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Bttecit ot 1l.evate4 ALI' atrua !elQera.el CIA the 
VUbWty of 8erziati& Ifaioo •• c"· M.ro.ol1aect h'oit 
UqUi4 SUlJ'8II!101l ~ • • • • • • • • • • • '.' • • • • • • • 

.lffect of lDoUbat1OA t'IIIIIentqN GIl tb. !IeooveZ',Y 
of AaoIOl.l ot @!rrattt KH!RQua Dtpote' to aD 
A1r Stn.l !r~tUl'e ot l' 0 •••••••••••••• 

~1oal. D1Mza.:I.oDa ot CylS.DdeN &Dd. Pl.tou UH4 
111 h1at1oa ..... ~t. • • • • • • • • • •• • • • • • • 

VaJ.u.ea at tbe feftI Cl..# tor 'lalo Powder l1li4 IIa 
far Var10ua Cll1D4er---.atez1aJ.a ••••• • • • • • • • • • 

Avenp Surface Bouabll.. of the 1IIIlda ~ 
VU'10\11 C;r11Ddal'l U .. , 111 __ rSallu ••• • • • ••• 
Co.tt1c1eD.t Of lr1at1oA ot !a1o Powd.II' _ era 
~ !'11t1D1 'lable .tboc:l ••••••••••••••••• 

Value. of the CODltut. 01 • • • • • • • • • • • • • • • • • 

Valu.. at tbe CODlteat.P. It~ adPCz""o) tar !ale 
Pbv4er &Jl4 SIll Under Yuiou CCII\Pft.e1ft loro.. • ••••• 

Appanmt Vlleol1t7 of w.l.a. 10. 1 VeZ'llua aear 
aa.te ••••••••••••••••••••••••••• 

Ap]Iarat Vt.oo.1V of w.l.a. JIG. 2 VeN. Shear 
late ..•••••••.••••••••••••• • ••• 
Tbe1"lll&l COII4&aatl vi t)" of IU 11urq SMpl .. . . . . . . . . 
Dlul t)" of 811 IIUZTie. •••••••••••••••••• 
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!1'b1ll 111 tU rourlh Qu.Irter~ r.rot:NII a-fOri OIl til. pzocrq or "­
.urch 00. dJlMI1D.tiOQ of 1Ol.{4.ad lltu14 ., elIOtt, 'be1D. CODc!lacte4 

UUeI' CoratNct 10. DA-18-06IJ.-cIIIr-2711-,. ,""u re ... .rcb 18 41Note4 tGnri 

the developatDt ot 41I1tm1DatUla'ton. to 'be CIIrr1e4 ute;rallJ OQ h!l'a­

lI8r.toJaDce del.1v'%7 aircraft. 

The thzee40ntb periocl cov.rell by tJlll Nport a e ~rt; of !bue II, 

1Ill1oll VU atarte4 1D Decellbel' 1960. '.l'he ob"eet1.vt of J!ba •• II, 111 tile 

field ot '0114 a,.Dt, diulllldut_1 a to adYIDC8 the lta+.e ot kftwl.e~ 

111 the are •• of ohI.l'1otel'UI't1OD, .11"'17, uter1q, 41I1a1n.t1Cm aD4 

4eaglcae2"lt1oa of t1ne~41v112a4 ~114 _teriala, to lJZ'OV1~ data tor 

4edp td • re. •• rcll pS'Otct7Pe 41IlNlI1aator. Dl tile fU14 ar l1qU14 

apDt 4:1 •• _1nati~, Ph... II 1Dolu4e. tbII dea:tp ot • :re ... rcda l'I'Oto­

tDt 4UI.1AatQr aIld the :tabr1aat1on ot ~e wit. 

Thll report .pretleDt. PJ'OP'8U in 'lMIl'111 :l.nveat1ptlcml cuneDtly 

bo1r1S cCDIhLote4 to .. t the •• o'b"eot:1vel. Jlecaual r4 the lars- aoope 

at th1. PI'O~eot, I Quabel' of rellt1ve1y 1D4epeQ~Qt .tud1e. are zoequ1l:e4. 

I(Qtt ot the ."bJecta 4iArCU8,.4 iD th1. report were 1Dtrodlloe4 111 OUr 
1.1 

'n11r4 QUarterly Pro,"" IIport ,to which tile Nadal' t. .ret.ne4 

tor a&U.t1oDal. beclqp'Owl4 1DtOZllBt1oa. 

1.1 Oeural MUll, Inc. Mport lID. 2SOO, pj. .... 1Dat1oD ~ 101.14 aDd. 
Uqu14 iii .Apsta, (uaw •• U1e4 t1tla) May 15, 1961 (Coat14el1ttal). 
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nll1q of &1l'bo:ae banan8 \17 _am ot cllI1Dtaotut. 1.u MI'Dac1 tcma 

=-~ .... , ul:tl'aY1olet ra41at1OA U4 1D~%'at1= hal bee a:r.a4 OODt1mae. to 

be aD iIIportaAt .:Na of 1Dteren In ~ f1eld of ~Cl'Ob101c&r' It 1. ~OOI· 

111 .. 4 t1'I&t 1ac.1De.ratJ.OD b.n~ about o~tI .wnl1 •• t/l= ot o~te4 

811'. BOINVIl', to the au.thor' 8 knowlac1aa, ll1tol'lll&tiOD aD the _that ot e .. -

US b:f.olos:f,cal M1"08ol.a tor .110" ]ltl'1041 ot tiM to telI;lezoatve, be~CIIr tbat 

ot 1no:f.lI81'Bticm 1, Dca.x1.ieDt. 

Tn. pu'JlOIO ot tba ".r1rIeDt, ft~4 bent,"" to Obta1D data which 

Y1U ,Gable pNdiat1cm at the .neat ot JId.x1q • v1ablA b1olol1aal. "1'0.01 

Y1th the hot exl:IauIt ..... at. J.t .~. b pre.-at nport txploze. the 

poali1l1l1tr of v1abWty 10 •• ia all "l'O.o1 campo •• a of lena!!! -.ra._u 

Cia' ¥Mil tile ~_ aft eXpo.eel tor • p",toe! ~ ~. 7 •• GOII4I to varloua 
.. ' 

teqJezoatlU'O" • ',1. 7 NCcm4 .JCpOftft t:lml u .. d ill then aperiMDtl YU oho-
, ' 

'.11 hem U aaal.yI18 .of the Jet plUIIII o~ tha )b1'th Amer1~&D F-lOO,1S8 pl'ltHDi1e4 

123 lorth ,.r1CaD Ai_raft llport a-60 .. JJ.o3. An apoture tl_ .. l.u'8a &I 

~. 7 •• oOllcl. v •• oOAaiared I18ce.sU7 111 order to accCIWlt tor turbulent ~ 

efttcta VlUCh m.t at the po1Jlt at 1~zIOeJlt1O!1 or the .. zooaOi .treellll1 •• 

with tM ,1,... It.1l plazmIci to aODtlJNe th1. vork by .t~ tile etftat 

ot .hortou expoIUft' t1llllt1 at vanou. temptzoaturea. 

2.1 !Xi!,....Dt&l 
Cell 1U8JI8ll810De ot SIll vblCh ftN ","cI in tbe.. Mro.ol nu41 •• ware pre­

JlUI4 ~ pellat. fd tb. Cl:l'PDt II1II tlu'DUbe4 br Fan ~l'1ok. 1'tIII app8Ntu 

","4 in tbe .. ex,.1'1ments 1. 8hCIVD .cheut1cal.q in J'18\1ft 2,l.l. A fl_ plloa 
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glUl ce.rbo7, vh1ch 1I1'V8' •• the _:rolo1 ObIIiber, 11 ~0IUIeate4 to two 1deu'U­

cal. 91., x 2., _ lila" tube. 0,. .au ot .. "y" tube •. Heated all' 1a JI1xe4 

V1th MJ'Olol 1A OM 0: tbl tUbe. vb1l.e J'OCII &11' 1. 1I1xII4 with the other halt 

the COZltrol, MIqIle. l)ur1ns tbe 00Q.He of ex;en.atl 1A "b1oh both lell ot 

tb8 appafttlll l'Itae1".11 UDheata4 air it ".. tOIUI4 thAt thtt ocmtrol 1111 ot tile 

appaJ't.tua race1".4 ~teJ¥ 1.3 ta.. AI -.oh "1'01IOl. aa tbe hnted lA,. 

It tbe "1'0101 cm.'ber With "I" tube val 101&l'1li4 tlu'ouah 180-, then With "'cloth 

lip \fDhe.te4 110 vas foW14 tlIat tbe oClD.t1'Ollei 1'1011".4 ODlJ 1/1.3 tiM' .. 

ID.l.C1h _1'0101 AI tbe baatell le,. !be.tore, weq,u,al tJ.gw th1'Ol.&ih tbe two leS' 

a. cauae4 by tlte "Y" tube tlow-QUtter. Cor1M~tlr, all puo.ZIt reaoveq 

data tI'CIII beatea l'Wl8 wre IIIIIl.t1»l1e4 b7 the 'facItol' 0.76. 

.\8I'0Il011 wzoe "lI8ftte4 Wl1q a 1I04ifS,d VI.JODII]IbJ'1D uw:u.uZ' clIull4 

with .u &L ot the aU IWlptu1cm. 

2.1.1 I!mp11y of Mro.oll 

Aero.ol.I veN 1apl.e4 aiIIUltaDloull.y f.rca botb the beate4 leS of the 

IJPU"&tua aD4 the .... ate4 o01'1'bftl leI 1111118 Al.l Ola.. SJIId n .. ~.. '1'he 

tlDlr rate ill III 0 .... "'., 12., litem ~:r miDUte witb aU :ww barta:18 

• dluatlDD of 1, 1II:I.mlt... An l.ll4b14ual p&:rt1ole or or .. 1 .. ".. expo.ad 

for a period. of 1.7 MOODU to ~ 1II.te4 air Itre... 'l'h1. Woe t1"\a for 

all l'LIDI to lie 41acnaH4. Apprax1IIate17 1010 nabl.e orpll1mu WN aal .. 

lecte4 1u '11_ cOIltJ'Ol 1IIp1Dae 4ur1.q • 1, atDUte l'IID. 'l'M colli atl_ n.u14 

VII 10 III of Iter1l.e trnto ... aU_ 411 .. 11'11 (OCIIpM1t:l~ a.ar1'be4 _low) 

pl.UI two 41'OpC ot etertl.e ollft 011 to :e4Uoe f~. After the 15 a1'ft1l'11e 
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.-,l1DS period ba4 aI.Plled, th8 Ulp1Dpl'8 nn 1'aOftC1 trca the appal'atws 

ad cool.ed 1D all lee batb. Arter oOQUq,' the aarateat. wal'll quant1tatlwt17 

t1'U1ltel'l'84 to 50 JIll wl,..tl"1o tluU an4 Wute4 to 'YOlu. with tr,ptoae 

8&l.:tu cUl,.nt. AttieI' tboJ'ouP II1xims. tlae ooateDti of tbe vol~2"1o fluke 

Wl'II A2"11J.l¥ 411.4 tor "I1&b1l:1t)' 6ateZll1D&t1aoa. 

2.l.2 Vlabil1ty peter.l1DatlOD' 

'!he .. 41 .. u.4 iD "I1&1):l.11t)' ctetemlDa1l1CD. val cClipoMd of tbe tolJ.olriD8: 

VU.em '. ~ptDll» 

Ce:.10M 

DiltllJJt4 vater to 100 III 

PH a4Juatea. to 6.8 

2.0 I 

0., I 

0., I 

2., S 

Se:r1al 4.l1uUOIl8 1M. ma48 ill t1",YPto. wine 411uel1t ot the follow1AI CCIIIIIO­

dUm: 

D1atill84 vater to 100 III 

All Y1ab111t7 aeteftdut10zal vaN II84e ueiDi atel"1le Jlutic ,.t1"1 

411be.. AtteJ'the plate. ware pouzw4, thII~ VU8 place4 in & 37·0 1DCNbatw 

for • ~ri04 ot two hove pr1ozo to plat.1I1s. 'I'M. t~tmeDt ~ _ ex-

c ••• moll'ture which mipt 1Dtezotezoe vith .ulI.pDt· "ftl.~Dt ot 0010111 ••• 

Saaple. ot 0.1 III troa tlie tual Wut:lOll nl"8 .trub4 OD tM nrtace ot the 
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aear p1a~. with Rel'1lt Slae. atzwaId.DI %'Ods. ftII, platt. "'1'8 tbea 11lOUbatt.4 

at a tMp:ratun ot 31-e. 

2.2 !pault. aD4 Dt.aueaicm 

b .neot at hute' air at~ 011 the "I1.b111 t, or SIll in M%'08Ol. tOl'll 

11 palellteA 1n Taltle 2.2.1. !1'bI .. 4ata 1'eP1'eMZlt tile a'WIftP peJOC.nt 1'8-

ocnerie. ~l'I\1Jl8d tzoca at leaat Ii.X lepart.te t.lta at elGh telprature. 

laall ItIt.Z'III:LaatlO1l VU ".H4 0Jl the uraeolJ..atlOll aDd colleatlO1l ot QpI'QXi­

_te~ 1010 Viable orpD1.... The a_ zoeaulte ahav1DC the __ percat ft­

CO~ &D4 the 4ev1at101l or the __ aN lIN.ateA in Pipre 2.2.1. !I.'M 

&loaa .. lIl'Y1a'bWt;y n SO·O IIIICNII1ieA to a'bout ,1$, at 7,·0 7~, at 100-0 

., u4 at the MX1InD teJpntll.lftt ot 12S'a, a !ea .... ~ ~ J'raa tile .. 

relUlti 1 t sa l'ea41lT .~at tbat .. Z'O.o1.. or BIll are 11SD1ftOlDUy atfe0te4 

b)' .ateA air. 

SIIlOI it 1 •• -rallT kaCMl that _%'01011 ot veptatlw o2'8lA1" ex­

hibit aD IPPftc1able ~aq rate .ftll u*r optiaUll 0aa41t101l1, tbe 2'tlUlt. 

obtaiJll4 1n thIt .. expe2'1MDt. w:re nat UDU:peotec1. All III otb*r t7Pll8 or u­

,en.m;. vbe%'lt baattl:ria 111 .. 1'OIOl tom aN IUbJHtlic1 to letbal. &pat., e .S., 

UV' n41atlO1l, the lNIIGept:l.b11it:v or the orsu:l." 11 QUIll)' a' funotion t:If 

till _41\111 1D Which the orlllDi" are 8I'CMI, the pbaIa :m th8 growth qole 

at wlch the 01"pZl1 ... aN barwiate4, the utrix ftJ'f'OUD4.1n. the or8lD1_(_) 

after tM vater ~ the uWUua 4roplet baa evaporate4, aa4 the 

oOl141tloc. or tlIe u:perlmeDt. 
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'1'AmB 2.I,l 

ImC'l' or mvAS AIR B'l!IIAM ~8 01 TIl 
YIABILtn at BI!M'l'U. 1IUCISCIJ8 AlRQJOLtZID I'RCII r..tQUm SUSJBISIOI 

'!aDe1'lotUl'8. ·0 RlOOft!L "J'OatoI' 

25 lOO 

50 49 

75 2B 

100 8 

125 0,£\ 

lNJoatlCD ot all I'WUI va. 15 .1Il1lte •• 

*Ave:raae ot .u \!ete.DatiOD. 

Mean DeV1at~ 

2.8 

It val PWV1waly It&tt4 tbat tJw lDOUat1cm tea,perat\&re .. 37·0, 

SiDG. thia tealperature voul.4 'be cODl1&tl"t4 b, .~ lnvelt1ptOZ'a to 'be 111ptly 

h1p1' tban opt1Jlull 1'01' 1:. uroellccuI, the po .. 1b11.1ty U:l.ated tbat aCllllllVbat 

41tEneDt reault, Diaht 'be f0UD4 if tbe orpD1 ... ".:roe incubated at • lower 
2,1,1 

tapt1'lo1;\al'8. 8uah a pOI11b1l1t)' eX18't1 beaaua of the 1"HUl.tl of .ADcJer,OIL 

who t0UD4 that !._riob1a .2& B, tollaIrlq 1~at1011 nth \Il'n'f1ol.et 

11Ft, pl'Q4u0e4 .1pit10811tly"lIION lIolo.a! •• when 1Douba.te4 at 40-0-%'11*1' tbUl 

tlII CWl~ 30·C. In ~I' to a.n.Zldrae vllnhal' 01' not the I'8lUl.ta of the •• 

e.~. ¥II1'8 1ntluzu.4 by tba 3T·0 incubation W1pmture, two aMitlcma1 

ktam1Dat1ou WIN ~ at ID atl' 11;~ .. ~1'Iotu:N of 75·C. J'zoca .ull ~, 

12 J!la1:e. are prepeft4 fraI the ccmt1'al lei and 12 plate. traD the bMte4 

2,1.1 AJdeZ'lOA, I. B., Heat !leaatlvation of tntraV1olet .. 1Dactlftte4 I!eoteria, 
.I, Bactenol. §!, 389 (19~). 
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alJl)l.e. 8tx ~t~l plate. u4 aD ,:1.ate~ frca 'tbe ~Mt.e' 1a1Q1e Wft plaoe4 

1a tile ,.,.0 iAoubator. ~~ .... '."!n. ~Ix plate. rr..uoll ot ~ •. allQl!ea 

vue WuMte4 at r9QI t.Qerat.1&N, 1'b. ru1&1te of tb18 axpu1aQt &l'e pn­

•• te4 :La 'laltle i.2.a. 

1 

z 

'.rA8LI 2.2.2 

.na CI' DK:UBA!_ ..... 01 I'll _ova 01 
AIIQICU OJ IIJIOIID IJ!O 

.. AIR 1,-0 

n=0 (Iaau'b&'tlOA !!PI) 

,z 

30 

1'·0 (IDau.Ucm !a.) 

~ 

28 

haa til ... "&1I1te lt ou 11, IND tbat a lollV ttlQez'atuzoe of tuubatf.on 

pz'Od,ua.. fftU' ool.oD1et ot tilt 01'1MiI_ fz'mI * beate' • ..aple. Wbe~.Z' 

~. rwult. an .t.tt.tioal.q .1p1fuu,t or :AQt; .. t avaJ. t i'u:rtbw ,;IE­
per1Mntat1cm. Iowevw, it .1 ..... , 'tbe ,ro t.\a1M.t1oA ~n.'bUft 

:1.1 DOt del.eteHGUa to opts.. powtta of tbe 0I'pD1 ••• 

BlDoe t21. "11&1. of til •• "1'_". SJa4ioate AD &DNolable Monu. 

in the v1abWV ot tbe ozpai_ nm at fa1Z'~ low telpntuzoea, til. PZ'OXi­

a'1I1 of tile 4U.~ dnice to tlbe .,at Dl1DI will be a 11plf1out 

pazueter tit tile doe •• ot a • 4elJ,yel7 111-. 
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3 • IIPIJlDB1f1I8 C/I9 ftI CDlAifi'lBI8'l'%C8 f1I PCIIIIIB8 

III Ol'Ur'to ate __ thOlle ~Dtal p1'Opert1ea ~ t1Da1p.ti'91~4 

4l7~' vb1cth at'ftot their fU41»a uA lladl1. Gbaft,oterilUa., :1Dfor­

_1011 1. MiDI o"Dta1u4 OIl ~ aOifftoieall or Motton of ~1" 11141Di 

ap.UIn Wi __ teaw, tbII bulk denll'7 of pM1eZ'8 ... f\mot1cm of oca­

n ... 1.,. lOU, IDA tile llheu Itnftlti!l ot ~J' be4a. ecm:.l.Ucm vtll tba 

be .0\IIbt betveeA b.. olw'Ictl1'1It1C' lad the <Ntput u4 -ZV reqa.1n4 

to Gpeate ~ c1ItY1o •• IUOb .. p:l.tou ID4 ICl'W tee4e1'l. 

3.1 Mot1oaal. Pone. Jew.. PcIIr&tftl u4 CU1UIItl waUa 

In • p:n1ou l"IJICXl"G,3.1.1 Nault. 1Mn ss.wn rOl' tbe tr.1crtlODal f'0ftIe. 

Mtwen tala ~ U4. Slu. CJ'lJ,JIdaro 'flw exptl'1Mntal teoba1p va. 

4uoJ'lbe4 u4 • tblOJ'I'O:1oa1 Nlat1C1Uh1J1 '-J'1wei tOJ'the to:ce. 1Dvo.1.W4. 

ftI1. I'llat1oub1p 1., 

wu., 'A. tOZ'Ce app11e4 rot cu. a4 ot ... pl. ot pcoIfISeJ' cOlIf1De4 111 •. 
0111_1' 

"! • zoel1l'tb, tOZ'Cl at tbI otJIerlnllot tbI Jlua 01" podIr 

11 • cOlft1~Dt of' MotiOD ·.tna JXIIfder aI'l4 11711-.r v&u 

C1 • coqtant 

l) • d:I._te:- at 00DfiD1D& ql1Dde:r 

L. leqt.b of oCllp8 ... 41l1ll at ~r. 

AcoorUq to tII1. IPUon, .. pl~ Of the lopntla of "'Jll VI tID 
1houJ.4 '"' • It1't.1Pt u.. 
3.1.1 Clel»nl1l1l11, IDc. JtQo:rt 10. ~, 'l'h11"4 ~Z"JO' Pl'oINl' RIpon OA 

. DUltD1Uticm ot 8olJ.4 aD4 Li4.Ui4 ., Ap,at. (lJIIolall1f1t4 Title) *' 15, 
1961., lIP. ,-.16 (Crmf14e.Dt1&l). 

- 10 -
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'l'ba tam "l /1 0&Il 'be oal.CNlate4 trea tile Ilope or the l1De. b ax&ot. 

value. ot the coetf1C1lJlt of tnctiOD JJ. cUllOt 'be 4etel'lll1ne4 becaua 'i. 1. 

Dot lcI2oIm. C], 1. the l'&t10 of the to:ce. Y1tb1D the J1C*GItr 'be4 Vh10h are 

perpen41cul&r aDd. pa:rallel tc tbe &JPlie4 torco (1 ••• ., C1 • ;. ). 

, " DUr1ns tba penocl ocrt8n14 bJ' W. :.port, .at ... zoe JiertODiM in "71-

1I*n ot vartOl.l8 _tertala U8:1q talc powder aD4 t1~ S1'OUD4 &D. '!'he 

re.ult. of the .. teat. azoe shawn in J'1~a 3.1.1 az14 3.1.2 (1D the ~0l'JB or 

the belt Itrat_ 1.1~ thl<oqh the data pointe tor .. I1veXl cyll'%lder _te~al). 

TbI arude1"l uHCl 118ft DOt aU, the liliiii leqth or 41.n&r. '!'he ~'1c&l 

4!IMXIdona at the var1aue 0711fta.1"I art pn .. Dta4 in 1'abl.e 3.1.1. 

fAlIIa 3.1.1 

PBYSlCAL DlMINSIOltI or C!LIlIJUS AID PIS!OIB 
DID II manOl ~m 

0711a4er IAnisth I.D. O.D. Pi.ton J)1uMtte;r 
Mater1al -'.!!!L i!!l U!L 

'
ln

2 
Glu. 7 ~.~8, 1.37 1.182 

Al\llliJlum 18 1.,00 1.90 1.Jta6 

Tet1cm 12' 0.89' 1.50 O.89l. 
sta1Dle .. steel l8 1.;00 1·90 1.~ 

The ftJ.uee tor the te~ Cl,iJ. weN' oalllUlated f'J'OII the Ilope. of the 11M. ~ 

F111U"8' 3.1.1 u4 3.1.2 &124 InI st'V1ln in Table 3.1.2. 
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~ 3.1.2 

fAUll. or _ SRI c~ 'l'AID fCJIlJD 
AIID 8111 J'(J\ VAIIU M'lunUi 

~ 2llJJ:l48l' !b.JL. 
Nc GlU. 0·279 

~Q AlWlima 0.319 

1'alo 'l'etl= 0.358 

!ale 8t&1ru.... ItH1 0.315 

BIll cnue 0.301 

BID AlJ&IMI 0.256 

BIll 'l'tIt1= 0.306 

In au of tba te.t. at· lMn 1'our 41ttel'lAt w.l.I.W. ot '8 _n teaMA. 

'.rb8.. val,.. f'Cl' tile d1ttezo.nt G1lJ.D4el" an t 

1ta1.tIl.e.. bell 

35.0, 84.2, 134.1, IoD4 18].3 .. 

71, 170, 351, u4 450 .. 

21.7, 49.', 76.7, a4 104., p 

71, 170, 3'1, aDA 4~ • 

'lbIzoe ".. ac. pn10a .. to what effect tbe IUJ'taae raqb.Iut.. of tM 

0)'11*2' main1a1l1ai OIl tbe tr.f.cUon .a'1U'UIIJlt.. 'to .t. tbi •• ffect, aD 

..:Lu.s.maa c~r of .SII1lar at.ulcm to tlIe OM preT.loua17 111'0. YU pol1IMo. 

OIl tb8 lUi. aDA a .. ne. ot teI.t • .,.,. ... ,nth tala pov6Il'. TM data ob­

tailll4 aa MIGn 1JI 11l\1l'i 3.1.3, ldoatiDI tbat ~ IIUI'faae ;rouataM •• , .. 

nc0lUlteJw4 ill tbe .. teat. nth al1lll1ma, i. zaot aD 1Iltlul1c:lq fHto2'. 'fbi 

IJIU'faae rouatme •• 01' 'bbe 1U1d11 01' au the o711A4aZ'1 Val ..... urao. nth 10M 
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I 30 1 
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I 
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1.500 :tDch I.D. Al_aa 
0 Cyllll&1r 

SUrtue Jtot.l&Ime.. lto-1OO 

I 
lUcre-IDabel 

1.500 lneh I.D. Alum:lDWIl 

I I 6 )( C7l1_r 
Surtan 1Ioqbza811 4-6 

I I 
, M1cro-IDCI~' 

4 

J'I0UlII 3.1.3 I 3 
aCIIPAlIllOl (]I PIS'MII·CYI.tJl)JR MfA 01 TA.UI 1CIR 

I cm.umII8 OF DII'JUBI'l StDU'ACB RClJOJI1IIIBB 
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8U1't1D41cator Mo4G BL-~.1.2 vbiab MUUJI81 "the ar.1t!1111t1cal a\'Vall 

4eY1at1cm 1'%'CIl tbe Man l.1De" 112 JI1oro-1J1... !able j .1.3 ahGIII the lUl'faoe 

rot.14IbDe •• of tile c,11D4a:n. 

~ 3.1·3 

AVIMCB starAal ROUCIIB88 " m ~ or 
VARICUI CILI_ UIID I11X1lDD8-

Gla •• 

SUrtaoe aouaw-.. ot 
Illaia ot grl1zld8r 

2., - 4 m1dro-1DChe. 

40 - 100 II1Ql1O-1Dcbe. 

T5 - 150 lII1ol'O-llCbe.* 

10 - 15 1I101"0-1J1oOlw. 

4 - 6 1I10%"O-:L:aa_. 

* let1aW. 1'ef'lDA iLl too 10ft to be MUU1'84 v1th * 11l~llt. 

A te.t v .. alto 00ll4laotle4 to 4.ttemiD8 wbat .tteot the Wi. 41"-1' 

of tl:Ie a1l1D4fto bac1 em * w.ul.t.. Aaao:rdilll to thII tbeOZ7 4anlgpe4, tor 

&1ft IlWJl pcM1ar u4 c,Ulld8r mater:lal, all point. of the plot ot 101 rv'a 
"Ie LID 8haul4 'be' on the ._ .tn1F~ l1De Rp.l'4lt.. at tbe cJ11D411' cUa­

metl1'. .Another &l.ua1_ ql1D4er Va. obta1D84 Vb1ch ft_ 12 1DCihe, loDI b, 

Q.8e~ iDabel 1ula. U ... ter., aaA baA _ a'ftftll au.rtaoe l'OU&bM" on 'tile 

1DI:la. ot SO-25 ai01'O-111Obt.. 1'be qUaa.I'''' ,,-.W with tala pcIIIder u4 

thl re8Ul.t. aN cCllQil&N4- titb thO ••. ~ tbe 1.,00 inclWa :l.Dlla. cUulter &la­

ma t\iJ:MI ill ~1IUft 3.1.4. .A8 cu be Ha, all tlw pos.ut. 0Ul be • .-te11 

ftJIRMIltt4 'br tbe ._ nraiabt 11D1, 1d1oatlq that C7ll1d1r cU.-tu baa 
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I I 7 1.500 In~h I.S). Al1a1ma CJl1m1e1' e 

f 6 

'I 
o.se, lnch I.]). Al_DIID CJl.:L_1' )C. , 

,I 1+ 

I 3 

h 
rICMB 3.1.4 

CCMPABIBOlf f1I PIfI,l'05.cm.l1DlR MB 

\1 
OK 'WD FOR C!LIDBS til Dlr:n:IIlft 
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J):r.AIEZRS 
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3.2 Ooemd.~t of P.r1ailOD leW-II ~n u4 VU'1CN8 Jlater1w 

.l _tbod of d8tel'll1ll1Dl the ccefflG1eDt of Mct1cm '41Jec~ betWe 

pavUH u4"fU'10W1 .tu1all :$.a aalCl'1'ba4 bJ' ez-r et al.3•2•1 III tb1. 

_th04 a plate of tile _tel"1&1 to "of .. 1.4 1. apr1Dkle4 nth podar anA 

t.Ute4 Ulltll t!II ... of ]IOVd81' .lJ.s.. ott. 1'18\11'1t 3.2.1 ••• tile fOl'08 

41 ....... 

, 
\ 

\ 
\ 

\., 
\ 

.. 

It tlII .tat1a Motion :s.. bald OIl tlw eGIMDt10aal 'tbeor, of Coulaa\), then 

It. the tr1at10Dal fol'Cfl ~ an41 

L • J11. fl .. 001:9 (5.2) 

3.2.1 CZ-r, i.;-;. COIU"d alIA ~. JC:r&I,W. "Dl. Batttlb1pett TOIl JIUlV8l"J1 Wl4 
1hft ~. IV BI.ts.-aq ftD lC~ •• n." .A.IIpwaDAte Cbal., Vol. 
64, 19,a, PP' 10-11 • 
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vtwe: JJ.. coetf101m of Mot1cm 

..... ottbt ~r 

•• acoelezoat1OD ~ P'l'V1t7. 

h'ca 1'18\11"11 3.2.1 it cu ~ IHIl _~: 

JC .... 1n j. 

Sullat1tut:I.Ds tor Ie aDd L we haw: 

.. aiD Bill Ji.. .. 00. ~ 
• 

- ....... , 

An attltJllp'l; va. ... to ..... the coefflc1ent at tl"1otiOD at tala ad 

III b7 w. -=-r nth ~1"1 l1ttle ftOoe.... b 41.tf.lall1.tie. eDGOIUlten4 vaN: 

1. J'OJ' IMJ.l. ..... ot ~r, there val DO &aile at Which _ ... 

voul4 8U_ (up to 90-). 
" 

2. hZ' lup ....... , tba ~I' vOUl4 b1'8fJc ~ nc. the ... in 
.. 

~ .aaunt. aIIIl .11de ott. The 8Dt1zw .... at ;pcM!er vcul4 Hldaa .11~ 

ott at the ... t:s.. It va. WO 41tf1CN1t to aataiD UDUOftl thickDe .. rd 

~ ... of pgwMl'. 

III OZ'MI' to .01,. .1. probl .. , it WI decidad. to CClIr,PNI' • plua ~ 

pcM\Ir 1D • ~c tn •• _ then 11M tb1. plua ot l'CIdIl' to anima. tbIi 
. ' 

-
!he ~r ".. lifted into tbie G~, GCIIpl'It8MC1 111. tl:ut ~c pre •• 

U1J11 .. ,iltolll.~rt 111 ti..ur, plaaecl OIl • t11tiq tllbll,3.a•e aa4 the 

AZij5le of .11cla •• auzoacl. b UIIlA at 1IlJ,_ ".. MUUNd. b7 pl.IIOinB the plq 

3.2.2 NaDutaatuzoe4 br Tha Aqle C~r Co., OlIDlJ&le, C&litom1a. 
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tM pcM!8r WIIlIar tellt. I:D elthe ClaM, _ aDS14I ~ Ilia. va. the -, 112&.-

aatiDe that tbe coett101ut of t.rt&rt1011. of * aatual. llCJIfIJU' " .. beiD, _a-

10 _a~ of tbe oClqtftI.1,. torot VIol 11148 to2' tbI .~8' 

W1tb talA powtiaso. ~so, 1t n en_ted that the force used .... aboUt 

1.7 x 101 __ ./sa. 'or ea, tbl f~ val VU'iecl fJ'c:a 1.7 x 106 to 1.0 x J.o8 
4'pJ./J, vl11b IU) appfto!.Mle Vlriat10D ill 1Iba aq1e of Ilia.. !}IaftatM:&', 

• toJ'CII of 1.7 x 101 O:pt./,.a vu ue4 tor tbI teI-. III M~ 3.2.1 U'8 

tb8 ren1t. of 11M •• tenl. At laaa1l l.O _ .. ~118 em t~ ~aJ.t of 8115& 

1MJe ... OIl MCltL .. ~al aD4 tbe ftlua 1i"lOIl 1. tM a'V'U'&P ot tile ... a-

~t •• 

cnu. 

CIlu. 

'IAIT.& 3.a.1 

ccunODft rB J'lICDCII f'I !WD ~ All) 
81 J'ICX 'Inmro 'IAIXZ MlmG». 

~CI Pairaar 

Aw,.. ADP 
of alia. 

~3.6· 

30·7 

36.2 

3,·0 

Sal -
33·a 

35.2 

35·9 

-20-

Ooetfto1_ 
at fri.Gt1= 

!)eY1aU= 

2.4-

1+.8 

1.2 

'3·5 

8.8-

,.8 

4.1 

0.664 

0.".. 

0.'l32 

o'.·~ 

0.6, .. 

0·705 

0.124 
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I 

n 
n 
fi 

I'zoca tM zouult. 'ot the. ~Dt. aDA the ftllUl:tI. at tba »1tton 071-

ia4a' expe~l, tbI 'Value at tM GOD.tat 01 (a.fiDl4 b.l.aw ) caD be. 

calculate4. tabla 3.2 ie gLvel tbI ftlUI •. aatlm:lDll4 tor ~. 

0l.aI1 

GlaSI 

Coetf1a1ct ot 
I'r1ct1cm (il) 

0.664 

O.~ 

0.732 

0.61.9 

0.'10' 

n.319 

0.2M 

0.358 

0.315 

0.4Bl 

0.lt82 

0.489 

0.486 

0.392 

0.427 

0.4a) 

b aftnp ftlUi of 01 tor talc ~Z' 1. O.~ _ tor a. 1. 0.414. 

The "IU'1at1on ot the val.UI ot Cl, ft# tala 11 IIIMIh 1... thaD tor II, 1D4:loat1q 
. . 
that tbI ..:Lu. tal' tbe cOItnclat ot tftotlOD tor tile am tile 'VVicnd --

teZ'1al.8 1s PJ'Obabl¥ 110ft Nl.1ab~ (ampre 4eviatiOl:lI iD us1A or sl1cSa, 

Table 3.2.1). 

Tbe. Y&lual tor tbe ooawtaDt, ell iJ241cate that V1tb both t&1.c aD4 .. 

Itral' tzouai .. 101l ill the pc:IIIUl' ... , II !NOh tat a tOrall al.1P'17 lAl' tbIA 

~ halt at the appl1.4 toro. i. olea ted 1Zl a UNction PlzopeD41C\1.l.u to that 

ot the applie4 fOl'C'. 
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3.3 '?eM Bulk DImIltZ ot !al.o ~Z' .. Sa ~:r VVirAUI Psl'8lUft J'cmte. I 
ID. t~ .. teRa the buJ.k a.u11Jy of the pUr waa deteJs1Dl4 ., • f'WIn1ou 

of the cc.:p:e ... d leAsth of the plq of pova.r 1mMr Tal'1ou lCll4a. The appa-

*,1:111 UHd".. aD 18 Uoh lellltb of al\B11l111 pipe of 1.S00 il1ch I.»., • 1.lI86 

1DCh di .. te:r p1.tOD, u4 VU'1W1 w1ltltl. 

'I'M Jl2'OCe4Uft '"" to .Ut a knoWn Wlpt ot ~r iDto 'bt. cyl1Ddar, 

plaoe the JI18tOD 011 tap at the ~:r, u4 -...u'I the lellph at the OCllllpft.H4 

~:r. Tha add1.1I1oaal W1_. vera e4414 aD! the leqt,12 ot tb8 OQll)ZW'H4 

J)alfMr JIl\ll VU &8I1n .. 11Ift4. 1'he GCIIPft ... 4 PlUS"" 1'a)1184 tl'aI the 071-

lliM:r u4 ~ pl'OOe'. Z'8J1Iated with • d1tte1'ellt Q.UaIl1;1 tr of ~r. ~DI 

the vel&t1t or the ~r aI'l4 t_ a:a.a81C11U1 tzI tb8 povUl' ]11"'11 tbe bUlk _­

.ttl O&rl 'be o~. '!!bi. II ~ .-raaelNlk c1na1tJ a1Jlce tlW 4a.1ty 1I'1ll 

Y&l7 &lema: th8 eDt1!'8 leqth, be1q' hi_at at a oro.. ..cti011 Dtxt 'to 'be 

p1.tcm. 

, plot or the lopr1tbm ot bulk denait1 (P) '" the leqth ot tba cs. 

praHe4 pl\18 Cr.) VQI IIIdtI tor eMb QCIIIPN •• 1W· toi-c., ft.ultq in a cn&I'ft 

VlUch could b8 Np1'8.eW by th8 J'flat101lib1p: 

YtwreCX, fJ, - k aJ'I ccmatADU. It ex 1. u.\IIII8d to be the lNllt MI1I11:1 

ot the 100", UZlCCIIIIp1'8 ••• ~ ]lGWde1" <Po), theIa thl eql.l&t:Lon Catl he Written: 

A plot ot lor (P - Po) VI· LlJ. .houl4 be •• tra1lht 11M v1th 1rJ.tarc.p'r, fJ 
&114 ,lope k. 
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~ 1o0H bulk a.u1t)r of t&lo va. tCND4 t.o 'be 0.153 .=.3 8114 that of 

fill to be 0.285 PI';. A plot or loS (P .. Po) va L1/3 p.w .. .t1Ulbt 11., 
1D4:1oat1Dt tbat tile ."'1'811 lNl.k 4eWt)r ot tM •• pavd8l'1 UIldIr CCIGI'8 •• 1OD il: 

F1pra 3.3.1 11 .. tJ'.pio&1 }l1ot ot loc P va L tor .. apecU1e4 ~ •• i"" 

1_, 8D4 l1aun 3.3.2 11 .. plot td 10, ( P - Po) VI L1/3 tar t.be .... CQI .. 

pJ'e •• 1 ... 1-.. J1pre 3.3.3 1, .. »lot of _ .",1'1.11 Wlk "1't7 of t&lG "fIIr­

.\&1 the leqt;h of ocapre ... ' plq or p:1114er Wldar ftl"1oua ccaprel.1ft tore ••• 

nsure 3.3 .... 111 the 11_ tn- nt' plot tor SIa. Table 3.3.1 s1WI t» 

'Ialues ot the Q.CIIl.tant, fJ a4 k t~ the '9Uf.ou oCllq)ft •• 1'N torce. tor both 

talo )OIt4er uA 81. ~ 'Value ~t f) Cr-O) 1. al.o pven. '1'h11 q\WItit)' 1, 

4Ifa.! a. tba bulk 4an.1ty ot tb8 )lGV4er lot • croat Mction DIxt to tlW p1.~ 

ton 01' oca;:re.l1 .... t01'Ce. It 1a 4etlm1M4 b)' ~I the valve ot the 10011. 

bulk &!ansi t1" ot the pav4eF' ( Po) to tb. va1I.Je <sf tbtl inte:roepl; fJ . 
The Yal,ue til tbe tefa ....... to be ta11'~ aonetant tor talc pgWUl' 

nth .A avvqt valus or 0.4611. •. 'ftl11 11 not tn. tor aa. IJ!bmt i. " &ltiDite 

dec.reue 1n k "ith 1ncrea.1DI O~I.1V1 force. J'1pre 3.3.5 1& .. plot or 

the val,., of 'I., fJ, au4 PeX-D) tOX' t&10 )lCJV4e:r, U4 11pw 3.3.6 11 a .1II11e 

plot for SID. 

In thI tutuft, it 11 Pl&Dfle4 to __ t4t.ta on pol)rv1~l aloobal. llCJlfGltr 

Wtl~ tNt piltan-0711QdaI' SZI4 tlltiDc t~ IDIthode to 1IIIUUZ'1 tbe tr1ct1cmal. 

Pl'OPI1'1i1 •• , &Il4 also a.tllJIIiJI,t the bulk -ns1117 un_r vanou.l CCII!F8 •• 1 W 

tor08.. It 1. alAo p.l.aIUW4 to IMuuzoe the PeP' Itl'Ulth of talc ~J", BaL, 
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aJI4 P.V.A. Ala .ttelDpt Y1ll 'be ... to oor.ral&t. ... pl'Opl:rtI •• ot tlw 

tID'H lIC111da1'8 to the teed rate of ~, IICJW 1'81&11' a. 1"QC)I"ttd pftV1oua~·3.1 
aDd with the t~ zoelJdzed to opeate the IC'NV feldeI'. 

'l'AMI 3·3.1 

vAUJIIS aI m caB1U.L'8~, k, ~iii) rem 
~ PCIi1BR All) 811 URDIR V. Cd c rOlGlS 

: 

!ala Paln!ar 

CC!F! •• 1W Force ..J1.. "It p(r-O) -
1.01 x lJ)4 qa .. /_2 0.227 o.~ 0.380 

2.73 x uI+ ... /ema 0.297 0.451 0.450 

5.32 x 104 ~./~ 0.354 0.467 o.m 

9.61 x 104 ~_/J. 0.426 0.481 0.'19 

2.00 x 10; qral/J. 0.473 O.~ 0.626 

3.12 x 105 ~'/ca2 0.557 0.456 0.710 

.1!.. 

1.01 x lrf 4TM1/rJ 0.291 0.676 0.516 

2.73 x l~ 411»1/" 0.339 0.542 0.624 

'.32 x 104 .. _10m2 0.]82 0.486 0.667 

9.61 x 104 ~./a12 0.401 0.432 0.686 

2.00 x 10' _I/"~ 0.432 0.381 0.717 

3. '72 x 105 apl/J. 0.4,S 0.346 0.7~3 

• 

3.3.1 Ge%l8ral Mill" Inc. BQort. 10. 2l6l, leo_ QlW'te1'l1 Prop.' JIepOJ'I; Oil 
Dill8lD1Jlati.OD Of SolJ.4 anA U¢A ]JI A"ntl (11Dcla8I1t1.ct ~tlI) reb. 13, 
1961, pp. 2-13 (Ccmt14allt1&l). 
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. 
:In pnv10ua report. two 'ou1a appl'Oaah .. tor a~ tlw _cbaDicl1 

behaV1Ol' or put1~te material_ bave 'baall, eXM1Md. The firat vas baaa. 

~ inta:ract10D11 -=s iDlUV14ual. particla.,"·l while the .. c01l4 c1aialt nth 

1NlJt prcperU.. ot p.ov48n. 4.2 »un. the ~ report pa1'10d, .Wt10D&l 
. 

theOl"etlcal Mel 1.1'1IIIIntl1 vorit baa been carried out aloq the linea ot the 

•• aoo4 appzoach. 

A tbeoretical .~ hae beall.aa or the t01'Ce ftllUind to 11ft .. 4:l.ft 

:lJIbeclae4. ill Mterial IlaViIll 4Uatant p:roperti.,. The nault, WIn tClW14 to 

qree well with uper1JlleDta caD4uct.d with sla •• 'baw. Tbea. theo:retic&1 

deYll.0Jlllm:. e.II4 po .. ib111t1.a tor tl.\rtber nHU'Oh alcmar theontiaalll._ 

~.l Au.ln1B ot the Porce ReQ!!1ft4 to Lift • Lon. CyllZl4r1cal. Rod rna e 

OranUJ..ar Bed 

Coraalar a lema c1Un4:rical. :ra4 :1mbedde4 in an el.utic ~ bed at 

.. dIIpth 70 Vh1ch 1s larp G0IIlP&N4 nth the 4iameter ot the rod. '1'M axis 0: 

the rod. 11 parallel with the be4 l\lrtaceJ &l.o, tbl SNJ2U.lIr 1I&1Ier.lal. 18 .... 

au.4 to have a S"81' at"nsth chal'8cte:r1st1c or the f'ol'll:4.2 

':be tore. requ1l'ed ])e1' unit 1eqtb to un the 1'04 tZ'CD the be4 IIQ' be ct.ter-

1II1Jle4 .1 f'Ollov.. ~~ a 11M 10&4 f4 JUpitu.d.e P p:eaa/C'IIA, appl1e4 to an 

4.1 aenem Mill., Inc. IlIpcl"t Bo. 2l6J., Sec0n4 Q~:r17 Propa •• lepo:rt OIl 
D1aaem1D1Lt1cm ot Sal.1d an4 Liquid. Aput_ (UDcla •• 1fi_4 'l'1t~,,,>, Feb. 13, 
1961, pp. 46-~5. (ccmmztmAL). . 

4.2 Gen.ral H1lla, IDO. RepOrt Bo.'~~:tI! Quart.rq. Procre.' Be»Ol't OIl 
D1a.-:1nat1cm of' 80114 and. L19,\Ud :ar.ApD.t. (UZlcla •• U'lec1 'l'1tle), *1 lS, 
1961, pp. 22Y 38 {CORI'IDUrIALJ. , 
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e1&at1c _cU\IIIl •• IIhavn 1D I'1pn 4.1.1, the eVe •• at a po1r:rt daf'1Dl4 by the 

polar eoo1"4lDat .. (r, Q) 1e 1Z!. the 1'IId1al a.u.otl= and defined b3' the aqua­

t,lou:4•2 

r. 2P ao. Q ~ 
vr • 1T --;- J vQ. trea • 0 (4.2) 

'l'he local. eOl14itlon tor shear t'aUU1'It Within the bed 18 da1'1n84 by the ex. 

pre •• 1OD:4.2 

where U1 ad cf2 &1"8 _Jor U14l11Dor pJ'1ncl»&). St%'eI"S at .. po:l.Dt vithiD 

the ~ bee! (I •• F1JU1"8 4..1.1). It it 11 .ssUllled that the 1nit1al sta •• 

dllt2'1bu.t1cm in the bed a. to ita _11ht 11 ~atat1c, tha al111 coa41t1aa 

t'rCII Iquat10nl (~ .2) aD4 (4..3) bac~.: 

DinQ. 1 

1 ... rr1Yp2 (!..) (1 - J:.) 
p Yo ~ 

whllm r 11 the desi ty ot the .ter1al. 

J':raal &Il ~.1. or: IqUAt101l (4.4) it 1. fCNDd that, tor a Shu loaA 

P, the" axilta • nl1cm ~ Marly circular croll-a.cUOD ritlan wb.1ch the 

zr,3tfrtal 11 ill. ... tete of shear fa11\l.Z'll, anill an exte1"ft&l. rel10a which 18 in 

.tatlcal .~111brl" unaer 'lobe loe4 P. 1'he ape of the IlIU't'ace llparatlna 

these rel1cma 18 aafine4 by the ..... t1OD: 

(4.5) 
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_~ _~ P 1 - lin , 
r (1 - r) -1 '2' .M tI. • 1(70 ...... ." (4.6) 

b ~ • 30· aa4 ''';:10'2 · S, the lhallt of the .11p bCWl4ary i. al aboIm in 

F1&w'e 4.1.2. !he foroe pe:r unit lanst:h req\tl.l'ea. to Uf't a BDIOoth rod ham, 
• c:roea-eeotioaal .hape 4ef1Da4 'b7 tbe IIl1p .v.rtace (Ipt1on 4.5) 18, n-ca 

IlqUat10n (4.4): 

.,.,ry 4....!!!..!.... 
P. 11110 d. (1 - rc;) .1,- :--1111 

¥bere d = ~ denne. tbe ., 41_tel'lI of the nearJ.r-clrcular 2'OCl. 

This equatian 111 valid cml¥ for .,.r;y aall. valUIII ot d/.,o' Gee. ~ 

bouuaary ccmlUt1C1l1 at tbe surface ot the bed &%'8 DOt aatlafied br the apa 

prox1atA lolut101l 81'" above. '1'h11 ~tect CU be Z'8IIIOVe4 ", aP»l;r.lDg aa 

1M .. load p. " P a.t the point 1 - 2 70 aa IhCMl in 711UZ'1 4.1.3. With tbU 

loadiDS, ~be at:elles at tM INl'!'ace 7 • Yo V&J11Bh ILl requ1re4 at tt. tree 

IUZ't&ce. c:a.n,r1ns out an ~:I.. 11Id.lar to tbat &1veD abow, it 1. tOUl'l4. 

that the requint4 lCGd ;per unit !eDIth il: 

(4.8) 

These reaultl are PlU"t:l.cularly 1nte:re.t1ns in that the load P V&Z1. •• 

11%18al'l¥ V1th tbe upth ot iDDl'a1Qu 70' 
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V1rtul FoJ'MI l'ltal. to p 

SUp SUl'tace / ... 

~ , 
p 

pom LOAD II{ A 'lWO 1mBKBtoML BIJ) or pQfJZR WI'l.'B A VIHrUAL 
roROB '1'0 CQRRIlCf FOR !0UlIDAlIr cammtlNS OR '1'U 8llIFACB C. S lBD 
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4..2 .6!lln18 of the l"Woe BepUed to Lift Ill. Dlibec14e4 milk bUl I CJnlNlar 

1!! 
\ 

AR Ippro:Idate aall1lUi at the =l1li req~ to 11ft ~D ~o. tiak 

m., • b.1l1 QOIIIpOM4 of ~la~t~c IND1Il.a. o~ be ,~ out .loa8 the 1111. of 

the .bove two-4WeJ11ioDal lDel,.1.. Pol' a poillt loacl IlPpl1ed ,COZIIIl to the 

.\U"tlce of • aem1-iDth1t8 el •• t1c lO11d, JIOUII1Delq4.3 obta1U4 the Iu... 

CCIIIIpODeDta : 

(Jr 8 

3P ~" - (,,2 ... .jJ.)5j2 .. 2tT 

(f .. -
3'P z3 

2fT (;I + ;a)5ft! .. 

71'S -
3. rs2 

(4.9) - (.a + r2),j2 .. aT( 

wbeft or aQ4 • In ql.1D4r1cal oooKS.atc. ( ... lip" 4.2.l.). 

TakiQS the 0l'1po at a JCiDt .t depth'. fl'Qll t.be aurtac, of tbe bed, the 
• 0, , 

%'equ~t tbat tl2e .v. •••• 'be "1'0 .t tbe becl llIZ'tue ~1 ;be .. tali.cl, u 

ill the tvo-.u.D.1OUl caM, 1:1)' COQ.s.de1'1ZllaA~t1t1olll leId " • P to let at 
the 'po1at, " - 2 10 , '!'hI It~.. 41atd'buttoD 1& then obtained by .uperpoe1t1oD 

uiDslqua1:1ca (4.9). 

!!.'be .U,p CCII&41t101l U .• ~:1Jl stvn b)' l;uat:loD (4.2)" ~ tile .~.\IIU1t1oa 01, 

I 11D.ear ahell' ItnDS"tb cbal'a&atertaUc .1 Ixpru.lo. b1 1'I1II1i oa (4.1). 

, C~I wt Ill. u.lyaa .~.ua~ ~ ~ ~1ou~l.J ulcribed. 1t VI' 

tOUDcl tbat the t02'Ce aeeded to 1ut III. QproximItel)" apber1cll obJ'ct of . . , 

4.3 TJiiiOihenlCO, S. eu' J. 11. a0041ar. 'Daaon of lla.t1c:1ty, 2D4 ld.1t:l.OD, 
MCG~3V·Hill (19,1), p. 8,. 
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p. 
.Sa _ a 10 

1 ". 1111 tJ fed) . (4.10) 

Th •. ~s:t1oI:L t • (~)(l + ~)2 U"p1a'tte4 ill 'i&Iu'e ~.2.2, m4icatSq 

the way :La vt1:tab ta varie. nth !th. ISIJth '0' " 

AlthcN&'1 the lo.4 8,PPJ'OIahe. a l1Ilear dapea_at OIl cr.pth tor 18r. 

"1 •• of "0/4 ill the u:LI~CJ 0"', it 11 ap:rwnt that a COD.~r­

able dapanun f1'cD l1Dearlt1 OCCUft tor .. U VI1U811 at Sold. III the 

raap l.l < -014 < 6.0, the theont1ael 1014 11 npn.eaW quit. IOc:uzoa'teq 

by the powar lav: ~N41.62' •• 01•31'. 

4.3 DUCUI.1OD of the '.1!i.m "4 6.rilOIl with aerSINDt 

1be lul.7f;loel. "Iulte SlNaate4 .• bOYe ooatliot ICIH1IhIt with •• rUer 

d.:1Ik-l1ftml a.~t.~·l' Which :la41aate4 that the torce J'e4uUM to 

Uft I'll 1a'be4c11u\ ~k traD fiDe17-tida.d. IUtezo1i18 .uob .. talc, .aochUiD, 

ate., varie. approx1ate17 u the .3/2 paver at the depth. 

JD oriIi' to aMok the v.J.1tity of tQ thecwet:l.oal. OCDo~1oD1 for We­

taat .. te2'1all, Ullc-l1ft'1q experiMllt. Weft ~4ucte4 uaiq Sla" bel'" of 

c!1aeter 100 .ad 200 II1Cl'01l', re.pect:l.veq. The applratu 1Il4 tacllnlqut 

e1I\Pl.o7e4 iD the •• ta,t. ~" 4nar:l.w4 ia .D .1l'l1ar npQl't4.1. 'l'he l'UUl~ 
Ire IhoW 1a ~ 4.3.1. Wlt.b1D tu nD" coveN4 1>7 the ex;er3nt., 

the apreemeat "'tnln theo:or .Del n;p.rimaAt 1a very 8004. 

'!'he wlr It:csth crbannen.tlc em.Pl.018cl 1D the th8O!'1 (lquat:Lo1l 4.1) 

. va. alllo ohe_4 aperjaeatell¥ for the 200 1d.c1'OD sl,a •• _48 a1Gs the 

Ipperatu. show ta rilUl"e ".3.2. 'Dle ",ults 0'1 theee teatl are .howa m 
J'18UN 11..3.3. 'It.e ,btu angle obtlue4 tl'Oll the teet 411: .. 1, rJ. • 26.8- • 
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Sau ca1Zt:ScD U UO.llU1 SIa 1Dtestnt1as ••• u.al' .tJ'ftstb Me.",... 

Matt beClua. of p"11bl.e lSII1t1t1oll1 :ill the ep!':t.Dtal teoba1;ua. It 

QPtIZ'l tUt • LUrect ahQ!' te.t of th:l.l 10"., 112 1th1ch I taDlllltl8l lhell' 

IV.., 18 applied to • thSla laJ81' of the _tu1al Wl&I!' ten, II tIl4.f.oate4 

:Ill J'1aV8 1!..3.2, -7 ccmIItft1A tlIe .. tenal 110 I' to PJ'8Y8llt Dltunl IbMI' 

fa:l.l.ul'e. ADotUl' 4U't:S.ou.ltr .,ltb thu tn- of ·telt 11 tUt Imae tbe 1tIt. 

at Iml. in t.U ho:1101ltal plaH U Dot ufluct, tU IIItUftl "II' d81t 

CIDIIOt be :l.Dfaftd fNIl tb. te.t l'8Iul'bl. lD ap1te of tbeH poal1ble Ihon­

OCW~", tiMet Ih •• 1' ~.tI PO\1l4 lie liUlt.ctorJ tol' .... u1q the :rell­

the .heai- .tNQSt;h Of Sl'laularo ua4 ,.rt1cNla ..... _ter1all. 

lD ...,.s'_ tbe 'bUn_ of UlataDt ".1':1.811 GCII,PGI14 of nlit1vt17 

lu'p particle, with tbat of tlDIl,J-41vidlt4 01'aaGo JC'If4n'I, it :1.1 0'111,"-« 

tbat tile WatGt _tenell teD4 to tlQlr "':Na. the latta!' artl1'1all otto 

"1b1t a tau4eDe;y itc :~"lL VI I. fon 11lllP7 agnp'te. VIleD 41.,11014. 

Th1a 41fhNuce til hall41.fDI qua1tUI. IIQ' be IttZ'1bu.to4, at lout 112 ~rt, 

to two faQ4aatal facrtoJo.r (1) OCIII,uti'b:Uit7 au. (2) ~~:rtiau1ate 

farOlil. ~I role plap4 by i:DtelPn1CNlatl force. 11 ·~t to 110-

late fl'CIIII ~I' hetoN 1thID ulUna V1tb t1DelJ.gJ'0UD4 pgwdefl. BoIfnft', . . . 
it u 1qt1nl.)" te .. ible w punt. OODtrolle4 tDtapart1cle forae __ , 

.nlet:lvel7 luae J'1814, ,.zot!.olaa .uGh •• ala" be.a. 01' .taal lhot. sta­
the .... teJ'Sall aft cUlatallt, tlw iDnurac» of ocaplctSml it 11ilWlate4, 

thUl OIb11ll; •• tuu of the etteot. of :l.DteJ'P&:rt1c1e forQU OD the be­

havior ttl JIe!'t1C\1late .ter1al8. 

II ccmduotilll •• I':t.Dt. nth .uG _te~., 11: U bel:1AVet1 J08'iblt 

to saUl cou~Z'.'ble 1D'1sht 1DtD taotOl'I relp0DI1b1e to%' the ha~8 
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chanotu1lt1ce of 417 ... terial.. Aoc01'Cl1D1l7, telt. of tbil utuft ate 

pllqe4 :SA tutuN V01'lc. At tAe ._ t_, ID effort ¥ill. 'be _4e to dtMd. 

tM tlle017 4a.ar1be4. bezow1r.l tD 1Do1._ etteota of 1D1'Aa".PIrtlcle toroel • 
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S. IMlmOA!IC118 or PRCRIl'DI or 8tDRlltI8 

~ tht. ftpol"Unl ~l"1ocl, the ~OOGt7 aDd. themal. aozubact1Y1t7 ot 

four 'M alurq MJlple. ".:- detend. ... a. A441t1ou.l. iDtoaaUOD CD the rheolosr 

UI4 4eDa1t, f4 .. 1l.UlT1 •• 121 .. l.t.4U14 ~cal va. obtf,1ned. 

'.1 JlNprU •• of 1& 8lI.IzT1es 

'l!h8 viIOOUt,- ot tau 'IB 8lUl'1'1 •• (W.I.8. #1, te, 13 wl4) " .. ft­

dateftd.4 \1J1Dc" MY aM~ ot hoI.D IIQlH "0.1,.4 trca 10:1; Detl'1.ak. 

Oat ot ta '18 alUl"1'1 •• \104 to%' pravioual1 reportIe4 viscosity ~l'II1U.. 

, t1cme' .1.1 cOlltaiZllfcl laz'p 'OUd' pa.rt101e. vb10b Glossad tba capUl_zor rtl­

oc:aetel', tbeNb, Pftftll'UAI atta1mlln ot .. WIltf'&l_~Dtl. Clrn'Ut 

uta 0Jl the" otber thfta • .-ple. aN ~"Dte4 for cClllPU'lion JIU!l'lIO"" 
_ IIIV au 11Uft7 --.pla. abo Wft .. 4 til the Iletelll1D&t1cm of 't:lIv­

-.l o0ll4llQt1v1.t7 &I I. tuDot1CID at taperatu:e. 

,'.1.1 nIC"it, of 1M 1l'llZ'ri •• 

, TbIt 'II 'l.ur.I:r eMlpla" 4e.1pted W.B.S. 11, 12, 13 ~ f4 ~re ,evalue 

ate4 usn. lID Oltv&14 o&J1J.l.uo1 V1lac.ter. b tva lI08t "',COUI .lun:s" 
(w.J:.8.ll -12) ~N allO ewJ,\&&ted.1n a aonceDtrh 0711.1' ,rot.t1011&l 

v1.c~tal' (JI041ti.A StorIDIr n.ocaet.r) • 

... »18 W.s.8. 11, ~Il lUl)'Ie4 in the St~J' 'I1.ocaeter at eo·C, vu 

tOUl24 to be DOD.-IIVtODian in the .... &1' ate %'Up of 32 to 310 HO·1 , ' '!be . 
"".l'IlIlt 'rilQOd.t:l. •• at 41rt'1"Gt aU' Rtf. ':" praaeDte4 111 !t'abl. ,.1.1. 
,.1.1 aenenl JUillllePoz·'''lfO. 2l6l., ho0a4 Qla.arWrq Propell Report OG 

D1" .. _t1cm at SolJ.4 IIZl4 14r.c111l ApDt. (UDel ... in." title) reb. 
13, 1961, ]j). 8J. (CcmfUenM&1. • 
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!AlD 5.1.1 

APM1B!lr VlIICcmft " V.I.S. #1 mBUI 8IIIU !Wl!I 

IIbav llate 
(HC-l ) 

32 
19 

134 
190 
251 
310 

Appaftct V1.c~1t7 
(cect1po!ae) 

8a1lpl.e W.E.S. ~ ",bo" .. tOlDl! t.o utdb1t non-IeYtOD1an 1'loIr beh&v101' 

1D 1;_ 8t~r V11G~,r at 2O·C. ftltl8 ,.1.2 •• a tbe varJ.&t1OD 111 appu-

. eat. 'I18CO.11;1 nth ahaar rate tozo W. aluny· 

TAlWI ,.1.2 

APPARIUf.l' VISCCSI~ or W.I.S. 12 VbStJ8 SJIWl lAB 

8beU'Rate 
Clee-1} 

78 
165 
299 
~19 

Allpulct Vi.Gol1ty 
( clct1pohe ) 

7.; 
11.0 
12.2 
U •. l 

The aPJll'"IW rtlooe1ty obta1De4 in .th!I' 0It1t"&l4 "fieeeaeter •• 7.79 cent1po1 .. 

at 2O·C. 

711\&Z'8 ,.1.1. 1 .. a plot of the auar 1'&1'.8 "'1'8\11 .hee at:-_. tlata o'b­

ta1:a.a4 t1'CIIl the 8t~r YiIOc.ter em .-.ple. V.z.s.·11 -#2. 
The v.t.OOl1tl or .lurriea W.I.S. 13 .n4". vu too 1011 to be accurat41l1 

evaluated 1D tbe at01'Ml' vlaaCIIIIStel'. At eooc, \'&luel or 1.66 &Il4 1.35 cent1-
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poi .. wre 4etem1Zle4 :lD tbe 0Itva14 ri.c~r for the appannt vinolSlt1l. 

of Blume. W.JI.8. 13 -14 l'IlJIIotlWly. 

5.1.2 'lbemal Caa4UGtlV1tz ~ I. Blum •• 

The tMraI. cOD4\&atlv1tJ' of e. 1lUl'l'J 18Ib.ple. W.I.8. 11, Ie, 13 -14 
va. ~tem:1D14 ".1111 the apeJ".l.llllmt&l appanrtu _ tecbD1p ~.cr1'b114 ill loll 

.arU ... report.,·1.2 The tbenal cOD4Uot1Y1.tr cell (r1SUN 5.1.2) ccmtaiD. 

two 11qu14 ou1.te!'l which uw fom.4 b1 t1u'M copr 411G.. b upper cu­

ilter val :t1llM nth • ret.NncJe 11qu14 (vatu) ad the lCllnI' oanlner vith . , 
ODI Of t1lll faur •• .1V1'1I. UD4er ten. Wlter YM cbol8ll ... a fttereAce 

liQUid 'beOIU .. 1t. thel'UJ. ccm4uo1;h1.t7 1. well kDaIrn, u4 1t. ablolute ftJ.u. 

1ru _u..,. to 'be 01011 to tMt ot the ... 8l\lrr1e,. b \W18r 101.14 liM 

iD I1pre 5.1.3 1. tlut _'N%'aP val..U8 for tlw themal ccm4uct1nty ~ ute,. .. 

:ropo:rtel1 111 thl liteNtun I U4 'fib. 4otte4 11M. repftllIA't the Il1D11na U4 

ux1llwl 'IBl1a. vJl1ch bava beea fowa4.,·1.3 

_ pl.IIc:lq tha attll em it. Ita. With the CDppe:r 11180. 111 • ftl"ilaal 

~lt1cm, 'tbI cell VAl .ully f1l1e4 Vltbout IntNPPl111 all' bubble.. l4tu14 

".. Ilovq torae4 1Ato'" aell tz. t. bot'!:aa UIltll the cw.ter Oftrt.1.oncl. 

!he ou1.tlr opn1np are then .. Iled u4 the cell vu 1allrte4 lato • Ity­

:of'GIII lanlat1cm ale..... bltarat teapln'll\U'e uteI' haa • 1U'., &lCD.taut 

tlllpratu1"l bath vu cln.'Ulate4 thrDqb the hIIat aiDk. Rn41Jl81 ~ thI ·.u 
tllezmocouple. 1D the ooppllZ' tile, nn eheaU4 per1041cal.l7 m abCNt tort)'­

fi".ll11N.tI.. When no 1UItber ahaDp 1Jl telrJentuze VIol DOte4, tlIIJ 1ia;emtllft 

9' aero.. the card,lten An aeora.t. 

5.1.2 CJIJIeral Mill. a.port 10. 2200, Third QuarterlT Prosre" Japan on D11--.1-
MUon. of 80114 8114 L1~cl 1Il Aaata (UDclall1:t1e4 UtlA) _ l" 1961, 
pp. 56· 61. (C0Dt14A1nt11l). 

5·1.3 Intemat10Dal Critical Table., Val. " p. 227 
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)1.20 
1.18 

J 1.16 

1.14 

1.12 

1.10 

1.08 

1.06 

1.oa. 
1.02 

- !iG -

12 14 16 J.8 20 
'l'DPIntUft (OC) 

~ 
• 
0 

X 
A-

I 

~ 
W.I.S.14 
W.I.8. 13 
w.I.IS.12 
W.I.8. 11 
0a11b:raUOD Val,.. 
tar water 

nGURI 5',1.3 TBlJIfAL OcmPlJ(f.rlvrfi or zoo sLURlll8 
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vater. Be.lIlt. of tlle aal1~:rat1cm rn.ale4 a 2 percen ~c el'1'Ol' al c&l.­

culated tl'CIII tilt tollOV1Aa l'el.at1oa.lI1p. vh£ch wn Pft .. ~W in .. Ul'lie2" 

npol"t,5.1.lJ 

wheN: , • heat flux throqb'tlle ceU 

Kw- • tbeftll&l GOIl~uet:f n ty or vater 

'- .. tbe~ COD4uat1rtty ot Il.\IZTJ 

6.!" • taperatve Uop .orON tile nter ~r 

6.1'. • t.lplratve ~ .orol. the 11UZ'l"Y ~r 
A • aNa thl'O\I&b ft1cb "heat now. C e~ for both 11tu!4.) 

fj,x. diatuca be .. " the c1i~1 CeflUlol tor both l1.,u4t). 

x" Il~ • ((.Il'l. 
6.':y 

K. • Kv 6.r~ 

Ira oal,lbft.tillS With vater 14 lIoth Olll1lter., X. • Iv &114 tMnton it would 

be a;peet.e4 tbat 6.'11 • ~fw' Hpnwr, a Will' tellQle:rature 4101' vu 1'8~rda4 

&creaa the upper ow.ter tor all I'UIIII Nprcuel. of vbetbel' the _u t.,pen.­

tuzoe of thl vater 1D 81 tiler ~Z' ".. &bow or belOIt tbt .bUnt ,..ntan. 

III each oue, the error cbUlcl b. Maouate4 tor b7 applor:t.q a ClOI'ftct10J:1 tutor 

.. tol.lGwll 

-~. 
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It hu .en calJtul.ate! that it tbe c1inuoe between the 41*. ~ tba ~r 

la,Jt1' aoe.W the Wca .. of tbe lOHI' vate:r ~I" 'by 0.002 1JIoh, WI 

41tft1'WDOll acnaa &CCCWlt tor tllil conl1lUDt Ift'01'. SUch a -U ft1"1atiOD 

1D tblokDe •• 11 beJC)Dll tlw abWt1 to _uve emce the cell 11 .alltllDblA!. In 

nev ~ tbe ooutuc;y ot tlIe 12'1'0%', I/lUUcm 5.4 vu \lIM if OIJ.C\Ilat1Zl8 the 

thelWl. ccm4uot1v1t1 of the I. 1l\D'17 .up1ea. 

TM tblr.l. CODI1uct1Y1t1 ot 181 8l1l2'T)' .. ple. W.I.8. #1, fe, 13 -14 

are p1'8l1nte! ill Table ,.1.3· 

I;t 
'.9 

15·9 
22.9 
~1.5 
32.2 

6.0 
U.S 
1.2.j 
19·6, 
24., 
29·0 

'!ABIJI ;.1.3 

'l'J)IlIIAL COIIDUa'J!IVl'l'! c. KCD 8LURIlt 8AMPIZ8 
W.E.S. 12 _\ W.I.S. Ie _1 

~ 10'" TaIp. ~ 19-
(Cal-aij •• c-_2.·C) l!eL, (oe.l.-aiI .. a-.2•

e
O) 

1.069 ,.2 1.105 
1.102 6.0 1.092 
1.133 18.9 1.188 
1.182 22,6 1.199 
1.182 25.9 1.206 

28.2 1.228 

flu data ot Ta1>11 ~.1.3 are PNIIIlte4 in l1"aptlical tora in lipn ,.1.3· 

b atra1Ft'lJJIe. thl'CNlh the apll"1MI1tal poUlt. Yew calwlate! 'by the 

_tb04 of lea.t square. CIA aptlMl" to 'be aD _cv-te reprllentat10D ot tbe data. 
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All of the 11M. haw &p,p~telJ tha ..... lope, u4 the tbeDlal CCICI4Uc­

tiv1t7 value, of tile 8S1 8l.u:n:1 aapl.e. tall V1tb1JJ. .. :r&D8t be_en 18 &Dd 97 

pe:rcent ot tl8 val. tor vater. 

5.2 Rbeol0lioal. Behavior of III Ilum. •• 

1441t1oaal. 1JU'olut1QQ OIl tlw flclV abaracter1IUC, (It SIt 1l.lU'l"1 •• in • 

tl,uoroobMioal. 11_4 haw bHll a.M __ d.. !'lie -.it7 Dt the.. 1l.urr1 .. 

baa been MU1U"Icl, IU14 IUf apparatwl I2aI baa c1e.18ft14.ucl 11 ~:1ns built to 

stud;r the flow bellanOI' ~ CJaJ1l,l&17 tube,. 

,.2.1 EffeQt or SVtace Aotue Apnt OIl ~ RbeolClq ot filii BllU':l"1e. 

PNviOlWl1 zrqorted nIUl.tl,·2.1 on the flow behaY10r of Sal .lvr.t •• 

118ft obt&f.M4 nth '1Qle. oODta1D1DB •• urface act1 .... nt dIIl1pa11e4 L-U61. 

ul lI&Il\AtactuN4 117 MtDDMotI. 1I1A1D8 all! Mazlu.f'acturiq c~. Thi. taot val 

1Da4wrtentl¥ OII1tt.4 fJ'CII tbe 4tlCU.101l at experaut&l nlul.ta. 'lhII S\I1"t&Ce 

actiw aaeJlt vu •• peciaUr ~4 by 3M m \WI nth tlie11' t'luoZ'OalJaaLcal. 

l1p1d.11. ~.!law boeA sen to J'OZ't De~Z'1Ck ror 4ete1'Jll1Mt1on or a~t1· 

'b111~1 of • .,.1It With 'b101081a&1 _ter:Lal... OM tuth of ODI pel"Cl8Zlt by 

v,lsbt of tbt tl~Gr.l. 11quJ.4, 1C"7'), ".. \1814 ill 'the Jlftl'&1'ailtOD o£ 

alUZ'1'1U tor the earltar l'heolo&1c.l 1nwIt1aat1cma. It va ... ....a at the 

It art or tlIo.e :LAw.t.laat1OD' tbat a 1UZ'taa- act1 ft ... t vCNl:4 '- .. w to 

Pl'InUt phall .~t1an 11nee .. IIIII&l.l. IU*NIlt at. a44e4 to rc .. 1S 1IIl4 blell&ld 

tb~ CUlM out at IN.peulon 1'ap1a:1.1. Inwlt1pUani coaducta4 4ur1Di 

tb1. report per.t.a4 haw beeD 118"'.-4 to a.temiue the .tab1lJ.t;, at thiOk BIt. 

elurr1 •• without a .\&ri'ace act.1'111 "ZIt, aDd tU cha'Ilp in l"UOlOl1caJ. propel'-

1;1.. ~ .. 4 bl the aa1 •• 100 o~ thi. a,.at-
;.2.1 Oene%'al. Mill., Inc. lIItport Bo. 2200, Third ~:r~ l'rosr-aa Repo.rt 0J1 

111 ... ,.tion ot So114 &ZI4 L1qU1d JJI A,.ntl (uncla •• 1fittd title), Ma,y 1;, 
1961, pp. 62-75). 
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AD at~ al.o vu ..,. to _UIft the vtaoa.1ty ot II ~ •• GOD­

ta1111D& • COIlOlJlt_t1cm or loli4a peate~ thu 2; ;peJ'OeDt b, ve1&tlt, tba upJt2" 

11lll1t Pftv1au.al7 1DWatil&te4. 

1'be e_ tecmnp 'Val toU0n4 ill pl'tpl.rtng the .111n'1.a vb1ch baa beell 

:wpol'te4 ·piiev:loullT. exCQt tbat DO .ur:.al active epat va. ~4. Rlaulte 

1D4ioated tba" tbe IIPJ*Nrlt vt100I't,Ot alUft'1l. Vithov.t d41t1ve YU It2'cIIll1 

dQuIID.t '\I;'OD ."OhaD1cal hlltoxy. 1'be1'8tDn t 1 tv.. uce11U7 to o'bta1A :tm. .. 

1I1al ocme1.teIloy aunIIl at lJlCNU1Dl am 4acnu1q lhear .tre .... wU .. 

etm'i.tacT CUZ"ftI. attll' utellda4 JIIr:lo4e of 1.11'1%)8 .t 1 OOllItu:lt .baar 

RftJ.. 'rlIe 1D1t1&l. cOD.18tene:' aunal Ulticatecl that thlalc alU1"1'll. (25 per­

cut by .. laht Sal) I aubJecte4 to 0bl.1 • ....u IIIOUnt ot pdor abeuinS, ex­

h1~t th1Xotl'Opf, :1 ••• , Ippanllt v1ICOI1ty" Uc:!1'UH' w:1th _ar. KcIWIftl', 

v,pCIl IlIe&rlJlI 1Ilut.. Illal'rie. to~ exta4e4 JIIr:lc4a ot t1. at • ooutut 

ehear .t1'lt •• , the 1Jl1tla1. trend tow.r4 • d8a1'llue 1n apJIU."8l1t Y1.008:1.ty 1-

19ftn.! aDd the .ppuent n.co.it, bll1u to lJUn'e..... 1'b1. lattlZ' pbe~­

DOD 18 callet ftleo.pu:J. Accorc1iJlS tc the l1teratun, l'beapuy CAD.be e&­

h1'b1tecl q aua;plu1ou'1fblch aOlltaD ara1.~tr1c pal'tlcl.e.. 'lbe i.aon ... 111 

&PJIUIDt Y1.0CNI:l. tr 11 bel1eft4 to be aauncl by ~&Z'-1D4uo.4 mtDtat1= of 

&D1 .... t1'1c particle.. Rbeope::tt.o _teri&la Dave beeD ob •• n.cl to JWllain tb1. . . 

sheu It:re ••• 

Ccma1lteD01 CNn81 t07 Sa alun:1.e1 W1thout • awrfaol &oti.- ..-t &D4 

coatalD1DS 16.1, 2,.0 IoD4 28.6 ptl'Clnt by WiCht 811 U'I pJ'8HDted in l1sue 

5.2.1. Ul 4at& 11'11'. cb1la1U4 at • telQenture ot 2O'C. DIe eqler1aemal 
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4ata Vticb·".ft oM&1Z184 eo:rtl.T afte20 tu IIlu.r'I7 ha4 ~ the equ.1l1bl'1UID. 

teJlpent\D'6 Cd tbe batll aft ftpze .. zatc::i ~ aol14 11Ma 111 llfPll'l ,.2.1.. '!'he 

ccu1neDC7 evv.. obt&1_ .!tel' extuI1w abeV1q &:N rtp1'eMllte4 b7 b2'0PD 

l:blea. 

It ".. ~ that al\an1 •• cODta1D1q 16.1 percent b7 w1f111t • bavw 

~ly tba a .. c=-1ateDcf CUl'WI v1tll 01' Without the auzotace aet1". &8'IIIl1t. 

l"LU'the~1 tb.e cou11tency CVYea obt&iMcl .. t 11lCnU1Dl &rI4 tben 080"U· 

1Da alIear .t:. •• af1'H quit. vell ~or both ~U!'2'1'.1 but with ICIIIe al1ltlt 

e\'ida:ce ot tlWcotropf 111. the ca. ot the 1lU1'l"1 Without 8d41tlw. After 

abaariDS the 1Il\U'Z'1 CQQt1rnuNaly tor 3000 1'ftVO~UOrl.8 at II Ihear .tzw... at 

about 200 ~./J, tbe C\I.:I'W vu 8h1fte4 t0VU'4 hl&b1l" Qparent viaGo.it}'. 

A a1\\1'l'1 contaiD1zls AO a4a:lt1vw IIIId. 25 peroeDt by ".1sht BIll lQ1tta.ll¥ 

ub1b1tl coaa14e:ra'ble thlxoi1J'0P7 as ertdencecl 117 t~ tom of the ccma1etency 

CUl"NI obta11184 at In.1~ .. lDC an4 then 4ecra .. iq alIear atre.... Afte:r .be&r-
1118 oODt.1221l~ tor 3000 1WYOlutloa. at It. ellur Itre •• ot ucnat 1100 ~81 

crP J ~ CUI'W 11 shitted. COlW.~zoabl.7 ~CIWU'G. lUpl' &ppaNDt V1IO0111:1ea. 

Thv." the pbenc:MDOll Of .-htOptlcy beo~. 110ft ]IJ'CII1DeZ1t W1th lnc •• ains .olJ.da 

'l'1:le ccmciltancy 0I.lJ'W c'otai_4 em a alur17 cODta1I11DI JlO a401t1w ad 

28.6 JIIIS'Ce2rt. b1 V8ipt SIa 11 al.o ]mIaeDted 1: F:l.suze ,.2.1. '!hi. alun:r"" 

IIUCb too thick to baMl.e 1Jl the coax1al O1liZ1del' \01.aeClllllttv. 1'h8 app&'l'ent 

hip 11_14 po1nt 1III4e 1 t 41U1cuJ.t to !8IOW air tl'&}7,Pltd below tbe bob \QIOIl 

u.ralO1l and. Pftftnte4 1lhe alU1'l7 hal tlOW1nl O'Iar the top ot tile 'bob wbIm 

it ".. lowraa. 1l1to U. cup_ '1'he CNrft PZWHatlll1 vu abta1Dac1 at ill~ftttI.iAI 
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ahMzo .tN.' •• P1'Oblbl)r 18 cm11 a c1'Ude repZ'6~t1on O'r th. 1.1'\\8 fJ.DII' 

baw,1'101'. Att.pt,1 V1ll b4I ..a. :In the :tIltu:e to obtain ata em t:o. .. Wehr 

alum •• u1q cap111&l'f V1.(!c.et1'1. 

)UZI:.tJUa 11_14 point. for aa alurr:l.ea QQDta1D1D8 16.7 ac4 25 pe:reeDt bJ 

W1pt of 1011b an 1M1cate4 01:& tbe 8hH.l' ..u.s, exit o~ FiSUft 5.?.~. 

bee ftluel ".ft obt&1J2e4 by 1nc:reaa1111 the torque to tlle critical Yalue 

which would. lD4uce rotation ot tile bob.. nell thouab rotation v0QJ.4 sub.eqWtutl.)" 

08 ..... 

. !!.be cbaqe ill appartDt v1lcOIit7 v1th IIbear1I1I for tha 25 percent by 

".lpt a. alurr,y 11 pX.Muted 11\ J'1pre 5.2.2 j,n te1'llll ot charlall 1~ abear 

3t. v1th mabor ot bQb re'lOJ.utlcma. AI VU ,tate4 p:eY1CN.1l1, tha lample 

va. JIhaaft4 tor 3000 ft"lOlut:lana ~ the bob at a con.tant. .hear .tre.. of 

about UOO 4JJ»1/_2. loth tb8 1D1t1&l w.xcrt.:rop10 'behaViO!l" aD4 llUbaepnt 

J'beopuy are ev1deDt tl'Clll thi. 1'1",,". 

Qatenation of the a1unr .ample. after CCIIIplet10n ot the ta.t. revealed 

IIQ rlaual lIVia-no. of phas. I141J1VAt~DIl of the iD &QCi FO .. 75. 

UpOD 41lcoYV1D1 tbe Z'be0"~ct1C: bebanol' of tb ... CODCeDt'78te4 Sat 

alw:r1e. Y1tbout '1U'tace &at1w .,.D1;, aD 1nveat1pt1cm va. ma4e of tb8 

I1IIGWl1i ot lC-75 11tu14 vb101'1 evaporatea frcIa the e1lll'l7 4u:r:l.!I.1 the expe:r1lllmt.. 

Tile re.ul.ta .bond that. ahanae :Ln .1\lrZ7 cOIlClUtrat1:on trail 25.0 to 25.2 

}lercat oOUlA lie expected 4unq * t_ period. ot tlw .xpe:ru.nt. Buell & 

IIII&ll abuse aamsot account for the increase 1n .ppa:ent viscodt:r With t:l.M. 

'l'M.t'ore, the phPcMJlOII. ot rbctopu:r 1. a n.al obaracteZ'1R1c of .. 81u:&'r1'. 

Vi~haue aMiU"... 'l'NI 11l1Ual 71.1d :point and th1xotrop1e beht.v1or ot thee. 
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al.urr1e. 1. pI'ObablV ala to tbo bl'Mk-up ot flocavJ.atecl particle., U4 tbe 

aUbHquant rbeopectlC behavior to tI:e orientation at art1atae~r.LC &II partS-cle. 

upoa a4a1tiOJ2Al IheV1ns. 

b cQDllleX1t7 of tbt flOll' behavior of Sa alum •• V1thoat lurtace aot1" 

aaent 1"8ara 1JIpoll1ble the extrapolation at nov uta 0,".1* h'ca expeZ'1-

mentl 111 tbe ooax1al qUal' v18aCllllter to flciIr behaV101' throush tube. aa4 

oritl. 'l'J:Ie:ret01'll, :fUture exper1mel1t. nll be cDDf1D8d to luwutlptUII tlav 

tbJoousb ca,pillal'1 tube •• 

,.2.2 APp1'!tWl tor C&plllal'Y V1'~17 8tudies 

capillary necaMtry V111 a eaplo,.a to exten4 tlle rhealojJ1cal. inve.­

tiption of 8m Ilun1.e. to hipr .hear rate. and sreater 1011«- coaoeZltratioD. 

~cau .. Sal .J.wor1 •• are ncm·lfevtoDlan 1'1\&141, a rup of abear .trella. lllU.at 

be uae4. Thil Y11.1. be acc:c.pllabed br var;ylnS the prell\U'8 dro,p &c1'O" the 

capiJJ.a:r:Y • 

'l'h~ Y1~t~!' thet Will M U!ed 18 be1nl eon!tl".lete4 e.t the pre;eut 

t1ml. It 1. teporfled,·2.2 to·be coa_ment, abl03.ut. aDd accuzoate au4 1_ 

C&JI&ble Of COftr1nl a Vida JU. ot Ibeal' nftl. 1n a a1n&l. 41ttem1nati.CID. 

The &pIIal'atu. 1. .bown IIcbel11at1~ 1D l'1sun 5.2.3. . A col\1llll1 at _:WIT 

torce. the a_ple throUih the eapill.art tube. MeaJU1'WJllent ot tlIe hel&ht 01' 

the JDU'Il\U')" ccU.'UIIIn as a f'UMtlo.n of tiJa y:t..lcla both the pft.aure Ib'op aDA 

:f'low rate. 

'l'tua rel&t1on betvwen the aar IUeII r ana. tJw _ar rate t( 7:) tor 

thia 1IIatZ"lDll8nt ill Ii \'en by: 

1 dill} !tp III - ; '.1'" 9.212 11~ • it . 
5.2.2 MIu'on, s., J. lCrieser and A.. Sieko. J. Appl. lh11. §.: 971 (1954) 
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A Cap1l.laZ')' 
B 814iUID 'lU.be 

a,D ~. a~ the .... 
D1IMter 

I Ball u4 80cJcet J'olnt 
r water Jacket 
o 87t'iDil 

&#D,c,d Stopcoake 
JI J111'CU1"1 Col,., 
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vhere: 
4101 h .m 4t 

h ... 1Ft ot Mtcnu"y aolUIID 

B .. ccm.taDt. 

,.2.3 Deuttl .. ot 8Ia Bluni'l 

121 order to ~t calCNlaticm at tile ... ,sIIt Jllnalty 1.ZlYOl.wd 121 1lUl'J7 

qateu .. o~n4 to 4r1 JI(N4eJ" ato:re8, dHl1t)' IIIeUUNIII8Jltl ot SIll 121 J'C-7' 

'tor YU1.ou 1alJ.4a ccmcentration have 'aeell __ at 2O.0·C. J'rcD th11 data the 

wilht of b1oJ.ogI.cal _te~al Pit wu.t ~~ Call be calculated .. a tuzlatl= 

ot 801.141 co.uCllJltat101l. 

T.be .1Ul"l"1'. qre IftJI&Wd 'bJ W11h1Da the 1qredientl O.D 4ID aa&l.7tloal 

""'n08 an4 ~ a1X1DI thol"O\llhlJ with " :pe:rton.teo. pl.&te Ittner Yb1ch yu 

det.a1'1bect 121 the pzoev1ov.a "urterl)' 1'WJIOn. 'l'be ena ot & pf.pette val 1DH1'tft4 

well belov 'tbe .ur.tace ot the ~, &Il4 tM p:tpette "'" ftlll4 byappl,y111B 

auction throQSb i.bc top. WMD :tIalll ~ l'1pe1i1le Va ••• &led at both ... aa4 

we1p4. The dell.it! •• o'bta1Ded ale :rec01'6eIl 1D Table 5.2.1. 

Weight 
2!l'C!eDt ~ Sal 

o 
16.7 
2.0.0 
25.0 

'l'AlU ,.2.1 

DI~ or 8IIL 8LURRII8 

DeDa1t)r at 20.0·C 
(P/am3) 
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6. !lCIUlIDARY LADll Bi'UDDB 

orowth ot the 'bour&4Iry lQe:r oa the ua8uW1at11la Ito" u of aons1de:r­

able :!.nt.nat 11.\ till • .P1'Or;t., bIOI,.. the ~ri'o:ruQCIe of t~. 41a.aa1nItor 

11187 be l\lblt.ut1ll11y .ttecte4 ~ the local. tlJttI col141:tiOl1a at the po:Lnt c4 

relet •• of the aseat. It lalcvledp Of the bOImdarl la)'W ~ U ue.fUl. 

111 (a) eeleet1q a au1table locat:loD tor tJle d1.abarce of the dUlelD1nat1na: 

store, 1r&4 (b) c:orrelai;:1l1i tho l'a.ulta ot exper1menta 1n. a dad t1lllQel with 

tbe gertoZWZlce Of • 1'UJ.l .. 81_ atore UD4ea- flight coad.:1tlorl •• 

In Seet10D 6.1 below, cliloul.llt:l.Oll1 ot bouadary layer srowth OIl all .1:"­

craft store .zoe p.reaenhd. In Sectioll 6.2, oalculat10D8 ot bout.l48ry layer 

srovth ia the nna. 'twoll Ire stvea. 'th1a info1'llllt1011 :!.a COl'IBidered iIIIpor­

taut :1n 1ate1'J):ret1n1 tile reault.a of the wiud tuuel 4eau1aDeret~OIl studies 

d18cu ••• d. in Sect:1on 7. 

6.1 !OUllda:rl %.al!l" OQ aD Aircraft store 

!tte bOI.m4ory la:yer thickness otl au IACA »c:r1ea 65A store of tinea", 

ntio 8.0 WIlS calClllD.wd tor • Ma@ Q\lllber Of 0.9 at lea level. With ail" 

teJD.perat\l%'e ot So',.. !)be lensth eelecte4 tor th ••• :1UuetraUve celcul­

atioce Wli 17 ft. 'I'Vo .. thoU ven 111114, the fl,rat .. StIIIIU the bounda17 

layer 1e .:Im1llr to that 1'o:nDed over I tlat plate 11:1 OQe-411leDIi0Q11 iD­

compl'fl .. 1ble flow with I:8ro .treIllV1 .. Jlre88Ul'8 grad.1ent. For th1. ca .. , 

the tb1clmea, of ttle bOull4a17 18)181' 11 stven by- the 1'ollClllf1ng reat10u f 

end 

6
L

• 4.6~lI! - 1 tor lam1:Ilal' tlow 
litis 
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viwre: 

x • 41ataa08 lIe.aun alODg ato1'e .urtace ill flow d.1:reat1OD 
Vx 

lex· Ii • ie;vnolda t DUIlIbe%' 1I ... d. CD a. 

(6.a) 

Aa the bcNu4l17 ~Z' drlelop tJw the ,tlpt1on poiDt, it ohanpi 

t1'QIII lu1nar to tur'bllleot at .... l.ocat1OD ~ ~pen4111J OD the .tram 

turbl.llellC8, stxa_ Mach auaber 8D4 tbe tloU"f'ace COD41t:1oa. 'the poiDt 01' 

tra1Ul1t1oa W. dete2'lll1De4 by uaus I critical Reyaolda' lWIIber of 8000 

at ap,prax1Utel)" O.Ol 111. hom '\be Itapt1cm Jlc1DtJ thu., tor purpoe •• 

of calculat10a the l.alaar :restae VIII Ilesleeted. The bowular,y layer 

tbicJa1e •• , ueq only EQuation 6.2 above, is .hown ill J'1g •. 6.1..1 •• I 

functioD 0'1 UetBDoce 810DI the .tore axi.. Equation 6 2 does not 

reaaOb the curve .tertll at x •• 20 ft. The bow1dary la18l' separate. 

tl'Clll the bod,y at lome polot 'beyoocl the fllAxlaLll» body th1ckDe... LooaUQI1 

01 the ee,parat1aD point caD be •• t_ted by exall1n1.uc lur1'aca pree8l.1l'e 

di.tr1butioo datAl tor the ltore. Such data vae Dot IVII:llable tor th15 

ltore, however, aD4 the .eJllratioD pOint vas est:lalte4 byeXlJll1n1Ds 

the p:eeaure distr1but1an data tor prolat.e ephero1d.1 •• pven 10 Ref'll'­

ence 2. ~ th18 _thod we f!a4 that the boun4a1'1 la)'8%' .bould •• pal'llta 

1. Xeaslet, M. al14 Ifltzberl, Q., The ca1culatiOb of Drag ror Airfoil Sections 
aad. Bod.1u of Re41lct1on at Subc1'1t1c:al Speedt, NACA lIM A7FJJ6, 1947. 

2. Cole, R. I., Pressure D1atriblLtiozl. em Bodie. of Revolution .t S\.Ibaco1c 
8!14 Transonie Speeds, IfACA 11M L52I)3O, 1952. 
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hell tb.e ~ at betwell SO A114 90 ,.r~t ot the ex1el Qhori. II 

dra"1DI the •• panted .trea 11De. pa:r&1111 to the at.oze a:l18, the .1&0 

of the turlNltmt wake can lie a,ppzodmlte4. Actually, tb. va. woulel 

coa.verp slS.Ptl.1, '-C.UlI the .tltic ,Pn'8UW 111 the ve.o i, le.. than 

the tree .treu .tat1a ,,",.1.1.,... ~. baIlDclu7 la)'et" :la 4rInrn to .caJ.. 

011 the .tore allOw 111. 1"1,. 6.1.2 for CGIIIpar1acm of the relative .111' 

at tbe bowlCJar,y layer th1r:Jme.. aGel tbAI .ton. J:N'acta of pyla1 bcw:I­

dar)' l.a1ar oel aircraft w1l1e dDWD ve8h .re neglected, becs\lle it 1. 

aU1all84 th.t the boundal':y la:ver clrIalopa, OQ the UDder dele of tl:Ie 

WinS and on the nloa. v111 not be tIllak II2CUWl to affect tho .tore 

bouDc!arr la)'er .n4 alao tbat the .tore v1U be IIOWltad ahead of tbe 

wias down wlBh field. 

~ a.ooa.d IIIIthocl ute4 to calculate the bcundar,y laJer tI11cmu. 

1Dclu~. the ~ •• 1b111ty aDd 3"41mea.a1QDal e~cts th.t occur in 

the actlolal 81tuat1On. 'lba .. thad va. presented by lnsJ.ert :I.D aefer-

it. III applyia, th1a lIethod 1t WI. Ucel.&l'1 ToO .tart with th. »rtI,.\U"8" 

4iJtr1b\1t1oG data all4 dadl.ace the local Mach QUllber and sonic veloait)" 

dODS the .urtace by •• sUII1ns 1JeDtrop:l.a flow. Pre .. ure CJ:tr:l.but1on 

\!ate "ore qa!n taken frcaI Jeference 2. 'lbe th:Lcla1e .. of the tully 

tur'I:II.I.Unt bo1.lQdar)" ~r :La S:tven by: 

3· BDsJ,ert, G. v., IIJt:tJMUon of Cca,prelaible lIoWlaar, Layer 01'OVtl1 
'over Inau.1.ltecl SUrha •• vitb frellure Gratiot, l'IACA 'l'I 4022, 1957. 

4. ~cltenbroclt, I., A Method 01 QUadrature ~or calc:ullt:l.OI1 01 the 
LIm1nal' and !l'Urbul.ent !OUDcSaZ7 La:vel' a ca.. of Plane and Botl· 
tloaelly S,.etr1eal l"low, !UCA'94 1379, 1955. 
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vhere: 

and.: 

6~. E 
7 

x 

t } 
l/611013 7/6 

..2. Me r 

·0 
o 

a. • local f~. stream Ionic veloc1t1 

.0 • .onic velocity at .tept1cm 

Vo. k1uemat1c vllcodt1 at .tapt1Ol1 

x • tilt.DCCI alonl now direction 

r. bo4)r radius at s 

}Ill! • local tree strum Mach nUllbel' 

1r • rat1c of .pacifio h.&t. of sir • l.~l 

(6. ~) 

(6 4) 

The :result. of our caloulatiou frail lI!IuaUorl 6·3 .. re s1.8o 'hOW 

111 '11' 6.1.1. A COII.PIZ':I.Ion 01 the boundar1 layer tb1clme .... t1lllltiou 

ftaI nS. 6.1.1 IboYI that. \he 3-~nI1ODal compres.ible boIm4ary 1I)'8J' 

(lquat1on 6. 3) a thiDu.Z' for x/I. ~ 0.565, b~ca\1N tbe flow area nOZ'­

l1li1 to the .W'tace of th~ ~ of revolut:J.cm 1ncreaae. la the aquel'8 ot 

the cl1at'DC8
1 

wherea., the flow area mere •••• d1r.ctly with tbe diatance 

abOVe a nat pate. '1!Je rapid. growth of the CCUre• s1ble boUuda"y layer 

tor x/I. > 0.565 :1.1 due to the 8elverae pre •• ure lra41er1t IDd tJle oaaet ot 
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'bOUlU1al'Y'laJar •• lItfttiCQ which, ICCOI'4iIl1 to tbe c~.d'bl.a ~, 

OaQUI at .e:.. p~1t1Oll befC)D4 x/I. ~ .15. 
, I 

Veloc1t7 41atft'bUt1oll. vith1D the bOwIdalT laJ8Z' ~ ahCMl 10 118. 

6.1.3. ~1a c11atribl.\t1cG we. calCNlate4 traa JraD4tl" ..,1l"1ca1 

equri1aa: 

1/7 

U;.~ 

!II the tol.l.ov1a.S .actioaJ thta veleoitr 41Itl'ibl&t10Zl :1a eampare4 

vitti tblt ax1It1DS 1Q tlI.e v1D4 tuD_l.. 

6.2 BouIldlq l.!l!,.. iD W1n4. !l!l.Umel 

(6.S) 

I\O\Ulda:ry th:LcIm8 •• pre41ctlona bIla.d em Iqult1oD1 6.1 au 6.3 

yen alao _de for tile b1P-velooit;y viDA twmel waad 1D O1U'd.eeglcaa­

e1'8t1oa. Itu41ea. .Ape..,.t with .a8\IZ'eMDt. tor tb:1.l c .. e abould be 

pd., IiwI to the nellipbl.. aQIIIpnaa1'b1l1i.J e,t:£'ecte 8eeoc1a~d with 

Plrellsl', tlov a1088 tbt twmel valla. auulta ot the cel.=lat1oDa an 

.hon 1D r11. 6.2.1 tor the VlnOli. tamael Mach cumbel'8 wao4 111 0\&1' 

atu4ie.. Loeat1oD ~ tlI.a apllt eJeotor 1a abcnm OQ the abc1a.:1IJ notice 

that e,)eatlco occurs well w1th1a the tul'Wlant flow ftSUle. '!!Ie tnD­

ait:l.cm to t.u.rbu.1eat. nov oClcur •• ~te17 at the locatlOD Row tal' 

81ch of the thne Mach auabe:ra. ba. trenait10U locat1cma WeN ab-
~ 

tdaa4 bJ' ••• WII:1D& a trlultiOtl l\eJrlO1dal tlUIIIber of 5 x lO~. 'lrau1t1oQ 

to turbu18llt flov 1117 acaur ear11llr, bl.\t DOt i.tv- ~D the lacat:LOD1 

sheMa, 'beaawas of the IIIOd.eratelr larp t:ee .. t:ea tur~ce 111 our 

tUDDel. 

-68-
Page determined to be Unctasaifled 
Reviewed Chief. ROD. WHS 
lAW EO 13526. Section 3.5 
lJate: ill IfR 2013 

r 
I 
1 

1 
'\ 

'I 

1 
J 

J 
a 

J 

I , 
I 
i 

1 
i 
! 
i 

1 

I 



In 
rI 
n 
rI 
II 
I! 

1.0 .-------------------. 

.6 

.6 

'/16 

.4 

" .... 

o ~ ____ ~ ____ ~ __ -=~~ ____ ~~ ____ ~ 
o .2 .~ 

-69-
Page determined to be Undallifted 
RevieWed Chltt, ROO, WHS 
lAW EO 13526, SeGIIon 3.5 
IJete: i2 6 APR 2013 

1V 
I 
! 
l 
J 
i 

I 
1 
I 

I 
1 
I· 
I 
I 

I 
I 

I 



I 
I 
I ~ 

0 

r. I co. 

, I 
. 

0 

• 

I 
:II 

t: m 

" I I [ n 
'" , - . 

IIi I 
0 
II 

:c 

f I[ ~;j 
f -- i~ f It 
~ !!. ~ ~ 

I n 
rl i · n ~ · \0 

· ::1 

I~ 
Pot 

r . 
i-

t Ii ~ ~ ~ § a ~ ~ ~ ~ a i 1': 0 0 0 ~ . . . . • 
~ .. ~ 

'U I 9 .ra.(1tI A:.z"8txmoi f l J .. 

f I - 70 • 

J. "9" - ! f 
~. 

0 · aa 

Q\ · ... 
CO 
~ 

t--
,..t 

'" • rot 

Ii'\ 
,..t 
.... 
,..t 

~ 

,..f 

aa · ,of 

rof 

...4 
0 · rof 

Q\ 
f/I 

r-j · 
B GO III · !! r-

~~~ · !.wa u 
1i4~ '" • 

It\ 
• 

4 • 

1"'1 · 
(\I · 
rl · 

8 "8 ~ 
0 a Q g 8 . . . 

Page detenninecllo be unclaaifled 
RevIeWed CII .... ROD. WHS 
lAW EO 1352&, aNiOn U 
lJatt: "8 APR 2013 

• 
&: .. 
j 

j 
g 
I s 

l"1 
I 

i 

I 

I 
I 
1 
J 
i 
i 



---:--=- ----

I 
,I 

I 

I 
I 
I 
I 
I 

I I 
I n 
J I" J l 
i ff 
i !~ 

, I' J ! 
" 

I If 
f ~~ 
i II 
I I' 
i It 

f r: 
! 1. 
i r 

t. I 
~o 

roo I .. 

A ~'QII bet-.. the ~ laJU" v.looitle. occv.r1q 111 the 

tu!lDe1 lIlel OIl thII ."Dt .ton for a tUilul MIIo1I aWiber ~ 0.8 at the 

;po:bat of 'Jeot1oa i.e .beMa ~ J1&. 6.2.2. Aadt '.1.ot~ 18 .... to 

cO,cur m. tM aur:ta •• t OQI halt the u:1Il chor4 (x. 8., n.) 1D thU 

example. BOth bowIc1a1T la181"1 1ft tul'bultat, but, tbe .ton 'boI.IDdu7 

layer 1. ap~te4' 10 t1me. thiclcal', au. to the &niter d1&taDa. 

tb.at the ail' hal tnvelael .t tb. eJ.otiOD po:ll&t. !!Ie tt:teot ot tll. 

41J'fneat·Mach aua'bel'll (0.8 :fA tumlIl, 0.9 tOS' .tore) 1.8 .. 11. 

'ia. 6.2.2 1Dc11c:.tt. that tb. nloc1t1e. ,~, quit •• 1m11u 1D ~. 

two cal., at d1st.a:c:t. or 0.02 to a.oIl n. frCIII the 1\U'ft(M. ~1I N-

o S1DD 11 of oOl!oI:Ld.en'ble 1Iltu •• t, .!Dca it hal be,za t0ws4. that the 

fil:Iel)"-41v1ded material ca~ be izlJected. l.rox1ll&tel;, tilt. clUtallce. 

It. 1a bel1eved. that the relulti .hon 011 118. 6.2.2 1I141cate that the .. 
cl.uWC-ntioD .met. III ... U* 1ta the vllld. twmel vm be IU_t17 

OODIuvats.ve .1taae the v.1001t)'' EP'.4ient in tll. reaion ~ 'l •• at.ull, 

zero, vbU. then :ta a IIICdIllt vtloo1t1 pa41tat :Lza41oatecl tOl' the 

actual fli8bt ca.t. 
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7. J)IS88IDNfml AD IZAGOUIIIRA!aC* S'lVDD8 

atud:l. .. 011 the cUI • ..wt1cQ of Sa .:lIIIUlaDt 10 the blab-lublOQic velo­

ci'tJ uad tuDu1 ~1'8 1a1Uatecl 41.IriDa th1l l'tJlartml ptt&":tod. A .. d •• ot 

hiP 1~.4 mot1oD P1.ctUl't. WIN teuD.oI the llroaollu.t1oa 1)1'00 ••• within 

tlw tuilUl. ..... 1. .. ot Sza weN olrtaued. with the hlab veloc1t1 8QP114& 

IY'teai. 

1.1 NDt10D Pioture Stu%, at SII DU ... 1utlOll 

Vl8\111l o'olervlttoa. ot the leJ'O~a break-up procel. cluZ'iDi the 411-

eeJd.oat1oD of 8m have. ~eA .ccCll\Pl~e4 'b7 pbotogapb:tDa tb. area ot 1D~.c~ 

tiOll 1Da14l the Y:l.a.4. tuaad at 3000 rr... per 0800l1d. 'lhe phot~l1h1c 

equipant .,1o~4 11\ tlU .• vork cODal.ted. ot 1ft !!!a.taD Hl.,. Speecl. c .. :ra 

(10. 3) IDd. .D IdprtoD, QU'IIIeWu.eD, 8a4 Griel' IDe. l1g11t1l:la '1Item. 

fbe latter ba ••• pe.d. of 1.S/.l. "0., vb1ab'IUI .talt eDO\l8b to .to, IU1Ql­

'''ate, lar,el' thaD 0.1 _ :Las the •• p1otuJW. ~l'ee fletoH yere 1nvut1-

pte4 1a thll atU4¥: (.I.) bUl& diJDII1t.1, (2) tuuel *cb DWllDeI', aacl (3) 

lI01atUN OOllteDt. 

Sfillple. trom two .e»antl lIatabe. ot SIll, "A"* ID4. ":a"**, veN ual' 

111 th1. vwk. The utert.l. va. iDjectod. 1nto the viD4 tunall with. p1a:tca-. 

t)fpe device 7.1.1 at aD Ive1'8P ve1ecity ot 4.-tArt/leo. b aam,pl..1 y.~ 

1)1'8paN4. 1rl th%'H 4i:tflll"lDt bulk de.1t=t.el: 0.33, 0.43, an4 0.49 "./co. 

At. the low I:WQl1tr, the uteZ'ial VI. 111 1t, 100.. !'om WhUe at the h18hel' 

• ShipIIDt GIL A-34l6691 .* BuD 8l .... 342 

7.1.l Clene1'll Kin. RellOl't 10. 21.61, SecoDIi Quarterly 1':oare" le,POrt OD 
"I)UI_lDat101l ot 8011d ID4 L1~14 1Il Agents It (TJDcla •• 1t1ecl T1 tle) 
FIb. 13, 1961, p. 36 (CODf"iclent1al). 
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4au1tte. 11: VI. CQlpactl4 iIlto c111a4z'lcal .l~, 0.63 CII d1a., bt u.la, 
• .' I 

• low tzoictioD p1ltoD dav1cI. Since CCIIIlgIot1oq .tu41e. abow that it 11 

!l8C."1U7 to ton oOQ1'e"" 11\.111 ill .t,prile UDDer to '''\&1't • iusU'onl 

rial'1l1t)' th~t, (.Ie Slct1on3), .even .~pI wen \lIe4 and eacb uS­

llMiat V., cc:IIIl.Pnl •• cl to • 1eagt/l-to-<UaMter :ratio 0: 0.3. Bach of the 

unlit)' II'O\UW YU photol1'lphd at 'tuftl2el Mleh llumbel'll 0.,0, 0.6;, 8Ild 0.80. 

~. sia lIOilture CQate:ta wre "-tem1ll,d by the nOldDrt-we'batel' 

vaCNLIII OV'!ll _thod.. A,p,prox1mately 2 III of sa vas fUled. :fA • bottle vh1cll 

had. • lmon tere' we1abt. 'l'he ._la wu placed 111 aD ova 1II1ataizle4. .t 

SO-O, at Ira ablolute P1'l •• UH or about 100 micronl at lHrcury. Attar 29 

hoUl'l it VI. Ye1&bed .pill. !!!l. :ed.uctiCll 111 night 01 SII c11v:l.a.4 'by it. 

or1s1aal we1ll1t pve the 1II01Iture CCXlteat Which tor SlI "A" VI. 4.0 percent 

aDel sa "B" 1.0 percent. 

P1'aI the ltand,polnt of 41t.aiDaUcm, a: 8Ia lIIo1ature COD teat of 4 

parcID't 19 coad4eN4 to be h1#. Tbia mot:l.cm p1ctt.U'8 .tu4,y UOIII tluat 

lUcia _terial cell fol'll .t2'ODS alllaa.r.t .. which aN d1tt1~t to brelk 

up caa,plewl11D • h:1ab velooity a11' Itre", '!'hUl, 'the 1mpartallce ~ ClOG­

trol11a& 1I01Iture conteDt il cJelllOUitrate4 111 tbil worle. 

"1surel 7.1.1, 7.1.2 Illd 7.1.3 ,how 1rlJect1on1 of 100 •• SlI"A". Much 

of tJw mawZ'ial ."lIll'II to be •• ~ol1zect w1th1a a lIhort tiM, 3 :rra.. or 

0.001 ,.c. However, th.re Ire IC1118 l'Ilat1valy luge assJ,caleratel, appl'OX­

_tel,. 0.50 l1li ill ,u'l which .1." to be unaUecte4 b~ the air atnllam. 

nt •••• zoe Mown in 1':LS\U"8 7.1.1, 1D the upper put at :rreu 10. 

ID CCDpaziICll, fllP1rel 1.1.4 and 7.l.5 ahow that 8111 ttl". hat few ot. 

the •• bard aglCllDerate, and the matet:1al .e ... to break up tutel'. :t!lu 
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41ft,ZOIIooe U l'tVibl1te4 to their mi.tUN contents a1vea .'bon. 
J'1gunJ. 7 •. 1.61 7.1.7 IDel 1.1.8 1IhcN, ~ ~ .. wt1otl. ~ S. "A", COIl­

paotell to I _lit)' 0.43 fJl/ec. Note th~t the ~4. ot the .lul 18 .heand 

~r e1'OCle4 'Ver'1 Hp1~ I. it 8Ilte1'll the air .trea. M~U1r:: bre.k-up 

.... rr. to lie ••• ~t1.ttutor.f a. that ~ the lover dna1t:y. 

'lb. :reaulta at deft'1tl O.lag PIce, 71aurel 7.1.9, 7.1.10 la4 7.1.11" 

I:IIl be aOlllP8HtJ. w£ tb the ","V lou. group to .how the a18D1t1cant .!tect 0: 

cca.pact1. ~ rela~:l.velll11O:S.It SIll ~)'0114 the 48011070.43 pIcot At Deb 

al.llll:lel' 0.50, the Sa dug prettl'll_ illto the .tN_ aD oatJatecl 0.; CII 

belcze be1q brUIn b)' .el"CldJDUl:S.c ~I torce.. Thll 11 be7CDd. the bouDda17 

117'12' wh1ch v •• calClllate4 to 'be 0.33 CII thick .t the POUlt ~ 1n~.ct101l. 

M the oc:apcte4 piecea flow farther 1rlto, the .t:r:eua the)' brut up 1'8,144'. 

FOI"'~" Dot. tJle chaD" betwe.a :rrau. I, a2146 1n J'1aure 7.1.9. 

With 1nc:rell1nl Magb nw.ba:r ttl. 8l1.1p Ire brokell up clo •• :r to the twmal 

will. III this gl'O'..lp of pictures there 8P';'11'I to be • a1p1t1eant DUllbel' 

at particle. formed 111 the 0.1 to O.S II1II 81 .. ratlae wh1cb, do not show e1pa 

of oCllpl.1iely dI.glc.enUq. Thus, 1 to s._ 11k.l)" tlat. thu QQab1la-

aUQl of CCIIQpact10Q cteaa1t1 IUd. ~1AIture C:ODteDt ma), ba beyoad. the 11mb 

tor •• t1atactor:y 41a.am1nat1OD with • ltaple 1DJeQt1on-t~ 8nll'lltUi 

.uch .. val eIII,Pl.o7ed. 1D th1a .tu~. 

Geunll;y, the .. ~ put1cl. 1aJaat,1on di.tance :traa the well iato 

the tunuel. c!8cl'U.ea with mere •• ins Madl nUlllbtr. 'lOr uapl., 111 nsun 
7.1.1 (II. 0.5), the aur1al flova out .a tar a. 2.0 CII batoN paa'1DI 

out ot vin, wbile 1l'1l1F:t-. 7.1.3 (M .0.8), it flow. to 1.2 CII. It 
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abOlWl be notecl here that sa d.ces collect OD the wIll •• a re.ult ot 

ita oloa8 p~axim1t,. 

In ca:relUl I~q at th.e p1c:t1.u·", ,POIs1blr tvo of tile cll1e.t mecha­

aU. 'by which deag1caerlt:f.ca OCC\U'I :f.D the ,,111,11 tWll181 may be observed. 
. '.' 

)1ret, it app.11'II that UDaqual. praNure d1atr1butloll8 arcw4 leI'. elup 

duriq loc.llrat1Cl1l CIUS. tJlem to brealc. up 1\,\11<Seal.y 1uto a luse IlUlllOer 

of tiDer ra-rt1cl.... J'11\U'8-7.1.9, J'ramii 4- aud 5, ahowa this IlheIlCllleuOD, 

when. piece 01' 11\18 W.8 ehattered in the period. of 0.0003 .ec. It 

should be noted tbat th:f.a meabau:l. .. deel aot appear to ~ deaaslollel''' 

ate the material 111 ~1. ca... Humel'OUI part1clel, on the order ot 0.2 DII, 

vera »recb.&c4d. 1A tN pJ'Ocesl. 

SacoacUy, the _chlIlUIll ot fluid shear, ill CODtlect:101l With 1'lu14. boun-

a.17 la;yen 81'OU114 .gl~r.t •• Iud cluatal'l, 11 cCllI14.e:re4 to be va::y 

:!..IIportaat in d:f.lla1na~1on. It causel e1'ol1oo ot amall particl.. trom the 

matet1al _:Ln, the accelel'at1on pro a... . "lOr exam.P18, HflLl1'tS 7.1.1, 

Frame 16, shows cl'I1'll th. format1on ot clouds ot fille particl •• ar~~4 

cluateZ'l ot BIll. A large perC8lltap ot the break up of SII irlto tta oade 

at:LoD 0: the •• tine particle., tbe cloud 1.1 O.l.'iBDted 1n the dOWllatreem 

The IIOtioa of 0.; mal aSSlClllleHt •• haa been traeed ill these lIIOt1on 

pictures to detll'll1ne thei%' accelentiOtl 111 tile air .tream. '1'01' the tlO'tf 

OOQcU.t1ClD Mec:b UUllber 0.5, CMlculatlona ,how that they underac accelerat1cml 

Sl"1'lItar tb.an 3000 timee gravity- J1Walulitiona ot their pre •• \In anel t'dctioa 

cU-e1 aoett1ci.elltl indicate that the tormer 18 approximately 50 t •• gNater 
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't'lla'a tbe latter. Tllua, 100l11ra1:.1012 ia l'zoh:u1ly ca~ec1 b;y 1l.011-un1t01'lll 

pwalU" dia'tr1.but1OD' .~<l the as;lcllllll'8te •• 

It hal IlOt be~ detenrtlllcl wlletbtZ' fiU14 ahear in t'lU''bI.Il.3nt· or la­

mar bOUlldu1 ayaH 18 meat effective 1A c2ell8lome::at1ozU however, 1t 1a 

s well kDow tact that til. thIn Itre.. at • bcwl4a1'1 :La h1aner in the 

tOl'lllU' ca ••• 

7.2 am D1 •• em1I2atioc - .Particle S1 .. D1st1'1butioa 

_u_nt. have been collChlatecl to detemlne the deane of deaglClll1-

erat10tl or SII aSlmllaat in tile villa. tunnel. In the.e atud1el Sm Ha" v •• 

1DJlote4 .t an 1.PP~te velocit;y ot It. ./.ee into In air atre .. Mia­

tawel at Allah number 0.50. '.Aut l'tlult1r11 .eroaol "aI theQ .upled .t 

• 41ataDoe f4 67 CIll aD.'b'eaa o:t the 1DJector vith r.he h1sh veloclt1 

'lIIlpl1ZlI1'%'Obe .nel 76 lIZ Millipor. rUteH. 

The tlegel at aeagglaul'ltlCXl WI. detem1De4. by .tu~Da the. material. 

UIlda~ a miCl'08col1" B'SlllQt. or the NlllPle. were prepareel tor the obaervl­

t10128 1;)1 iaverllna thea ~ 'lidltl ·and d1aaolv1AS the tUtel' matel'1al. vith 

one dz'Op·ot acetone. BY ~al1aa It coYer .lip over the sample, jpX'Id parU­

c1. coatnl.t could be maUlta1necl fol' lODI,pe1'1ocs. ot ta.. The analyda 

"a. _de by tiret aC8nnin, the p:.parecl al1da. to determine the t;vpe ot' 

RUt1clea that were ;:'8 •• nt. A~r.tell ::ould. be cl1st1D8la1llle4 tl'OlD 

bu1c ~rt1cle. ·so tbat a qual1tative uzadar"tancU.ns could. be obte1t1ed O'f 

the degree or dMalcmel'8t101l. !he.a:m4 Itep va. to c1etena1ne the pa:r1.:l.­

cia 1114 41atrtbutiotl (111 number) at the '8l1l,Ple. 
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'D1ee. teata :lIllUcltfII tIlat 4rJ (0Da percent 1II01ItUl'e) BIll w1tb. I _Ittl 

ot about 0.)3 B1AIcc caD be 4Ulem1Date4 to produce ao. a'1'080l 1D iihe. wiaa. 

-QlDlltl whicb 1. fIlll)' deaglcMrated. 'l!1. 'OIlIla. were fmma. to cons1l:t 

of bado BID plnicl,.. OIl. !:lumber \laliJI, whee the stati.tical Mart1r..'. 

4:1.1111ete:* WI •• Mured v1tb I J'1Ul' III1c%'ClDlter e~p1eceJ approx1lllatelf 

90 percent Qf the particl,. "VW8 IUller thal1 ; JJ.. 
'lbt. YOrk viU be coat111ue4 witb botb loose lAd cClIDpI.cte48m at 

11r Itre •• veloc1t1o, )Ca_ 0." an40.eo. 'rhe reault. Ih0l!l.4 provide 

• 8Q04 uDderetao.d1ni of the degt'ee of delwomeret1on ot dr1 8m in a 

hi. velocity d.nt&'88111. 

* Ltnsth O't a line 1ateraepted. by th. particle profile bouQclary which 
awZ'OJdmatilly bis,ct. th" arel ot the profil.. ~ •• a.uremao.t 18 
taRA 10 the ... direct10u tor all particle •• 
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Quo !bird QUartar17 Pro8Z'8a. Report iIloludad •• tu4¥ at tbe ~unc. 

of affective t1Uilll deU1t.y ClIo •• tod,)'r1III1c draa of loUd a"Dt enemal 

at.orea. 1'b. t:tU11l8 4aaa1ty 1a • gradl.lct. ot tlle .aa 'bI.at ~adt1 Qt • 

fill'11-div1cle4 80114 .PDt and the tJoacrt1C1l of the total volu. eDdoaed. 

bY' the akiD of the .tore wb.lcb 1. occugied by tlae apot. 1h11 .tu~ lIo1Dted 

out that dn, 11 .1Dabe4 :1f the emmal at.or. hi. • lars- fUl1Da claD­

a:1t;y. :rraa a Itructural poi12t at viMr, it 18 deaireble to have the .tore 

a. 8DIIll •• poe.ible. It OlD be oooulude4 t:roa ttll. that it 18 .aUable 

to use the lIIC»t danae .pDt that cat! be 1'rocll.1oe4. 

()..l1" VOl"k OIl tM php1cal chanctuilUca at JIOIf4erl IhOWl that the 

hi_r pov4eZ' 4aa.1t:te1 nql&1H iacn.-:LDI hiF.r coapact1oa torc... Pre-

11.1DIq vorlt 'W J01't Detrick .uue.tt tIUIt thel. h1_ CCllPllc:t1on force. 

-1U1lNatlT rtcluae the vllbll1ty of _ .. t. To explore the etreat. ,Pl'O­

d.uC14 00 •• ta\lla~t, ••• 1'1. of CQIISMIot1oa-v1lb:Ll1t,. te.t. uI:lns 8m 

hlV' .... a :LDit1llted.. 

I'1SUnt 8.1 .howl the cC.,pIIC::t1oa 4rrice whlcb v •• f.bricated for the 

campaotlOll-v1ab1l1tJ tal tl. It 11 cQDp088d 01 ttve •• PIIJ'Ste part.1 the 

ba .. , c),11Dd1r, clOM1U'I »llal, glltaD, an4 tuDael. 1'ha partIcular delilD 

WI. cboaen to allow tor accurate ct.adtl .... UZ'eMllt, e.e of applyiq 

iii 1oacl, ea •• or halldl1D., anll gro'l1l101l1 for luJep1ns Ule .pDt uc4Atr 

tilt au:rt1ouDtly cool. cooling 'Ill' QODa:1.clare4 I1ZlC8 v1abillt7 -J be 

sreatlT aUeated. 'by tile hl.t pD.rated. clU1'1rla Camp.reI.1OD. 

• 10l-
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:os III te.t. .'" to date tha ccaapaotioD daVice aDd. 811 va. btoUgbt 

to IP,Pl'OX1mate11.4·C ;r1or to con4ucUq the tuta .t l'OeIl teaapent1u'e. 

'!his baa ••• re4 to be adaquate cool:l.n, far the low load1111 rate uaed 

1A the •• te.~. Tb. ;rocedure :lI to a.ert the clolure plUI 1Dto the 

cyl1c4er aad ia tU1'll wel't the .. iDto the beae. '!'he SII 1a poured iato 

the c1l1ra48r 111. amaU lot.. 'lelt, 1a thu t;ype .ppantua bave ahOVQ 

that deany deere •••• v1tb diatance tna the pl.toa. '1'0 keep the claD­

lity varUt1C1l acceptably .11111 the pellet V •• formed. 1n 11181'1, .ach 

abaut 1/3 the 250 JIll total. fb8 ptatorl va. th.D iDaem4 &~d alov1.7 

loaa4 vltb the ••• oap.bla of pl'OdUa1n1 the desired c5Am.a1tl' '1'he ,pu .. 

tOQ vaa l'8IIIO'Ie4 aad the pZ'OQ84ure repe.ted uatll the full 250 IDI pellet 

v.. tClrllMld. 

~. length ot tba pellet v ... "1U'8cl With aD opt1cal he1pt pse 

110 that tile voluae .Dd 'Ubl.qwtDt~ the den.ity ot tile teat pellet could 

'be utem11:l.ed.. The re'1.I1t1ag paUet VI' next ve1gbed. anll place4 into • 

41apel"1nl .olut1011 :f2'CII *1ch viabU1ty Iste •• lllata vere QOQ4Ucte4. 

Ca&J)Ict.1oa te.t., u.11l8 loacl1DS rat.. I. low al 16 srua ptr 88cood 

alld pilteD 101141 up to a,ul'OX1mlltely 16 atao.pha:ru, pve lID dell.l1t:Le. 

up to 0.65 &l'IIII p.r a\lbla cent1llleter. PreliJll1rla1'1 reaulte eu.geat that 

the etfeot of ~ct1oQ CD viabllity 1a Dot lxel.dve. lIUe4 011 the 

proeellure de.or1bed above aad e coutant a~le, it appears that the vi .... 

bU:S.ty recovII')' o~ S1l -7 'be I. hl~ •• So percent. P\.u'ther te.te are 

ourr81ltl1 belDI Jll80e to t11111ly l.tabUJh thia CCIIlpIc't1CD-Viab1l1ty 

relat1oDlh1p • 
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9. S18m8 8'MJX 

~ vbta11l • DUller1cal OVIIluat1Oa of taraet area cc:v'enae .. a %'W1c­

tiOil t4 the vu1cN8 pazaet8rt (flow rate" a81'OI01 411'fua1ou, he1pt of 

:el .... , .'te.), the appropriate equation. were PI'Osr-d 011 • Den41x 0-1, 

cUg1tal cCIlplter. ~ macW1 u.sd. va .1m1lar to the CIa. used 'by !forth 

1 
AIIIencan AViation, lila., but with. d1fte:eot expre .. 1on for the lethal 

do .... al • function of 4DvII wiD! IUltallce. • IIIOc2a1, unA in th1a 1'8'" 

port i. the 01111 clue to IC. calder with tb. ac1d.1t10118l IIIOcUt.1cat1cD o£ • 

variable deca;r rete. The Iymbola ue8d are det1~ei ill Table I below. 

We ••• 1.a tbat tba plane il fl)"iD1 0l'088viDd and d1aa6ll1D.atea a 

line aource. The line aource streDstb 1. g1v.1t 'b1: 

q t.C •• --V 

AI.UIdna that tM .• Una 'OUJ'ca 1. eff.cU'lely iaf1a1te :111. leath, ve 

obta1l1 the poouncl 11!1'181 lethal dos •• vu the IIquat1.Qn: 

\ • (2/rr )1/2 [ qf (J U(x/Xl~] ex; [ wh
2
/2(j 2 (xl; )21. (9.2) 

exp [- decay factor.] 

We have a varab1e decay rate lnei t.he "decay taetor" 1. Illumed to be: 

aDA .001 (~ - 6.0) + .02; + .055 tor 6.0 ~ x/u. 

1. tfo.rtb A11111'1cao Aviation, Inc., Report; No. NA-59-632, "Airborne 
8iological Warflll'8 lit ~ AlUtuMe'·, V('l. II, J6.l'Iftll 1959, l'P' 1.83 
aad tolloviDg. 
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I 
l\DUica1 TalWl U.e4 

Sabol Deftaitlo: TJDitil tor thl, I!JOrt -
I • hObabUlt;y of iDteot1ol& Ublt1e •• 

lD50 10. of orp"'·.. ",ldre4 

I 
to 1Dfeat. ~ of tU »tOIle OI'IIDUIU 

Soura. ItreuatJl ~ft. Variable 
q 

I k Aaent ~ca;y n.te tf,/hr. 5 foZ' 0.. t .:it.. ., lu". 
1 tor 0.5 <.. t ~ 6h1'8. 
0.1 t~ 6 hrl. <.. t 

I ·I x Don .. iD4 clout travel KUe. Variable 

I 
u W1.r:llllpee4 JU,leljhl'. Variable 

h 1.1pt of "leal' 1'eIt. 100 

T (f W •• thlr Jlraeter '"t .66 

• .. 
\ fJ Weather pa:reMter tlD1t1e" 3.8 

J or 
t J~ ~ Be1lllt for "hleb (J a4fJ Mile. .0622 

I -
are 4e~cl 

rt.3/=. 25·43 
t J: b BreathSD, rete of UD 

,. :\ 

t·· ~ 
f l)1a • .aillatiou flow rate pt. frain. Variable 

J. 
lI- e ApDt ccmceDtl'ltioQ Ora/ft. 3 

~ I I 1)1Ja __ t1oD efflc1eDC1 untu ... 0.20 

I ! 
v Del1V81'1 l,.e4 :rt./miD. 48,000 (-545 mph • Mach .76) 

~ Gro\Ul4 level c1o'.ae of ors-br./tt.3 

lethal agent 

I 
f I 
, I 
~ ,. 
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.sa.IAPP' .... 

That tl, the deea,- rate 11 fift perceIlt pel' hOUZ' aur1D1 the t1%It htllt 

hOlll', ODe pel'ceDt })el' heNZ' toi' the nut 11ve .. ODe halt hOUl'l, .114 

Ollt 'tenth of ODe Jel'ceD.t the:rutter. 

It ahau14 be noted. that ts. hal been 1ntesrat-« wt of the ex»n.­
.100 f~ Dx. an4 heDcI \ sa :lIl t.,. of Yiable OfpnUu pz'e18llt pel' 

cubic ~ot tOl' ou hour. If we IIUlt1plJ D bJ the total iDtake ot a1l' 
L 

of au 1181'8011. ~or 0lI.l b~ '" a'btaill the daB8P, 4, ~OI' tbat ,.1'8011. 

bovill, 4, ve obtaua tile ;robabUltr ot 1Dtect1OD, P, :tztc. the 81l",-t1oD 

p • 1 - 2 04/m,o, 

IA tA 8xpoallli 4/D~ the qUlDtit7 C/IDr;o OCC1U'l aD4 thll will be 

treate4 a. a variable. 

• 
1D 1'1,,9.1. '!'he pa~~n ere-c/I'IJr:IJ' wind epeed u, all4 flow rate.t • 

•• e CI.Il'Y" call 'be I"tlat.cl to a .pec1tla apnt throusb the parallete:r , 

C/XD;JJ' •• IUIII1al we have UN4 i:be no,*, decs,- rate. 8:f.r&ce tha •• 

C\a"'lU an !lOt reltl'1ate4 to • ,pen1C11&1ar 8Slat the)" aiD be thouabt 

ot •• Wl1vIZ'lI1 cwove •• 

It 1. ot cClDliderable :f.D'teNat to QCIIDpN tile •• <Nl"II' v1tb the 

1lCPIJ'1mta1;1Il. nault. ecotluaecl 111 the lfortb AUriCln B,port, pp. 103-

117, eapeciallr 1'1",," 0-6, p. u;. Ve oblt,"e that .U dat. h .. a 

aha,raatutat10 lhapa vb1ah 1'1.,. eUJ',Pl$ 1A the 'bestlmme •• taN to 

azop, 1'11 •• apiD 1Il4 tbera tau. into an expolle1l11al aaaf. 1!l1a 

atl'\Lcture 11 precuel)' tlsat obS,'blte4 in CUI' cOllplte4 ~.. 1'h1. 

as"ant v1th 'xpel'DeIltal data liye. coaalc1erable c:re4ence to the 

thlO1'1 01 • variable &lea)' rata. 
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IR" •••• ·lth 

sma. the tblOJ'1 of I va~s.bl.e dace, rate .... ..,. .oft Jlau­

able IlOW I • mathelDat1~l 110_1 18 be1al drlel.ope4 vb1ch "m loaOUll1; 

for tla1l. '1!h1a __ 1 eatail1 parl1al.l 11M .1 Olle ~ 1w lJUUItca. 
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10. WOBI[ QI LIQUID JdmD M'II8JII1INl'DO ftCD 

Aa npwte' in our '3.hi!d t;\UartArl1 Pro~a Be~, (JeU1"IIl JUllAI, 

Die. va ••• ke4 to caul4u' the IQteDUll .ton .. oaft'J1D1 ca,abUlt1 .. ~ 

th MC/UB»-5 Drone, betol'e eeleotSq ttl. t1Dal ccm.t1plt:l.OQ of the ft-

.. arc!l pztOtotp liq\d4. qut 41I •• ma't1q .to:e. ID order to 'thorouablJ 

11lV81t1&ate th:ts poteat1al appl1ca1l1CG, Qeunl )1111., Inc. 1II.u4 .u'b­

cOZltraota to J'ahchU4 Aircrtlft an4.lU.Idlea Div~1oD 8D4 BortJI. Allericaa 

A.,1at1oD, Inc. tor ltu.41ea oa this 1U'b~.ct. '!he work .tat.eD.tI ZOr eacl:l 

of tb. •••• t1.ld1e. vue luclud,e4. :I.D our !1!I1.trcl Quarterl1l'r011'e" Report. 

Both ot the. atud1u have beeD a..,leted.. ~ flul :report; 'pl'W­

pared b1 l'a11'chU4 11 111cluclt4 .. ~ A. 11M nlll1 report prepaN4.­

b)' lorth AmInal" Avitt1cD 11 1Il01u404 .1 Ape4£x B. '!he rea.1" 11 ft­

fe1'H4 t.o the .. eppeaUce. fOr th ataUe4 ttll41Dp of the.. ltu41e •• 

COAcl.Ul1oas 8:W .WlllUlrlse4 ill Seatlou 11. 
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ll. StIIfARf AID COJDLlBlOIB 

~1q tb1a report1DC. ~104, tile P2aau II "\JAi •• vue ooat1Due .. 

!bt. pUae 1Dolw. "-..rob "laW to .aU4 .. _, c11ulllfJattoQ l1li4 

tbe _lp IIld fab:r1caUoa ot. H".l'Olll104el of a Ullu14 .... ' ,tore, 

iAtaa.4 tor hture neld expe1'1laatl. 

IQerlJIeAtal .~. ot tM eff." o~ ... UN to blated air 

lwa_ OIl tile rtab11tt¥ ~ Sa &eroaola ha.,. bHD 111114e. BeIUt. t~ 

_ ~1U'It tae of 1.1 .HOW .bow. '111'1 1Ub1turt1al. l.o •• or "11-

abUlt)' .10 elevated tellperatllH'. 'or eXlllPle, eJQ)06UN at 12,·0 0 •••• 

!1.iJ percat 10" ot v1U1Ut7. Da18 vozok idleate. ~t II1xtDl ot the 

aero.oJ. lf1tb the Jet pl. .. of • cU'rie:r &1l'V&t't a!aould b. a101ct.4. 

(8.tlOll. a) 

'!he .tudr of fl'lct1cm&l. tcn-c.. betvea vv10wl pnd.era aDd -vad,OWl 

s\\:'faae. bu bae. cODt1DlMd. Wlta. tlle Wle ot • piatoD-qUwtal' appar­

atu, UatuntJllAta wen u4e of tile JII'04WIt C1/J..1 were C1 1. tlle COIl­

!t~ nf' I'l"Opol"ttou.1.f.ty batna toro. actl .. ~"II1&1' to u.cl 

parallel to the 41rect1OA ot tH applL..s. tone, lAd. JJ. b tile GOemoleAt 

of fl'1ot1C1D. X ........ nt."" alSO ... of jJ. 41ftGtl)", ualDl " tU~lDa­

table .. tb04. It vu JOI.11)].e to oa1n1&te °1 trOll th ... ~Ata. 

1.'be avene. vtJ.\18 for 01 Val fOUD4 to be O.lf84 tor talc aa4 0.414 tor SII. 

A atuq val ..... of .venae 'buJJt delllit7 ot a ooluu. of COIQHI .... 

powder, ... 1'Imot1aQ of coJ.ua l.attb, ~ VU'1owI C:OII,PN •• lv-. .u. ..... 
Jlaaur_.ta weft __ 011 botb talc aDd Sa. AA PW1:rical tol'llUla ".. 

tOUlUl to tU the exptl'1:IIUltal. data q\&lt. well. (SeoUoA ,) 

• III -

.. hi LCIA"", 

DEclASSIFIED IN FUll 
Authority; EO 13528 
Chief, R8COrda & Decla. D/v WHS 
D~e: • 

26 APR lOll 

l\A 

I 
I 
1 



--
, CP""P'"" n .. 

A tllewetlC111 .n11ll1l at tbt foI'ct Z'tqu1n4 to 11ft aD bbe44e4 

d1ak ~ • bell of dilateDt __ lill va, came' out, \lIla-r the "'UIIp­
tioa that attl'lct:Lvl t~. l)etvteD »Ut1cl.P a:e nesl1a1ble. !he ft­

!IOVal !Wee ft. fCUD4 to 4apa4 OIl tu Wuli~ r aa4 tba 8bear ellA _ 

of ue particulate utez1al, til. mOl beiDa JroJortilowal to tJ:I. faatol't 

b aa;re ... at bet".. .. t./I.or, a4 aJp81":lMlit ft. fOWl4 to be SOO4 

tor ala.' bel~ of 100 aDd. 200 m:lU'Qll 4iulete1". (sect1oa. 4) 

The Vl.coI1t;V of eu .1un1a W.I.S. IJ" la, 13 IDd ,. va. :re­

date:rll1u4, .... ia. 1 an Mi,pMDt of mIlD ... 1... 9at tbe~l COD­

=ct1V1t;V of the.. .1un1.e1 IlllAo ".. dllteftl1al4 at 11'1te",all ot 1. S·C 

111 the tawlzoatuft raap frca 0 to 32·C. 'lbe tbc'Ill1 cCll4uct1~tJ" 

value. vlr1l4 hcD '18 to 91 ptrcent of the val\W tor wate2'. 

The rheolofJ1C!6l aroptn1a. of SID alurrtH v1tnout a surface .et:1.ve 

asent weN iAvtlt1catl4 at 20°C. 'liM .1un1e. "1b1te4 1nlt1a1 tras.xo­

troll)' (IPPU"llllt V:teCOltt;v 4ecrea ... v11:a dell") fol1owe4 by rJleOpect1c 

bebaV10J' (1naftl •• 1D appaNnt "1ICOI1t1 v1tb .-.1'). A elU1'l7 con­

ta1rlJlac 28.6 JltI'Cftt '07 ve18r&t III ft. too tb1ak to aladle :lD till ca­

axial qllDde1" v1tCOllltaZ'. A cepilla1"7 vuoaaeter U baibl C!OIlItncted. 

to extend. tJ1e ~ecloc1cal :lDvel't1sat1oD to sreateZ' 1011da cocaeatnt1OD 

ID4 hipe1" ab.lr ratal. (SectiaD») 

!ounda17 11,.JI' atu41e. eaved. that the boundal",Y' la~r of an air­

cratt exteJ'Ul, .toN 1. epp~te11 10 tmee thiwr thaD the bauD­

c!Dry 181'1" 1A our V1Dc1. tUDul. However, with a reduced w1ud tUDDel 

- 122 -
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Mach DUllber ~ the daaflllclll~Uoa ".,,"4 111 tbe 1(1JUl -.1 18 COD­

.IWlt1V., lace tbe velCHIiv paUeiR at .t. a-ppanDt:'l!lJectlon 41stuce 

(O.oe to 0.04 tt.) 11 &Nate%" tor tJle Ipn .toft thaD tor the v1nd 

tunnel, while the Yelocltr at tA,1a cU..tual 1_ .u.m.t ldat1cal. 

(Sect:Lou 6) 

Btu41ea on tbe 41.aeII\1Dat1al1 of SlI .1mUlID1. 1Il tbe h~-veloo.1t7 

Wind tuDnel were coaduated 4uriq tb18 ~1Da penod. A I.ma 01! 

hlatz-a,.ed IIIOtlO11 pictures. taua or the all'OloUzatlca Pl'Ocall w1t!ltD 

the tulmel, shoved the .el'O~10 bnlkup cbancterilt1ca ot BII at 

vartoua bul.k deaa1t1.a, 1II01.t1.uw content., aad. tWlul Mach Iltlll'ben. 

1'he decree of 4eaS&lOlllt1'lt1aD :1a atl'ClDsl7 delli_at OD the molltun 

conteltt ot SIal value. 1D the r,t1l8l of 14 pel'cat 'b7 we1&ht aplr to 

be JIIOIIt •• t1atactorr tar 418.eID1aat101h ~I two __ aU. wh:tcb ••• 

to be primarily relpou1ble tor a.a~l'IIt1oD Ire nOD-waUom pre.· 

'Un! diltl'ibut1ona around ewtJUl'Ites and. fluid tmear IUeIAOA at 

their bauDdan.l. 

Sampl .. wen teken ot SID al""'ola poolhLcecl 1a the tunl1,l a'" aa 

lir atr •• Yeloa:l.tr, )faa!! 1lUJIIber 0.,. lOr the ca .. of <ir1 Sa with 

a.U:tt1 0.33 pIce, 1t WI. tQWld that the a81l\Pla coaabte4 ot ba.le 

8m partlolelJ i ••• , tu1l &'lgl.aIeHt1on ".1 olrta1l1,4. (SeoUca 1) 

~Iltl wen coaduot04 to detem1a. the affect of CCIIJIlottoll 

on the Y1ab1l1tr or 417 sa. Ear1;y Z'elUlta iluUcate that the Y1abU1t;r 

ree,,"i:Y to%" .... 1 •• IUbJecte4 to .ppro;d.mate1y 16 at'ildpb81'e. ,1:re •• UN 

VIla 1D tile o1'de%' of 80 perC8Dt. (SectioD 8) 

idAIIuI" Lt. 
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A IWIIItriaal. eva1uatioa ot tile ~, &l'e& ~ vu COD4W:te4 .. 

• ~1DIl of tH var10ua 1*'''''''1'1, lD01Ud1Da t2w tutor of • variable 

d.ecq ~te. ~. "Iult ot tbia Itwtr 18 ~ tMll¥ ot f.D~eotlOD ~1l­

dU1t;v CUM", vi~ a cbanotllrl.tta lhaP. d1cb lau b_ a-outrate4 

iaaotual. tield expe1aeat8. 'l!2tl. aa:re-at vitia expe:riMAtIl. n.\Ilti 

ad.cIa GOUldeNl •• \ftDCtb to the variable decay l"llte thr .... :y. 

(SlCIt:Loa 9) 

~I tJ8l)-5 1. capa'bl. of c:arl71D1 ata1'JW,l Itor .. at tbree loa.tioal 

with ft-q ...u lIeult1. 1A ItZ'UGtun valll1t. It".. deteJW1D,ecl that 

til. D.aI' opu.. ltore tor 1I.II.1"81'Ial \III CD .mal' aircraft 1. .u'blt&D-

t1~ larau thaD the near 07t1lllwl .ton fozo tAl UBl)-,. IlL a441tlQA, 

tb. UDlMIi aircraft Iton CM I'lUoublr 1ncl\148 ID iadepeDCJeDt. power 

lOUl'Oe. On tb:ll 'but., it".. 4801I1.e4 tbat thl aOit \WIN \11111; tor 

thl1 PrGlraa 1. OM 4adSMd 'tor ...... 4 a1l'Cratt. (Seet1oa. 10) 
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Study of Compatibtltt:, of Ixtlrua.l Wtna-J.bmted 
SUBo/ECT: .. BW StorM with the AN/USD-& (XE-l) Dl'one 

SECTION 1. SUKMARY. 

• -800-231 

To 181ell the eampatibUil1 of uteraal wlq-mounted BW 
stores With tbe AN/tJSD-I (lCB-I) drone, the tnttfallDve.tlJatlcm 
cooatclered the lutaUattoD of tanks la, 20 aDd 21 mche. til diameter 
loclted at win, butt lID. 3'1, 74 and al. Plrametric anaJrat. of 
theae tank atz.s and locations at O • ., Macb number indicated the 
moat desirable cODfllUJ'lHOI1 to be a Jl-lDcb diameter taU Iocat_ 
atwtn. butt 1tDe 8&. Further in1elUsattOll ba.ed OQ the .eJected 
configuration ludicated a aaa leye1 facUua of actlou capabUlf;J of 
111 DIIItlcal mU .. with a BW I,ent capacity of litO PQDIlda. 

: 'II.! I , 
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I 
I 

. &"">r''''·'''2S$V'P n " ",32sb a to" II: rn D, 1m:; 

1961 
SU"'!CT:. ________ -'---.. _____ .... __ 0..;.;..;. __ _ RIVIUD ______ -1 

SECTrON 2. ~NTRODUCTION. 

• ·8011-23A 

This report presents the result. of a study to tuveatlpta 
tbe compatibl11tJ of external wlDg-mountec1 INI storel wUb 
the AN/USD-& (IE-l) D1'OIle. 

Under .. contract wtth the Unlted Statel Army Chemical 
Corp., Gene1'1Ll MUla UDdertook the development 01 external 
ator.for line-source dtssemlDatlon of Bolld aDd Uquld BW 
a.lent. fl'Om low !J¥ioll manned and unmaaned atl'cl'&ft. In 
ordar that the result1JJs store. be a.c1a.ptable to a. luge number 
of del1vel'J vehicles, lnvestlga.ticm or the potential capabUltlea 
of the AN/USD-& (XE-l) drllne for carrytns external stores 
waa l·oque.ted. 

The pl'lmary mlsaiOlllallne-source dissemlnatton of BW 
a.gents from a. loW altitude elrone. Basic assumptions ara: 

a. MoclUlcaUon of drone eomponents other than the 
wins structure wi.ll be minimized. 

b. Weight a.1Iowance wtll be made lor inata.Datton of 
!\motional BW cODt1'ol paeka.ge. 

c. Normal aarvtltllance equtpmant will be lnotaU •• 
d. Installation 01 a wind determination system will be 

considered • 
.,. Drone will be returned a.ncl recovered. 
f. Laun<:h wlU be ma.48 at the higheRt practlca1;f088 weight 

consistent with the opera.ttnl llmlta.ttona of thtl AN/U8D-5 
(XE-l) drone. 

g. Agent dissemination wlll be made a.t minimum feasible 
altitude and 0.7 Ma.ch numbell. 

h. External SW tank. will be ejected &.Iter dtuemtoa.Uon rolft. 
1. Minimum ra.dlua of operation will be 300 nautical miles. 
J. A ·C ••• P. of three nautical milea for a. eO-minute fllgbt 

duration wiU be accepta.ble. 

Basic deatp da.ta. of the lWI external tanka as compiled by 
North American AvtatlOD ComplUlJ is contained tn AppendIX I of thts 
report. Tbe following acklltlonal data was turnisbed by 
General Kills - - - : 

a. 
b. 
c. 
d. 
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Study ot Compndbfllty of Exte:.-n41 Wlng~Mounted 
SIiUECT:. BW Stores wtth the AN/USD-3 (XE-l) Drone REVIIEI 

. -SECTION 2. (Cohtlnued) 

e. Tank size and weight: 

Tank Size TankWt. AsentWt. Tank Cap Total Wt. 
(diameter) (lb) (lb) (gal) (2 ~'8) 

18 In. 440 233 28 1348 

20 tn. 520 491 69 202".1 

22 tn. 600 783 94 2768 

• 23 In: 460 1241 149 3401 

• Altenl&te tank weighl and capaclly supplied after completion 
of preUmlnary investigation. 

The study wa. conducted In two plmses. 'l1te objective of 
l'base I was the determination of the best tank conftgurat1on con­
sidering tank stze and location on the wing. TMks of 18, 20 and 
22-inch diameter located at wing butt Unea 37, '14 and 85 were 
1n·,estigated. The eUect of eacb conllguratton on drone structure, 
stabUlty and control, anel performance was analyzed to eatabllab 
the n"(\~t de8fr~"lA tAnk conflguratton. 

The objective of Phase II was II. 8tt_tdy (J£ the selected configura­
tion constderlng the deSign, nutter stabtllty, lateralstablllty, 
load ana.lyals and stress checks, weight, center of gravity and 
moment of inertia. A sea-level disseminatlon mlsston was cal­
culated utlllzmg tbe selected BW tank coufiguratfon as well as a 
summAry of de8lgn load factors for the tanks. 

L o.t 
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SECTION 3. SYMBOlS. 

B. L. 

CD 

C.B.P. 

eL 

«i.' 
e 

DI 

en 

C n_ 

Cy 

ex . 
D 

F.B. 

G. W. 

I 

Ix 
Iy 
I z 

Ix 
0 

L.E. 

M 

MAC 

Mt/lb 

MRP 

S'100-234 

· . . • butt 11ne 

• • • • dra, coernclent : ...D.. 
qS 

• • • • clrcula.r error probabUlty 

• • • • Uft coefficient: ~ 
qs 

· • . • center line 

• • • • pltcbtng moment: ~ 
q ,,1 

• • • • 1n~tnr moment = L 
qSl 

· . •.• static dtrecttonalatabllllJ' parameter: ~ 

y -• • • • aide force coefflcient : QS 

• . • • axial torce coeUiclent 

· ... drar 

• • • • fI1sela,. statloll 

· . • . grosl weight 

· • . • moment ollnertta 

• ••• roU moment of lnert1& 

• ••. pitching moment of lnarti. 

• ••• yawin, moment of ineJ'tta 

• . • . ma." moment of menta of the drcme about & centroldal uta 
parallel to the x datum axla 

o • • • leadlDg edge 

o • • • Mach number O. 7 

• • • • mean aerodyu.mlc chord 

• • • • lW1t1cal mUo per pound of fuel 

• • . • mllUary rated power 

• 88N~llitJAAL, 
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PAUl 1".3-2 
--~.4.e1 11t~ _If. Kamenber.er 1ft. II. -

-- 8tud, of CompaUbliur oIlxterDal ~I-M_ed 
SIIIICT:- BW 8mra With tilt AN/USD.S (D-U Dr .. 

,,:'; Mar a8~ 1M!" --

lhlID ------I 
SECTIoN s. (CcatIDued) 

RIA 
R/-C 
8 

T. B. 

T·T.B. 

V 

v. 
Wt. 

4 

-, 

; 

i =p 

• • • • faleJaae auOlDeat &bout hortlOlltal ala 

• • • • wtDa lIlamant abaIat vertical axl8 

• • • • DaUUcal mile 
o • • • normal rated power 

• • • • procllct ollDertia tJl tba D plane with 1'IIpect to celltrotdftl 
x aiWIJ .. iiXiIi 

• ••• rlldlu. of actton 
• • • . rate of elimb 

" • . • are. in squue 'eet 

• • • -. traUlDl eelS' 

• • • -. wID, torque about trat1tnc eels-

• •.• airspeed 

• • • • verUcal lhell' 

• ••• .,,11pt 
• • • • !Der __ tal cbanie 

• • . • aftlle of a.ttack til desrea. 
~ . • • 1L1rp"'I Mile of attack 

• • • • augll of Sldeablp - cliP'" 
• • • • cOIltl'Ol sul'fa". denecUoa ansIe 
• • • • ladtca.tll a coefftct.t baled on JDUlmum crosa-Iecttonal arIa. 

• 0 • • roU anile .. dlsrees 
• • • • ral11n1l veJoaltJ of drone abalt JonIlt.wSlIIal uta .. nd/HO 

• • • • angl. of roll 

• • • • rolllD, velOcllJ 

• • • • rolllnil acc~ltrattOD 

· • • . ,awlnr v.loCi*, 01 drone about verticil uta - rad/sec 
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" 8tIdJ oleoapttbWtr af "1'1)&1 WlaI .. Maliited' 
"SUIIEeT:. BW StoI' •• :wtth" the AHmaD .. ' (XI-)) Drane Rutll. --_ ..... -1 

8&C'l'lOR s. (OciDttDlied) 

a ••.. aU'roD 
C,I. . . • . centll" 01 pavttJ 

1 • , •• leaath' 
~x •• • , loDlltwlinallGad factor; poslttve .. forward 

0,. • • , ", lateral ... factor; po_mv ... ript 

11. • • • • nol'lll&110114 facta!'; paaltlve'-lIP 

q • • • • dpaml~ pr •• sure : 1/1 j vi 

r ~ • , • rudel.r 
w •••• wID, 
x • • .'. 10lliltudlDal canter alll'l"'tr 
y , , • • lateral cent.r af ll'&vltJ 

I • • • • vertical center of P&YitJ 

• DeCLASSIFIED IN FUlL 
Authority: EO 13526 
Chief, Records & Declass Div, WHS 
Date: 2 6 APR 2013 

l' 
1 
1 
j 

" 

I 
I 
I , 
", 
J 

. 



Stud,. ofCompattbUlty of External W1DI-KcNnted 
S ..... ECTs. BW 810781 With tbe AN/USp-1 CD-I) Drope tn'lIl ------f 

S2CTIOH4. 

4.1 

4.1.1 

FACTUAL DATA 

PAHAMBT.RlC ~ALYS18 OJ' TANK SID AND LOCATION -
PHASS J . .. . 

PEBPaRYANCBANALY~ 

The performance aaalrsw coDm.ted of a atudJ 01 the eUscta 
01 taU 8ue, tank locatton aod eMse altitude OD radlul of 
action (phue I) and the calcIIlatlon of the m18l1oa performaoce 
tor one •• 18ctec:l tank alz., wetlht and wi.Dllocatlon (Pbua n). 

4.1.1. J Baalc Performance Data 

a-aoo-au 

The tlu'ut requlred for the. droae wtthout tabJra lutalled 18 
baaed (Ill the 111t &rid drag coefftaiaata obtaiDad from w1Dd buulel 
teats of a AN!t1SO-8 (U-1) model. The thrust requirements 
With tukI tnatalled lU'e baled on the a44lttOil of an Incremental 
dra, coefflcleat due to the tank IDatallatlon to the baste AN/USD­
(D-l) data. The drqbl'lakdown ta liven in Table I &lid a:plot 
of Incremental dral coefftail:JDt Vlr81l8 tank capacl., la pres.ted 
lD J'taure 4 .. 1. '1'be tank capaC1tlH used la thSa ttl'llre and late. 
fSpree are the qeDt capacUi .. specifted by General MU1e for 
the PhaIIe r parametriC: ltudy. The dra, c:oet8ctentl are baa .. 
primarllJ on data auppll'3d by North Amtl'tean Aviation ud 
Qenera1lr1l1la. The dral coefftc:tenta lU'Iapplicabl. up to . 
M=O.'1. . 

The tbruat avaUable .. t.he same u that used tor the 
AK/USD-I (D-t). Whan calculatlD. crul.e performance, tU 
pre. ant aormal rated power (NRP) 01 the englal wei exceeded 
wilen tlecB8sary to meet the 1\1 = 0.7 speed requirement; how­
ever~ mtUtal'7 rated power (MRP) was not exceeded. 

SpecUlo ranp data are pre.ented 1111'11'lrel ~-a thru 4-1 • 

. , 

'teNFI!!"'" & 
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. ~ 
8 TABLE I. INCRDIEHTAL TANK INSTALLA'l1ON DBAG COEFFIQENTS !; 
o ~ 

::: TANK DI.AllBTER -:; 
• ITElI 18 IDdl 20 ~ U 'Dell COMMBJr.I'S CI:I r.a 

Usable taIIk eapacUJ per taIIk 28 pi 18 gal 84 p.l 8peclfled ." GeD8ral ~ g 
Taak frOJatal ana 1. '162 sq It 2.183 sq ft 2.160 sq It WDa for Pba.se I Stad¥ ij' a 

ctn 
·0 

CD lor Isolated taDk 0.05 0.05 '0.05 HAA data per TWX dated ! a 
w March 31, 1961 if I 
~ for tina 0.01 0.01 0.01 BAA da&a suppJled trt Ii 9: 

'VI GenerallliJla • _ 
~.i CD for ~loD8 0.0103 0.0103 0.0103 Geoeralllil1s allowed d' a 

w 0.0'103 0.0703 0.0'103 0.08 per TWX dated e R 
Man:h 31, 1961 l,. • 

<;, fill' ram aU tarbioe drag I 0.158' I 0.1281 0.1019 I Cn = 0.013 based OIl area -a I . 
.., - of 21.5sq It :.. ~ 1aI!=& ~ 

Tolal .& C_ per bulk. 0.3290 0.1984 0.1'l62 ;1 [):IilLg I 
lOS • 

Total .I CD for cra1se DIll O. 0IM02 o. ooua O.OO4&a Two IaDkB - -I ~ r 
(Baaed. - wiDS ana) i 

A CD 10r dl& ... lJdnaUoa mow_ 0.000'l0 0.000'10 0.000'10 Based oa d.rac of two 
fafrecl CJl1ad8n pu taDk. 

~ ~ ~ Ii! u ia.loDa~ 1 lD.dIam. 
~ ~ ~ e aad tacliDed 60- to ! 
~ ::0 l ~ vertical ;; 
en ~ ~ 2! Total" en for di'isemjpatJoq 0.004'l2 0.00501 0.00533 ;; ~ i ... m 
~ go ~ ~ I (Baaed oa'ViDa area) 

~ I ~ ~ U: taut capacity t two 5& p1 118 pl 188 pl, 

i 
I 
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Study ofCompaUbWtJ of i:xternal WlDI-MOIIIIted 
IUI.IEtTI- BW Stores wltb the ANIUID -I txI-ll DD' II" III -----I 

SSCTION ... FACTUAL DATA (Conttnuecl) 

4.1.1. a Mlsltou 

Tb.. m18.lon. lnve.ttaatecl wIZ'e aU radiu.-of-acttoa 
mt •• i0D8 aad coDBJsteel, baalcal~, of a boosted lau.acb, crut •• 
out to dis.eminatton point, dta"'mblate Uqatd &pDt, dl'OP taDka 
W pylon. 311 nautical mUs, alter dluemlnation. aDd rlbal'D to 
but f01: recav'l1. The JUle. It)r the Dlwalon8 &r'IiVID 
below: 

4.1.1.2;1 ' Sea. Level Cnltae Mi •• loII 

a. Fuel aJlowaDc:e (67 b) i. pl'Ov1d8d fD~ two miDute8 opera­
tion at NRP for pre-llumcb check out. 

b. Laacb ami crul •• OIIt at Macb Dwnbll' = 0." at ••• levIL 

c. Dlu'm!Date "PDt at Mach JlUJIlber • 0." at 8,a 1.v.l, Alent 
ta dl •• .-mlJlated ll'OJD both taW atmultaaeouJr at rate of 
9 gal/mtn/taak. 

d. Rani' do •• not incWe c1tallmtnallon di.tanc •• 

e. Drop tanka IUld pylona alter 215 nauttcal mtlc!, of erulae back. 

f. en1.8 bact at Mach DUmber : O. ". 

g. Rer:cwer. 

h. No r ••• rve fuel • 

.. . 1.1.2.2 Altitude Cruta. Mi •• IOll 

a. Fuel alldwanci (8'7 Ib) l. provided for two mJDut., operat.lOll 
at NRP for pre-launch chect out. 

b., t.aunch and climb to 80,000 ft with MRP at beat rat. of cllmb 

o. Crulae at 30,000 It and Macb number. 0." oW weilbt de­
er .... to polDt where .. "ice caUin, (RiC : 100 ft/4D1D at 
NRP) 11 31,000 ft. 

d. Cllmb to 36,000 it with MRP. 
e. Cl'ulsQ Iu dwa6J1Jinatlon point at Mach I1llJDber II 0.7. 

t. Descend to dt88emtnatton area. No credit 18 taken for range 
in descent. 
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. _ It::!sM' ·~..L.Lll5Ullt!D1UtJUL...uL...B...l!IIItDam _____ ~L.J:Jlsu:tAIIL--.-I 
Study of Cbmpattblltt:, of !xternal Wtn,-MOUDted 

Ua.JECf:. BW Star. with the AN/USD-B (XB-l) Drona 

SECTION 4. FACTUAL DATA (Contlm1ed) 

,-800-236 

I. Dt .. emmate apDt at Mach number: 0.7 at .ea level. 
Alent il dtaaemiDated from both tanka aimultaJ1eoualJ at 
rate of 9 p1/mln/taDk. 

h. Rance doe. Dot includ. dl'.'miaattOll distance. 
t. Climb to 36,000' It with MRP. Drop tanka and pyas 

aile,. al nautical mUe. rang. In climb. 

j. Crulse back at 31,000 It aarl Mach number: 0.7 to recovery 
area. 

k. No credit 1. taken for ranp during de~eDt to recavel'J area. 

1. No relle"8 fuel. 

Typical mtaaton profUe. and the re •. 1t. at the radlu.-ol­
actSoa calcula.t1on. ue siva in J'tgure. ' .. 8 tbN 4·9. Weight 
aDd fuel data are elvell in the G1'08. Wetcht Summary • 

NOTE: Gro •• Wetgbt Summa1'1 bu been .ubmltted by We'pta 
Section,. 

It sbou.Jd be Mted that DOIla of tbe tank installation. COIl­
sldered were able to meet the mlldmum deatred radius of acltoD 
of 300 nauUcal mUI. It .8' level. 

oeCLASSfFIEO IN r:uu. 
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Chief, RlICOItls & Declass DIv UlLIA 
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, "Study ofCompA.t,'~\ty of Ext,ernal W~~I-~te4 
Sve.,teT:- BW Storell With the AN/ySD-& (XB-l) Dron. InllEt ------t 

SaC'TION 4. 1ACTtrAL DATA (CODt1nuid) 

l-a00-23. 

".1.2 STATIC STABILITY AND CONTROL CilARACTElUSTICS 

A brief static stabllity and control aMlJa1t wa. maeSe of the 
\'Il't0ll8 tank conflprattona in order to determine thetr !eul­
bUlt,. The study 'ft. made without cODSkleratlon of aero­
elastic effecta. The l'el\Jlta are "ven below. 

4.1. a.l LoDgltadtnal 

The addttton of tank. with horizontal liM 1. eBtimated to 
ProW~8 a fOl'WUClshift ot the UIltl'al point .a much al 3.5% 
MAC (see F1l;Ure 4 .. 10). The greatest effect 1.a obta.1ned wltb 
the Jarp tanIcIin the outlloard locattaD. The abUt in neutral 
point Will be handled by reatrlctlq the alt c. g. limit. Tbl8 
solution t. expected to tntroduce problem. 111 e.g. control. It 
is reconunendecl that borilontalltna be uled to minimlze the 
advlnt effect of tanks on lonsttucl1nal stability. 

No COAtrol problem. are indicated baaed on .tatic 
ccm.1deratioDl. 

4.1. Z. a Lateral .. Dlrectional. 

The static dlrectloDa1.tabtl1ty parameter, Cn~ Is reduced. 

alptflcant.\J wbfll tankI without vertical fins are added to the 
bastc AN/USD-& (B-1) coDftguration. See lI'tgure 4-10. 
Further study may indicate the desirability at addln. vertical 
'lna to the tank,. 

Lateral control t. IUfflctent to handle unsymmetrical dls­
SP.J'41na.tton of a.gent. 

4.1.2.3 General. 

The changes to the AN/USD-& (XI-I) fJtahtltty "nd control 
cbaracterlaUcs beCOMe greater u the tanka are moved outboard 
on the "Inri howev.,., the result. of till' ltattc analyst. baa not 
indicated an)' 1nBUrmountable dUflcultle •• 

The results of a brief lateral dynamic-stability study truUcate 
a potential problem at V • 200 let.. The lateral oscUlation 1s 
d' but l'Udder to stdesU ,2Dpe ratiO. are required to 
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'SECTION 4. 

".1.3 

FACTUAL DATA (ContlDued) 

STRESS 

... 1. 3.1 Structural ModUlcaUonI Required to h •• laS' 

s' 

For au atore. at all locatto.. Oft the wlDa the fuselage 
bGDdiD'lDOID.nt. and Ihear. are hi.her than. the dfltp valu .. 
101' lbe AN/USD-i (D-1). The area aftected lS'between Statton. 
.107. i and ase. G. TbtretDre, there wiU be 1000e cbanpa 1n the 
longerone and. shear paDe11 III ttit. uea, 

For the 138S Ib store at etther B. L. 85 or B. L. 74, the tie 
bar tal the fuMla,e fJ'ame at the flont spar (Statton 20'7. 5) mUlt 
be Increased in abe. . 

For aU etorn there may be a. 111ibt cban8t In the fastenerl 
wh~ the rear spar futlng attaches to the fIIl.la .. lower 
lonproo. 

4.1.3.a Structural Madlf1CltiODl Required to Wins 

Fol' aU storM at allloeattoo. on the wtn, it •• neC6S'8J7 to 
mereu. tbe strensth of the root rib at the Joint where the lead­
inl edp porttoa atta0h8a to the wJUb po1'l.lon ()l the rib. 

For all storea at B. L. 3'1 the exlatln, ruel bulkhead mUlt be 
converted ~to a atl'Uctural rib. 

For all stot •• at B. L. 74 or B. 1.. 85 a atl'Uct1U'al rib must 
beldded. 

For the 10111b .tore at B. L. 74 "II 0.02 inch doubler must 
be added to the winK .ldn tor 10 incb. Inboard of the rib. 

For the 1388 Ib la' at B. L. 7. an 0.03 Inch doubler mu.t 
be' added to winl .kIn 101' 10 inch,. inboard of the rtb. 

For the l0111b store.at B. L. 811 an 0.03 Inch doubler must 
b. added to the wiDl sldD for 10 tach_ inboard of the lib. 

For the 1383 Ib store at B. L. 8a the WI .kin Pie mUlt be 
(ncreaBed trom th. ex18tin, O. 08 inch tbtckD ... to O. 07 (an 
0.01 Inch inereu.' from S. L. 86 to the root rib. and an O. OS 
inch doubler must be added for 10 incb .. tnbou'd of B. L. 85 . 

P'or aU stores at B. L. 811 and B. L. 74 the front spar fitttng 
w~ have to be changed .llp~ to add more material. 
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Sic'l'ION 4. . FACTUAi. DATA (ContiIlUed' 

4. 1. 3.2 Structural MCldifleatiQDS Required to Wine (Continued) 

For all storl' at B. L. 7. or B. L. U, a swept pylon I. 
required becau.e the storl C.I. Is'so far forward tn relation to 
the winllecttoD. A swept PJIoA II far more complu thall a 
Itratght pylon from both a d •• p and a manufacturing standpoint 
aud, due to the fact that the c. g. 18 80 tar torward In relation 
to the Wing sletten, the greatly Increased momenta and torques 
requtre much heavier structure lD the pylon. 
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SICTION 4. FACTUAL DATA (ContlDued) 

,-BOG-itA 

4.1.4' THERMODYNAMICS. 

4.1.4.1 J-80 Turbojet Enctl18 Esttmated Jet Wake Diagram 

An estimated jet wake dtalJ'lm on the J-60 turbojet ename, 
bued on lea-level condUlon. aDd M: O. 'I, wa. obtained by cross­
plottinr Pratt and Whim., data for other condittonl and ta, In 
the opinion of Thermodynamica, conservattve for the purpose 
since 1t docs not aecount tor the eUects of the secondary aLI'­
flow tn the cooling ejector. See J'tgure 4-11. The eoolinll 
ejector Is part of the baste deslgn of the AN/USD-I PCR-I) in 
all its versions. 
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_ SaCTlCN ,. FACTUAL DATA (Continued) 

S 23' 

'.1.5 WEIGHTS. 

4.1.5.1 Basta for Analysis. 

... MaximulD launch groS8 weight shall he 10, ROO 1h. 

b. Boie drme shall be the operattonal ANlUsD-1i (Xm-l). 

c. Agent tanka ahall be full (981' tor IauJlch. 

d. Fuel taob ab&U be partiallJ lull 'or launch. 

e. C. O. of all externalatorel shall be at F. S. 221.0 
(20.8, MAC). Refer to Ftaure 4-14. 

f. Maximum diameter 01 lank at B. L. 37.0 shall be 22 inches. 

II. Pylon constant lor all tank diameter. at a given butt ltne 
location. 

... 1.5.2 Applled.Changes ta Operational AN/USD-IS (U.1) Drone. 
Refer to FllUl" 4 .. 1S. 

a. Add circu1try in IIItdance and electrlcal systems fOJ'stare. 
function •. 

b. Revi •• MDI fIlel plumbing to provide lor partlallJ fUled 
winl fuel tank. at launch. 

c. Add beef-up tn sktn pan'slslUld lonleran. ( P. S. 181-270) 
of fuselagl ta IIIIstaln Increase in bendingloada. 

d. WlngstlUctural beef-up t. J'ecpllrad and variel wUh !\lent 
tank slze and location a.followl: 

(1) All condition. requlJ'e chanaes ta root rib joillt9 and 
the rear spar mUD,. 

(2) For aU staros at B. L. 37 t)w extltlnS fuel bulkhead 
must be convert.Dr into a structural rib. 

(3) For allitorel a.t B. L., 74 a. str\1r.tural rib and .local 
skin doubler. must be added. 

(4) ]1'01' tho 1ft and 20-tnch diameter tanka at B. L. '85 a 
structural rib and local skin doublers must be added. 
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SB:C.TlQ).'f .4L., , .FA.C'l1lAlt DATA (conUJ}Ued.) 

,-100-ZU 

'.1.5.2 AppUed Change. to Operattonal AN/llSD-6 (XE-l) Drone. 
(Refer to Figure 4·13) (Continued) 

(5) Por the 20 .. lncb diameter tank at B. L. 85 a. structural 
rib will be added and the wing skln Increased by 0.01 
tnchea from tha root rib to B. L. 88 rib. 

(8) Dallgn of the atl'l1ctural rib. at B. L. 37, 74 and 85 
i. based on the 2t·1nch dtam"ter tank. 

f. A atral.ght pylon can be Uled from B. L. 3'7 thru B. L. eo." 
and the walgbt il estimated as a constant. Foi' aU atoree 
outboard Dr B. L. 00. & a canted pylon I, lequired becaaatp 
the tank center of gravity I, proJected,furward of the wing 
by the I"aep back of the Win, leading eelg. ancl the pylon 
becomes far more complex aJJd heaVier. Flgu.1'84-12 
showl the tntluence ot the pylon weight on tbe expendable 
storel conftpl'atlon &Del Figure 4-13 reflects the penalt'¥ to 
the empty drDne weight. 

4.1.6. S Summary Bullcl Up of Drone Grola Welgbt. 

Hefar to Tabla II lor the summary bUild up of drone gro •• 
weight from the AN/USD·! (XI-I) weight empty to tlie M-361 
much lP'osa woiaht. 

".1. a." Longitudlnal Balance. 

~ngltudtnal balance 01 the nln, recavel'1 pOS8 weight con­
diUMI taJla between 12 and 23% MAC and appeal'S to b. satl •• 
factory. UntU such Hme that c. g. envelopea can be •• tabUlbed, 
It '8 aalQmed that the loncttudtnal centers at gravity for flIpt 
can be satisfied by selecttve placement and programming of the 
dione fuel. 

4.1.5.5 Allgntnent Angle. 

The effect of agent tanlc sllle, agent tank location and pJa.ce­
alent of drone fuel OIl the booster al1gnment angle bu not be'n 
lnclucled til thll phase of atudy. Once a configu ration ba.s been 
selected, booster allinment will be reBolved. 
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Recovery O.W. 
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StarN - lbpendable 

Pylon (2) 
Tank (3) 
AJent 8.33 !b/Oa1 

-Wt • 
.. IlEo b'oll) 

lao b&w) 
- PXQZ 
Tank .oCfa. 18 20 22 
t.enltJl 153 170 187 

lOG 10&& 190 
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• 
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1 1 

10 10 
10 10 
88 88 

18 20 
1&3 1'70 
101 141 
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9S 101 

" .. 
1 1 

10 10 
10 10 
68 76 

22 18 
18' 153 
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50 
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SBC'I10N 4. FACTUAL DATA (Continued) 

1·IOO-23A 

4.2 STUDY OJ' SELECTED CONFIOURATlON - PHASB n 

4. 2. 1 DESIGN 

4. Z. 1. 1 General Arrangement. 

Thelen,raJ. arl'lUlllment aDd overaU dimensions of the 
M-381 modified drone a.re .hown 011 Flgura 4-18. 

4.2.1.2 Moblle LaWlcher Clearance •• 

The la.uncher clearances a1'8 given ill Flll1re 4-1'1. The 
M-S81 moc1111ed drone ,. shown in the launch and alao the 
tranaport po.lUona. 
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Stud, of COJllpatlbuttJ of klemal Wf.ng:'Mcnmted 
9lJIoIECT:. BW Store. with the AN/USO·6 (XS.!) Drone 

DATI yay 28. 1961 

BYllla -------1 
SECTION 4. 

4.2.2 

• -800-2U 

FACTUAL DATA (Continued) 

F1.UTTER STABI1.1TY 

The adcU.t1on of concODtrated masses to a wtna wlU 
generallJ affect the flutter .tabtllty of th. wing. The effect can 
a. beneflclal1n .ome ca.... but often it wUl adver.ely affect 
the nutter speed. No flutter aDIlly81a of concentrated mae.e. 
on the AN/USD-5 CD-!) wtlli ItU beea ac:eompUsbed. Be· 
eaule no Ilmpllfled lIlethod exists lor 8.ttmatlD. the effecta of 
concenb'ated mas.e. OIl a delta ~ inS, a formal fhat.tar mV.H­
galion must be made before the flnal de.ian 1. !roseD In reprd 
to spaJlwt.o and cho1'dW1 •• loc .. ~.,on of the external store. center 
01. gravttJ and fiextbtltty of the pylon 11101.4tini structure. Slnce 
the AH/llBD-6 (XI-I) wing (s (ree trom nutter without external 
etorN, it is leuonabl. to U11bll' that a flutter-free de.lgn can 
be achieved with externa1stores. A parameter INdy win be 
required to obtain the correct pylon fiextbU1ty eonstatent with 
tt •• requirement. for location 01 the external stoNI center of 
Irw.vtty. 

The ollly general rule of thumb availa:'l, In regard to 
exterual ator.. i. that Lbe center or l1'avity should always be fu,( 
ward of the. "effective" tor.tona.1 axt. of the win,. 'nte present 
dNlp doe. not violate thai rule. 
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SSeTION 4. FACTUAL DATA (Continued) 

• -800-23A 

4.2.3 LATERAL STABILITY 

4.2.3.1 Lateral StabUlty Study 

The followin; presenbl the resultt 01 a PACE analol 
cOJDpqte" atudy 01 the lateral ltabtU" 01 th, .elected conlSaura­
tiOD. allowtnr three delr.1I of freedom. The buta equatJ.ona 
of atrframe mottoD are 111tad below: 

In the cla.lical dynamic equatlans fOr alrframe motlOA au 
aerodynamtc co,fUciani. are al8Ulllecl conatant for any partt<.'U­
laI' cundttton af Mach numb.r and groe8 weight Mel small anile 
approximations (t. e. ,cos .. : 1, sin II : tan II:. (radtana) 
are emplo,ed. The two orientation angle computation. are: 

~:p 

~:r 

Transfer !\UlCt1ol11 of tbe l&teraJ autopUot uaed in the 
simulation are derived from RefereRce I. 3 

'1': 1.0 to:s+d r 

'a: (1.01'7 + .In S) ~. 
The steartnr loop has been omitted from the analys~l. It ta 

alao noted that no caupltnl between the Jateral and longitudinal 
mode. baa been conatdered. 

The aerodynamic coelflclenta are taken from Referencea S. 1 
and It2. 

The configuraUao inveltigated waa the 'J2 tncb wtnl tank 
lacatlel at B. L. 86. Gro.1 wetpta of 8000 lb and 9100 lb at 
speed. of 0.3 MN and O. '1 MN were chosen .. lh. condltlone to 
be lnveattpted. Wetpt and Moment of Inertia data are lupplied 
by Ret.tence 1i.4. 
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S.I!:C'llON .t. FACTUAL DATA (ConttDued) 

4.2. S.l Latur&lStabll1t;y Study (Contillued) 

Step lnput8 were applled to j,J 'I P and r tndlvtdualJr whlle 
the resulting re'poue. were monitored '" ob88rvinJ the trace. 
OJl a brush recordsI'. The atep input. were u tollow.: 

step Input to 

• 
-p 

I' 

magnitude of .tep 

+ 10· 

+ .. -

+ .4 rad/ssc 

+. 3 rId/lec 

The t8sulttn, trac8I t Figure. 4-18 tbru .t .. 38., show that 
the .,.tem lnVetlttpted 11 stable In the lateral mode, !or the 
condlUona considered. 
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4.1.4 

FACTUAL DATA (CODtInUed) 

smESS 

'-800-231 

4.3.4.1 Load Analyst. 

A loads analysla was made of the AN/USD-I pCE .. l) 
drone with three IHfferent stores (673 lb, lOl1lb and 1383 Ib) 
at three dtftorent locations ( B. L. 3'1, B. L. 74, and B. L. 85). 
In each case it was assumed that the top of the atore was at 
W. L. - 18. '71. This anaqsta ".8 done for severalload1ll8' 
condtttODI which appeared to be the moat crltical for the drODe 
.wlth externalatm'ea • 

Followlnar th. 10ada analysts, Btre .. checks were made on 
item. in the moat crltlcaUy loaded area. to determlne what 
modificationl would be requlred to insur8 polltlve marrtn. at 
aaitly in all of the structure. 

, • 3. 4. 2 Loads 

Tho curve. on Flsure. 4~3. lhru 4-~9 show the tncrease. ill 
loads on the wing Q.nd fusolage ",ue to the varlou. atore. at lbff 
various butt Una8. 

The wtn, moment about the fore and aft axt. II not tnereuecl 
.a a result of mounting the •• ltorel an thll wwg at any buU line. 

The Win; fore and aft sbear is greater than that for which 
tbe ANIUSD-6 (XS .. l) win. was de.tlDed, espectallJ when the 
storel arl mounted at one of the outboard Jacatloal. Howlver, 
due to the lon, chord of the delta wing, lbt. l' not an important 
d~Slgn conslderatloa. 

In no ca •• 18 the winl vertfcalshear greater than that for 
which the win, WI designed.' 

Wing momenta about the vertical uts and wing torque abOQt 
the trailing edge lor stores at B. L. 37 are not ;roatcr than 
those lor which the wins was destgned. 
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stud, of CODlP&tibullJ 01' External Wlne-Mouated 
S .... ICTt. BW Sto~ wttll lb. ANI!lSp-a (!J!-l) Drone ""'D -----I 

U:C'ltON 6. FACTUAL DATA (Continued) 

•• I. & WJl:IOS'l'8 

4. 1.5.1 Drone CODIIaurattoft 

The weicht. center of gravttJ ADd moment of inertta wer. 
comptled 011 the but. of & ci1'Oll1 caDflpratioll U deflud bJ 
Refereact 15. I. The CODdltlOllII.t fOl'tIllD the cil'Olle conflpra • 
Uon are u Collo ... : ' 

a. It. "-tach diameter taDJc located at droll, B. L. 8S. 

b. A red .. 11II of the aleat tanJ£t amptr ",aPt 460 pound. 'ft. 
GOO pounds, aad Wlabl, valume 149 pUona wa. N pllalMl 
ill Ilea of the tank .mnm an Pia •• I study. Reier to 
Table II, 8ect1on 4.1.5. 

c. ParttallUlIDI 01 the rede.tped llIent tana Ia pl'8terlJlc, 
to reductnl the droae AIel load to malntaiD the fixed launeb 
IroS. wel,ht 0110.800 pounds. 

Item -Total Reeovery 0101.1 Welpt 

J'uel • Uub1e .. e. 5 Ib/pl 
WlDIInboard 
WlDI Ou.tboU'd 
Fwd. J'uHIqI 
Sump 

Store. - lxpeJldabll 
Pylon 
Tank (148 pi usable vDlume) 
A,ent" 8.S3 ib/ga! 

Tot.! Drone Oro .. Weight (leu booster) 

Boc»ter 

Total Drone Oro81 Woight (plus boo.ter) 
FIlel .. Prelauncb checkout 

Total La1UlCb aro18 Weliht 

•• ... 23' 

(308.2 gal) 
1'19.7_ 

81.0 pi 
54.0,p! 
11.5 gal 

(110.8 sal) 

Wetpt 

4"8 
(2OGS) 
1188 
408 
351 

81 

(2896) 
(2) 130 
(2) 920 
(2) lS48 

958T 

1300 

10S6" 
6'7 

10800 
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Study of Compattblllty of External WIlli-Mounted 
SU..,'CT:- BW Stores with the AN/USD-I (Boot) Drone IUI.t 

28 1981 

SECTION •• FACTUAL DATA (Continued) 

,-800-2" 

•• 2. 5. 1 Drone CoDflgaration (Conttnued) 

Booster Drop 011 OW (1".1 attttude) .. WeJSbt 

Ix (RoU) 
c 

II (Yaw) 
o 

Pl( 15 
00 

Agent Tanka F.mpty OW (level attltude' - Weight 

Ix 
o 

= --
--
--
--
: 

-.. 

Agent Tank Dlamoter = 
Length : 
Volume (outside akin contours) : 
Volume (usable) : 

9,500 Ib 

", 513 Irlug-Ct 2 

18, &18 alug..ft 2 

.. 160 alug-lt 2 

8,4&71b 

3,464 alug..ft 2 

11, 063 slug-lt a 

23 Inches 
187 inche. 
190 sal 
1.9 gal 

NOTE: The dtone center of grllvlt)' and Dloment of lnertia U influenced 
by parttaity ftUad agent tank. hu not been (nveaUpteci. 
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StudJ of CompattbUltr of JCxtU'W'Wtn.-Mounttd 
!''''JCT;- BW Stor~ with the AN/USD-& (XI-1) Drone 

SECTION 4. r ACTUAL DATA (COIltlnuecl) 

,·100-2,. 

4.2. e SIA-LIWBL MISSION. 

One 1 .... leve1 miulal wu ealculattd fol' the II-inch 
diameter taU loc&t8CIat butt be 85. Th. &pDt weipt an4 tank 
wetpta are dllJ.r~t from thole Uled in the Phase I study; 
bowever, th. aum of the Alent &lid taD.Ic welghtl are the 1Im1. 
The calc:uJaUon 01 tilts mlaston t. shown lD Table I and the 
miaalan pI'OlUe ts "iYell m Ftsure ,,-40.. 
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Study of Compattblllt)' of BxteriiaJ WIDC .... Outed 
BW Store. with the AN/USD-IS (XB-l' Dron. SUNleT: .. __________ ~_.;.._. ____ _ 

RlYl.1t ------f 
SleTlON 4. PAC'l'UAL DATA {Coatlma8d' 

TABLIl I 

SBA-LEVJ:L MIssION CALCULATION 

Butt LIn. 85 Tank Diameter 32 Inches 
Tak.~ Grol. WelBbt Ib 10,8d' 
Total Fuel Ib 2,003 
Paellar RU'lrvo Ib 0 
Fuel Used F01' Check Qat Ib a, 
Climb Orosa Weiibt lb 10,800 
Drop Boost.r Ib 1.300 

Grcas·Wt. 'Start Qf Crws8 Out Ib 9,500 
Fuel Auumed I'Ol" Cruile OI&t Ib 7J0 
Av,. G. W. Fol' emi •• Out Ib 9,140 
Haut. Mt/Lb of Fuel 0.1543 
Ranle III emi.e OIIt n., ml'. 111.1 
Average Speed 1m 483.2 
Tim., to eNi .. Out hr 0.3398 
End of Crutaa G. W, lb 8,780 

Arrival Oro •• We\Ght Ib 8,780 
DlJpens. Agent (CUSO) Ib 1,848 

, Dill_minatlon Speed 1m 463.1 
DlII'mlnatlon Ra.te gal/min/drone 18 
Uaable Agent gaVtank 110.8 
Dillemtnatlon Time hr 0.301' 
Dlal.minaHon Range D. mi. 911.3 
AVI. Wt. Darln, Dtllamination Ib '1,·841 
Naut. Ml/Lb 01 Fuwl 0.1501 
Fuel Used DUl'tnc Dlas. Ib 832.3 
O. W. I End of Dill'mlnation Ib 8.302 

Wt. ,start 01 CruSse Back Ib 8.302 
Haul. Ml/Lb of rue) O. 11507 
Rang. in Crulla Blck n. mi. 35 
Averag. Speed 1m 463.2 
Time to Cruts. 25 D. mi. hI" 0.0530 
lUel Used to Crul •• IS n. ml. Ib l61S.8 
Wt. CIIl!:nd of as n. mt. Crutae Ib 6,188 
Drop Tanks Ib 1,050 
End Weight lb 5,Oa8 

,oIlGO-2U 
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" Study of CompattbtUtv 01 .btel'iuIl Wln ... MOI1ntecl 1 

I 
IDiolECTS. BW "8torsl with the AH/UaD-I' (D-1) Drone IIVIIEI 

, ., 

I SECTION t. 'ACTUAL DATA (Continued) 

I TABLE I (Conttnued) j 
i 

I 
I 

SIA-LEVIL MillION CALCULATION f 

Butt Ltne 81 Tank Diameter 221nchel 

I O. W. for ReturD lb 5,088 , 
lU,l for a.tum lb 418 j , Avg. GtoBI Wttl8lal lb 4,87' 
Naut. ml/lb of "'el 0.2083 

. , Ran .. tQ Crull. Back n. mi • 11.2 
Avg. Speed kn 483.2 
Time to C rule. Back hI" 0.1881 

I 
Rac:llu. of Action n. mi. 111.2 
Total Ut.,tOD Tim. hr- 0.8861 
Recovery Wetgbt lb 4,888 

I 
I •• I' I .. 

!f" I I ., 

I 
I , 
J 
I. t Jl\: 
i· 
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StudJ of Compatlbtllty·of External Wins-Mounted 
SUI.J'CT:. BW Stares with the AN/USD-5 (XE .. l) Drone 

SECTION 4. FACTUAL DATA (CODUnued) 

• -1OG-2U 

4.2.8.1 Tank Leads. 

A nmmary of the deslgD load factora for the tanka is pre­
sented tn Table II. TheBe load factors are based on tbe dellgn 
condtllona for the balle: drone. Inertia loada and alrloada on 
the tanka are prelented tn Table III. 

.. . 
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-TABLE II. DESIGN LOJ..D FACTOBS FOR FINALTANlCS 
co 
l! 
III 

Design 
Loadillg Droue 

CoadUlou Gross Wt., Ib Altitude 

LauDch Pbaae 10" 800 (with max. ageat) S.L. 

Flight PIIa&e 
. Symmetrteal Flight 8, 500 (With max. agent) S.L. 

Sideslipping Fli&bt ,. 8, 500 tili&b. max. aaent) S.L. 

Rolling Flight 8, 500 (with max. .. eat) S.L. 

Accelerated 

Stead.J 

n - loDgitudiualload facUiri poaitive-Iwward x 
n.,. - lateral load factori poBtI1ve - rlgbt 

Dz - DOrmalload ~tDri positive - U1J 

~ - rolliDl acceleratioD; positive - ript wing <kwm 

Maeh Limit Load 
Number Fador 

200 Imots IlX = 5.0 

D
Z 

= 2.33 
I 

maxtmumlDz = 4. 'l2t - 2.72 

I maximumlD, : ! 1.0 

D
Z 

= 1.0 

IUaxjmum nz : 3.0 

• = '! 6.8 zad/sec2 

n - 2.SS z -

~ : ! 3.05 rad/sec 

mtbq&ta-~ 
Fadorof 
Safe~ 

1.S 

1.S 

1.5 

1.5 

Ii 
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study of Oompatlbll1ty of ~rnal WInI-MolJDted 

SI&lElTt. BW Stom "'ttl! the ANJUan-! (XI-lll)to1le .hlSEI ____ -I 

UCTION IS. RBI'UENCES 

S.l rAND Report 130.019, "Summary of Aerodynamlca 
Coefftcllfttl Advanced SUneWanc. System X-3U" 
November 1968 (Confidanttal). 

5.2 rAMO 11.port B262-0'l6, IIAnu,." of Phase n WInd Tunnel 
Dat& Blsh Speed Mociel AN/USD-G," November 1958 
(C onffdenttal). 

5.3 ,AD :Report No. 74J1-18S, IlQuJdqce and P'11Sht Caatrol, 
Ftnal System AN/lJSD-1 ( ) Drone," September 9,1960 
(CQlf1dll1tlal). 

6.4 

B.II 

'AMI) BW-l3a, IlModel 1\.(.a81 General 14m. BW Drone 
stud" II Apl'i119; 1961 (CoDfidenUal). 

Intel'Ottlc8 Memorandum, "General MW. Contract .. M-381," 
Zpn .. 3464, May~, 1981. 

as OllF1BIRIMI 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Dedau DiY. WHS 
Oate: 2 6 APR ,U1J 

7' 
1 
1 
.j 
I 
j 
I 
I • I 

'" 



I , 
t , 

; 

" • 
" .-'1 
u ., 
~ 

I 
I 
I 
I . , 

I 
(I 

II 
I 

I 
I 
I-
• II 

I 

I 

-.- ~,-

Stud, of CompatibUIty of Bxtenaal Winl-Mounted 
SUBJECT:. gw Stores with thl AHIVSD-O (XI-ll Drool InlllD ___ ~--1 

SJlC'nON I. APPENDIX 

S -8OO-2IA DEClASSIFIED IN FULL 
Authority: EO 13626 
Chief, Records & Declass DIY, WHS 

Date: '2 6 APR 2013 

--1\~ 

1 
·1 

I 
i , 
.1 

t 
! 
I. 
I 
I 

! 



I 
I 
,I 

·1 

I 
I 
I 
I 
I 
I 
I 
I 
f 
I 
I 
, 

DI'-./-"9 I 

.-., ~:.:~.:~_.; NORTH AMERICAN AYIA,,-IHC. F~"J'HI-I 
.""""",.... •. . ...•• '.' ..• _ •.. _, ... _._ .•. _ "_",~"' __ .-.l'''-I 

. h"~..1~ ~/! "a ~6'. """:._. '" .... ' .. .. . -. . . ...... ..,... ... -

'j 
I ~ . i ~. 
,,~ 

~ ~ .. 
" " II tJ +~ 

'-1\-1 , , 

1 I 
J ' 
t 
! 
I , 
t 
1 
• , 
: 
i 

i 
I 

1 , . 

"'---- --.•. __ .. - -------O;:pag=a::4':idet=::arm::lnniiCl't0151"m1,..ed 
Reviewed Ch .... ROD. WHS 
lAW EO 13S26. SectIon 3.5 

Date' 2 6 APR 20\3 



f t 
I I 
f. 1 
( I 
I I 
• II 
I I 
I I • •• II, 
II 
f I 

II 
t 
I • I 
i 
f· 
& 

I 
ti. 

t DeClASSIFIED IN FULL 
Authority: eo 13S26 
Chief, RMcordJ_~~ss Div, WHS 
Dete: Z I) APR 2013 

nl 

I 
j 
I 
" 
I 
J 
1 
I 

1 
I 
i 

t· 
I 
I 





r 
r r 

1 
r 
1M 

I ; 
• 

i 
I 
I 
I 
It 

., ....... 
,"...... •• .Ie S' AI' to··- .-... ~ .• ~-.• ,------

.-. __ . -~.-.. -t-------- -----------~ .... ".~.--- ...... . _-..... 

] I 

{ 
J 



I 
I 
I 
I 
I 
I 
I 
I 
'I 

0, 

f ;; 
r 

, . I . 
I 

I ( 
f f 

i I ... ,-
~ .. 
r ... 

I 
~ 
i\1 
~ 

f 
t-
t:,. 
'" 
iL· .... , 
I c:: 

' .... ,' ... ' . , ____ OP-,J- /81 
NORTH AMERicANAV'ATION, 'NC,'rr: j • ,,' - -?'j ~-'--j-.-

••••••• ft .t ....... .. 
_ ... _--_._-----------+ ...... ... 

G. (). t? 5 .3:J .t'Ift8." . 23 Frs. ~I "" 

l:~i:; i::~ ~:~~H~ji~~~ '~r~p, 'f;~1 ":f ~!;';7= ~--~ ~ -: _ -~ L if: 
·d:;"~.ii:~" !t'~~:,±.:tbll::,: :'~.i:""''':'~-~~:'' I ': : .. :>~~.. '.:,.:.. I'" ~.l., ':.. ... ;: 

~,!+;;i :d;:;~ <hl~r !Fh~ ;;;\l~t~! H~tt;:· ~:~ i1:' '.(': ·.~L.~l·:~,i .. ,vz,': ;' '. ~'-~'~ ' ..... 
;,·T::; liiih: 1;~;J:!i; :Hi;!: :::;!;j~;~i~~· ·;::!,4;;., I;~~';" . ~ (~:~~i-~'''~;-'':, ;,: :,,:, 
:!:;,i~:I'<ii~:i::f:~;,i~:'+:',;:~4- ~i~=:" ;' ~j~~t::~tr~ 
~:: ~:. : ~ /::: :::' ? :~:T::-: .:.\~ :1-!:. ~e:rt~c.~~~n~f .... ::~~~-. ~ ~;~ 

~~~~~~~~~-+~~~~~-~~~~:~~~+ .i . ,- .,' r';' ~.~ ... 

~~8~dYlWIi=-~*~#.~_+_+.+.4_..,..4_oi!_-I-, .... -.--+~~-. 

...... 

rp 
• 
I 
I 

I. 



I 
I 

,I 

I 
I 

[ 

_ . __ ~._ .. __ ---'2e-:.~/-18Z 
...... ,~ .. _ •••• __ 0-'_'_ NORT~ AMERICAN AVIATION. INC. J:'::'~'_~:' ) :.', .'. 
... ,. P' t ... " ..... 

/7.r.8. LI .. --;--- -- G.,iJ:ZS·j"3· 
"'I • • ..·nl ••• 

, .~ ..... ". " 

Page delannined to be UncIIaItIad 
Reviewed Chief. ROD. WHS 
lAW EO 13S26, Sec:tIon 3.5 

!Jete: 2 6 APR 10\3 



I' 
I 

r 
l 

t 
t. 

l 

t. 
I 
I 
t 

f 

, 
t 
i 
lit 

I .-
I 
I 
I 
I . .,;;: e 
I a 
fJ. 
I 
~ 

I-

~"-__ '-.;;..;' --";"'--r-:-:--'-- _ ... _ .. _ ---R!!.-6J -183 . 
. NORTH' AMERICAN AVIATION. INC. -.: ,', . .:, I - ;'!'- I. 7 ... ~ .... . ...... ~ .. 

. ""' ...... , _ .. _-----------..... _ .. -. 

n~ 
I' 
\ 

.1 

, 
1 
j 

! 
; 
• I ,. 
1 

,I , 

~ 
~ 

r 

1 
I 
\ 
I 

) 

I 



f 
., • ., .. n •• 

LJP-~/-194-
NOATH AMERICANAV-IA-T-IO-N.-JN--C£ 1",C,:, ~:- ;'.~.,.' ........ ..... _-...!._- . 

t----··-------.---.------4.,...... .. .- .- -
.... ~.3 t:'c8.~1 ....... '!~O. 2533 

Page determined to be Uncl_med 
RevleMd Chief. ROD. WHS 
lAW EO 13526, Section 3.5 
LJate: 

26 APR 20'3 

n~ 
I 
l 

!, 
I 



I 
I 

I 
I 
I 
J 
~ 

I 
it 

I 
I 
I 
i 
; 
I 
I 
i· 
j.; 

I 
I. 

....... ,.. f)P-, 1-18!; .... --------~.. - -.-- ---, .-.;:;....::....-.....;..~-~-
NORTH AMERiCAN AVIATION. INC. f,r,. ;" .• ' ,', '. 17 

It ....... ,. •• . ... '.. .. . . 





, ,. 

I 
J 
I 
I 
i' 

I 

...-' .... _ . .. ...;;... .... ~ __ . .......-___ . .oP-t.'-191 '" 
NORTH AMERICAN AVIATION. INC. rm-- /,1- :1 .. " .. /1 ........... ......... .. - .. ,--. ,.~ 

~ ......... • _ .,Me' •• 

.... 23 ~r8. ~I .... N • ... G.", t?~-'.f 

, . 

'\1' WI,', I:, ;'.' ':1. ;Ill :'1: ::" I.:: II·' :.1, :"..i """':'" . '..,.'J ~!I'" ..:~_ ~J,'= 1_-.....1 I 

i~i ;~i i;;j ;jl; ji\~ ~ji iIi! iijj~l! ~~ j~~;!;li~ ll\if:: :~;jii;i ;i~;i;.:: ::;~i::~ ':'1'" t~,·v~~~';~~~~;fi.~~~;;; 

I 
! . 
j 
I , 



i 
( 
l-
t.­
&; 
~ 
~ 

I 
I 
-I 

I 

'II ••. . ,1, 

....... u' ... 

.; ........ . 

1V 
I 

______ -I2f..-6J- IE!~_ 
NORTH AMERICAN AVIATION. INC. J', i . ,; I ,; f - 1 .. -

••• , ItO .. -.eJN-
______________ -4 ••• 

0 
... ... 



-" . -- -- ,.--

.. N" •• NI'" 

condl.\cted. undlll' o.D8ra1 Mllla, IDe. 
I\I.l'chu. ~I' 1(0. MD-78766 

BOl"th AlIIezo1C1lD AVut.icD, Inc. 
Lee ~ael'lI, caUfcn11 

.&0".'1.' "SO h 

DECLASSIFIED IN FULL 
Authority: EO 13626 
Chief. RecordS & 0ecIaSS DiY. WHS 
Date: 2 6 APR Dl 

1 . 
.i 
i 
J 



';-r-----"----__ .. _-'-_-_'-'-_-7'--!~-"-=-:;'~-'·'~"""'~'''''''!!!:.~V-_'' _" _~ .... _-.--:_.-..... --_' . _ .. _.,.~ .• _-....-~, .. r 
t.~. ~/r Slrlel Mo.,,,..... .., ........ ,. ... _ .•.. 
t!'- • 
kl. . t'''N~._ RepartNo. . • ~~~3.-'l58 1 
L-t'.. .' 

ii. NORTH AMERICAN AVIATION. INC. '1 
1, ''''''KHAt luNAI. .. I • ....,'" ··1 

r-J ~. ANn~" .. S. CAL..pol.tnA 1 
1 t ENGINEERING DEPARTMENT I I ~: . 

f ll' 
I !l 
I n 
11 ~ . 
-'I ~ ; 

~ 
~. I' 
t 
t r 
f "j I' ! 
~ i . 
P ,. . .. 
t J; I 
~ !f' , .. t , 
J ! ; 
~ 
j, 
• 
~ 

, 

'l'IlI PRILIMINARY DESIOI 0' AN AIRIORNI • 

UHl'IBRSAL !IC'1'BRMAL STORE 

POR 

LtIlE SOURCE DISSIMIlfATION 01' LIQUID IW AOIftS 

, 

PREPARED BY -

A.rQ-Th.~o Special Projeot. 

APPROVED BY . ..-: ) 
..4 I,. I I 

. ") iii ,. . , ~. ..' 

~. P. .freen., Miiulser­
Risoareb and Development 

• 

Nu. of "nil" 32 REVISIONS Dille> 3 Ju ly 1961 

DATI: IU" Dy 1" .... 11:5 "''''P;CT£O; ~I!"''''''W. ---..... -.-.. t ._-.- ... _ .. -+-.- ··1 --------- ------1 
I 
i 

, 
5 
.; 

• .1 

_I 

~ r I ~ 
~ 

t 
~ , 
l 
t 

i 
1 

L 
i ~ 

-11- ., 1 
___ ..l.-__ '--- -. · •• iiiliissi£si2.2iiiiil-~~iiC~iAS. iSeoiFiEioOiliNNFiFlILLut·Z------' •. 1 

_ .... ~.... .... .....u ...... y: 13626 . . 
Chief, Rec0td8 & 0ecIasa DIY, WHS 
Date: 2 6 APR 2013 



= .. 
I 
i' 

'1'1TLI: 

AUTHOR: 

~-"''''lJ ."_0, __ --,_._ ............. " ~~ ; ... ~:' •.• .".~trr t.-~.-___ ,.-... '"t., ... _·.,.. .. __ ... __ ~.....,..... 

NORTH AMERIC:AN AviATION, INC. 11.-..,...,....., 
L.Qt ANca&aI ... ~ 

ABS'l'RACT 

NA-61 .. 758· 
_ .. Paae 1 

The Prell.1na.., Dealgn of an Aiz-bol'ne 
'Univer8al EXternal store for Line Souro. 
D1 •• em1natlon or Llqu14 BW Alent •• 

Mar.hall H. Rae, Aero·Tbe~o Speclal ProJects 
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we1Cht, and 1nert1a c~araoterlat1e. of a 
univeraal external a1rcraft .tore for 
d11sem1natton of l1quid b101o81eal agent •• 
The •• data wert prepared to examine 
oompatib111tJ ot the .tore with an ~ 
surveillance drone. Allo inoluded are the 
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Llq.U1d B\I agenta 
BW/CW 

FOREWORD 

• 
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or the Deneral Mille, In~ •• Contract 
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Pal'. 1-

No~th Amer1aan AViation. I~G., 18 pa~101pa'1n •• 1 
a .~baoAt~acto~ to a.n.~al Mills, Inc., In an ~ 
CbeM10al Cosopa pro.rAII to develop ex,el"tlal atoHI tor 
the line aouroe dia •• mination of liquid and dry 8W agant., 
RiA hu OOtlPleted the ph ••• ot th1. ~.v.lopllent Pl"Op''' 
ot 4es1sn studi •• of • universal liquid aaent d1 ••• ~­
naUon etoN toP u •• W1th opel"aUonal manned a.t.rol"att. 
The pr •• *nt work 18 concerned wtth exaa1n1na the 00.­
patSb111 t 7 ot the ArMy SD-5 aurva111anoe drone with • 
li~ld &lent atore, and prooeed1nc with the prel1M1narr 
dtl,.. ot • P1'Otot)'pe ,tore. It 18 planned that tbe 
deta1led d •• 111' and fabricats.on of the prototype atol't 
wll1 follow NV:l.W and approval by OMI and the 1101081081 
TADot'l.tori.. of the pl'el1ll1nary dea:t.sn l'e.ul tin", ft'OJl 
th1. phUe or the pZ'OSl"am. 
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DISCUSSION 

HA-61-758 
rase 2 

The 1I00pe or the work covelled b7 tlU. report is "ettaed 
b)' the work atat_ant ot AIIlndlllcmt 2 ot aMI COfttnn !IlD 78760, 
whloh 1. ~oted below: 

"1. COMple'. the,de.lln re4ul~.-.nta to~. ~rototrP. 
external ator. 11qgid .. en' d1 •• -.1nat1on ., ..... 
'!be H8ul t. &1N&d)' obtained under th11 OOR'l'Mt 
with Clenel'81 JUll., lno. shall be u.ed. "" 

, de.len requ1n1111l1ta to be .atablbhed Iball appl1 
1nlOtar a. pa.,ibIe to a unlver.1l .,ape, hoVe.er, 
det&11ed dealen .hall aonslder installation or the 
.tore on the AI/USD-5 drona and allO the 1' .. 1001) 
a1rplane. whloh 1a anticipated a& a teat vehlol •• 

a. 'a put ot tM. work, data ehall be .ubUttea '0 
a.ntl'81 MUla, Ifto. tOl' purpoae. ot .V&1I1.'1.,. 
oo&plI\abl11 ty with the dZ'On.. TheIS. data Ihall 
conas.." or PHlu.1n6l'1 .'l'OdynIll:10, ".~1: an4 
inertia oharaoterist1ol. 

a. OoorlSlna" Wi. th Qenel'al M11la. Inc., thl Arfq 
Ohaioal Oo.-pl, and t!\e dZ'One lIIInutaot&U!'" 1n 
•• t&bl£ah1ns a mutall, lOolpt&ble Itore oon­
tl,IUl'atlon at Gen'1l'81 M111.·, Ino. cllHdlon. 

o. rz.eparatlon of L&1Qu\ Dl'aWlnll - La70ut ""_in .. 
ot the external B~ore ,hall be pJ'.pved. which 
lIhall UtoldAll exa.J'I181 S''''r" det1Jl1 tlon ot 
0OllPODerat. hUOh u turbine, sene"aHI'. valv .. , 
PU~., nozile a'l.mbl~ and aatuato~). oontrol. 
anel cotltrol "ca"enclnl, Jett:l8On proV1I101la, acen' 
oapao1t" 1nlulatlon, 8,11 taUOII and he.ClDI and 
..snt«nano. provl.1onl. 

2'. pr.,." a 1"IPNduolble teahnlcal l"ep01"t conP1n& the 
WOR unde~ Xt_ 1 above." 

Upon GCilllpleUcm ot it •• 1& and lb, NAA wa. ~i ... ohd b)' 
GMI to eltalna'e an, turthe. oon.ld.~tlo~ wt Itore aoap.'lbl1lt7 
witb the USD-, dNn ... N,&.IiNd b7 n ... 1. ' 

DEClASSIFIED IN FUtJ. 
Authortty: EO 13526 
g::. RTr'~~OIv. MiS 

IL-----------------------~.i.i.ili.i·i·irniit~'~------------------~ 



---,.-_ .... 
',' ...... ~ " , --, --~--.~ .. -

NUIn'H 

&.SIIIU ... , 
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'.. '- --- Pac. 3 
9BMERAtI-zao STq1S!. 2!T" '01\ D!!9NI, CQM',&flBILrr.r _at ' 

- POP PUl'PO •• ' or a ooapuoat1ve eValuation or Itore ohal"8O"" 
'-la.lolv.raul drone'oapabllltl'" -a.ra4,"~).-w.1&b'. an~ 
1n •• 1:ia oharaatet1.at101 U a J'unotion of atol'e aj,Q we,. PNP«N4. 
1M ... ~.tl are ba.ed an the ,tON c:onl"iauraUon •• uholtn in an 
earlier P1'GPOI,al :report, retlNnee S, and ",el'ltct a 10 .... hat' 
hea'l1t1' 8111Pt1 w.1&)lt than tne Itore that haa evolvltQ !'rem the 
,p .... ent WOI'It. " . , 

Qeo .. etrteal data del'In1nl tn. sen.l'&J.u:eo IItore are .hown 
111 "JoiUl'.' 1 and 2. A rlnt2m". ratio or u. 5:J. WMe ChOM" 
.1nae 1t nail an adeCluatel, hll1J or .... dlv ..... na. KlICn nUllNI' 
aa well II aG4tquat. oapao1 t1. 'rha atabUb1n. fin. IhcMl aM 
optional, "Ipendln. on the need l'or J'lduotS,on or tne d •• 'abU ..... w .. ~ • 
• tteota ot the .~ore. &nd rop tre. drop Jet'i.onina or the .~ •• 

Ae~dJnam10 Cb!r!ot'1'Ilt101 

Ae~dyn-.1o oharactor1atlQ. conliat1ns or l1t_, d~ .. , an4 
pttahinl momen~ oo.ttlo1eQt, tor the iaalated Ito~ are ,hown 
a. & tuno'lon at ,Maoh nUMb,p an~ anal. at ~tt'Gk 1n tiau.'. 3 
throuah 6. 

1he 1.01at,d ,tore aero41namie charactel'11t1oa con.tlt1", ot 
11ft, 41'18 anet pltohlns IIOIMI'~ ooettIa1enta or the t1nle •• con­
t1luJ'lt1on .erl initially •• tlaated on the baal1 or data Gon­
taift84 1n raterence (1) whioh de.lt with the hlah .u~aon1a Mach 
nwabep wind tunnel t •• tln, ot •• t.1la~ external .tore model. 
~e t1n,-on eta'a were also derived fro. the above rer ... noed ,.­
port With nea •• eary co~otlonl made tor the rin .tr.otl. A 
lfor~h Alaers.oMn ~eJ)Ort, '1'-55-1108, was alao reteranoed 1n the 
oO*Pa~llOn ot the body alone (finiale) data. (The.e initial 
data ~'re forwarded to QMI by Qoyer letter and laC,. reviled b, 
w1re.) , 

3ubleqi.l6nt anal,.!. or the cia-a" data in the J'trerenctd 
Doual"l "P9l't an4 a aOllVarlaon or tho., data wlth data 111 
r't.rtn~e._[~l' C.) and (5) 1nd10ateel tl~~ the ~rac data of 
~.l't~o. (1 are optimistia, p~b.bll ~.caUGe ot lmprorer 
cor.r.o~lan. 01' the bale 4ras. Allot ret.renee. (3), 4) and 
(5) .how the low ap •• 4 zero-11tt 4rae level or 0.05 ot & tin.­
oft 1o.-d.1I body mlml1ar to the atora shape. eonoarnad now\ 
plU''J:laul .... 11, the cont1IUraUon tn 1n reterenoe (3) U &1Il101' 
the .xac1J ._e. 'l'heretoN, the ln1tlal draa e,UlI8te wa. 
r.vi.ed to that ~own 1n flgure 3. lofh10,l1 Sh •• & drq ooerrlc1ant 
or 0.05 at low apeed, %'l'O 11tt. errecta or anile of .'taok and 
rtn8 on the .tore 4r8« rema1n the Game •• .lt1mated from re­
ference (1). 
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Psa· " 
!felan,' W Intr'1:a Chara,oteEb'.lu, 

We1pa' aNI lMns.a clay aN .hOWft a •• t\lNtlon of "0' •• , .. lt7 1n t1 .... 1. 

'I'M .. da. tie ... e.,.ted tram aft APftnpJDen' •• 
_pl.act 1n NAA drawtna No. Q521.goooo1, .1 ahOwll 1n 
Nt.Nnoa 8. UI1n& tbh oontll\&r&t1on ••• NtereMI _del, 
y&rlaUolI8 lel tank .apaoU1 ad POMtZOJ ...... " .. lS .• h •• a. aN ld.nUne« 1n the followins ~r. 

'tank No. 1 50 Gala Alent C ••• l', 
'lank 110. a 125 Oale Agent Capus.,,. 
'rank JIG. 3 190 aala Aseftt Capao1t7 

Ss.noe the pNllatnarr delllD pha.e 41d no' lno1u" detailed 
d •• lan ~nt~ ... 'lon, the .tPUdtural .elab'. .... ..tt.ate4 
tro. ,revloua North A.-rioa" Aviation tank oontl~'10Dl. 
ValSh" 1'01" tblt ... ondary POtfu· lupp17 ami pwap1ftl eqv.lp-
.. rrc "1"1 obUl ... troll equivalent ott .. the-lbelt unli& ".,. 
_Nwa ... ne •• 

A '~rr ot w.1!ht, C.O" and 11181"1;18 datla 11 .hom 1ft 
Table 1 below. Vellbt ~4-up, tor the thNe atoN' are 
lhOWn in !abl •• XI thrOUII.XV • 

• 
• 

• 
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88.1 

... 1 
- .1 
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~_ ...... UDell SUpt.) 
Ilft .. Se JII'o9. 

8~ flo-d.1cm. 
PbIqII • Ii,S ... 
200. All .... 
Ae"-taH • COft~l'OlA 
ro41eator •• CaD~l'Ol. 

Kl8C. 

1'C1W. 'lMIC AlSIMIU (IMP!'!) 

ADD'! 50 GAl. 

TarA1. rANI AS8IIMBl.T (neL. ACE1ft') 

, 

• 

NA-61-158 
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vr..loJ8 
1M 
10 
U 1" 

= 'lilt 
, 

12 
30 
13 , 
18 

499 

1t17 
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MA-61-758 
Pace 9 

!!!§JGlI.! AHAMlUlt:1 'OR MA~ .. .}~2!.A!'.:l' stem! , 
, '0110W1ns the deal.lan by tn. 81010g10al Laborato~l •• 

tQ 4elete ,he NqulreMnt rOl' store oompatlb1l1t7 nth tl1ll 
5]) .. 5 4rone. 4.atgn requ1N_M. rot' tbt Pl'Otot.,-,. .~". tfn 
sunM4 alrorat' we'" c!etealnec1 and ,a~llt4 1n the .... lp 

,l&JouC 'boW in rt.1Uft R. A 411ouallon or th ... l'eqm.re­
.nta toll.QWI. . 

. . 
tn •• tabllanlng thO oYG~all sto~ dlMtPI10na tbt follow· 

1118 ol't.terla we" aonal4aredt 

1. The .tOl .. ,1':0-.:14 b. ""pab1e ot operatlonal 
4 • .onlt~at10ft on the f1rlt-l1ne tactlaal 
a1ror.rt (rlthter-bQ~ora, ErOuhd .~~t 
~YP") ot the All' '''I'e •. HavrJl an4 JIuotne 
OOrpl. 

2. Sinoe area coverage requ.l.NMnu naye notl 
be.n establlehe4 b7 the UI1ns 00aaan48, the 
a.ount or agent to be aarl'184 wal •• e~d 
W o. ion. 1l*Ai.",,,",," ~IU1L'o18 t oons1,stent wlth 
the r.q~~Ment Or it •• (1/ .bov •• 

• "1"l'Mt dl"oratt ccndC1.,....d 1n !tem (1) WAN I ' .. 1000 * I) 
: .. nd P, P-l.Q5B aM I>~ B.{;6B, AloT-l, P.J-4B, a.M thA A4D. 
Serer,nae 6 show. the following capa~111tle. or theae par\1-
Gular all"Ozoatt • 

Store B'U81 T.nk 
A1nt1-DI S3i!tJ.CIIB CaRab~l.lt:a: 

F-1OOC.D as p 106 1n. h50 Gal. 

'-10~ a .. ]) 0 450 

138 liSO 

B-66B 254 450 

A3J-l 110 400 

ItJ .. 48 122' 344 

A4D 0 300 

StON Wellht Lus 
C§.~lUL ~f:'&U.o1 

3170 lb. 14,20.30 tn. 

3110 30 

3110 30 

3~ 30 

4000' 30 

24;0 1".30 

3575 14.30 
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Proll ~Qnalder&t1Qr. of t.hea8 capab1l1tteo evol"led tM store 
It)OlII8tl'7 ot 226 In. 1ensth, 26 \1'1. cUueter, 190 &allon vol\a1e 
ot apnt tank, ancl 30 1nch 1\.1& apaain,. 

r,rellm1aarz Struatural Deslin 

The atr'UOt\IN 01' the BW StaN. ae ahown Oft lIAA drawlnc 
2533-900001 ngure 8 j wa. baaed on the followtnl PZ".U,~D&~¥ 
loade ana1vall. A1r load. u.ec1 1n th11,atudJ .are ba •• d on a 
275 pI tuel tank which 18 l1ml1ar to the propo •• " aw atoNe 
The a.ount ot inertia ro~ the 275 gal tuel tank w.. alao u •• d 
aa a bash tor the ext"rnal shell ot the BW atore. '!'be inner 
tank values were cOlftXS\lted a.nd inoorporated into the owr&11 
results whioh were the baatA tor the deal;n c0n51de~tlop .. de. 

, . 
l'Ollowlns b II d1acuu1on or the loads used and the motll0d 

ot ai1alysia. 

Si1llb<l1a 

W .. .eiPt of store inol1.ld1ns all dlaposabla 

Hx 

~ 

• 
• 

10a48, lbl. 

load faotor in fore-And-aft dlreot1on 

10a4 faotor in lateral Qlrect10n 
, 

", Nz • load raotor in vertical direot1on 
. . 
!' ~ 

•• 'f 

'~ 

~a 

q 

.P 

--
• 

-
• -

p1tohlng aooele~atlon, rad/aeo2 

f~wLn' aQ~81.r.tlon, rad/sao2 

anale or attaok ot store, cMr, ... 

anslc or 31cl~lllp Dr mtorGj 4G~0 •• 

1/2 .. D \I2, 4YnaDll0 pres. lb/rt~ 

air a.natty, slug.ltt) 

V - all' velcc1ty, rt/sec 

, 

• 
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NQImt" Aft1it'UCAM AVlAnON. INC. 

· ........ 111.-: ...... 
\,os ~ 4_. CtU.IfIOtINIA 

••••••••• 
...... - '~I· • 

I .~ 
IMI,'T'nl5' 
St. 

19,0 Gallon Capadtx, 
Ret 

30 

t 
AJd.1 
I __ ---r--------.-------~~--r------- -T 

(A) . • C.O. (I) - (0) Q 

• 

tA - T ----~----------~~--------~--·~-------rt ~ I 22"D1a 
~~ --t . '/1 

: 
0\ 
~ 

I 

j 

.h--:-~.r-----H1~----~-L--. _+.L---i.l"--~I 
Comput1~8 the Volum. and Center of o~avLt,: 

Porttol'1 V01WM (1n3) x (Vol. )x -
(A) 9720 

(B) 28,100 31 

(0) 7280 84.3 
, 45,100 

--
.. 15.7 x10 

4 

4 
104.0 x10 

61.4 xlO'" 

1ij9.1 dO" 
i "4~ x10" • ~" • 

A~lnt Wt ,~e~~al 
1 Oal • 231 1n3 ' 

Capacity or Tank • 196 gal 
Wt or Agent. l fi30'"lb. 

Ala.". In".!" Tanle 1/8" 'rhlak 
F1berslaaa Wt • .0101b(tn' 
Port1on (A) 3 
V01UN - inO in 

portion (.6) 3 
VolUJIMJ • 600 in 

Portion (0) 
V"lume • 1BO''3 

• 1"0'5"0-1 in3 

wt • lO~Ox.07 • 73.5 lb. 
us. a weight ot 100 lb. 

-

OEClASSIFlEO IN FULL 
AuthOrity: EO 13526 
Chief, R8Q)I1Is & OecIass Div, WHS 
Date: l. Ij APR 2013 

IL----------...... ----------~ Mer •••••• 

'~J 

. ! 

" t 
I 
I 

! 
! 

• i 



~! 
I I 
,I 
.~ 
; ~ 

I 
f 

I 
I 

I 

-.~ _.. • ~ - \-" 1· .-- " .r - •• ~--;U : 

! 

••• I.ILili. 
... , ", i"lr tank 

11 .. £. 11. and I z 
1 ... 1 orl!naar au dia x 129" lonl 
lit • 1730 Ill. 

M • ~ • 4.5 Jbin~'o 2 

.- ~ 

• NA-61-758 
Pace 13 

I, '. Is • M ~( + ttl · 4.5 ~~ + ~J · 6300 lb. alai tn. 

t, '.l~1 • ,0300 x 386 • ~,,~o,OOO lb. _111.
2 

Loo .• ··t COltPOalte C.O~ ot InnIP, Tank. O\.lUst "ank and Llqu~4. 

o,,'.~ :'11\\(: 
'AIOUlI -C.O. • t a.a. 110 Wt.. 300 1 b • 

Innep 'lank C.O •.• , B" 30+34_33.2 • Stat 97.2 Vt .. 1730 lb. 

X'. lOOx.lOO+1739!91.2 • 99" (sta. 99) 
. 11301'300 

VI. tank Ita 100 al O.G. 
Ur load ret.renol point 11 at .4 x 220 • sta 88 
POP .,...tI'1oal 1u .. abou' tank C.O. 1\11' Ihould bt •• 8t.85 
and 115 

. 

Att 
1.L1I 

51t 1 30" I 5" 
r-- . ···--·1IIfIJIDJ:--·_L::-! 
~--- .. ----- .. 

I 
I . 
I 

'1 
Aft 

h.1 

~~:al 

... --.-. 

• 

• 

use ".Y b.-.o;T.AII e of eo- PII- lpeel. m..A-8~l'(AID) Ket.renae 8 
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Pa,o lij I 
Lll11t Load 'actorl (Reteronoe MtL .. A-859:lil) 

lilt .. 2030 lbl (eettaateet) 

:: Iiier!ial l' r ~, 3! 
liz 8.67 4.0 6.0 

Ny t1.5 t1.5 1:5.0 

Nx ... .. 2.0 :2.0 t 3 •O 

ti tb.O t6.o t6.o 

i Q Q 0 

81.n. 

"'''- Down +li Ho.. Up 

+Ny Lett . ., Nose Lert 

!'Wet 

it 

' AU US-
+3 or ·1 

t 1.5 

9.0 

1:12.0 

't6.0 

catapult! 

+3 or -1 

t 1 .5 
-9.0 

!la.O 
*4.0 

'1r Load. POI' • 275 Oallon Tank trom NA 52-186 (Reterena. 9) 

Condition 380R (M .90 at 3000 tt., q - 980 Ib/tt2) 
Ps • 653 lb. p~ .. 1~90 lb. 

'~M.:. ,,,\ 9611 In. lb. MZ .. 66882 in. lb. 
,·~pI - 1293 'lb. 
II 

Clndlt10n JagR (N' .96 at 3000 tt., q c 1220 lb/tt2) 
, :!,p ... 164 lb. ' P'y • 1472 \b. 
~ .. 9545 In. lb. MIz .. S2716 1n. lb. 
P'1 - 1861 lb. 

• OoncSlt1on 3008 (M 1.10 at 10000 tt., q .. la20 lb/tt2) , 
p ... 982 lb. ?-11 - 101 lb. ' 

• 

~ .. 59079 In. lb. NIz • 98161 in. lb. 
Px • 2821 lb. 

)POI' Me.aU.v. oond1tion. ue. ooncSit1on 4,!o multS:pl1ect" b7 1.44 
(to%' 12aoq) '= : 3;3191x4~.ii\!~li3;ooO· in. lb. 
1') ~ 608 x 1.44 --iJ75 11). 
Hz • 35420 x lr.~4 - "51.000 in. lb. 
'x .. 7?O x 1.4 .. • 1080 lb'. 

, 
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c:oa41 til.· P, ."1 .!.z.. \II, 'X - -1~1 ' 560 -63619 640 147242 2211 ) 

3008 -962 59OT9 781 98161 2621 ) ·Paa. Ifz 

32-R "7~ "5115 1412 52716 1881 ) 

420 lJ&3 -113000 .. 815 -51000 1080 , .. Wei Ir. 

Coablfte U:rlaad Oon41 t10n 1~2 Wl.th IMl'tla Con ell t1an 1 
II II It 420"" • 2 
fI " II 1~2 " " " 3 

70p ~2DcI~tlon ~ and J O!!!4S.~1on a 
Mal V,r.loal Load. on ,.4. '1'''' tor 

: 

t4U KoPlson'al II 

Mal ' • .-tioal " 
Max 1o.110n'&1 " 

ComJ1Uon 

1 

2 

3 

• COft41 tion 

])au 
KO 

-1 

-2 
-.&. 

-2 
-1 
-2 

" II II If 

II A1"t II II 

It .. .. 1/ 

If' x .. '1 

- + 

+ -... -
.. + • --• + 
+ .. 

.,,~, ~ +Hs' +" 
+R" + • ., "-11 - 'I 
+Nx 

II +; -r,. .'8 
-If,. -, 

-117 
-. 

- '/I . ;' 
•• t 

- + 

+ .. 
... .. 
- . .. + . 
+ .. 

1042 1. a ~trso.l tl11ht maneuver wlthoyt p1tchlnl 
aooeles-aUOh 

3008 11 an u".~trteal tltlh' -.neuva., ,t,&4, roll 

31.' 18 an un.,..trlcal tl18h1i maneuver, .teady roll 

420 11 an un.,...t1'1oal tl1aht maneuver, abrupt roll , 
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· ........... a. NA-61-758 

Pac. 1£, 
. . 

AltU! 'ank Della 

The ee180t10n ot a tll ... nt vound tlbor ~e .... at t&nk 
•• ~a.e4 on oonal4eraUana ot atrenath (aatet,), oorro.10A, 
w.l&bii l •• allnc. dHontaa1n.ats.oft. heat trautar. Md prc4uof.­
b1l.\t~. 'l'he x...tes Corporation ot 'u.1nadale" JI,Y ..... oon­
.ulte4 an eSeaiF, tal)Ploat1on. an4 stl'UOiUral. ta.t1q ot th1. 
UDs.t. 

I ' 

Otblr .. ,.,,1&11 oon.1""4, bu, NJ.oted 1D tayor ot tM 
t1.1"'nt wound tiber-ala.. weN I alUll1nua all,oJa, aultal ••• 
.teal •• elt seal1q 13.11'1 114& .... o.lla, aZldI __ o0" tlD_­
ISla ••• 

1M". Ap PlUlMJiOJl 
~ tultUl tu reqw..r._nt of' 1I&1l1ta'nlna the ' • ."era'UN 

of the liquld as-nt w1tb1n 3'·. to 70·'. the acent taaJc 1. 
lnalll.&t •• and tbe noad. and pJ,\lab1Dg "OIIPOMnta aN M.~cI. 

'1'Iw heaC tl'uat ... cHW'aoterUtloa ot tha IV atoN aN • 
. tvaoUOD ot tAlI oat.td. tU .. oaettlol.nt, ~ ..,\lftt ot lJUnlla. 

Uon, tb. heat oapa01:r~ and tn. oo.ttlobnt ot 1;be &lint. 
\'De etteot 01' \he In. Uon 1. to negates tbe .tt.ot ot tbtI 
o~t.l4e 1'11. Goetfial.nt. 

P1cUre 9 .ho.. ,be .ttlot of va.ioua th1oknes... ot t1ber-61&'. D&U1nC lnI1l1"tttn on alant tllapl",tun an.I' a til", 
haur .xpo .... at; 43,000 n Gl'U1I, altitude wUh a I"U tellpera-
tC'8 of -7-'. All cu be nAt.d, "be ohana 111 apn' 1;811P1"&­
tUft 1. inalcnttS.c&ftt rol" 1nl1l1atl,on thloler ••••• 111 .:ceal ot 
1/a 1ne~ Ho ..... , wbln thl nON 18 part1&1l7 1\111 aa 8Nnm 0" t1aun 9,' tU &1111' "aokLe. 11:1 11111' ,OODeI', aa thl beat 
oa»&01ty.18 not AVll1a_l1 1n ~ &lint. 

A tt..e - telllleNtV. h1.CoZ7 tot' apnt tl.p'ft'ure 141m a 
1/1 1rlOh thlok lMUl.atton and onl, 25 pl. of qaat in tbe 
ahN 1. anown Oft h.... 19. ~ ,una a.lu.1 tnat t.be 
IHni.nc a.lat tsupel'atU1'e WU ~., and the airplanl .1 QI'Ul •• 
1111 .~OVI 35,000 It with a 1''' tallPtl'at~ 01' -1-' • 

Aa au be note,. t.he al5lnt .111 Nub 3'·' atMr 105 
a1nut... Vitk tl\e tull tank 01' COVII. the apnt ta ...... t1.lft • 
41d not approaoh 35" 1A three hO\It'S. 

'l'be UIO\IDt or heat zoeqU1net 1;0 _lnta1ft the tel1peratvr. 
1e.,.1 01' the dl ••• lI1naUa\4 boou .a.l."y, tN •• loa 111 & tuDotf.oa 
01' 'he IIIIbllnt tl..,.l'&t1lN, &lrplane apeeel aDd thla tu_ 
00.1'1'101ent ot ,be boo". '18\IN 11 I1'&Phloallr UluVa .... 
the Mating Nql.l1re_nta for tbtl .,.t ~1"1tlaal oondltion ot 
aa1r&taln1nl the extended cU.uelll1nat1.n8 booll8 at 33-' tor .. 
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--NOWrH A ..... ICAN AVIATJCDr.me;···· .; . '~I ' j' 

t.oa :nt ~NIA I ~ 
~~ .. ~----,~~~~~--------~ I 

~nD.rn. lf~ ... 61-158 . 'I 
hi- 17 ~ 

. i 1 

l 
'. , .. . . . '. . ~ .... 

•• , level ruDe . '1M ordinat, ot tiaUN II i. ~- s,f na 
~COftl'7 tell;el"atUNl "hlob 1. a tuMtl_ ot ~tb. _l.nt 

• ~lIpIJJ'ature and alJtp ane .peltd. '!'be' nNtuc, HquSN4 wUl 
rPJ then 1n :elation to the l'D teapel'aWN an4 _ airplane _,.t_. The.e Valuel &N al.o "1& teeS w ,be uIIl,nt t .... "-­
tuN .hioh 1. 01'0" plotted on tM 0Ul"Y'. 

At. nvs..w ot the ~ telllpenwre tor l1kely tu-IK .,. .. 
11.141, •• , tba' . ..JfO.~ t. the lo ... t te_"ature tat 'nH4'~ oon­
.i4e· ... 4. Rett""'8 to tliU1't 11 Wloatel 'ha1a a Iftaatll1l 44tn­
atty at a watt. Del' .quare· 1noll will be a.quat. to" all au­
.peeQ ot .~telt 0.1 _011 n-.r and. ht8hel'. n OM be 
••• n tMt 8 .. ~ per aq\aN 1Dab .111 Pl"Ovt.4e •• ~.~ .. toJ1' 
bea't1q at anr .peed tor ublent ta.,.ntUN' ot -a8., OJ' 
~r. . 

". tJl4 Naill. Ale~ , 
I . Tbe ,,-,1112 tlow· l".te of the dhaelll1natloD ."tea hal Men 

takan .a 18 pllona per IIl1nute in AOool'danae wi. th the t1n41nga 
ot·.ret.Nno.6. !M PWIP •• l •• ted La noMinall, ra,.4 at 20 
;allona ptr ILS.nute at ,0 pa1. 4n fAJua .. nt ot plua-Gr....t.a.ua 

• two sallona piP 'LlS,nute 1_ pZ'Ovlts.d ao t.h&, thAt cSeatl"ld rat. OAII 
be He 4~ benoh teate. 

'l'h. noast. dell.., 11 ba,.d on 8&1'11.1' teat .reaulta a. N­
pol-ted 1n "teNnoe 1. On tbe bad_ ot that 1ntGRa'S.Ob the 
noille a'le~11 inoorporates 50 lDd1v14ual .Jlt-~ oritio •• , 
0.360 1110MI In lel18th Md 0.005 l.nohel 1n w"dth. '!hi. w111 
reeul t 1n a f.'low rate ot 18 callorul PI» .1n"~ at appro:a1l1&telt 
35 pal-a' ~ne DOI_lo. 

TYEblne-oeneEl"e 
Ana1",.11 ot tlbiI .1eot1t1Gal 10al1 lmpoltd on the pne~t1ft1 

I I'lte. tn4\cat.e. tbat • It IC'IA output 1. adequate. iat1llatleeS 
Nqull'8l11nta tQZ' the vanoUl _1tctrloal oomponents aM ll1te4 

I belo", 
Pump 2.16 KYA 

A.ot\.l&tor 1.15 KVA 

Boo. heaten 1.32 IVA IIU. (boom extended) 

Plox l1ne h.aters 0.34 XVA max 

Valve And plu.b1nS heater. 0.60 KVA .ax 
Solenoid v.1V •• (pe~ valve) 1.00 KYA starting, 

0.06 ltVA boldine 
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tba Ul110A D1.,1.10n of eM General Woton OOrpo_tdoft aad 

tlW lPe ..... h Din_10ft ~t ~_ Q&I"N~~ COl'ponUo~ weft -.,a-i. 
ta ••• nla'1n to 8U»Plnni bu WrblM-... :ratW IIP_ .. 
bQtli oOJapUd. •• bave .~tte4 tOI. IU1cl lotiadull ........ . 

CoDts£gl,J 

!'he 0_b81 ,..1 to be lqaaie4 lQ ~ pilotlt ~. lI­
,bolm .0 ..... loa11' in t11\ft S. In add1tlon to ., ...... It .... 
Ihln on tM panel, ~ PUGh tl"1;&1l" IIwl tall W111 1M .~~_ • 
•• the PI'1M 41 ..... tlna oORwl. b oontzool .wlWha. wU1 
u'fl11 •• the alJ'P~ I. 4.0. pow,,. to aoU ... oontftl 1'11117" 
A io~_t1o ot the'oi"uttl'1 11 ahown 1n t1&UN 11. 

?unotloll. or the oontrols an4 tn41cator l1;btl aN 
de,.r1~.4 below. . 

" . ~, 

Maater 000'101 8w1tOb (3 po.lt1on Iwltoh) 

rolUlon 11 pJl8rator 9ft (no pOWl' 1:00 ltOr. 
coaponenb' 

rvaU~lon a: glnerator on (poWl' a.aUn!. to 
store oo~neftt" ••• u.tna a~ 
apee4 1, !SO knot. 1M or peate,,) 

Pol1tlG'ft 3: pnerator on, snap on, reoiLro1ll1.-
1;1011 val.,. open 

Saaa oontrol .wltch (2 polltlah aw'toh) 

roa1tlon 11 noul. boo. extend. (a •• u.1n& 
,-nerato" an) 

ro.1tlon 2s nOlal. boola Ntraote (a •• .,.. 
pneJ'a~o" on) 

'rIt1U81" a.Uoh (on-oft awUoh) 

Switch .s.pnlle"& hlate'" ott, PIlIP on. 
dlaaharll valve opena4 

SWitoh rele ••• d1 punp ott, Ai.ohar .. valve 
ala •• d, heat.r. ~A 
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NORTH AMERICAN AVIATION. INC.' 
~ ,=.a.r-=r=r.,." 

ce- 7... NA-61-758 
P".19 . . . .. '.. ~ .... 

In41oa'l.n& 11&h'a 

·CJen'l'a~. ott" 11lbt 11lU111D&t •• it senerator 
s.. not opentln5 aA4 Ma.~. Oontrol .W1~ob 1. 
in "Oanefttol' OD II 

01' "a,01row.ate· po.ltto~. 

"Boo. not ext.nded" l1Sbt 111"t. .. ~. 1t "100. 
IxteDd· aM1.tob 1, aotuatect aDCl boo. 1. no' 
tllllJ .sten4.d. 

"'low" l1Sht 111\81st •• when llqU111 18 tlowtna 
~. pu.p ctlaG~ l1nt. 

Preoautlon&r7 olroultr, tnteroonneot., 

I>1lohu,. valve GAIl aot b. opened ~a •• boo. 
b .st8ftd.ct. . 

Baoa oan. not ba 1"etl'ao""4 unl ••• dt. •• hAI' ... yal" 
11 close a.. . 
Reoll'Oulate valve 1. 010814 (1t open) wileD t1't.IIIP 
.wltoh 1. 4epre ... d 

Htatll"'l .. 
Heatar oontl'ola are act1M.te4 a"to .. 1;104117, lfbCn 
tbl senentor 11 OD, " UlIJMIl'ature ,lne1ns 
sllltoblla. 

'U1101 tnd tltopntt'Hl!'t.Di 
Provl.1ona tor fll11na .,. 111uatrate4 IOhemai1oall.1n 

t11\1N 8. qonneotlone troa t~ rUllna P1Dll are _do to tbe 
rh~ 11M whlob &.Gee into tlH; rtoi.roulat1n& I, •• a. Ae the tank 
18 ftUeel, it 1a .,,,,t.d thZ'ouab .. U.s 11M in ilw vent I,.at .. 
to the retum d_ ot the tUling .;r.Ma. 

'or daoonuatnatlon ot the stOft arter UH, ibe 1Mel" tuak 
and plUlllblnc IILQ be tlaM4 wUh a' 4eaolltulnatlns l1qu1.d 'bV 
p_1na: it tbrau,b the reolrovlatlnc, 41oaell1natt.na .nd vent 
.y.t.... The .tt oOllP&1'tmentl ot tM .tON Goota1n1nc the ~, 
aotuato&', valv .. , eto., JI&3' b. deoontUlnate4 '»7 ao •••• tnzooUCh 
4oo"a 1n theae ooanpart .. ntl. b Gante~ OOlllplzo1lMDt 11o\lllna 
the apilt tank 18 .eale" ott rw. the att cODlpaJ'\.a, .. ilIat 
apr.t or cltoont_nant 1n the att ot)!Dp4zot_n~ wUl not IMP 
1.nto the 1nsulaUna IllAter1a1 1n the center •• otlon. The 
.stertal' ot the .toN can be decont.1I1nate4 b,. hoains with .. 
4eoontaa1nat1ns l1qu1d. 
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