Q·a .. :late 1. 
~ton ot· tbis Npol't!.._1• sequenoecS ao thAt. the e].ao~o&l lMd 4aea not •x.oeecl tba 4 AV'A output ot. the i1Ml'll~r. 

. . 
itha llli•on D1Y.la1on ot tM General Jfotora Corpo~~n .Uid 

tbe AtJleHUO.b D1rt~1on ~t the 0&1'Htt Corpozoatto~ IIU'f a·D-" 
taet.4 ralatin to .uppl.J1.na tile wntrw•PMftt~ ·~•· IIMl ba\h ooapa.ft1ea bave aul:lld.tt.4 toet an4 aobe41ale ••~•· 

:.j 

·i 
' ' 

l 
l 

J 

I 
l 

1'he col'ltNl puwl to be lqoate4 1D ~ pilot. ooGr;ls U . 
1 atKnm aohft&•taallr tn t1~UN 8. In add1t1on to t.bt ~- twlto.SW• , ebGwn on the panel, ~ pilots tl"i;&er :nr1 toh Will l'M ~rpora1sed •• tM priM 41tt..S.Ut1n& ooAia'ol. !be oontrol awlt~• wUl t.t•S;lise tn. &11"P~ •a 4.o. poweJ' to aattvat. oonml relua. A io~•tio ot the··ctrouitrJ 1a •hown in t1su:r-e 12. 

Punot1ona ot the oontX'Ol& an4 tn41cator ll&fttt are 
4etoM.btcl below. . 

Master oontrol aw1toh (3 poa1t1on ew1tch) 
Podtlon la pnanto~ <ltt (no power 1:o atOrt 

ooaponentaJ 

Poattton 2: generator on (&»Wt' a•aU&I»lt to 
stan ooaponent,, aaalaina as.r 
spee4 ta 250 knott tA8 or ~tar) 

l'Ot1 t1on 3: generator on, pUIIIp on, l.4eo;t.rcnala
t1on valve open 

Booa oontrol awltcn (2 poa1tlon awltah) 

fol1t1on lt noa•l• booa extandt (a.sa\.8S.n$ 
generatot' on) ,. ' 

~' Po11tton as ~ozale booa ratraote (aa•u.ina 
gene.ratos- on) 

~1scar awttoh (on-ott awttoh) 

.Sw1.tcb cSepnned.a haatera ott. pUIIIf on, 
d1sch&r&• valve opena4 

Sv1 tcb relaased t pump ott, dhoharp valve 
alose4, heat•~• ~A 

OEClASSIFIEO IN FULL 
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NORTH AMitRICAN AVfAT10N, INC.· 
==.Lt!IM.CZA 
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Indiaattns 1ist1ta 

NA-61-758 
Pa&e 19 

•aenera~r e>tt" 11iht 111\1111ataa it pnera.tor 
1a not opent1n& &llCl Maat.r Control awitoh 1• 
1n "aenentor Onu or "Rec1roW.ate" poaS.tto~. 

"Boe>a not uttnded" 11sht Uluat.nate• it "'ooa 
lxteDd• sw1. tob 1e utuatect and booa ta .not 
t!J117 extended, 

"Jlov" l1sht Uluml.mt•a when 11qU14 1a tlowtnc 
troa pump d1aobar&e 11nt. 

rreoauttonarr o1rou1tr, 1nteroonneota& 

Dlao~&• valve oan aot be opene4 ~·•• booa 
1• extended. 

Booa oan not be retrao tt4 unl••• 41aa~se •al,. 
1a Clloseci, 

• 
Reoiroulate valve 1a olo11d (1t open) when trtaer 
awi.to)l 11 4epreued 

H6atersa 

Heater oontrola are actuated automat1a~111# ~n 
the senerator 11 on, ~J temperature aena1ns 
sw1tohela. 

Ullin& tn4 Ptopnt!J!1 pt~\{!1 

Prov1a1ona tor r1111na are 1lluttrate4 aonemat1oallv 1o 
t'1gure 8. Qonn.otlone 1"%'011 tne t'Uli.na pump are udo to the 
f'l•& line whtob s.oea into tb.t reo1roUlattna aJSt.ll. Ae the tank 
18 rtlle4, 1t 1a Ytmted thl"ouah a tbx line tn tllll vent 11atu 
to the return dde ot the tUl1ng avatea. 

i'or 4eoontua1nat1on ot the atol"* atttr uae, tbe inner tank 
snd plumblns IIQ be tlwahe4 wU•h a· deoontaatnat1ns liquid bV 
PUII4'1nc 1 t tbroup the reo1ro\ll&t1n;, dioaellinattnc and vent 
sy11te1U. 1'he att ooaapartmenta ot' th8 aton Gonta1n1na tbe pump, 
aotuato~, valves, eto., m&7 be deoe>ntaa1nate4 bv aooeaa throu&b 
doora in thea• 0011\p&rtlltnta. 'rhe uenw~ compertMn'b houaS.na 
the apnt tank ia aeale4 atr troa the att compa.J~t•nt .. ihat 
ager.t or dbaontaminant 1n the att Ot)IIIP&rtment wlll not s .. p 
1.nto the 1nsula.t1n& matertal 1n the center aeotlon. The 
~txtertol' or the store can be deoontallin.atec! bV hoains vs.tn a 
~oonta~nating 11~u14. 

_ .. __ ~ .. ___._.__ 
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DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1 1 55 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
(ATTN: WILLIAM B. BUSH) 

8725 JOHN l KINGMAN ROAD, STE 0944 
FT. BELVIOR, VA 22060-6218 

SUBJECT: OSDMDRCases 12-M-3144through 12-M-3156 

AUG 1 2013 

At the request of , we have conducted a Mandatory Declassification 

Review of the documents in the above referenced cases on the attached Compact Disc (CD) 

under the provisions of Executive Order 13526, section 3.5, for public release. We have 

declassified the documents in full. We have attached a copy of our response to the requester. If 

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at 

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov. 

Robert Storer 
Chief, Records and Declassification Division 

Attachments: 
1. MDR request w/ document list 
2. OSD response letter 
3. CD (U) 



.. 

April 26, 2012 

Department of Defense 
Directorate for Freedom of Information and Security Review 
Room2C757 
1155 Defense Pentagon 
Washington, D.C. 20301-1155 

Sir: 

 
 

 
 

I am requesting under the Mandatory Declassification Review provisions of Executive Order 
13291, copies of the following documents. I have tried several times to acquire them through 
DTIC, but the sites stated they are not available. 

I am conducting research into the previous methods used to disseminate biological agents. Many 
source I use to have access to have been deleted from the internet. On numerous occasions I 
have been informed that formerly classified information that was declassified, have now become 
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or 
other changes to this question have not successful nor revealed a specific source. As such I 
would appreciate any infonnation you can shed on this question. 

Documents requested. 

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly l2..-M-3 \~ Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills 
Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745,lOl.pages. Prepared for U.S. Anny Biological Laboratories, Fort Detrick, Maryland. 
Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408. 
General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota. 
AD 3467 51, Dissemination of Solid and Liquid B W (Biological Warfare) Agents, Quarterly !l-Af- 31 'f)" Progress Report Number 12, March 4- June 4, 1963, G. R. Whitnah, July 1963, General Mills 
Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills. 
Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul13, 
Minnesota. 
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ll-AA~31'1(, Progress Report Number 13, 4 June- 4 Sept 1962, G.R. Whitnah, October 1963, General Mills 



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 19 pages(?) 

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12.-~-31'11 Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R. Whitnah, February 1963, General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 123 pages. 

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly tz-.JA-5/C/ 8 Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962, General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 130 (or 150) pages. 

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 1 ~-.M-31'-f? Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962, General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 198 pages. 

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12--M- Jl J'l> Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages. Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-M-Jf'f{ Progress Report Number Five, 4 June- 4 Sept 1961. by G.R.Whitnah, November 1961, General Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML2745. 

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ,z.-M- ll a Progress Report Number 4, 4 March- 4 June 1961, by J.E. Upton for G.R. Whitnah, Project Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept., 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages. 

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress 12-.M- ~11.3 Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number 2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages 
AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-M- "'JI.r'l Progress Report Nwnber 2, for period 4 Sept- 4 Dec 1960, by G.R. Whitnah, February 1961, General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research Departmen~ 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 



AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-.#- 31 rsProgress Report, for period 4 Dec. 1960-4 March 1961, by G.R. Whitnah, May 1961, General Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 95 pages. 

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-/H-315'(, Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager, Approved by S.P. Jones, Aerospace Research, February 1963.247 pages. 

Sincerely 




