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CAt'S uanaL 

Th1. Pifth Qllanilrly PrognIaa Report pre.entla the reeult8 
o~ oonUnued work Oil the .uaaemiution ot solid and liquid ar 
agent.. ~1 • .Pl'O.1ect 18 directed toward advancOIIISnt ot tha 
knowledge 111 the 4.1aaem111aUOIl field and aavelopaant at veapOD 
8:f&tema tor Une .ouree dUI81111n.tian trom h1gll speed, lOw­
f'l,:f1ng aircraft, 

TIlaoretic.~ Itudiea of the I118cllanics of lI'Irticulate .terialll 
have resulted 111 equations tor predicting the force required to 
move a compressed plug of 'powder 111 a cyl:1.ndel'; theo1'8t:1cal l:lm1ta 
011 a resistanoe parameter ,:nil given. 

EXper1mentel re.ults on tJ8 shear strength ot powders a8 
arfected by compaction and humidity are reported. 

W:l.ncl tWillel .tudiel ot deagslcmeratian ot ftnely d1v1cled 
cQl\pacted lol1da ara covered. Partiele aUe data and values for 
the frequency of occurrence of agglomerates, determined micro­
scopically, are given. 

A de.isn concept for tbe tlrat dry-agent diasemin.ting otore 
to be designed and fabricated on thts program 1a presented and 
discussed. 

studiae of the Jet-pl\.1lllll problUl al 1t relate. to loaB of 
viabillty 0'1 biological aeroao18 are de.cribed. Bxper1menta1 
data OIl viability loeB and a theoretical analyll1B of the tluid 
I'111x1nS problem are reported. 

Experimental rdSult. fraa I study ot the rheological behavior 
of 8m slurries made with. fluorocarbOn liquid are reported and 
• cOncl\l8ion on the :teae1bllHy of this approach f'or dbeeminating 
solids i. given, 

Progresa on the detailed design and fabrication of a liquid 
asont d.1eaem1nBtlng .tore 1s reported and the apprl)Sch being uaed 
to fabricate this unit 1s outlined. 

The resulto 0:1' comp~t.tlons made 011 the sy.tem. analyets part· 
of the prosram are &iven. A variable decay-rate mat.hemeti~l lIOcl.el 
18 di8CWllled. 
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'1hu 111 the 1Uth quarterly Progeu Report OIl til. lIrosna of re-

... rob aD 41 .... 1Aatlon of aolid aM. Uquid l!W _pnte 'beilll eonductocl bY' 

auerei M111., IDe. Wl~r Contract 110. DA-18-01S4-clU.-2145. The overaU 

obJecU" •• ot till. proSla are (1) to advance the .tate ot lmoVle. in 

ths l!W cl1 .. eminat1on field and (2) to 1I1'OV1~ •• r1mental external atore. 

for l1u-aouree d1saem1natlon of both l1quicl and sol1d agents trcm hiP­

'l1e.4 lov .. t1ying a11'eratt. 

Th8 work conducted 4\11'1111 thia reporting period 11 • part ot Phase II 

ot the Pl'ogrua, which include. a cODt,inuation 01' re.earch pn solid osent 

chareaterlzaUon, delive1'1, _terins, diaafllDlnaticm 81'.14 4e'alomeratlon 

aud alao the deaigD and fabricetlOD of an exper1lllental liquid agent eU .. -

_.inatins atore. It 18 planned that Ph.see III and ri w1ll follow the 

current work and will include de.isa, fabric:at1oD, functional teatinS and 

tl1sht teatine; of experimental .olid-apnt dia.atn,tins etore. aDd also 

• cODtinuowa and intensive rese.rch I1rosraa OIl the important .. pects of 

d1aeemnation of soUd. IlII ssenta. 

'lbe progre •• during tIli. reporting period i. covered in the U.c:u.s­

IlODe wbich tollow. Hl$dlllSbte of tbe progre8. lrlclu4e new theoretical 

InalYSe. Bnd exper1mental reeul til on the char8cteriatic8 ot d.l7 powdara, 

eatablishment of • delign concept tor a dry-agent d18lem1nat1ng I~re and 

lelection ot the configuration and de-ian resturea of the 11qu1d~aS-Qt 

.tore. 

- 1 -
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Theoretical atwU.. MV. 'ben o~taue4 'tOItIrcl UVel.O.;meDt or a cIW,Pre­

hanebe theory or pow4lr I118cheD1Cl1. 'l'Vo specific prob~ vere exam1lle4 in 

same detail: (1) dete1'lllinat1ca of the torce required to displace a plu8 of 

pcvder conta1ned 1D a cyl1ndrical tllbe aM (2) prel1minary st~ at the re­

lationship between the el18rl1 ot CCII1pactj.on aod the bIllk d.endty at parti­

culate materials. Th. 1'ItI'ulb ot th ••• 1nvaatigatiODs 81'8 reported belOw. 

2.1 Res1atanC8 of Powder Plug C01rta1ned Within a Cl11ndr!,cal Tube 

One propoeed meanl £Or feading part:Lculate mat.erU18 1. to usa B pia­

ton to force the I118terul tram the storage chaJIiber at a controlled. rate. The 

forc. required to displace the powder plug under these conditione have been 

determULed approx1zDately by meane of the following ana~1a. Retenina to 

FigUre 2.1.1, luppose that the powder 14 contained within II ql1nclricel t.ube 

of cl1ameter D with a plllton 1I't each end. Wa wiah to detemiae tha :o'IJtio of 

applied to resistive load. FA/1ft when the povtier plus 1. at the point of IIIOV­

lug- Denoting the uu1 and radial streiB components by <T'z and o'J'1 re-

"'" 81lect1vely, aad the .near stres. at the vall by "VI we hate: 

d <r-z -
where ~ z 1. the lIIIaD axlal 8tres.-

Movement of the powder plu8 mey be dUe either 1.0 ebearing of the pdlfder 

at the wall or to dipping of the peveler plug. In the latter 088. the Ibear 

angle ~ of the pONder 1IIuat. exceed the friction engle (II .. tao·1 Pt a. 

- 2 -

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

JUt 19 3)13 

_ .... _--- -·-1 
, 

(2.1) 



U 

D 

I 
~I ; 

I 
I 

P t I 
f I 
i 
~.' 

I r 
!If. 
: 
f·, 
-:, 

I 1 

" 
t e 
jI 

I ~ 
~ -
- I . 
. -
-

~ I 1'" . 
I 

", I 
I 
I 
I 
I 

l"IGUBB 2.1.2.. W.U Stress CODcUtion' -
Ph1a1cel Plane 

- 3 -

(a"'ZI - ': 

FIGURE 2.1.2-b Wall Street cond1t1oo. 
Stl'e.s Plane 

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

tJate: JUL 1 9 2013 



---~. 

111ultrate4 by !'11'11" 2.1.2_b2 •1 •1 • lAttin! trl' • C ~z Ind VJ'1t1q 

't"w • Pf cr'r' Ec.!uat1oa ~.l take. the torm: 

If 1 t 11 .lIumed that C 11 a COD8tant, Iql.l.llt1aD 2.2 lIIIlif be lnt.esrated., 

yielding: 

~z (L) 
(fz (0) 

The constant C in thia equation can be ••• Uy evGluated 1!l teme or 

the ahear engl." '1 and the trtat10n al18le e. 'l'be .tree. CC'Ald1tion. axi.t-

1ng at tbe .".11 in the ph;t8icd pleDe are Ihown in Fisure 2.1.2.... J'i&ure 

2.1.2-b illustrate. the ccrreepo\141na conditions in the strel. plane, it it 

ill .s8W1'11d thet the Illllter1al ileaX' the w811 18 at the point ot ahear1ag. 

FroIII tlw geometry of r1F" 2.1.2-b, it 18 poaaibl.e to CCIIipute tbe con-

.tent Cj the Nsult 18: 

c • 
2 

coa l 

(2.2) 

-1 
If' tbe friction an ale Q • tall Pt 18 equal to the shear ansJ.e rI, Zquat10n 

2 .4 reduces 1',0: 

2.1.1 General MUla, Inc. Report No. 2200, Third QUarterl;, PropoeS8 Report 
on D1.8em1natlon of Solid and IJIJu1d l!H ASltDt. (Uncla •• Uied Title), 
Mal 15, 1961 (confidential). 
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llIt1olm1Da to Iquatioll 2.l, 1:f we have 9 > ~, 'C' w. (j r tall _ end 

EquatlO1l 2.2 must be modified .1 follawa: 

d z D 

on 1ntegratlO1l, we obtain: 

• e (~ i e) 

'R 
Equation. 2.3 and 2.4 cltf1lle the torce rat10 '/'a tor ~ l: g 

while Equation. 2.5 and 2.1 _»ply for ~ S Q. 'lhese relults caD be CCIIII­

blood by expressing the force ratio 10 the following tom: 

P_A 

PH 
• a 

4ICL 
J) 

where K 1s a function of ¢ and e. For ~ S 9, lC. Co tan {6 while for 

~ ~ e, K • C tan 9. The wall res18'tllnce parameter K 18 plotted 1n 

F1sure 2.1.3 aa a function ot r/J 8nd 9. The theory' indicate. that a IIIBX-

1IIua vall resistance exiats, for which K .. 0.356. AlIIO, the wall res1l-

tanea 'lalla off rap1dly w1th incre8111118 ~ tor; > e. 

(2.6) 

(2.7) 

(2.8) 

2.1.1 
'l'be general fOnD of Equation 2.8 haa been coof1rmed experimentally ; 
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however, 1n.~101tl1t 4atll an available on the W8I' .treasth of powCtn:. 

at hip .t:e •••• to enable a deteU,a. CClIIJ8r180D of the theoJ7 with IJqI,r-

1ment at t.h1. t:tm.. 'lhct requ:1.N4 lIhear atreugth prop,rti.. at pawdara 

w111 be 4etUIII1Ded. 111 the tIlture Wl.der QOl1trolled envlroamcmtal CODd.1t:LoDl. 

For the present, an approX1JDat. canper1.OQ betweeD theo17 and. experiment 

is poal1ble tor talc powder. UI1q the ap.P8ratl.ts de.cr1bed in 8 previoua 

re;port2.1.2, the ahe.r ,tnngth of tala 'In mealured, 111 a leries of expel'-. 
:1menta tor compre .. :Lv •• tre .... up to about 6000 f'r¥nea/t!IIl2 • 1"%'0lIl the •• 

te.'t6, the 'hear angle for talc we. found. to be ~ • 3~·. Al10, values of 

9 and IC are available fl'Olll piston-cylinder teat. reported in :Referenc. 

2.l.2. 'l'b ... values tor talc on a11.llll.1n\& are: 9. 33.6 <legree. aDd. 

Ie· 0.319. From theory, we obtain Ktb • 0.266. on the other hand, uaiag 

elata tor talc on Tenon from Reference 2.1.2, we find 9 • 36 desreea and 

Kexp • 0.356. The theorat1cal value 10 this ca., 1. Ktb • 0.356. ![bu., 

the agreement between theory end exper1ll1ettt 18 quite good for the limited 

<leta available at the time of writine.. 

2.2 C5!W80tion brR of fart101.llate Media 

llU"1ns this report1bg periOd we have stud1ed the relat1Onsh1p between 

the degrees cd compaction (expressed by the bulle density, .p) of a ,powder 

and the energ reQllired to prodI.&ce this nalJU)llatlotl. EJqIer1lllent8 were con-

ducted in addition to theoretical enalyees. 

2.1.2 Gomeral MUla, Ina. Report. Xo. 2216, Faurth Quarterly progress Baport 
on DiSsemin.tion of Sol1d and Liquid BW Agen:ta. (unclas8.1fled 'r1tle) 
Aug\.ll't 10, 1961 (Confidential). 
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In •• tt1Di up Ul .x;pe:t1llleDt. to detem1ne this relatloaah1,p ODe en· 

COWltel'~ the pl'Obla ot accurately detel'll!J.rling the enerlY ea.-orbed by 

the powder. Nomal1;, vt)eD • pc7tfdBr bed 1. c:aa.paotea. • ctrta1D poJ't1Oll 

of the earlO' iQut 1a expeD48cl in overc0ll1ns the fr1eU.oll between the 

,powc18r ancl the valla at the contaiDer encloeiq the bed.. However, by 

_kina the bed depth luffie1entl1 amall, t.h1l entrg may be nellected • ., 

Template 

Support 
I 

Steel Rod 

Circular Pist.on 

7IGURI 2.2.1 Mea8urement or Compaction Enersy 
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'lbe expet1meDtal al'l'8np_nt ap1ared. in th1a gn11ll1nary .tu~ 18 

.btabecl ia P1gu.n 2.2.1. llhe powder 1a ccmta1ned. within a cyl1ndrical 

cavity formed by plac1q All alWl1a\D template 0.1w}3 CD! tbick, in whicb 

• hole 6.~ C!Il 1u diameter had bee cut, on 8 nat. surface aa ahava in 

the sketch. A piaton having. d1a1IIIIter &gprox1mately 0.005 em aullv 

than the d1ameter ~ the bole 1n the teawlate v.. used tor applying the 

load to the powder. MOvement O'f the pbton VIla meaaured by mean a ot 8 

cathetometer VIl1ch cou14 be read to wtth1r1 0.005 am. 

The testa were carried out by Ullin, the powaer cavity with the pow­

(}er to be testeel (in thi. cale, talc) and. obaerv1ng the diaplecemeat of 

th. p11ton nlult.ins 1"roJD the application ot lcaown compressive strel.e. to 

the powdar. The ,powder used in •• ob loading sequence v •• vdsbed OIl an 

analyt10Bl balance .t the ccnplet10a ot the exper1ment. !lbe relul ta ot 

thele t.e.ta are BUlllllar1:ed in Table 2.2.1. 

'lbes. elate 81'8 preslntecl 1n l"1gure 2.2.2 with the .t.re •• plotted .1 a 

f'unctlon at the inverae den8:1.ty, 1/t<J. 'lhe experimental resulta 1118y be 

expres •• d with s.Ultacto1'7 aceu1'IIcy by an emp1r1,.,.1 equat.ion of the 1'01'11: 

'r'.1e enorllY E absorbed 'by the powder bad 18 given b:f: 

~ 

lex) • J" dx 

x 

where ., is the fore. act.1ng on the piston and x 18 the liepth of the powder 

bed. 
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TABLI: 2.2.1 

COIPAanOlf IIIIIBGY DATA 

MBa. of l'DIIdiI!Ir 
Used, graIIIII ... 2.1..3 2·58 2·52 2.46 2."3 2·52 

stress, dynes/r:zI Bille Density, rc-/cra3 
u 

(Avera.) 

0 0.16 0.11 (1.11 0.16 0.16 0.11 0 

0.!il2 X 104 0.21 0.28 0.26 0.28 0.29 0.28 0 

1.1~ 0·31 0·32 0-32 0.30 0.33 0·32 0 

2.01 o.~ 0.37 0.35 0·35 0·35 0·36 0 

3·62 0·39 0.39 0.1&0 0.38 0·39 0·39 0.005 

5.19 0.41 O.~ 0.112 0.4(, 0.41 O.~ 0.005 

9.1~ 0." 0.~7 o.~ o.~ 0.46 o.~ 0.010 

11.75 0·52 0·53 0.5Ia- 0·51 0.54 0·56 0.015 

" ..... ___ •• _____ 0 _ .... __ ~ 
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11Dc. the a1'lla, A, of tbl bid remain. Coo.taDt we ha.,. ~ flo. 70;0 

where ,.00 1a the 1D11.1allNl.k deaa1ty aud ~ 18 the 1Il1tial ~pth of the 

powder bed. Writing cIz • Xc, II ~) a4 P • (J'A, lqu.t:!.OQ 2.10 give.: 

1,\ l~/-b 

E ~). J A Xo ./.'oO"d<.,i> • Wo J O"V') d (lJD) (2.11) 

lto 1to 

where Wo is the ... of the powder ill the bed and C- 1.8 the appl1.ed CCD" 

pre.dve .t1'8 ••• 

It wa. Iloted. during the course of the experllDenta that tho powder 

exhibited a III&rke4 eluth behavior pa1"t1cul.arllr at h1gh atreu... ThU8, 

vith • certain loI4 applied an aaaod.ted ImOI.Int ot energy 11 .tared 111 

the material in a recoverable t01'll. I1' 1t 18 a •• Ullled that tbe _terilll 

ha. a lin •• r ela.tic characteri.tic, thi. energy can be e~.aa.d aa: 

'1 

Be· J 11' q .. c J "I' d l' a C f. · ~ · A (1"'11/2 

o 

where y 1. tbe diatance that the pi.ton 8111'10p bact after the ZWIOvaJ. ot 

the force F. 'l!l1. dl.tanCt w •• mea'lU'ed 111 each l'WI for the d1thrf!lf~t 

fOrce. applied and 1a given ill Table 2.2.1 under the ~x colUZllll. 

The energy of C01Wact101l 11 thus glVC!fl by: 

t ,g AO"~x 
lila • Wo rr ~) d (lto) - 2 

lV-J 
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Putties lquat10D 2.9 lrrto Bquatioc 2.13, d1vld1D& b1 WI) end. ute .. 
aretag, V8 pt tor the 8Del'1f of oOll\ll8otloa per sr-: 

A rrllx 
- 'W;2 

or 

KaIWo • ~/'t10 - 1.2 /WC 

(2.14) 

U.1I1g (..!..) • (..l..) • 6.07 and W • (w ) • 2.6 11'_, we 
.tOo Po avera. 0 0 avera .. 

get the tollow1nS table tram Bquat10D 2.14 • 

1/,0 

3.55 

3·1 

2.8 

2.55 

2·35 

2.12 

1.87 

Tabla 2.2.2 

-4 BaIWo x 10-4 E /W x lO·4 IlllWo x 10 c 0 
ere/gram eretgram ere{fS!!! 
0.4l 0 0.41 

0·77 0 o.n 
1.21 0 1.21 

1·91 0.11 1.80 

2.72 0.l6 2·56 

4·38 0·58 3.00 

7.58 1.68 5.90 

If F./W ia plotted 'geJ'Bua 1/.,0 .a Log-log graph paper, 8 .tral~t Una o 

with a slope at miU\l8 1+.37 11 obtained. .8 &hOlm 1A l'1aun 2.2.3. 'l'hU, the 

enezog ot campact1oD, II determ1ned. tl"ClIII the .. exporilllen ta, is given by the 

eJDp1rlaal toJ'llUla: 
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Jl 1 .4.37 
"'0 • 9·7' x 10' ~) erp/sna (1.81 < ~ < 3.55) 

J 2.2.1 
• S. Dlrr, Jr., has clIIr1ved aD exp"a1OQ tor tile CCIIIPIlct1ol1 

enerQ' ... tunctiOa 0: tile c1eQl1ty wh1cll is of tbe form: 

I ,,- • °1 o 

Whers /olo 1e the 1n1tial bulk c1en8:Lt7 0: the pcnrar Ind C
1 
4e~n41 

on the initial bulk &lneit)' ot the powder, the ab801ute density ot the 

bede particle, the d1uleter of the ba.ic pi '1'"1:1 ole, and an uncleterm:Lned 

con. teat Ee which 18 the enelV' per aontaot betvaen two partlel ... 

~18 ralat10aahip i8 compared with the expertmenta1 reBulta 1n 

(2.15) 

(2.16) 

F1i\U'l1 2.2.3 WiinS the axpsr1Jllentelly 4eteftliDed value of ~o • 0.165 sraa/cm3 

and .. aumins C1 • 1.92 x 1rl. It 18 intere8ting to note that 'both the 

exper1meQtal aata tor telc and the theory give • power law relat1onal11p 

between the enerv an4 the bIllk deDl1ty, Iltbougb. the ~xponentl are .CIIle-
What different. 

It appal" Ukel;y that cone1d.enola 1ft.1pt into tbe behavior ot l)OW­

del'. !1liiy be obtaiDad from • stud.)' of the compaction proces.. ~e exper1-

mental inveat1sat 1on of compaction enera:;y '1111 therefore be COI11iinued, 

uela, improved exper1lleDtal apparatus vh1cll wUl enable Il10" preci .... -

aure.nt of d.1aplacelDllDta and. f'orCH. Scae ~ the e1'tecta which Vll~ be 

10" .. t1pted. '1'~" 

2 • 2.1 DIn, J. 8., )fIIth_Ucal Mod.el tor lr1er&y 01' CCD.Peet.1OD of • Jed 
of pavd.er, B. 1.. Teeh. MIIIIO. 9-li?2; l'h)lSir.tt'l 8e~l!In('$ Div. Pt. Det-rick, 
Frederick I Mar;yland. 
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1) Cowez1aoD of var10ul pdal'l with relpect to cc.pact1cla 
eMl'11 uadel' cout:rol~d ccmditiODI 8n4 aonelatiOD, :ll" anr, 
bet1nIeD CCDJI8ctloa eH1'81el IDt'! bulk _,.1cal p~I1;1e •• 

2) Ifteot of IIObtul'e OOll.teDt OD aClllpllcUcm enarer tor var10ue 
l1li1:01'11118 • 

3) !at\ll'e of .laatlc belIav101' of pgwael'l al14 a •• ociated h7lteH­
.18 .tteet., 1t 807. 

4) Innl&eIlOi of loa41q hlltor;y 00 net completion eurg change 
betWeen two deI181t)" ltete •• 
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In cormect1oD 91t1l botb the theoretical anal3ee8 ~ toree tnu­

mllUon 111 povd81'11 and. the ex,periMnt8l atucl1.. 01 deaglOlDel'Bt1OD o~ 

tl_lJ cUV1dall 80UdIJ with sl1petftJ ... energy, there haa developed • sreet 

luterelt 1n the property of ah •• r atreugtb. 11'01' tills ree.on ettort haa 

been cOllcentl'llted OD. obte1n1ns •• r:1mentel measurements of thl. property 

during tl1;1.a "POrt1D8 pe2'1od. 

3.1 Shan strength ot Povd8ra 

rigl.lN 3.1.1 18 a sketch of the apPtlZ'atl.1l u •• d 111 IIIIktng the sb •• r 

atreDogth 1llU81.U'e111tnta. The cl18c and. luh~ aN J'OUt9\ened by ceIIleftt1n8 

pllces of 1100 .. napaper to the surfacel. The rouSh.ned surface is 

necessary to insure sheering ot the powder I rather than el1cUng fit the 

powder on th. metal .urface. The forae neoeaaary to she.r tho powder 

is determined by .laur1q the output ot the tull br14p 1'01'11184 by tour 

88 .. 4 .train sa •• Which an cement.d to the alum1nUID C8nt1lever bea. 

~. procedl.lre tor making th. shuI' strength l118aalU'8lllellt. ls .a 

tollows: II IIBsk, cOllsUtins ot a piece 01 0.1 CIIl thick alWllioUIII with 

8 6.~ em dill_tel' hole in it, 1s placed on the roushened aur1'ace. The 

powder 1a si.f'ted onto the muk, leveled with. 8,Petu.la, and the .at 

then removed.. 1'ho rouahened disc I vbich 18 4.57 CIII in die_tel', is 

carefully pltJced on 'the powdal'. hldl·l..1aaal veiFJ1ta are tl\en placed on 

top at the diu 1.0 aive the des1red compres8ive load. Csre muat be 

token to propel'~ dian the d~ac .0 that it wiU Dot be 8ubJected to 

'8 'torque when the sheer .tre1'lgth 18 •• surad. Force 1. then applied 
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to the 4:1.0 bJ .. 118 of the Q8Q1;llever beazI Wltll the 4180 IIIOYH I tIlue 

sh.arlq tbe pavder. 

'!'he __ I' .t.nacth fd!!- tala, a4 paJ.riiQ11 alcotlol powdenI q. 

cSetel'll1llecl durill8 the C1U"Z'eIlt report padoet, aa4 the l'e.uJ.t. are pre­

.ectecl in fl&ure 3.1.2. ~ ... te.tIJ WfIt JIIt~ .t :oca ocad.it1C1U, 1.8., 

75-" ant about SOl' relaUve hum1d1t,. IIch point plotted. 10 11~ 3.1.2 

18 the averese of lolU' me.eura.Q'ta. 

3.2 If1'ect or HUldd.1tl = &heel' Streegth 

Since it 1a especte4 that tbe IIIIIch.alC111 Pl'Oput1e. t4 IIOIJt poulSen 

wW ~ eu.cted. by bUIIIWtr. tbe IIlwer .tNDgth b~ ~n 111 be1Ds; 

.tU41ed IUlder QOI1tr0l1ecl humicUV conditione. A CODttolled. a1'.1llOephere 

cabinet h.1 lean obtained end • ~tem hli been built to control the 

bu1111d1 ty ib the cebiDet in the l'all. f'l'CII 1; t.o 1~ relaUve humWty. 

I'1sure 3.2.1 18 •• utch o£ the IpparatWi. Sat\U'&"tetl 1114 ~ air are 

1Iixed. in the proper ratio to obtain the 4eaired hum1cUtf. Drying Unit fl 

CCll1taln' abeNt tour l1te1'l of "Dr1er:l.te- ~ •• 1cant. • tiDal drying 

UDit Ie containa I,1ade Mole euler 81..,e, TnIe 131. 'nle atmoaphere in 

the aabust 1. monitored b, .1:1 1Dtrare4 h1(ll'aleter vh;l.ch l'eCoNl the 

humid.lty with an accuracy o~ t.~~ ot thlt ebltolute humld.1ty. 

Dura, c:oncUUOQ1q ot the ~owdar, tile cabinet 1. mdlltaiDed. at I 

very al18ht poalt1va 'preuun (0.2 - 1.0 in. of w.ter). It:if 1118irlta:lae4 

at the des1red hum1cUt7 tor .t la •• t 48 houre 'prior to ".,uHIIIOata ill 

order to let the powder atta11l equllibrll.lll with the envll"01111ent iDt1de 

Ute cabinet. n.&rlDI the 'Cltual .bear atrel1l'th .Uuremeatl, the cabinet 
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18 aiDta1De4 It aver, IUpt neptin Pl"Mlure to floU1tate worlWa& 

with ~ I'I1b~1' 8lOV", 

B1 ulq thu 811teD, '!:be .heal' .tzreagth of !! PI'WdIl' VI. caar,pre.­
slve lead hi. been determined at Vll'ioue relative hUld.d1tle.. PiP" 

3.~.2 1 •• plot ot the I'ftl.llt. obtain.d (each po1Dt reprel.t1ns the 

avenge of tou:- 4etem1D.~1ou). It w1ll be coticed that the shear 

atreasth 1ftcre •••• With 1DcNull1g huml41ty up to ~ relative humWty. 

KO¥eVeI', at 45. an4 snatel' relative hwa1cl1ty, the .al' .treqth decreasee 

to a value lov.Z' thaD that rec01'Q.ec1 foZ' .Dr ot the other coD41t1cma. Other 

inveet1gat1Oftl3•2 •1 have obtrdne4 81m1l1r reaulta with taely pounel 

Carbonx 6000. A poa81ble IxplaaatlOD tor tld8 apparent drop :1n the ahear 

atrength can be oftereel 111 tel'lDl ot the concl1t1oa of the poWel'. At the 

lower hwaid1t1e' the powder 11 1n the fom of 1D41v14u.al partialel. At 

the hither hWIl1d.1tiea the lIovd.er 'beC!Clllee caked aDd. ClOIlta1D8 -1lY relatively 

large 88BHptea. 'rhea. caD 'be 'tn'oUD up by .1tt1ng tile material tbrougb 

• screen, but the .itteel uterial aUll ccmtain. maa;y agnptea which 

8re the l1me ot the acreen opeD1ap. When the abel:&" Itren;t.h IIIHlu,..nte 

are made, it 18 pOI.lble that ttle •• 'greptea roll w1th the lI&OY8IIIeot ot 

the d18c. Therefore, it 11 11ke4' that lome comb1natiOD ot .hear strength 

and. 1'01liDi triction 11 beiDa .... 1U'e4 ratm 1" than pu%'8 shear atrenath. 

3.2.1 aenerel Mi11.8, IDC., Re,POrt 10. 2229, lI'Undameot.l stUd1ee of the 
D1.penlb1l1t;y of PowCS81'8d Jlatel'1ala, P1tth ~rter11 Pl'osrete 
Report, Contract JIG. DA-18-1oe-l&05-CML-824 (30 8ept_bu 1961). 
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l).&r1IlS the u~ quarterly per1od., tile ahear .~DStb of Bac1l1ue 

l;l.ob181i V,raUB OOIIG'n8a1ve load rlll be detemned. .t 8 tunct10D of 

relative hUll1d1tl' To auppl_nt the .. ex;perm.nw, the .,1ature con­

tent of both !!! ad !I rill be .... Uftd after exposure to con,tent ts­

pe:nt~ CQvirOalleDta of d1ftarent relative hWllld1ty. 

Te.te .leo ,,111 be made on the aheel' et:rengtb of !! cont.mins .ery­

:LDa amount. 0'£ Cab-O-eU, a deessJ.cderat:1.cm apnt, to c1etel'llline the opt1-

JIIUIII cODcentration for m.1D:lmuIII ehear strength. 
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4. DlSSIlmfA!rtCll AttD ~1Q1 8'tUDIlE 

~.1 Introductioa 

Btu41ea 011. the cl1.8.a1nat1oD Of !! .:lIIIulant vera coadl&ctecl 111 tJJe 

h1ab-Iubaon:Lc v1nd tlmDe1 4I.lr1n1 th1a repcrt1n1 per1oc1. ba. expe~t8 

were eoncemed. with detel'llinatioo at the desree of delssJ,c:Iaent1on pro­

duced by the 111" at:re.a wilen CQIIIIotec1 and UDCCDpIctec1!! tfeN d1Iaem1ute4 

"I1J 't;U p1aton-type ualam1natcr, deac:ri~d. in our' 1Ill"1:l.er .report.lj.·l.l 

All of the evaluat10u of deauJ.,cxllerat1on va. perfozme4 ])yuero.copic 

examiDatioa ot particles collected CtI K11l1po:re Intel'll, pllc.4 1rl tlw 180-

Unet1c particle elll1.Pl1nc probe. Th1a pZ'Oae~:re, altb.oup it 1.8 lIIUcb 110" 

41tti.CNlt than the !Whitby centrifUge method (e1ch 18 .leo in US8 OD the 

pZ'Oject) vas =o1:l.48:red aece'.ary tm: tbia pa. of the work. The mero-

8cop1c anal)'8i8 technique mln1m1Ze1 the probability of bra.kine aggl.oMratea 

collected. trail the dJ'atream aDd permitl exam1Daticn at the nature at 

indivi4Ual 8aJ.QI~eratee. 

Two tJPes of atwUe. were llllde. In the fint, the part1cle lb. cUa­

tr1bl.1tioo ot' tile collocte4 plrticl_ vas determ1nec1 by direct counting. 

In the aec:.:md, lpeaU'lc attent-ion vas liven to the presence ot aglCllllerates, 

and the awabar of agglaaeratea oampere4 to the total particle. va. detlr­

miD8d.. CQapacted Bra '8lllP1ee up to 0.6; an_I=3 vera studied. The N.ulta 

ot these atuc:Uea are given below: 

~.l.l General Mills, IIlC. Report l'la. 2161, aeCODe! ~rterl;Y PZ'ORlWaa 
Report. D1 .... 1nat.icn ot Solid and Liquid Btl AgeDta (lhlclala:lt1ed 
title) Feb. 13, 1961, p. 36 (Ccmf1del1t1al). 
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4.2 II Dta •• taat1011 - hrt1cle 81 .. Diltr1button 

The dHUlClll8ntloa of II 1ft • hip velocity all' It1'e8ID vas .. tel'­

mined b)' cClllPar1D1 the particle '.1M 4lat.r1'but.1011 of the _tanal before 

and atter c11ale&1aatiO'll in tile wla4 tunnel. Dl tba •• teat. a "8"* va. 

iaJeotad at. aD 8pproxiDte veloc1ty at 4 _tera/Mo into aft air Itnu 

ma1Dtained at Mach ouaber 0.;0. 'lbo re.ult.1rls a.rotcl vas salQlller1 at the 

1,UD481 Ip'"t 011 M1111pore tUten uaed with the hiBb ve1001t1 sampling 

prabe. 

A m1croscop1c methoU. we. eaplOyed 1n anal;yz1ng the sample". The 

specific tachniquel uaed 112 preparing sl14.. fl'Dlll the vln4 tUDnel lampler 

and the me'thod at mea.U1"inS the particlea 8re diaaua •• d. 1n the pl'e'V''1.oWJ 

progntl'.l'Il!Ort4 •2 .1• For aulyaia of the control_taral before 411-

..1natlon, !! ves d1aperaed in beDzene with. W"rins blendsI'. ODe drop 

of the luspeaa10n va. lIaced 011 a 1111111pore filter frail wh1ch • a11411 

we. prepared usinl the technlque dilcwaled 1n the reference. 

The !! 81mulant Wal d1aaem1neted in both ita 100s8 8D4 compacted 

fOl"llla, at. bulk densities of 0.33 aDd. 0.50 Flee reapec1.1ve17· In the 

18 t:tar cess the material waa compaatecl with a low-friction, p1atocl cleviee 

in cylindrical a.penta with 8 lensth to diameter ratio ot 0.15· 

*Run 81-811-342 

4.2.1 Qeneral Mme Report 10. 2216, Fourth c;parterl;v Pro;real Report" 
os.888111ill8ticm ot Solid and Liqu.Id 1N Apnta, (Unclaa8 1tlad. title) 
Ausuat 10, 1961, pp. 99-100 (cont1dent1a1). 
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S11lce the mo1awre CODtlDt ot !! hi. beeD 1'oun4 to be extre.l1 I 
1aportnt in da.~nt1all, taU hotor va. aOll'trolla4 by etor1A1 1114 

vOI'k1Ds with the _taral in a clr;y 'box at dInr pOht ~ratUft' below 

-23·C (~~t1ve JIUa14it;y, 3 perceat). III th ... telt. the !! ZII01atUl'e 

coateat va. tberebr aiAta1Decl at 1.7 pel'ceDt. 

A al!abt JDOd.U1cet1OQ of tbe p1atOft-t~ diaaeminatcr 41acueae4 in 

aa ear11u P1'Ogl'tl' reportll.·2.1 WII. made tor then teeta 10 .a to provide 

• close control over tbe iD~.ct1on of ...u cpmt1t1u ot _terial. At· 

the bottom enel of the pi'ton, a .peo1al acrew waa 1Datalad. at the lxi,. 

n baa a Ii1a c ahaJed heael which 1a ot the IftIDe diameter .s the pi.ton. 

A ,pice ot 0.63 QII 18 provided. between the 8114 of the p1lton and. the 

c.\1ac, into wh:Lch the !! 111 loaded. nuo1nS eJection the diac travel. 

0.7 em 1nto the tuane1 air lIt.re8ll1 and _11 quantitiea ot material, auch 

•• 0.01 SIll, are rele .. ed. durilll perioda leas tban 1.5 II leC. 

lD thele teata the avera .. III ••• flow rate ot !! ISi.lriDS 41sHlD1ht1cHl 

wa. about ~·50 fIIIA/f!J.1D. (1 lb/Il1n). As in prev10ua teata, the l'eault1q 

&81'<»01 wa. coacentratecl near the upper tunnel .... 11. 'DUtre1'O:re, the 

sampl., wert takeu at I ,POdttoD 0.63 em l)e1ow tM .. surface . 

J'1gura 4.2.1 ahon tb. particle a1ze diatr1buUoa 01 !!. "8" 'before 

and aner d18a.lII1nat1011, plotted. en 101 probab1l:Lt:y papal' on • Dumber 

baallil. FOr each teat 5 mlcl'08copl0 ali4ll. were prepared and a total ot 

1000 particl.s WIIra _lured. Blah tnt8tment repreaenta an averap ot 

4.2.1 (]eneral MUlII Report No. 2161, Sea0n4 Quertel'ly 'rosnl. Report, 
Di •• lIIIllnat1on of So11d and Liqu1d .. Agent (UDc:l.eaa1t1ed title) 
Feb. 13, 1%1, pp. 35-36 (C~1d.cnt.1.Ql). 

·27· 
Page determined to be Unclassified 
Reviewed Chief. RO~. WHS 
lAW EO 13526. Section 3.5 

[Jate: Jut 1 9 • 



I 
I 
I 
I 
I 

I' I 
I I .,. 
) 

I i 
1 
f I 1-
;. 
~ ,. 

I ~ 

.- I 
~ 

~-

': 

.i . 
... 

..: 

,. 

~ 

J> 

11, -~ 1 _.t:ro 

~ w-

- 99·9 

99 

95 

90 
:I ... 
to 

80 a • e. 70 ... 
~ 60 

... 50 

.-a_ 

J w , 
~ 

j ~ 

-JK 
B 

~7/ 
. 

~ --i 40 

]130 

1 20 

£ 10 

5 -----

1 .. 

-0- Cootrol 

-fr- Wid TUnnel Ta.te (/-'D. 0·3) 

--0-- Wind. TtmDel Tests (~ • o. 5) 

- I I o.~ 

1 !> 1Q 20 
Martin'. Particle D1ametel' (III1C1'OO8) 

FIGtlB ".;2.1 Particle S1ze DSstr1wtioil tor 811 ItB" Btfore 
0i .... iDat1an and After Semp1ins;1n W1Dd TUDDal 
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two t .. tS. ~. l'88ulta Ihov tbat apPraxDetely 94 perceat 01' the pert1-

olea Wft _U8Z' tbeD 5)" 1D .11 c ..... 

lOr further 1aslsbt 1Dto the .. data, aa 8fta4taa ~ varanee vas per­

tome4. 1be COIIIPCMllta of verianOil that exiat are betweea tNe.rata 

(bulk 4eaaitles end. COI'1trol), be't1feen aem,p1e8 (replicate run. 01' • given 

tl'88tmal1t) arad. the :residUal (betveera d1tferent microacope .1:1.d8. prepared 

from the ,e .... la). To fect1Utate th18 an.l~1B, the d1.Itr1but1on re­

sulting fl'Olll each micros cope al1a. va. red.l.laed. to a basi. 01' 100 particle. 

end. diac:retized. into three tzoact1OtW: 0.8& - 1. 7~ J 1.75 - 3· 50)' .n~ 

3.50 - J.l.4;t. :ror the anall'a1a each freot1cm wa. treated separately. 

At the lO~ c~1aence level no aisn1:f'icent diUerenee ex1ata between 

sem,plea ,,-r the same treatment. 'l'bua, the var1BDC •• 1118)' be llooled to pro­

vida a better estimate. ~e percent 01' particle. in each tract10a UDder 

the effect a£ each treatment 18 given in !able 4.2.1 topther with the 

OV8r8U !Ileana, pooled ataDl!ard d,av1at1Cm.. ana. ooeff101eata of variat1On. 

T1'eatment 0.88 .. 1.7;U 

control ~.1 

Wind. '!'Unael (..aD • O. 5 ) 56.8 

Wind 1'lllmel (,;Os • o. 3) 53.6 

OVerall Mean 53·7 

Pooled Std. o.v1at1on 5.2 

Coeff. of Variation 0.10 

FrIction 
1.75 - 3.$4 3.SO .. 1l.~P. 

31·9 17.' 

31.8 U., 
33·4 13.0 

32.4 14.0 

3·1 3.0 

0.11 0.21 
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'Da. 1'8.1.&lta ot ~. aaallallt of vu:!ana. ,lu.. :l.D8pectioD of 1P1SUft 4.2.1 

aG4 ~.ble 4.2.1 -7 be .~1.acI. 117: 

1. IIIcb tftetllllnt U repl'Odllc1ble. !]!here ex18t QO .te\ut1caUy 
Itpttiaaat d11'terellcu betwea .1UIIplAt. 0: •• ch tree1i1Dellt. 

2. 'l!le Uftezoenee between dapera1Ol1 1n aU tbe Yind tunnel t •• w 
1. nagllp.ble. 

3. ~. control hIIPle d1ltr1b1lt1oQ 1a ccar.lr than thoee obtained 1n 
the w~4 tuwlel. 'lh1a _11e •• better diBpera10n va. obtained. 
in tbe w1D4 tuMel tlwl 1n preparation Of aoatrol sample.. It 
1. felt tbl. d11'1'erella. arlit •• tlQll dU't1cult1e. iD p:repBriD, • 
miaro.cop1c control .UIple. l]!1e diftereftce 11 cODIlared. to be 
within al!~~ptabl. l:lJll1t, frCII tho practical .tandpo1Dt or 
deagl.<8erat1on • 

4.3 81 Dia.emiDat1OD - AaIlOlerate Studl, 

The dear-a of cl8asslemel'atlon. wu allO studied. Mer the reap ot !!!. 

bulk dMa1tl., 0.30 - 0.65 F/ac, by deta1'l!.1Dlns the relative number of 

aglomerete. aad. b.de pert!cl .. pre.ect on )(1l.l1pore 1'11 tel' s~lea. 

The , .. pUns pJ'Obe vaa ... in located. 0.63 CIII belDv the top Yall. At 

thla location the ob .. :rved. agl.omel'lltes were all below 20 micrcma in .1~., 

with the _Jorit.;y 111 tJle range 1-5 1I:Lu-on.. JJ.IIo, the, pdlUrily eon,l.ted. 

of dou.bleta and triplets. ~e pO.la1b1l1ty of doubl.ta tomiDti ••• Nault 

of two bada p81'ticle8 faUiDS at the .ame po1Jlt on the filter .ane that 

the data obtained. Should. .. 011 the COD.el"latlve aide. 

J'i8LU'8 4·3.1 .mows the percentage of parti<Nlate material 811111ple4 

tba't con.isted or 'gl.OIIIe1'8t... For e.ch date point 1000 particle. wera 

cowated. \lDd8r the m1oroaCQpe. ~ent eppeal'll to be ver" SOOd. deagl.omer­

at1Qo at bulk dans1t1 •• up to 0.6 sa/cc. Bowever, at b18ber dena1t1e •• 

sharp increa.e in the prdeo.ca ::4 aAlOlDltJ'&te. WII. toUllci. AlAo, it n. 
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obHrve4 that a vel'1 ... U n1Jlibel' of aglClll8l'8te., CII. the order of 

200 m1CI'CIW vere .lIIJl,el1 at the hiFer _alU... In tu.tuw apel'1-

. meute , theM "m 'be .t.u41e4 :turther to •• ta'bl1eb the UIOUDt of lUll 

the, represent. 
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;.1 lntroduet1on 

In the field. of drJ agent 41I18IIl1aat1on, one at the ,riDcipal obJec .. 

tiv.a CD this projeCJt. :ta to provide • 10li.4-.pat .xternel 41aHminatiDg 

ltore wbioh vUl be .. nearly al po.a1ble \101v81'1&1 with reapact to the 

carrier aircratt, the chareoteri.tics of the agent being d1"lIIIiDated and 

the t;v.pe ot !liadon beinS perfo1'llled. Besearch ooaliUatec1. under th1a pro­

sr- h.a prov1ded data 111 aevel'lll 8real related to dissoinator 4e11ga 

wh1ch tlOll lIIke 1t pOIUble to a.tabUah a design concept for the f1ret 

t\11l~81ze airbOrne 0r7 apnt di •• em1nat1ng ItOI'.: to be 1'Ib:r1cated un4er 

II later phase at thi1 project. 'l'he.e f1ndinp ere br1etly s\laadzed 

below: 

(1) 

(2) 

Dea881cruntlon atucl1ea in the h1!h-Iublon1c wind tunnel have 
ShOWD (Section 4) that dry !!. s1mulant (with moa1ture content 
ot 1. 7 percent) 18 sat1aflotorily deaglomerated by an ail'­
atream at Mach number O. ~, when eamplcted to a bulk Ciena1ty 
ot 0.5 flIA/ariJ. 

EX,per1mental .tU41e1 at the eftect of cc:apact1CC1 on the 
viability at 8m reported prev1.o1.1l1y5.1.1 have Il:acnrn that 
approx1lllat8ly""B'o percent of the or11inal vtabU1ty 18 re­
tained attar compaction with l)nl.ure. as high a. 16 atmoa .. 
pheres. IDdepenlilmt work at Fort Detrick 1acUcate. that bulk 
4enaltt.ea at app.rox1mately 0.5 are fe.11blA (1'l'ClIIl the vi­
abll1t7 standpOint) with dr7 UL agent. 

(3) In connection with the "bov!! studies it hss been observed 
that eaapacted pluge of !!! (with low mouture cnntent) can 
be readily broken into agl.OMratel which an pnenlly 1n 

5.1.1 (Jenerel Mllh, Inc. Report. Hu. 2216, Jourth Quarterly Proga •• 
Report Oil D1I.na1a.aUon of SOlid .od LiqUid. BW Agents (un~ •• 1" 
fied t.1t.le) A~t 10, 1961 (Con1'1cWJ1t1a1) p. ll3. 
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the mill1meter 81ze range. 111gb speed photograpluJ have 
ahowu tbat c(D,p8oted 1111.1.811 Beveral m:Lll1meto1"l ;I.D d1.ameter 
are l'C841ly doaglClll81'8ted in the viDe!. twmel 1t the mois .. 
ture QOQtent 1e maintained below approximatel), 2 parent. 

'l'he abO'll work indicates tlUIt prov1e10ll Should be I118de 1n the 

del:lsn ot the a1rborna d1slI.unating IItore tor lleuc1llDS ccawaated 

aol1CL asent.. Por I118X1mum flexibll1ty 1 t 1a al.o dellnble that tbe 

atore be capable Of dlsoeminat1nS un1mpected agent.. It i. antici­

pated tbst. the de.1gn concept described below vUl be ttultable f'or 

both applications. 

5.2 Dee1&U COQCeRt 

Pi.gun 5.2.1 showa the principal features of the a:t1 .pDt die­

sem1aat1DS store currently under stl.l~. A cyl1ndrical agent COIItdner 

1s located. 1n.14e the ae:odynamlc:,lly shaped outer .k1n. 'l'he .pace 

outside the agent container is 11lled with low-d.et181ty foam In.ulatloD 

to min1m1s;o heat tranefer into the agent bltfore arrival at the target. 

1'he agent contdner 18 fitted with two p1.atona which are IDOWlte4 

on a lea4 screw wh1ch extenda thft full length of the c111uder. Bote-

1;1011 of the screw advance. the p18ton. taVard the center of the store. 

~1. 11 eccomp111hed by providing e lett-hand thread on one aida Bnd 

• risht-h8n4 thread on. the other. A suic1e f1xed to the cyl1nder pre­

vents the pistons tram tumin, relet.ive to the ql1ncler. 

At the centor of the agent storega conta1ner, a d1aauregator 1s 

mounted on the ab.aft which scrapes the agent fl'CID the tvo plu.p which 

are advanced. froID each side. The loose mate1"1al f'all. to the bottaa 

of the central .ection where it 18 discherged throusb en orifice in 

- 3" -

•• no £ih 2 
DEClASSIFIEO IN FULL 
Authority: EO 13526 
Chief, Records & OecIass Dlv, WHS 
Date: JUL 1 9 • 



, 'w 
" 

.., 

U' 
'.II 

..., ;;.s=-......,:-...--.:.r , \-
, , _ In; ':'--' I :i,1t "~I; ~lJ~" :I'j'! ··~r. I '-·1·";\i,!fil"t~IIW"f'Ij~_"IJlII""",_ !IJi.~·!~!I,jr~_~ 4 rp~.!R 

\

.R,otary Actuator vith speed 5elec.tor (5 BpeeCla) 
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• two-pba .. ID1XtUra vltb the IIIO'tlvat1ras Sa. (probably dl7 n1t.rosen) 

wllll1h 1e lltored. 111 • qJ.1nc1er in tile If't-•• ctioa f4 the Itore. 

'!he CIHltral sh.ft 01' the cl1'8I111nator 18 driven "01 an electrio 

lIIotor thrausn a hiF-torque variable apeed tral18111.llcn. 'lbe power tor 

the ."teIa 1, s-nel'8tecl by • na-a:tr turbiDe located 111 the nOie of the 

store. 

~18 eOl1tlsuntlon 81'1'ea2'8 to have several acivllntall8, the ~t 1m-

portent ot which are luted below: 

1. 1'110 leasth-to-c11ueter ratio ot the pluS O't material being trana­

lated b7 the p18toll Is apPl'OXiJllately 3, which is compatible with 

moderate trlct101'lal torce.. Reaearch 1nvutlptloQII on thia con­

tl'llct have ahovn tJJ.t the 1'01'011 required on t.he p1ston in such 

syatema lneraaea exponentially with the lengt,b-to-d1alIIeter ratio 

and becomes prohibitively hlgh .t values (LID 1Y6) which would 'be 

required. In • alnsle-piaton system dea:lped tor 'best utilisation 

or an opt.1mum external atore ahape. 

2. This configuration 11111 maintain ~e center of gravity within 

narrow limit. durin. tha entira d.:1as8III:1ution Nn, in contrast 

with •• :yeta in vhlcit the material 18 transferred. to the aft 

end of the store. ih1a feature wlU III1n1m1ze the required cor .. 

rections to the fl1ght cOIltl'Ole d.urins dissemination. 

3. The ar1'8npmant ot piatona 1. cOI1vea1at tor eXJ,1erimental use 

o~ th~ dusem1natins store with ... 1 '. ;.~ntit1es ot solid agent • 

The residlal quent1t1 .. of material should be lIIinimal and fUl­

ing with a small. quantity v1l1 be pcaaibl.e. 

- 36-

• •• 1121.:,,,&1 
DECLASSIFIED IN FULL 
Authority: EO 13526 
ghief. Records & Oec:Iass Dlv. WHS 

ate: JUl 19 • 



"-

I 

I 
I· 

~ 

l 
I 
I 
I 
I 

Jr'S' &2". 

4.. MatenaJ.. vith _ vide range at bulk deD81ty should be cc:lllPt-

1ble with tbU C01'lf1gul'ation liViDg a .,.1_ flexibility to 

~ di •• eminator. 

5. !J.'he power required to 4rlve the IIItchan1aa 111 low, aad w111 'be 

caat,petlble witb that available !'rtIIl • _ll rIIl ... 1r turbine. 

'lh~ p1atona and. the alow-speed d1aasSNsator put a verT law 

energ- into the dry spnt, m1n1mlI1ns heat:l.as ot the _seat. 

6. B1 pl"CJll1dlns • apead-•• l..ct:ton feature, a wide nina- at tead 

rates w111 be available. Wa are curreatly plenn1Ds to p1'OV14e 

spaeM of 100',£, 75~, ~, 37. ~ an4 25~ of the maximum rate. 

5 ' 3 Other Dade C01l81derat1oas 

Prel1m1ury .tudy h •• been g:l.ven to Beveral aapeeta at the .cb'y-apnt 

~.3,l lXternal Shape 

Six external .tore shapes have be" con.1dered, •• liated below: 

Store ne81gnat1on 

IfACA .. 65A 

HAM - 65A 

l'lACA .. 65A 

NACA .. 65A 

cy.l1ndrical lSody 

Me Store 

.. 37 -

•• 1135S&II ••• 

Finena.8 Ratio 

6 

a 
10 

12 

9·33 

8.57 
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Ordinate. tor the IIACA - 651. eerie. were presented in the SeCODd Quarterl1 

P1"Ogl'e., .port. 5• 3.1 0ri1Da tea tor the cyl1n4r1cal bod¥ ad the ]JgUClaa 

A11'craft (DAC) store ara given 1D reba 5.3.1. 

With zespeat to the.e .tora shape., two 11Dportant conaiderat1ons 8re: 

1. The ae~1l1c ms, and 

2. The volume of the larp.'t cy11lldrlcal apnt atorap container 
that can be plAicea. 111U.ae the shell (aee Fisure 5.2.l). 

Tho aerocl.Jnam1c drag of the .. store shape. 18 sUlllller1zed 1D J'1gure 5.3.1. 

It may be seen that at subsonic velocities below II • 0.9, all 01' theae boa1.s 

have low draS coefficienta (bslOW Cnrr .. 0.1). In aU,Per&onic tUsbt tAere 

18 a considerable increase in the draB coefficient, and the spread between 

the Bovenl conf1surat1oDs 18 larger. !lbe DAC ston and the NAC.A - 651. store 

with lId. 10 have the belt euperl0l11c perto:mance. 

1\ study 118' elao _de to detendna the volume at the larpst cylindrical 

apnt storase cont.ainer that woUld fit 11'1 the ltorel. Par illu8trati'V'e pur­

poses a fixed DIIIX1l'IIwn outer diameter at 22 inche. vaa used. Table 5.3.2 pre-

.ents the reeul t. ,for libe eu caseD stUdied. '!'he b1gbeat ae,ent volume w •• 

for the cylindrical bol\y. rn f1nal selection of the store .hap. I th1.a 

d.e,1reb1e clulracterl.tic must be veighed ap1nst the drag edvant888 of the 

!lAC store in super,onic flight. '!be NACA .. 65A storo with tId. l2 1a favor­

able (cons1derjus asent volume) ~t 1s not a very practical desisn because 

of clearance problems .ssociated ~1th the greater lenstb. 

5.3.1 General MUll, Inc. Report No. 2161, m..sem1nation of So11d and 
l1qu1d 111 Agen'te (uncla8sified tlt1e)1 reb. 13, 1961 (Confidential) 
p. 71. 
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TABLI ;.).1 

0lmtRADS) :or l'1IlIClIlr.t' rJI tIZCJ!rI l FOil cn.:nnm:CAL 
BOD! MID lJAC SMtJ 

Sll1Ddz1.cal J304y 

linene.. Ratio 9· 33 

x/l. iercel1t rIl, percent 

O. O. 

·360 ·300 

1.210 .~ 

3.040 1.4lio 

~.8fO 2.090 

6.110 2.650 

8.260 3·070 

9·150 3·290 

9.690 3.4JIo 

10.040 3.·lOQ 

11.990 ~.9JIO 

13.140 4.l20 

110.290 4.3JO 

l5.411o 1i..440 

17.740 4.700 

20.011-0 4.920 

22.340 5.080 

21..640 5.200 

- 39 -

llfLC store 

Finene •• Ratio 8.57 

xL1, percent ,.Ll. percent 

O • O. 

1.9~ ·946 

4.722 2.033 

7·500 2.869 

10.276 3.513 

13.056 4.016 

15·533 4.4l6 

ld.611 4.145 

21.389 5.02l. 

24.161 5.212 

26·944- 5.~65 

29,'122 5.661 

32·500 ;.785 

35·278 5.833 

42.500 5.833 

49.722 5.833 

52·500 5·812 

55.276 5.749 
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~ ole 5.3.1 C011t1nwtc1 

!Ll, ,l!11'Cellt rill percent 'Sil.l. m oellt rlJ:.. percent 

26.940 '.300 58.046 5.646 

29.21tO 5.~O 60·&33 5.507 

31.540 ,.360 63.6U 5·332 

61·700 '.360 66.389 5.125 

68·690 ,.200 69.l.Ci7 4.000 

'(1J.950 4.760 71·9"- 4-.623 

81.220 3.940 74.722 4.334 

87.480 2.160 77.500 4.023 
• 

90·600 2 • .:.10 80.276 3.693 

93.750 l.420 83.050 3·341 

96·890 .720 85.633 2·9a9 

98.440 .360 88.611 2.620 

100.000 o. 91·389 2.246 

93.611 1·9"-

95.833 1.630 

98.056 l.206 

100.000 o. 

Source: Stevena, J. I. aDd P. I. PIlr •• r, Itn1Ft Manuremeata of the 
'rl'8naouic DraB of Modele of Several Isolated EXternal Storee and MaCIIll .... , 
NACA Research Momoranlhlm RM 1.541.07. 1955. p. ll. 
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IfACA-65A C~UD4r1C. 
Serles 1./4 • ,-.0 Bod;' 

NACA-65A, 1./ 

DAC Store 

o.a 1.0 1.1 
Mach !JUDlber 

Flaum: 5.3.1. Tranaon:tc Ilr'aS Coetficient. 
ot Iaolated stare. 

1.2 

• 8 

SOI.lZ'ce: Steven., J. E. eDd II. E. l'I1r8eZ', "Flight Me •• UreMDt8 of 
Transcnic Drel ot Mo4ela of Several I.olated External 
Storea and Nacelles", MACA Reeearch MamoraDClum IIML54W7, 
1955· 
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TABLI '.3.2 

DDIIilIIBICD FCa MAXDIlN VQUIII 'rAlOS m-1'1I0 
INIDB BODDI or D\'OUIl'ICIf 22-m. tJAX. mA. 
({l-In. )Un. Clearuce at Ena. of Tank) 

Alent 
~ riDRII •• Volwa Length D1aIetel' 
Dedpt10n Batie (CU. !D.) ~ (:ra. ) ~ 
IACA - 651- 6 11,440 58.0 1;.8 3.67 

NACA - 651. 8 15,420 61.2 15.2 5.23 

NACA. - 65A 10 18,900 94·0 15.8 6.07 

NJ\CA - 65A 12 23~150 l16.; 15·8 7·37 

cylindrical 9·33 28,,ao 111.1 18.1 6.15 

llAC 6.57 19,~ 94.8 16.3 5.83 

5·3·2 Dlaculslcc ot the Rotat1n1 Macbaniuul 

It 18 currelltly planned. that the rotat.1onal _peed at the cent.nl 

,haft will 'be used. as the Blain control of teed rate. The :fUnction ot 

the gaa now will. be to .ulcherp the _terial into tn. eUpatream et 

the s8l'lle rate it 18 delivered by the platona. It fa planned t.hl.'lt thA 

unit will be pl'<ll'1ded v1tb • apeed ae1eetioll f.,.t.ure -\'0 permit operation 

at 1001-, 75"', 50"', 37. ~ end 2~ ot the III&ld.:IIIuIIl 'peed. Cona1c1erins the 

possib1l1ty 0'1 intent bally va:ry1nl tne bulk d.enslty of the 8pnt over 

a ranp of approxmately 2 to 1, th... 5 .peeda could provide _ ranBlt Of 

agent •• , flow retes vS1'71na b7 a factor of e:Lgnt (8). 

Tne process gf removal of mater1al tram toe adYanatnc sluas 1s • 

slQV-apeed low-eners,y proce81 whic.b 8hould have. 1II101laum etfect on tne 
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Vs..W1t1 ot tba ... t. lor 1l.lI.latrat,1v. pul'pO". we _, ... Ulle that the 

.put. eoIlta1Der 18 18 mebel, and. tba .pat, 18 1Di t,1IIll7 OClll,Platecl to a 

\Nlk -'1t1 of 0.5 flA/CflI.3 (31.2 ~/tt3). Jach pUtoD _t tbeD ae-

l1vv 0.482 ft3jm1n, wbiah C01'l'e8po1lda to • rate O't adVance ot 0.272 ft/m:rJ. 

A I'Otat1cmal speed of 1.6 rpm vou14 be cCatpatible with • rIte of aclvaoca ot 

0.017 :tt (.20 iDab)/revolutlO11. A var1et,;y ot dea1SQI tor the rU'.grepto:r­

'U,flPlt tbemael.,... Mult1ple =tte:r--bladel are perbapa the mca1. atraipt­

!on.reI. aea1Sll. Aft 11'ft1 t4 spike. or tl8edle. 18 allO a P11bU1t1. auell 

aeatpa w111 be evaluated. 1n tLature labonto17 1rrY .. Upt1oal. 

1I1th the lead. .cnw rwm:!.uS tbl'ough the cy'l1nder, it will be necel.lZ7 

to dev:lae a method tor ale.niDS out the thread. Juat ahead t4 the putcm. Ii' 

th18 i, Qot 1'eadble, the screw will he,? to be coveredb7 • tela.collinl or 

(lOlla1l81n& PI'Ou.c1. 

It will be nece.8U)" to .ell on the ende of the C!)"l1D.del'a to prevent 

e808p1D8 I118ter1l1 ICarina to the cy11DdiH' w.ll.. 1b1. 1II1abt be c1mle by 

placiDa • bullcb .. cl at the enda ot the cl1:!.uda:r. AD .lte:raate aolu.tion wou.ld. 

be to usc a pleated el.eeve l.ale4 to the puton at. OM el24 In4. the o;VliDMl' 

at the otbar. All tbe plllton IIIOY •• tovarcl the center, the lJleeve VOI.tl.4 un1'014. 

As the p1aton move. tOQ1'4 the C8l.lteJ.', the .pace behind. the p1atoD INAt 

be filled with 811' (01' other p.) to equalize the Pl'''.un. 

one a.pect of' the proposed concept which aeedAI to be 1Dvellt1pted IIIOJ'e 

tull1 1a the force requ1rec1 to lIIOVe the p:l8tOD' when the cl11a4e1' 11 laadad 

with compacte4 material. Data pre'dt17 aY8Uable on P1atoa toree. perta1n 
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to lraU-cliaIIet81' cllinda1'8 iD1tiall7 tUled nth 10088 material. Tel_ 

en n.ella4 in Which matanal :IA ~cted iuto cfl1nd.tl'll apprax1Mtelf 
" 

18 inchee 111. ~tar aM. tore. J:equil'e4 to lIICMl Use cClDll8cte4 loa4 ue 

IllUI\U'tld. Ita the wlnt tblt exceal1vIJ.f large Cfl1nder ".11 rel1at1v. 

torce. 8re eI1COUJ:Ita1'8d, mathoda V1l1 be lSouBbt for rec1u.c1ng thel. fore_. 

SCIIIe tboqbt haa been g1ven to lI8tb04a tor leCOlllPl11hiDs th1a • 

Sine. th ••• forc •• result 'hall 7.'II4:lAl pr ... ura of the DClID,P8eted 

material. 'sa1na't the imler cyliDllar vall) it ahClU14 be poal:1ble to lower 

the force if the qlindar or matal':lAl 11 allowecl to expancl lllf,11tly after 

the matel'ial 11 QCIIIP8ctecl. !!hie eould be aeecm.pl1Jb.cs. 'bf CCII,Paet.1ns 

the utanll. 111 an aux1l:IAl'f load-DS Cflind8r which 11 al1gbt~ IIIIIller in 

d1ameter than the cy11l1der in the st.ore. When the compact.d pluS is pW1he4 

into the atore, the pluS Clan be elCplndec1, without creaUns hiah radial. 

preBBurea. 

'.3.3 mltsaat. of Paver !\!5U1red to Dl'iv8 'Hcling Sl!-
"'. 

Beceul. of the low rotatioul speed (apPl'cX1ately 16 rpa) of the 
... 

dileSSJ"lPtor, the pcNer consumed by thu portion ot tho unit 1. expected 

to be ... 11 rellt1... to the power required to move the Jlllter1el dons the 

cyl1Mer b1I11eIU of the screw-driven p181".onl. An Ht1mattl of the power 

requ1red to drive the plltou can be _de 1t "tho exper:bDantal value. of 

piston torae. obtainod W1th amall-c11ameter cfl!Uders are ••• ume4 to .plll, 

to larae-41aMtar cyl1r1den a8 vall. '.lbia relatlonlh1p "ill be studied. ill 

datail betore nnal dea1p are made. JlQVner, preUmiDal'1 indication. rn. 

teats w1th talc (compreased to 0.; PI=3) are that. a preasure of 2Opa.1. 

v11.1 ~ .c1eql.Ui1~. 

•• U£I .. '" 
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~o exert • pre'lure ot 20 pe1, • p1ltoD 18 1nchea 111 cUaMtel' .. to 

'be 41'1veo by aD ax1al torce of 5C9O 1111. ~ •• cnv which 41'ivel tbe p18toD 

baa • pitch of 0.2 1II.ch... If we ••• WIII • !X)/lMrvaUiM value of 15 perco:t. 

tar the ettic1enc7 of the 8Craw, it. iu P08aible to calculate the torque 

whlch 1IIUIt. lie applied to the lerew !:rom the follow1ng equat10na 

where: 

T • applied torque 

P • uial torce 

p • pitch ot sorew 

'1'. 

e • efficiency of Bare'll 

'l'b.ua: 
5090 ( .2) 

'1' • • 1080 1nt'.h lb •• 
2ft( .1;) 

Since there are t.wo pilton. OD the lerew, the totsl torque required ie 

2160 incll 1be. 

Ttle horaepower requ1red to drive the screw 18 calcul.ted by means 

ot the 1'ollow1og equation: 

where: 

Horsepaver.. 21T N T 
33,000 

If .. speed in rpa 

T • torque in ft lb •• 

- 4; -
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21T s 16 z 21
12
60 

BoZ'llepower • - • 55 
33,000 

1'OW.1' ot th1a _6IlItucw :18 reaW1 attaInable wIth tJo!e l'U-dr 

turbo-generator propoaBd as the power &DU.Z'Ge. It 1a quite ,po.s1ble that 

experimelltal re.ulta WUl dezIIoalt2'ate that value. selected for the above 

calculations vere too eon •• rvative and. that a laval' power requlrtr118llt can 

be •• Usne'" to the 8C1'eW drive. 

• 
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6 • 8'l'UDI18 01 'lD JIT PLUMB I'BOBIal 

6.1 ~t~ct1~ 

w. hue be_ 'ftr:l much 1nte1'eated 1n evaluet1Dg tbe potel1t1al 

c1eleter1ou. ettect. of hot sae •• trc. Jet 8Qsille exhausts oa the viab1l1t)' 

0'1 ]Ii •• roBala. Dl18 COI18:L4erat1on is believed to be 1mportallt 1D ca ••• 

where the 41 •• em1Dator 1& loc:ated ill elae. prox1m1ty to an el1&iOe, 8UoA 

.8 • c8Dtor~l1ne iD81;ellat1on DZI • '1rlsle eDJiIle a1rcraft or oa inboard. 

ahort. 

Wa ha .... experSmentally atudied the effect ~ elevated air .tream 

temperatures Oil the v1abU:Lty 0: Se1'1'8t1l _rc:e.cens, aero.ol1ze4 troll • 

liquid Suapelll:Loa, and heve found substantial lc» ••• in viabUit" for 

eJPQeure 4urat1Dn8 a. lair 88 0.6 8aCOll4e. 1'be .. t recent work 1. 41a .. 

CWl8ed 1n Parappb 6.2 balow. An analyaia by also been ma4e which 

1ndicete8 that, ill ~.'8 where the aerolol 11 releaaed ~lo" to the 

etll:l.ne, 1Il1X1US, or the aero801 cloud and the engine exhaust 18 very l1lcely 

to expoaa the -.iol.os1cal material. to temperatures whiCh are hish enouan 

to ncWcc the viablUt.y or the aOl'Cl.ol. '!hi. work 1s d18CN.aecl 10 Pan-

6.2 Etfect 0'1 &lev. tad A1r Btr. .. ~.ture. 011 the Vlab111t1. o~ 
sonata _rc" ceDI -'8roao11&84 UqU1d SU8pendon ...--

III the p:rav1oua report6 •2 •1 it w •• 1h(MI that the viabllit, or 

Serratia IIIIIrca.oena .eroaol1zed fl'Olll • l1quid euapena1cn was a1gD1f'1-

eeDtly reduced by elCpQaure to temperatures ~ SO·, 75·, 100· al14 12;·0 

6 .2 .1 (lwllilral M1lla Report HO. 2216, FoUrth Quarterly Progress Report 
tJU DLi.8lI1nat,loll ~ 80114 and Liquid. • Apa:t::-!! (Undaee1f1ed title), 
Augue t lO, 1961, pp. 2-9 (Confidential). 
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tOI' • per1od. ot ]..7 •• aona.. 'Dl. purpe of tl:I... .x;az1llellta vu to . , 
obtaia data Vh1c:h WO\1lcl eMble pnd1ct1cm of tile emot. of 1D1x1DS • viable 

b101oe1cal .. rotcl with the hot exhauet p ... ~ • jet ensDe. It'4 expoll\l.1'tt 

t:f.Dll! .. 18r. a. 1.7 •• cona vaa coas1<!eN4 Dflcea.U7 :lD ordar to aaaount 

:!en' turbuleot IISx1ua e:teet. vh:lch ex:1at at the ,po1Dt ~ 1Dtercept1or.a of 

the aero,ol .treaml1nel with tlle jet .Pluae. '!'hue expermeDta ha'Ye been 

continued dur1Dg the ,present report per1D4 to inveatipte the effect ot 

shorter expOl\&H t1maa at var10wl tempemturea. Data rapt,4 heN we" 

obta1n1d at exposure t1me. of 1.1 and 0.6 .eCOl1d8 in the ~rature nup 

from 50- to 125·C. 

6.2.1 I!p!r1mental 

The eQer1meutal setup .. s identical to that prev10utly de.or:Lbt46•2 •1 • 

Aerosola were pnerated ueins a mo4U1ed VapoDephr1D nebUJ.izer charpd v1th 

6~O !Il ~ the !! IUSp!'IlIiOD. ~ a.:rosol. vere a_pled l:lJIIultaneouely froIII 

berth the he.ted. lei at th8 appazoatua and the UDheated CClDtrol lei ua1n1 

All GlI.. _1DStll'.. PloV rate in all lQeriJllIDtti vaa 12.5 lUera ,Per a1nll'te 

and the dllraUOD of each l'Wl va. l~ minute.. Viabil1ty determ1nlt101Ul1 were 

made in the lIIIIDDar 4uau ... d in the above referenced repon. 

6.2.2 R .. ~lt. a~d Di.~u •• 1on 

T.be effec~ on viability o~ exposure or !!eeroaola to hea~ed air 

straus far periac!a Dt 1.1 and 0.6 seaon4s :t.a presentad in Table 6.2.1. 

rll... Qata on 'the melll porelent recove17 a. a :f\mct1OD of teapeJ.'lltl.ll'e are 

plot.ted. in l'1aure 6.2.1 alCClg with the data p:reviOU8~ obtained. It an 

exposure t1llle ot 1.1 .acona. It 18 apparent from th1a f1sure tMt, 

- 48 -
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100 

eo 

70 

10 

o 

1.7 SeoOll4 I:l;108\11'0 
~ 1.1 Seaand bpo.ure T 
a----o 0.6 SecODd BX,ploure Ttm. 

60 SO 100 
'l'empenture, C· 

FlOUHE 6.2.1 Eftect ot Belted Air streame on the 
V1 • .,,1l1t:y of AerolOla ot !:. urea.ce.,1 
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.£12 :SLAia 

%'eprdl.ell tit tbe expol1U'e t1ma to h,atea. air, the vlab1l1ty cleona ••• 

1'8p1417 W1 t.h incn •• iDs teapent1.11'8. 

25 

50 

75 

100 

125 

'lULl 6.2.1 

~ a. ~A'l'ID AlB SftlW( TlIIPIBA'l'UlIIS 
QlI' TBI VIABILrl'Y or S. 

AIlRCBO:LIZJI) J'llC* I.IQUID 

Reeoverr, Parcent. 
IXPOIure TiM, BecOUa. 

1.1 SeCODUa . 0.6 SeCClldJ 

100 

95 

70 

25 

7 

100 

95 

68 

44 

10 

The result, obtained. to data lruli~te that a viable aerolol, tormecl 

flUl liquid 8U1pen11on and. then e~d. to heated air, attains temperature 

equilibrium with ita sQl'1'OUn41np very l'IIp1dly ( <: 0.6 .ecOl1cS8). ".. 

relult, there i. an aplIreclllble decl'Ua. in the viability t¥t the 01',,018_ 

evell for Ihort e~ure t:tm ... t fairly low tempel'lture8. 

The eone1usiODB reeehed al a result of tbis stud: are baaecl on the 

elqler1mel1t1lly dete1'lllined behavior ot .. r08018 procluc:ed. fraa a liquid 8u.t­

pen8iOD of tlle oae .iIIUlant,!!. S1lI1lar exper1aeate will be .PIIrto~d 1n 

"the future 011 aerosoll of Serratlll _reeBeenB and. Bedllua rQObi511 produced 
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hom the d17 Illte1'1el. 'lhS. tutUft WOK vlll provw. 1Dto~t1OD OD 

tbe belutv10r of aD aWtioael I1I11U18Dt, and allo v1ll c1etenISU tbe 1Ua­

ceptl'bU1t~ of the.a O:ri-Dsa. Vh_ th.,- are tiI.muted cU.l'8ct17 tl'ca • 

4f1 apDt atcre 1Dto • heated. air atrellll. 

6.3 AllelUia of Jet. Pl".. XUiDg 

Atter :rev1ev1n, tbe earlier "ark OIl ths.. 8u'bjeot ve 1"o1m4 that. • 

beWeeD 'tile _e1'Oll01 cloud aDd the ,jet exhaust va. be!Di cleted1Ded by 

.Itillatini the paaetncal shape ot the ae%'0801 clcN4 IDd luperilapo81D, the 

avensa teJllperature prot'U •• of the eosine OD th1a clou4. CODclWlicu vere 

then dl'IlWD II to the propo:rt1oD of the Hmaol cl.oud which woul4 be Gpoaed 

to temperatures _bov., • selected critical level. We t.el. that tb1a .pproach 

doea not properly CCXld4er the turbulent nature of the ewuat plUllll, whlch. 

(0IlC!e mUift, ot the ae~ol 1flth tha plUlDe occurred) could b1'iftS the '010 .. 

1081cal JIIII'\;.erial into repon. of much h1Pl' ttuenture thau 11141oate4 'by 

tbe plot of the ...,enp tempe:ature d18tr1bUtiolh ~refore, It .ppean 

that the boUZldaJ'1of the Jet plume _tabl1ahed by the velocity cU..cootln­

ult:l.ee are more 12Ilport_at to tUI p%'01Jlem thin that aatab11ahed _ a 

selected avenp temperature llrot:lle. 

~e boundary of the jet plume cell 'be aftMd •• the ."mee Oil which 

V - V 
t.he velocity 1'IIt10 ----2. O.lD where V 1& tho local. meaD velocity, V 

V - V. 0 
• 0 

il the tl1Sbt speed Illd V. :1a the meaD velocit}, OIl the axi, of the jet. 

Acco:r41Ds to KUcbaanll,6.3.1 tbl. con41t1oll 11 obtalDed. on a cotUaal sur­

f"". hev:lD& • 8emi-vertical angle 8iVID by: 

G.3.1 KUciteJllama, D. Ind Weber. J., Aero~lI1C8 ot PropulJllCD, McGraw-Hill 
(1953)· 
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1-).. 'D. g.o --;- (48.,..e.) 
1 + " 

Vo 
where A • -, V. beiul the veloolt1 .t the u:l.:t of the eDS1De. M aD 

Va 
1l1Wlt.ntlv8 cel., tak1tag ). • 0.;, i. 3 c!8sree" 

At th18 bouI1del'f ot the pl..u%le, air 18 eDtraiAed troa the Bun'OUnU4g 

atmosphere. A atud1 of the Bntra1tJIMDt ot air b1 the jet exhauat ~41c.te. 

that streamlinea or1aiDatiul upet:re8lll of the plume ted to be deflected to­

ward the a:da ot the jet before eutering the ,1Ulll8- Kowevel', negl.ect:I.Ds 

th1, teuQanc1 tor the •• roaol to be dnvn into the p1Ul8, the point. 01' 

en~ 1nto the plume DIll)" be ca1oulate4 b)" e •• wains that the.8 atre.l.1cea 

are atra1sbt 111M11 par.llel nth tbe eusin. u1a. :tor an exupl.e cue ot 

• _ .... 11 d.ro_~, when the d.1aeeadnator IIOW1tlns etation 1 •• pprox-~l¥ 

thrlae te.t tZ'Oll the center liDe ot the eng1ne, thll point 0'1 entry into 

the plume wouJ.c1 be at • diet.nce ot i. 57 1't 4oVDItl'ellll t1'Cllll the en;1ne 

exb,uat nozzle. 

Ue1us l'8lulta from. Rl:lf.:'ftC8 6.3.1, the temperature 41etdbut10Q ,1ODI 

the axia of the plume can be rep1'88l1llted b1 the emp1l'ical equation: 

(1 - A)( ~) 
(tor 5; " 5) 5 

where 'l'(x) 1a the lllean tempe~tura all the axis at a d1atance x hem the 

en81ne ellbaust. nozzle, To 18 the amb1ellt. tlllperat,ure, 8Jld. 'fa is the 

.ng1ne exhaust. tempet'8t.ure. The ensiDe nozzle d:1aeter U De. 1'01' tb. 

d.roI1e, we bave 'fe • l2OO-'; thua tar i • 57 tt, 'lo • SO-lI', 'lei) • 420-,. 
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IXper~tal inveatipt.1cme dte4 iD. blerence 6.3.1 ~. Ih<Ml "that 

the ~ra1Ul'. tiat1'1'b1.lt1On in the plw. 11 broa4er than tbe velocity 

dtatri'but1oa. Tbua" 10 pe1'C!l!IDt temperature 1':l.t" DCCUN on a cou1cal 

surface of ... i-anal_ ~t • 4- whUe tha 50 percat .r1le occun at an 

angle of about 2 48gre... 'lh1a temperature d1atr1bUtioD 11 1n41catS.ve 

of the turbulent III1x1nS procel. tak1q place in the plume, .iDee tllermal 

enarl1 11 t.ranaported. larpJ.f by tUl'bul.eut cl1ftua1or1. It t'oUowe that 

material. eoter1ns the plume w111 be .ub.1ect to m1x1ng t.brougbout the 

plUM end ma,. thereto",. be expoaed. to the fUll range ot teaaperaturee 

extat1nl within the plume • 
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The 1z1ve.t!ption of the flew characteriatica ot slurries of 

Serrat.1a marc_ceaa in 8 fluorochemic:al liquid was c:oacluded dUrinl 

the preaent report pal1.Od. AD extl'l1S1on mec&eter wa •• 84 to study 

the tlCJll' properties of slU1'1'iea of h1S1 solids concentration. 

7.1 Jxtrue10n RbeCilleter 

The cap:lllarr v1acometer 1.1.1 and rotaUonal viac'*IIt.era prevlouely 

emplo)'lld in atudy1ns the rheo1oS1cel 'behavior of §!! .l.urdea in 'the 

fluorochell1ca1 l1qula. rc-75 "ere not capable of handl:l.l1g alUZTie. of 

gwtlter sol1da concentrat1on than as - 30 peroent l.ly we1sbt. To extend 

the 1nveatlption to alurrie. ot hlr#\er sol~ concentration, a liaple 

extruaioo I'heaaeter WI. const.ructed for use with an Instroll tenau. 

teater. 'the rhecaIe'ter ccma1ated of .. 1.62, inch (1i..14 CIII) <11uetezo 

cylinder capped at one end and aonta1n1ns • amall orifice in the cylin­

der wall, and a aloa.-f1t.tinS p~ton. 'l'he cylinder we. loaded with the 

slul'1'1 \.\nder exalllination, the piaton vaa inse1'ted, aDd the device vas 

pleced in the cClIIlpre •• :\.Dn test cage of the Inatroo. '!be force reql.l1red 

to extrude the alurry through I;he orifice at a cObatant nov rate va. 

recoNecl autOlll8tically a •• fUnct.ion. of the p1atOll travel. 

The orifice initially uaed waa 0.078 inch •• (0.198 ~) in d1aIIeter. 

BY v8l")'in, the nte of' Jaw tr .... el or the In8tron, the volumetric now 
rate throush th1. orifice could be cnensed f1'Clll 0.1 to 2.8 ea3Jaec. 

7.1.1 General Milll HIIport No. 2216, Fourth Q,u8rterly Pr0srea8 Report 
on Dia.cmwt1on ot So11d IUd. Liquj,d. IJi Apnta (UnclaaB1f'1od 
'title) August 10. 1961, p. ;9-61 (coot1d4tnt1al). 
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Ad41t1C1lAl ta.ta 118ft partol'llll4 vith an orifice 0.1 incha. (0.25 =) 

1ft Uameter. 

1.2 !!R!r1DeDtall •• ultt 

J'orce verau tl.oV rata CUJ"le' vere o'btaa.4 OlIo .l.u.rr1ea ot 33-1/3 and 

40 percent 121 "e1ght!!. AD at.teQt va. ade to prel'&" .1Ul"rl .•• gt !! 

more b1sbl1 conaC'ltrated. thaD 40 percent by ve1&bt with no '\lOa.'.. At 

h16ber oQQ08ntratione there 18 not sufficient 11qu~ present to suspend 

the ch7 lIIltend. 

'lhII 1'8,vJ.t, o~a1ned vith the rhecaeter ehoved that the force reQu1red. 

to extrude the alUl'riea at a ecmatan't. vOlumetric nov rate increll.d COQ-

t1nuou.ly with the amount of material extrwle4. r1i\ll'e 7.2.l preaen'ta the 

reaulta of • t)'Pia.l eJperu.ut with a 33-1/3 perceut b)' veiSbt !e alU%"l'f. 

The pre •• ure required to ~it.5.ete flov throush tba or11'1e8 va. about 10 

pa1 (0.68 ata). 'lb. pre,.ure required to 1IIIl1ntdn f'l.ow rose coDt1nUQuely 

to a value ot 1000 pd (68 ata). the limit of the load cell, after 23 em3 

ot .1urr;r hacl been extru4ed. S:1lII1ar beh.vior Va' observed at other tlaw 

rat.,. a04 nth the 40 percent 'by wiSbt !!! .lurr;r. At 111pr now rate' 

and lolida cObcentratlon, the riM 10 torce CCCI&ne4 110ft rap1dl;r. 

It VB' thoupt th.t the pllenoeaenon da.c1'1'bed. above ~1al1t be due t.o 

.. prateftiltial 41epacnnt. of the fluorcchmicel liquid which vOIl14 de­

plete 'the !! alUl'l'J re1lllliDiDi 1n the rhtClMter ot liquid. JC-75. '.l'h1. 

hypothed. va, teated by taking .'!llPl." ot the extruded !! alum in 

we1sb1llS bot-U.s periodicallY tbl'OU.vwut ODe at the l'I1na. 'lbe slll!'!', 

te,ted va. iftit1a1l1 33-1/3 perceot by wight §!. Tha •• mpl .. which vere 
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analyzed vere richer in :rc .. 15 ibm the oril1Dal m1Xtun. 'lb. saapl.e talaUL 

tl'Cllll the 1'1Ht material ext1'Wled va. CIlll 29.2 percent. by vetFt!!!. ~. 

!! content. inoN ••• d gre4uaUy I. 111)" .1un7 was ext.l'WIed l'Uah1D1 • 

value of 32.3 percent at the 1000 pais Um1t o"! the !D8tron. At thia 

po1nt conaiderlble unextru4ed. .1ul'l'1 rlM1Decl in tbe cyl1nder wh1ch bad 

an !!. content in exaa •• of 33-1/3 percent by vatsbt. 

IXtl'UllicQ teltt _de with the 0.1 ineh (0.25 em) d1IIIIeter orU'lco 

yielded .:lmUar re.ult. to thou de.cribed above. 

'.l'heae rather 11IIIp1e te.t. deacr1bed. above were _de to detexm1ae the 

t .. llbllity of feedlng hl&hly concentrated!! all.U'1'1a. tbl'O\'\sl1 reatnctlcme 

such •• an orifice. J'l'CIII the lntorJDat1on o'btt1ned it. 1e c012clu4ed that it 

vcu.l4 Dot be lenible to handle slU1'1'1II1 lION h:Lply concentrated. than 

2; - 30 percent by VI1sbt ~!!.. At highar concentrations extremel, 1&1'81 

pre.8uree would be requ11'ed to move the slUl'l'1 throush In 0%'1t1ce, In4 the 

extrude4 alu1'1'1 wCNld vlry in II! concentratiOn throu;hout the extruaion 

proceB.. r1Dally, a Blur%')' ot hiaher !! content than 40 percent bJ we1aJlt 

cannot be prepared. 'becauee th.N 1. not .uttlc1ent l1q,,14 pr .. ,,,t to ,,,epell4 

the material. 

In view ot th ••• finlliDp, it. app •• r. that. the .. Jdmum concentration 

at !!!! which can be conveyed .nll metered. by the alurr:v teehn1qua 11 •• iD 

the range ot 25-30 percent 'b11fe~t. A elurt")' cont.aiD1nl 25 perC81lt by 
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alurq 18 la, it toUob that tbeZ'lt WOIIl4 be 0.40 P of !! per am". 

Rowever, the den.ttl ot §! 111 ita d.ry, \JACCIIIpacted tOl'll 1& 0.33 p/ca3•7•3•a 

Therefore, uu Of @! u alum torm to dell.,.\, a glveu ma •• of the atlD" 

ulaDt VCNlA. r.qU1N cal'r11D1 about four t:1m88 the total ".1~t. of material. 

t.haa. would 'be required. 1'0 ualul Qry, WlCCllpacte4 material. 

7 ·3·l Oeneral MUll aeport 110. 2216, J'oIlrth QUlII'terly Prosre •• Beport 
on D1 •• emlDat1oa ot SOlW and Liquid ]If Apnta (Uncl. ... 1Ned. 
title) Auguat 10, 1961, Al. 61 (Ccnt1d.ential). 

7 ·3·2 Ibid. p. 73. 
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8. PIOGRIB8 0Jr 'l'HI LIQUID DISSlillDlNma 8TCIUi 

8.1 IDttoduot1oa 

III our ~ QuaZ'ter17 Proge.. Report it va. pomted out that tbe 

d18selll1ut1na .-+..ore to be fabricated an thia Pl'OgraDI WOUld. l)e ODe CIa­

Btped. for use OIl 1IlIUlDad. airCU'aft, rather tobIn tor the tlSI)-5 Drone. The 

seneral oont1suraUoas of this exttl'nlll atora w.s shown 1n • dmv1DS, 

included as pert of AppeudiX B ot that reportS•lol • 

!rhe ext.mal .hape 01' the store which wa •• elected a mown a. tbe 

Douslaa (DAC) shape. 1'n1a deaip has • subsonic drag coemc:l.ent vh1c:h 

1. CQIIIP&rable to other SOocl lIhape. and 8 very low supereonic draa co­

efficient, as 41acua.ed in Section 5 Of tl1ia report. ~. general1ze4. 

cocrcl:l.natea of th1e stere abalIe are al.o liven 1n SectiOn ,. 

Th. 4u'Gl1nator will hIIve a leost!l of 227 Iache. and a maximlm 

diameter at 26.5 inche.. ~. l1quid. apat 11111 be coatained in .n 

inner taDk (filament WOWld sl". fib er conatl'l1ct1on) wicb will have a 

capadty of lao 1I1lOD. of UClu14 _pat. '1'he a~ce between the iMer 

tank end the ald.n will be filled v1th • 19v-denait.;y, foued-1n-plac:e 

Insulation. A ra. au turbine-sene rater, mountecl. in t.he no •• of the 

store will prov1d8 400 cycle, 3-pha.- power tor the otbar electrical. 

caaponeate 1n the ,+.ore. ~. l1quid egent will be cl.1scbarsecl at a nov 
rate ~ J.8 IPID throup sl1't-t1P8 nozzle. located 1n two boCID8 wh1c:b 

extenli below tbe store clur1nS operation and At'e ret.reetable 1I1to the 

store. A motor driven pump w1ll del1'1er the -sent to the bacmII during 

3.1.1 Genual MU1., Inc., Report Ko. 2216, FQurtA _rterl;y ProsnJ •• 
Report, nt,semin.tion ot Sol1cl. and lJ,qul4 BW Apnta (O'Dela •• itted 
tItle), Auguat 10, 1961 (CODfidRt1al) p. 28 at 4p1MHld1X B. 
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dial.:lnatioD and rill al,o provic!e a rec1rc:ul8t1CD feetuN duril18 fi1gt1t 

betoN dle.m:1ution, to IIl1nSJa1ze .ettlus of tha .olida in the 'sat. 

'l'he bocu Ind the plwab1aS CGIIIPlrtment will be elect1'icaU)" heated to 

prevent freezing. 

8.2 DlI1p Approach 

It hal beaD decided that the detailed de111sn and tabl'icet1cG cf th18 

diaaem1nat1llg store will be P81'tonae4 .1 all :!.D-houae effort at. (Jeneral 

MUls, :Inc. ~ overall des1Stl configuration bal been eatebliahad aDd 

laYOI.lt .ad detdl.inS 111 proceeding in all areal of the de.1gB. Several 

ot tha cCIIIl,PODenta v1l.1 be purchased fJ'QIII other orpn1zations. Orden 

have beezs placed. for major purchl.ed. parts, inc1uclins the outer talDk 

aIIsombly t tlle inner gla88 tiber tank and the ram 81l' turb1Qe-pnel'lltor. 

'!'he spec1f1cations for these purchased 1t8118 are iDcluded aa Ap,PeDdicea 

A, ! and C tc th1. report. TIM quoted del1very datee OD all ~ the •• 

ita. are coapat1ble with the overall project schedule. 

'!'he cUa •• instar ,,111 be .ePal'llble int.o three •• ct1onB, (1) the 

nOM .ection, (2) the cauter nation, aud (3).tha taU .ect1on. The 

nOI. and tall .tattoo. vill be bo1te~ to the centar .action at s.ction 

Joint 1'11181. The outer aluminum shell ll1d .. Bod.ted .tructural lIl_bera 

tor all three section. vill. be fabr1eated 8114 .Iaembled br J1etcber 

Av1at1oll corporet1on. Flet.cher w111 also in.tall the imler tank and till 

the apaca between inner tank and outer abell with tOlll type iDlulat1on. 

8.2.1 loa. Section 

'lhe n~c aection consiata of the ram air turMne generator and the 

forward. eompart.lllent. The Allison Division o'f General Mot.ors w111 supply 
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the turbiD. generator Which nll have a 1j..5 JYA capac1t1' 'lb- i'ol'nrd 

cOIIpartment will house electncal connection. to the geQel'ltor, c1rcuit 

bJoealcere, and the senel'lltor volta. reSUlatClr. A door in the tOl'Vard 

~rtm.ut will provide ace ... to tha electrical compou"""ta mounted in 

the ccmpartlllent all"- to the bOlte attachiDg tb. oo.e nction to the center 

.ectloa. 

8.2.2 CaDter Seotion 

~e eent.et .ection of the 11qu1d agent. cUltem1nat.o:r extenda fram 

stat10D 23 to staUOb 171.5 and lncl.udaa the :Lemer tank, the lug attach-

l118ut and "atrOD, back" structure, and the aft COIIIpartmeat hOlainS the 

pl1.lmb1nS and fluid hen41:1ns syetem. 

'!'he f'1lament-wouod fiberglas a inner tank will be suppl1ed by tamt.:K 

:tnd.'ue1iriea, Inc. 1he apace between the inner tank and the outer sbell 

will be t1llell with :f'0IIJIl 1nnlllt1on. Th1a ia8ulat1oll will parfOl'lll tbree 

Jll8in 1\mct1ona (1) provida structural support to the outer ahell, (2) 

provide support tor the inner tank, lind (3) prevent hest 1088 1'ram the 

inner tank. The m1lita17 spec1t1cat.1oas tor aircraft wire and ic.Itallat1on 

have been reviewed, and wire and COI1dult 818.8 heve batm determ1Ded for the 

part of the s)'$tem which pau.. through the 1n8ul.ted aection of t.he store. 

considerable engineerins effort. nae been devoted. to ctelisn ot tbe nuid 

handline: system, located in the att compartment of the center "ct:toD. 

Space 18 111l1ted in th18 area, requiring careful attention t.e selection 

and placement of ~nent •• 
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!l!1e aeveN belc-t1sl2tu.s req1l1relalaJ2t, aa I18tel'lll1aed. by the 

General ZlectZ'1c B-1 halopzl detector hea beeQ tM IZIOlt iJapOrtant 

coma1d.el'l.t1on 1D aelect.1cm of QCIDPCIleDte for the fidel balldliDS .,.ta. 
It hal ben a.ta1'lll:Lud. that the puD;I UIlit vla1ah 18 IIIOIt auitable 

for th11 eppl1cet101l 1s a rotaq vaDe-type pump manufactured. bJ Laar­

.. c. With rupect to 1 •• k-t1sbtDea., the JIIaIlufacturer lWl ... un4 

conformance to • leaup teat us1DS soap aolut1011 aDd 811' at 20 pa1S 

11Z' prel.ure, bat ha. not performed. the halocell te.t. We have .lecte4 

to purcha .. th1. PUIIII' bec:llUle we believe it to be the bat available 

,t11i aubject it. to tbe holopl1 l .. lcaae teat 1a ouzo lIbontor1e.. M a 

bIIak-up .aaure, we have eone:l.4e:red. eacloa1r1g the 8Ilt1re pump and motor 

in a aealed ea.ing. mi. will be doc.e ouly 11" teata prove the Dece .. 1ty, 

.1nC8 1t .. lees the apaee problema IIIOre critical. 

~e 28 volt DC aolC1lOU valvee v111 be aupplied. by the Marotta 

Valve Co. '!'hi. I118Dutacturer 18 eonf1deDt that th.ae valve. wlU meet 

the aevel'e leakap teat.. However the teata WUl have to be parfol'Md 

by Qerleral Mill., Inc. If theae valves do not pu. the leakllge teet, 

mod1f1cat1oal to improve tham will be inve.tts-ted. 

HycI.ropolael Incorporated viU 8upply the flow 1ncUcatol'. ihe p%'1-

"1'1 factors cone1d8red In .election at the flow 1nd1~tor vere preBlu.re 

drop acros. the lnltl'ulllent, size and we1f5ht. 'lbe meter eelcC'te11 1. or 

the turbine flow transducer type. It ,,111 provide the tlow/rw-flow 

indicat.ion required an4 V111 alao pel'l:lit Wtl'\llll8Dtat,1oD. to be attached 

dudna grounci tat, wb1cb will pel'lll1t Dleter1ns o~ the fluid :flow. 
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'lb. IIIIlDWll 'VIIlvea Will be 01' the P8ckleal d1aphra8D t)'pe lupplied 

1.1 H1lla-McCanna COIIIpall1. 'lbil type valve is Widely used in the cllem1-

cal prccct.. indWItry. 

ibe !)lumblnl t1 tt1Dga have not as 18t been ord.ared and wilt not 

\llltll the more detailed la)'O\lta have been c~letecl. Bas1callyJ 

they rill be 37- 1'lare and. vela-d or sUver aola-red f1tt.1np "'itl:!. 

some straight threaded ItOIf ring f1ttinsa to mate the pump and other 

established bosaee. 

As aD aid to estebl:Lsh1ns the configuration 01' the plulDbins and. 

fiuid handling system a fun acale wooden mockup of the an. compartment. 

was made. At the present time dstalled draW1nsa are being made to 

finalize the t1tt1nS ro~1remeat. and to e.taDllsh the structural sup-

port fOr the plUllb1ng system. 

Heating of the plumbing system Will be aeeomplished b1 heatinS the 

aft eompartment. '!he compartment will be insulated with a 0.5 lnah 

thick layer of foam lnsulaUon. An lnner elwninum sl1all will serve as 

a protecti'lfe covering for the 1nauletlon. 

Heating re~u1rementa for the aft. compartment are based on a con .. 

tisuraUcm 22 inabes 1n dia_ter and 15 inah". lonS. rr'ha oompartment. 

vall cro.a sectioD and. temperature uadient W8 aasumec1 to be as 8hown 

below. 70 be on the conservative aide it \la8 assumed that the in8iQ.e 

and oU~81de surface temperature. ware equal to the mabiant air tewper-

ature in each case. It vas further aS8U1118d that there 18 nO .. heat nov 
to the forward. area J :1.e. I the fluid store area. 
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Prel~lDar1 calculations baaed on thea. assumptions indicate that • 

heat requ1relllent of 60 to 65 watt.a will be Mcesaary to Dlaintain temper .. 

at1U'e levels in the JlI.IIDP and pll.UllbinS ccmpa1"tlllfmta. 

The aft COlll~rtmerlt w111 have two doora, one to permit extension ar 

the fillins boaes and the other to provide access to the manual valv~ •• 

0.2.3 Tail Section 

'nle ta11 aectlon houses the actuate%' &18tem. The actuator S)'Stell 

conaiBts at the following IIIIIJor COIIIpOIlents: (1) actuator, (2) wo booIIII 

and laver 8l'11 attached to a torque tube, (3) support structure for 1I0\U1t­

ina the actuator and oOOlDB lnaidt: the tank. 

The dea1gn he. progressed to .. point wbere 8 1&lCUt ot • workable 

ayatam 11 ecmp1ete4.. ID41v1l.\ual CQIIponents 8y have to be ehanged but 

the basic geOllletr1 of the system baa been deo1cl8d upon. 

The actuator will be B modification of O'lfIJ that 1. presently in ,N­

duct,lon by Aj.Beseardl Manu.hct\U'1D8 COIaPaD1 of' Loa Angel_, cal1forn:la. 

Thia 8ct~ator vas chosen bacause it f1ta vell into the desl~ aDd the 

Quoted price and delivery time Wae favorable. 
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'l'he .upport structure 1lU deel812ed With the idea at caab:t.nins the 

actuator and boaru in Q st1'\,\cture that ceq be installed. and l'emovecl frail 

the taDk a •• unit. It ill beUevecl that tilt. will ailllPllty &lseablJ 

and .ervicing. 

A wooden IIIOckup of the actuator 6:f8te11l 18 being mada and will 'be 

inatallael 1n • mockup ot the tail leation. 'l'he tan .ect1cn moak\1p 

includes the •• ction beween at •• 111..5 to .t •• 220. 'lhe mockUp will 

clOilely raemble the actual syatem 8e to alze anel ahape aD that any 

clearance and stl'l.1ctlU'e problema will 'becaJ\8 evll18nt. Aleo tho mockup 

will aiel 1n the final a.slgn of the bOQlll well structure. 

91& bOOm. and lever a1'lll will be welded to the torque tube anel pivot 

as a .unit about two bearinsa mounteel 1n the support traIIla. The lever am 

Will be located lI1d.way betwan the bear1nga. A atreaa analysis indicated 

that the bending .trellS with an 11-lncb torque tube span bet.ween bearlnsa 

would be 31,000 pa1. It was deaired to reduee the streBs to approx1utely 

15,000 psi. Therefore, the tube epan betweBn bearings v •• rec1Ucecl r:om 

II inch.. to 6-1/2 inch... In order to cSo th18 the 'boc:IIIItI had to be moved 

in 80 that t~y w111 be parallel and 4 1nchell apart. l'rP.viouBly, they 

were 6-1/2 inches apart at the torque ~ub. and tapere~ to 4 1nch.s apart 

at their enlia. 

A number of probl.elll8 have been eona 1dered in the deSign and fa br1-

cation ot the 'bOom. The main. problema areu are (1) obta1ning suitable 

boCIIII material, (2) machining of the nozale aUts, (3) boom heating and. 

(q) boom cover •• 
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~ stress level. 1n the 'boOII dAI.e to the ael'O~C load1Da wUl 

be quite nigh. C0IlII1:lel'llt1oa wal given to the des1sn ot • boaIII vhlcb voul.d 

have low enouih .tresl J,evel. to allow the Ule of 300 aeriea of atalnl,e •• 

ai-.ee). tubing. However, with a 300 aeri •• yield streogth on the o~r of 

35,000 pai, even a bOOII ~ 1-1/4 O.D. an4 1/4. inch wall would have ex­

ceeaively high atl'ea. levels, CG the order of 51.000 pai. '!he eontrlbut­

iuS tactorB to thi. h1gn .trea. level are ftrat the boa. length ot 36 

1nches which prov1dd e aubetant1allllQlllent a1'lll. lore and af't at.reasell 

call be ~owered by the aM1tioQ of at1Uener plate', ID. addition, the 

lateral torces caused by the von Karman effect and the general air turbu-

lance are an unknOWn quult2,tYl since the von Karman forcea may equal til\! 

ael'OdyamII1c ch-aS forces in their wont uond1t1ou, • conservative app:r:oe.ch 

h.. been taken in requiring the boOSll to with.tand full drag torce in the 

laterfl ~1rect1on aa well. 

'1'0 Gustain the b1s)l strells levels, • higil strength stainless steel 

that t.he Biae ranges of tubing required were not ava1leble frost. .tock. and 

the ODly w81 to obtain the material is by a spec1al m1ll NIl. The mat.r1alB 

considered moat suitsble are a1gb.t 17-7PH or ~3~. A mill which will furnish 

the tubing 111 the desired qU8Iltitt.ee War. found with the help or the carpenter 

Stt'ld CQllPllny. From the available chOices, 8 1.000 inch dia. x 0.083 (wall) 

tubing was selected. 
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8.2.3·2 Macbiuial ot Noule SUtl 

Several technique. have 'been ccnl14ered tor machihiug tbe 0.005 

inch (w1d;th) nOlal. eUte 111 tile bocIIa. Semplee have been _de by sperk 

eroBion machining an"- b7 cbem1cal etch1n&. A third. slUll,Ple will be 11148 

by ultralODic grinding. 'nUIB. three samples w1ll be evaluated 1:1 the 

near fUture b)' m1eroacoplc examinatiOn and by 1'l.oV teata to determine 

the best technique fOr th1a app11cation. 

8.2.3.3 Boom Beating 

It was po~ted out in our Fourth ~arterly h'OgreSB Be,port8.2.1 

that the boDlllli uhwld be beat.ed wi tb 8 watts per square inch to protect, 

against freezing. In contacte with Eleetrot1l.m, Inc., (North HoJ4'Wood, 

Cal1tornie) it has been determined that it 1a fe&a1ble to provide 

heating at thll level with fUm type resiatanae heaters. 'lbe thickness 

of the total heater installation 18 expected to be 0.015 to 0.020 inch •• , 

which inclUdes the heatins fUm (of th1ckne •• 0.005 1nchea) and an inner 

and out.er coating. J\J.rt.her work 1s planned on 'the exect pattern of appl1-

cation of the heaters near the disseminating nolzlel. 

8.2.3.4 Boom covers 

'rhe problem or protecting the bOOllB when in a retracted poe1t101l, 

prior to the d1saell1nat1on rUIl, centers around providing aome ".;ype of 

cover over the storage welli. 'Ihe deSirability of a protective covering 

is pr:l.mer11y baaed on preventing the boOlll ci1scbarge alits :f'l'om beooming 

closged 'fith dust, or o!,::er f'oreigu material, or iced over &lTine t·he 

period prior to the actual dissemination. 

u.2.1 GeDQnl Mills, Inc., Report ::0. 2216, Fourth Q'.zarterly l'rosres& 
Report, ~ssem1natiOQ of So11d and liquid BW ~nts (Uncla •• ified 
title) Auguat 10, 1961 (ConfIdential) p. 17 01' Appendix B. 
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An eXUl1Det10Jl of several p08lible 1I0l.U.t1cna to thil ptobl., 

1Jlclud1n& retractable bra, expen4able IkJors J flexible &:lora aud. fUm 

or fabric replaceable coveJ'll baa indicated. that the t1l1D or fabric 

cover. vDIlld. be the e1lllpl •• t .04 1II08t .1t1.:f'actOry metbod. 

A IIOckup is 'be1ng fabricated to investigate t.he forces required 

to break variou8 film end fabric covers. It 18 1IIIportant that the torque 

re~u1red rrom the boom actuator tor tbia pu.rpoae be well within the avall-

able limit. 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief. Records & DeclassJ~~ WHS 
Date: JUl 1 9 am 

'. 

. 
I 
! 

,I 



.\ 

---''''"-'''~''--

I 

I, . 

I· 

I 
I 
I 

."? iSl&L 

9. S18D18 STUDY 

A _tn_tical 1IOd.e1. for an in1'ective be dcVD w1Dd at. releBa8 11118 

".. 1ntro&lcod in ~ ta.t querter~ prop.. report. B1 me.na 01' thia model 

the probability 01' critical 1D1'aotiou of the popUlation ~ •• determined 8 •• 

Mction of dawn wiDd cloud travel 1"01' various parametera .uch .s agent con­

centl'1ltion to infective dase ratio, discharge rate, w1nd. speed, ate. In this 

l'ePort essentially the same modal Is uaed and for tllAI .ame pur,po.e with ac141-

tiona1 factors, hOlfeYer j "oeinS taken int.o account.. 'l.'hese factors Ire: 

(1) \:he antal.ncy of' PaJ:'t1cle retention 01' • man, 

(2) the length 01' release. 

(3) the initial dcwnval"Cl aloud displacement. 

prev,ioualy 1t was a88U1111d that the efficiency at particle retention 18 lOO~, 

' .. 110 length of relea.a 18 infinite, and the initial clou.d d1eplacement 18 zero. 

9.1 Model DevelOpment and Baalc A68U!ft1onB 

The number of bacteria available tor a IUD o:l ground level at a t1JDe t 

d.ue to un Instantaneou,s point ,()Urae located at the point (0, I, b) tor total. 

IlUlll'ber of bacteria q released at t • 0, ia Boverned by the equat10n 

expo [ -Itt. - «x-- ut)2 + (y - tf 
+ h2 )J al (ut/~)2...e 1 

where t11e nomenclature is defined 1n Table 9.1 and the ecordinate systell 

1. show In FlgLU'e 9.1.l. If it 1, 8GGU1IICd that the time taken by en llir-

craft '..0 layout tho line source 1s ne{3l1g1ble, the bacteria concentration 
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Darin! t.iOD 

:arelthiDs rate ot • 1IIaD 

Aaent. QOQcentrat.1cn 

Ground level &> •• ge ot the agent 

D1aseminat.1on ert101enc1 

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

Bff1c1ency ot retention of particles with ·size- r 

Mean efficiency' at ret.ention 
00 

CompJaaent81')" erzoor :Cuuct1011 :: L exp C - t 2/~} d~ 
Diaa.minatien now rate 

Height of' an aircraft 

Adjusted height of release 

Number of' organ1 ... required to infect 501t of the people 

Agent decay 

Halt of lensth ot release line 

D1Btance alana the aircraft path 

Prcblb1l1ty at inrect10n 

Source strength 

Particle "aize" 

Time atter release 

W1nd opeed 

Aircraft speed 

Weather parameter 

Haigbt tor wbich cr nnd /.1 are dete:rlll1ned 
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• t time t for the •• IUIIed :l.ultant.ZI8O\.II line lourc:e can be obtained from 

IquUOIl 9.1 by Intasrat1Dg aver 1, h<a .. L to r., vb1ch beCClllle8 

where 

. 
It ia noted that q nov :1a the line source .'trength expreuecl 1n uD1ta of 

number ot bacteria per ualt t1me. Ad4;LUcnal assumptions on which the ebovt 

equet10n depends are that: 

(1) t.be wind Illead ts un1d1rectlO1i.al (poaltlv. x c11rection) and constant, 

(2) the te1'l'81n is 8lIIOOtb, and 

(3) the bacterial particl •• 81 ... lIIIIll eno1.lab to exb1blt a BroWlal1 JIIOt:l.on. 

or tIuI •• items, (1) 1& the meet ser10ua ainee 1n rMU,ty vlnc1. speed 1a not a 

constant 1:Iut dependent OIl heif¥1t all woll ao other parametera such 88 t:llXlct. 

The t.otal 1108888 per IIIIn 11 exPn".d .a 1) 10- l\. (x, '1, t) dt. With 

the .asUlllption that -u. spread of the clOUd 18 amaH caapared wltb the clOlld 

displacement, this expree810n becomes 

- "72 -
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Equatlcm 9.3 redl20es to 9.2 of the prevloua quartel'l,y repcnot tor I 
r 

equil to uDl'tt an4 L equal to infinity. ~. ProbabU1t7 (4 intection 18 

related to tbe lethal cloup 'or 

p • 1 • 2 - 4/I»'JJ 

9.2 The lttic1eng of Particle ReteDtiaa ~ a Mall 

For the prev10ws ... th8llllticel lIIoa.tl it va8 a88U11184 that a man rete:1Da 

all. of tha pal"t1clas that. 81'. 1IIhalad. Since only a fnct.1on cd particlAl 

remain in the lunp, 8 better model 1s obtained if' this tact 18 taken int.o 

account. 'l1l18 may be accomplisha4 by 1nt.roduoins •• an sUlcl.ney of 

particle reteQt10D willa would be • ~ct.1Oft ot particle 8118$ r. It II (I') 
r 

18 particle retention efficiency 101" lise r .rul R(r) 18 the size d1et.r1buUon, 

then the lIIBan effioiency or aU partiel.. 18 d.et1ue4 a. 

1'1'. J~r If dr'! J~ dr' (9·6) 
a 0 

POI' normalized If, i1' • 10-Br If dr'. A8 8 D\IIII8r1c:al exampl., let us 888ume 

8 1101'llUl1 breathing rate and. part1ol.e. em tha 01"481' of 1.5p. In this 0 ... 9•2 •1 

1 -(r - 1.5)2 
)I 1a approx:blated by Jl • 0.154 r + 0.2. Fol' 5(1') • _~ a tha 
l' r V~ 

mean ett1cien~ beCall88 0.33, in which case the probabU1ty of ia.f'ectiOD 1s 

d1lll1nlsbacl conlid81'8bly •• comparec1 to the ideal aue at l~ p.rticle 

12 -3 3 retention. For u. 5 mph, C/IDr;;f:j. 10 ft •• f. 5 ft. /mln., b. 100 ft., 

9.2.1 wcian DIIntrebande .. Stl.l41ee of Aeroaola, ABC Research and DevelopMnt 
Report., p. 33. 
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report, the ccmpar1aoa 11 .hova sreph1.cally1n )'1gure 9.2.1. 

ib. CU1"l8 tor the prob8.bUlty ~ lnhet1.CI'1" II ... n 1.n J'1gure 9.2.1. 

hU the ._ tOft for part!.l reten1.ioa of particle. a. tor ttle total re­

tent1.CDj however, there 11 a cOll81derab1,- sreatel' deore •• iIls rate in the 

probability from the maXimum value in tbe former ea ••• 

9·3 The Lensth of Beleaa. 

For l'lI08t Of the :1"llsbt cond.1 tlOD' the length of rel.... can be C011-

sidered a8 infinite so that the factor, Il arfc. :ltl EqUatioD 9.3 allUMS 

unity. In case of larp 0"".n4.,6, thouF, t.hia factor cannot be conaic18nd 

as unity. NeeI' The IIOIn'ce it 1. near uaity but :for larger cknm wind clowl 

tl'flve1 it d1m18hea to zero nth the rete depending on val.ue. of' (J"'s andA. 

11'01' averep and POOl" "weather cond1t1onl" •• e 4aflll6d in Neterence 9.3.1, 

this factor i8 plotted as • fUnction of cloud travel 1n ,~ 9.l.1 for 

a center l1ne (y • 0). In cae. of' good "veather" the leafJth caD be aOD­

sidered 88 int'1n1te. In general Aerf'c 111 greater than or equal to 0.999 

at the center line when the inequal1ty,"Vi L/ (J"z(x/x1t' ~ ,·300, 18 

"tidied. 

The aloud of partIcles upou relea.e ~m an aircraft accelerates down-

ward. 'l'he motion i. due to Uagl.acecl air by an e1rcl'llfi. AD est1mate baa 

9.3.1 North AmericaD Av181t1on, Inc.: !eport. No. IA"5,-632, "AirbOrne 
B101og1~~1 Wartare .~ Low Alt1tua.a,R vol. 11, 16 JUDe 19591 
gp • .165-6 (Secret). 
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been obta1Ded b)' other worken9 .... 1 cd the doVnVard. veloclt;y of tlae cloud 

a •• fuDct1cn of tlme. It&1t1all;y 1t 1. approx1lllateloy 7 ft/Me but then 

dbdn1abe1 expouent1all;y with t1ma to about 1 ttl •• o 1Q 20 MCODa. !l'hta 

studY ln41cate. tmit tl1e 1n1t1al d1Jpleonwt or the clOud 18 about 55 n, 

ao that the heigbt. at an aircraft, h, 1n our medelllUBt. be d.1miniahed b;y 

that allOunt. 

9.5 lI\.UMr1cal Real.llt. 

'lo ~te1'1ll1n. the probebWty or infect10n a. • tunction 01' down v1nd 

cloud travel, the 881118 values are III11.,d tor the par_tara •• in the FoU.rth 

~rterly Report except for particle retention eU1cienq tlnd the aircraft. 

he1gb.t, Which are taken to be 0.33 and 55 tt, re.pect1v.~. l!lquaUcma 9.3 

and. 5J. 5 were programmad on a BencUx 0-15 dig1 tal computer alld the retul. t. 

plotted by PA-3 plotter during proe;ram execution. The •• stepha vere re­

drawn and are praaented in F1~s 9.5.1 and 9.5.2. 

9.6 ComR!r18on of IXp!:I'1IDontal and ThtlOl'etical Reaulta 

It 1a ot greatest iDte:eat to compare the eXlHtrillental reaulw tOI' 

bscter1e intake pel' man with the t.heoretical rttel.llta. The values for the 

parametora are taken for trial A-4 conducted "o~ North American Aviatiob, 

IDC.9 .4 •1 These values are: 

Length of re1ea ... 

Heisht ot an aircraft 

Wind apeed 

Bacteria cooC8ntratlon 

1lov rate 

9.~.1. Bee He1'ercnce 9.3.1, pp. 165-6. 

- 77 -

'IDI"I.1I1l 

1, mi. 

llO tt. 

l, .i./hr. 

10 1-, 1.6 x 10 or8.,~. 

17.25 pl.jmin. 

DECLASSIFIED IN FULL 
AuthOrity: EO 13526 
Chief. Records & Declass Olv. WHS 

Date: ,}~ Il 1 9 2.01S 



• • " q 

ii 
'C... I t· 

--. 
-

I "': 

--

- I 
.,. 

I 
I 

'? 
r-f 

-I , 
I 
~ 

I 

. 
! 
rt'I 
( 

~" .. 
i 
a 

~ ~ ~ 
000 

U01+=>-';UI JO lnuQ.8q.o.IcI 

- 78 -

._. _____ 9' __ -"~ l 

~ 

:J 

~ 
~ " Ii 
J a 
] 

~~ 

I 

o 

Page determined to be Unclassified 
Reviewed Chief. ROO. WHS 
lAW eo 13526, Section 3.5 
tJate: 

JUL 19 2DI 

.. 
' . . . , 
'-



rt: :; J." ~ :. .. r 

\2J 

c-i~fl _. m ii' CD 

alit 
-a.,Cl.. 

c.. "'03 
c: i2"-' .--!!.l _[8 6 
CD g92" 
~ .. ~C .-it 

r 

"1.1 .~~}J< II ·'·f'. 1'.\ .. ,., - - -
~ I' -'~~Il!'i'"~"~I~"""":ttl' .. ,. ~"""'!P JiI!:i~~~e.l by 

-=-- - - ~ .... ...... 
f 

I 
1.0r-------------------------------------------------~ 

! ., 
~ 0.7 
~ 
t 
~o • .... 

1 ,.. 0.2 

o 10 20 30 
Dow Vind D1ataDce, 

Weat.her 
u 
c/~ 
ha 

.. NGooda 

= 10 mph 
_ 1.0 x 1012 fl-3 
.. 55 f't 

:nOll rate, -r, n 3/"iIWJ.. 

rIGUBE 9.5.2 ProbabU1ty ot Infection versus C10ud ~ve1 tor 

/ 
12 -3 c m50 - 1 x 10 :rt 

I 
I 

-- - •. ··'L'.- -_ 



-".--._.-
Ii 

II 
fl 
IJ I 
l 

, ~ 
t ,. 
I 
I 
to 
~ .. 
II< 
~ 
~ ... 
~ 

;) 
-. --

-.. 
.. 

rj 

I 
I 
I 
I 
l 
f 

I 
I 
I 
I 

I 
I 
I 

SSlIflZSi". 

Aircraft 8peed 

Ho~ll. .tt1cien01 

Mteutioa e:tfS.c1eDCJ of particles 

Bl'Uth1Ds rate 

400 knots 

A lIIil.4. ,..::at1.U'8 1r1vera1on h. present in an 01*1 te%'1'ain 

.0 that OS. 3.a III. aQd..4 - .66. 

l~ per 1II1D. 

'l1le comparison of tho ex,perlamtal and theoret:lc:d result. :le shown in 

11S' 9.6.l. AI woult! be auspeeted DO ~orfelat1on exists between the theo17 

aud the uper1menta. As pointed out in the 1.,t quarterl.1 report and a 

9·6.1 the report. 00 agenr. characteristics J k 18 not • couetant 80 t this fact 

in 1tsdt would lead to • di.crepancy. Alao the c:o.t'relat1ona between thfl 

temperature and wind speed. profiles with para_ten Oi I .8, and ;. are Roor. 

It 18 likewise not know hOlt much bacteria 1. 108t due to expcaure to the 

Jet of an 8iroraft. The a.ce1 Conat8Ut, k, which enables a 1888t aquare 

tit by EqWlt10a 9.3 to the data for 106 d/2 VII. 101
10 

x 1n thia partlaular 

trial 18 

k(t) • (4.63 - .~ll lc~O l~.e t)jt 

That 1a, 1t the decay cooatant 1a taken 'to 'be of the above tom rather 

than l~ per min, then the theoret1cal result 81l'Ooa with the experimental 

111 the least square senGe. J'rom tbio result it appears that the Q.eosy ratlit 

vadel nen lIOl'O rap1~;Y than What. WBI or1g1ually Iw.pected. More laboratory 

9.6.1 Jort Detrick Report April 1, 1961, B1olos1cal warfare Apnta II. 
Agent Chsractel1at1ca, Ho. 61~FJB·392. 
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10. StJIIABY Alm com:WSICl'l8 

During th1a report1Ds period, Ph ••• II work was cont;ln\1ecl, iualucU.nS 

r .. earch 1: a.verel are.. a'located '11 tb dtaaemlaat.1OD of loU4 1Il apDW 

and .lao the 1n:l.t1al VOl'k on the detaUed. del1p and fabricat10n of a l1quid 

asent d1asem1nnt1ns .tore. 

~e theoretlcal .twi1.a of i;he machanica of part1 culatG materiels were 

~t1nueli. !rWo apacifie pl'Oblema were eXlimined: (1) I2etltl1D1Dat1on ot tbe 

force required. to cl1&plaoe e plug of powder contained 111. • cylindrical tube 

and (2) a prel1m1uary study ot the relationlh1p between the energ of COlD" 

paction and tile bulk density of particulate _t.rialS. M. result of the 

1'1rlt analy.1s, an equation tor the force required. to tnnelate • powder 

plug, wbich 18 of the ... 10rm a •• a1'11&1' empirical equat101U1 J "1. derived 

theoret.ically. FUrthe1'lllOre, 1:lm1t1l1g val'll.a 01 • resi.tance parameter, K, 

were theoretically derived and ha.,. been conf11'llled by sxpe:r:lmtnt. ot 11m1ted 

scope. With re.pect to the role of the enersy of ecapaet1on, the theoretical 

analya:ts of J. 8. Derr, Jr. va. compared. wUh recent experimental data and 

eood. eareamant. vas tound. (Section 2). 

As part ot the eXJlGZ'1mental prosrl1lll on 'the ph:rs1cal character11UCI o~ 

powders, extensive alleer strength me.lure_at. were made, "hich included 

1nvestl;at1oD of the relat10nehlp ot abear .treagtb to compre •• ive atre.s 

end the etlllosphe1'1c hum1d1ty in which the material 18 stored. It Wal tOtlcd 

that the sheer .tnngth 1nen .. e. nearly liu.arly with campre.a1va stress 

in the reap investigated. Preliminary 1nd1cat101111 are that lIore rapid 1n-

creaSGS 111 eheer IJtreft~ 81'C tOWld at htgher compnl •• ive .tn..... 'lbeae 

.1"7EIIII.:. 
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will be iIlwlt18ated. 1n tbe 11eel' t'UtU1'e. With reapeet to h1.a1d.lty, 1t 

w .. foUQd. thet. Ih •• r etreasth 1Dcreeees with S!loreal1D& hUJl&ldity up to 

30 percent, but that it dacresae. again at ·405 lI8rcent (Section 3). 

'lbe wind tunnel etud1e1 ot c118aem1nat1cm aDd deaglcmerat10n were 

continued, and included investfB,atlO11 ot ,llU'tic18 die cUatr1bution ot 

aero.ala generated trom loose and caDpacted §! a1mulant, and also •• t~ 

ot the trequency at occurrence or aglomeNtes 112 the a81'0801. ihese 

studies were made b7 microscopic examination ot particles collected OD 

Mlll1pore tUtln :1.n the 1sold.net1c sampling probe. It w •• to\\n4 that 

the particle a1ze d:l.atr1bu.t1on ot the collected IIIItaral Bareed very 010l81y 

with that or Ule cootro1 sample 1'l'aII the bulk I118terial., indicating ee •• n­

tally caaplete cSeagglomerat1on tor .ample. with bulk deDa1ty up to 0.5 p./=3. 

Stud1ee of the tr.~ncy ot occurrence ot agglomerates, I •• function 01 tbe 

bulk denslt;, ot the compacted!!, revealed the existence ~ a crItical region 

at epprox1matel:,t 0.6 tJAl=3, above vhlab the m&1Ier 0: .sslam.Nt.es incre •••• 

rapidly (Sectlon 4). 

DUrlng this reporting period a Qaslsn concept tor the first dry agent 

d.1ssem1rultiug store va. developed. Thia Clonottpt appaan t.o meet. tho Ol'1gin.~ 

objectlvea ot pl'OvlOJ.nS mu::baWI tlexibility of eppl1catlon with rell,Pect to 

agent propertlea, clrrier a1rcraft capeb1l1tlee and m18ai0l18. Till. a.a1&J1 

concept 1s 'based on the U8e ot campaoted dr7 asent. BDd empl018 a dual­

piston teec11na system with prov1elOils -tor aelect10a ot 5 operetina apeede. 

The pllyloaci 10 coUatec1 to be :,90 poun~ of cb'y a~t11:. compacted to a bulk 

density of 0.55 pi c:m3 (Sectlon 5). 

-84-
."rnpe" 

DeCLASSIFIED IN PULL 
Authority: EO 131526 
Chief, Records & Declass Div. WHS 

Date: JUl 1 9 ., 

I 
t 



"' 

--.:.... 

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

-

I 
I 

-~ . _.. ~ .-.. -~-~ 

A &2 b,a,". 

studiel at the Jet plUllfl problem W8l'8 continued. with turtber expel'1-

mental work CD "--te:m1DaUon of the 101.88 of Viability 1D an ael'0801 gen­

erated frcm • liquid IU8pem11on of~. It VII found. that ."oatanUal 108 ••• 

occurred for ezpoaute cmrationa 81 low .1 0.6 aec:cnda at tempuatunl ot 

5O-125·c. An analysis of the Jet-plume m:1.xiDa problem indicates that, for 

caees where the aeroaol 1. released cJ.oee to the ename, :l.t :1.8 rNson.])le 

to expect m1xins to ftpc.e the aerosol to ~reture. which will cause J.oss 

Of viabilitY' (section 6). 

ihe investigation of the rheolOa1cal behaviOr of !!!! aJ.urrieo, 1118138 w1th 

fluorocarbon l1qu1tia, were CI01Ipleted d.ur1u8 thl. l'8portlng period. It w •• 

found that the meld-mum concent.ration of !!! in the liquid 1s 25-30 percent by 

veight. Above these QOQcent.rationB, tne prelaurea requ1red to extrude the 

alurry throop eD oritic. 18 very high 81111 variable. It va. concluded that 

t.ne ve1ejlt penal tl in I s1Btem of this t.ne would be too high to permit 

ita use (Sect:ton 7). 

considerable progrel. val 1IIc!e clu:rins i;hlll pariod on the design aai 

fabrication of the liquid disaem1na't.ing ltore, which 18 part of the bae II 

program. The senenl deslgn fe.tures wen e.tabl1ohed and the approech for 

fabrication va. determ1ne4. 1'he external shepe of th1a Dtorlll 1. known •• 

the Douglas (llAO) atore shapo and the priheipel dimeMiona are a lenath of' 

227 inche. end .. maximum cU81/IUt.er of 26.5 inches. 'l11e liquid capacity 18 

100 e,allcna and t.he flow rate 11 18 gellona per m1nu .. t.e. Ule .in purcuaed 

eomponenta heve been ordered anll detailed vork OIl many o~ the sub-.. aembl1e8 

haa beeo initiated (Section e). 
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'l'lle .)'"St •• aaalya1a, eaplOl1nS a ver1&ble-decaY-l'ate mathe_tical mor1el 

he, been c:ont1Dued. Calculations have been made, cc:apar1nS the pred1ct1ons 

ot this model with aVailabl8 field data. It appears tbat the variable-decay-

rate approach ottera some improvement in mathelltllt1cal III04el, for this CaI1-

plex problem (Section 9) • 
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ENGINI£~ING DEPAATMENT SPEc:IFICATION _____ ~_ ":_ ~_-02'1 __ 

9l'A'1'JICII1' OF WJI( 

mIRIML IDI)VABtI AlRCMPl' 'l'ANI ASSDlBLY POR GIIIRAL MILtS AIC'l'ROJttCS (8)UP 

l.Q SCOPi 

'1'b1. aocu.eDt d.,cl'1bea tbe dea1&n, pe:rf'ONUace aIl4 del1VU1 require­
_~U tor tlae eD&1nHrlna ud .llllDl&t&ctlll'~ ot _ extel'D&l, ~l. 
&1rczoat\ tMIc .. __ 1,: &ad tile .ce~1q requ1rellellta tor ~tIOil. 

2.0 APPLtCA:ll.B DOClImIrlS 

2.1 CQUfelL'eDee at J'l&tcber' AV1&t.1011 COI'p. att,6II4ecJ b1 J. MeOl111cudA17 
AIUl I. hnJa1ll on Aupat 7t.h azul 8th, 1961. 

2.2 Quo\a~IOA tZ'cIII ne'l;cber Mrc:raft CaIpOZ'atloQ (T • .Derladatel') t.o 
a.e,.1 If1Ua dat_ A\lPllt 17, 1961. 

2.3 9,peo1tlceUona MIL--A..859l1J, MlL-'l'-7378A, HIL-'1'-lee41A. 

2." Geaera! IUlla, bc. 4ravu,. RO. ~lOO-018 and fK291oo-026 • 

.3,0 lUIiVlRIIBIl'S 

3.1 Tbe contractor 18 to 'UpJll¥ ..... 11 .. cou18t1Dl or tblt O1Lter tuk 
or .... 11, va.r1OUI atruct\U'&l .1 .... uU, ace ••• al", ud. an 1nner tll_nt 
vOUDCl taalt t~ ill placeJ .... lutt..r theM .... Uea w111 lie nt.rre4 to 
ailllP'r" t""* ...... lle., or tadt .... 11. Iach tank "'-17 vtU COa.­
,Ulo of u,.. • .. MabU.. d.a!p&te4 tbe no.. aeot.1cm, tbe center .ecUOIl, 
azul t.be taU aecUon. cone,.,nction .ball lMt INCh .. to eJ.J.ov re»-t.. 41.­
u'-l¥ of 1._ -.ia UIlk ..... 17 1I1t.o the tm .... ~ ... U •• &all ........ 11. 
oea.s.n aad cOMt.Nctlon I. t.o 'be in accordance with the Z'8fl\lil'UlltDa of tbl. 
vcrk 8tateMnt. iac1ud1nS reteNn0e4 porUon. ot tbe appl.1cable doc.tDt •• 

3.2 ~ wall .. aeab~ ". ~ the load. ciea1pattl4 Oil a. •• raJ. 
MUla, IDe. v-nna 8IC29100-o26 shall be aU1tMle tor tl1trbt oa the '.100, 
,-105, ».66, A.Jt.D, l1li4 the A3J a1rcratt., 1aclUlUDa lIITWet.ed lu41as and 
eataPAlt ~ ott CODCUUCIU, UI4 .. t .ptecia of up to O.~5 Ma.cb nl3lber at ... 
level. lDa4 tactan no 1... at.:rlapn\ tllaa tbo.. 1Ia MIL-A-S'9lB ud. MIL4-737OA 
.ball be waed. The tADk ..... lie •• ball satJ.alactor1l¥ w1tllataa4 UIa t\aU 
Z'a&l8e of euvll'CJu.nt.. tobe .bov. Ust.eel &1l'cntt. ue 4oa1.&M4 too vltbat.u4. ':t. 
\.aaJc .S.Gb1, sball 'be suitable tor 1aatallatloll at V1ZI8 Ration 106 on tile 
'-looD a1reratt. 

--... --------
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3.3 ~ wSCbt __ lOcatou of la4e tor wlda ..-t1D8 pI'Ofta1oU 
..t be ...... vJd.oJa tM tuk ..... lJ BUt be 1IU1t.Ule tor CU'I71Da are 
lbovD SA Geaenl JUlla ~ 1G91OO-026. 

3.4 'llw inner tllllMat 1fOua4 taDk 18 1;0 be .~ ill place .. 
lUUlate4 tl'Ca tbl O\lWr akin 01' _11 ~, tlae ro..d.-ln-plM. iU\I.latlOD 
4e.Spate4 OIl 00 SD9100-0a6 ~.s t. OOAt.N.atar'. ~l'WItUZ'li.l ~1. 
~ .. ~Q.uaq iD W. iDIIula'UOD. In IucIl cu., t_ coataotor 18 
to DOtlt1 Oemaral 111111, Ine. 

3.' fte -.a.. ve1aJ1t or tbe UDk an4 .... .17 iDOl\t41DB tbe out. 
aill, all atnct.\Iftl. u..nt., &ccus ~", _ all pU't.. UaoI'1be4 ID 
~b lJ.o .Xcl_. to... 1JIDal' t1laMDt. VOUII4 t.uk IlIal1 nat ucee4 :;rr, 
pollDlla. 

3.6 fbi contractor .-n prov14e all_te~ eaoluhe ot t_ ti' 'It 
110_ t.aDk (CIIl 4nw1G1 SlC29100-018) .1ectl'1cal CODIlUt, l1li4 el.tnr1C&l COIl­
Merton wla1cll wUl lie .. U_ by 0eQU&l. MUla, %nc. 

3.1 'l'he"* ..... l¥ .-u _et. tile req~Il'" ~ aU appl1c:Ule 
po.rt.1ou ot m-,·l.8841A. 'ftae a,pplJ.ca)J.e porttod are Uldte4 oal7 to tbDA 
nqu1z'eMDt.t tlll.t cat 11 tbe 11tU14 carried 1s me. iDatee4 of ~l ud 
with 110 req\\1n8el1t. __ tor _"llas tlMt ,..tel' wt onl,J tw 5t~. it 111 
vU'1iaa ca-ntitle. 11l tM ianao t .. to be J\lpplied br a._raJ. M1lJ.a, 1Ilc:. 
'l"h1. exclU4e1 all 1'e~Ata tba't Nnlt tl'Ca tile l"Idl.1U' cMNetel'lnlo' 
or a'l1aUOD tu.l 1ft CIODtona1i 1;0 tob8 cUrac:teriaUaa of vater .. tbat 1II'l" 
hal 41ntc:t coataet ot a 114\114 la.4 v1tJa &Ill pu't ot \1ae _la _ atnctQN 
NI4 tba"¥ ari.,e tn:. tM pJ'Ov:LI1OU t.b&t .. t. be lIMe tor bancllilll fuel. 10 
coaa:Lden~1oll neK be Ii".n to tbe treealq chlnctel"lIt.1cs ot 10bt Uq\Wl 
1,*,. 

3.8 b t.aDk uHabl1 11 ~ Met the requu--Ilts of tbe follow1D8 
~u or JaL-T-13"(81.. btever retezoe .. c. ill tlIg .. ~ il .. 
too "fuel Ioanb" it .t.ll \10 coutl'llllti to ret. to the t.Mk ua.bl¥ to ... u 
tJ. lub,J.c:t of ual. work .t.ataeAt. AlIO, the tAterpftt&t1oA of pe.npapIl 
3.'{ gt t.llte vork .tat. .... t applSe. to tbe appl1cab1e ~ ot MIW-7378A. 

3.3, 3.3.1, 3.3.2, 3.~, l.~.l, 3.~.1.1 

).5 Deup (Jbl1t1e4) • Tulle vttJl &ee ... c1OoI'I 
at.tac:11e4 ahall be ac de.1pecI .. to DOt. IdIdt vater 
dviQI tl1&bt 1n ra1n aD4 i1U1"1ai wMld .. by oo.u. 
vitia vater. 'rbe tuk a .... l¥ ind\diJw to_ ".rior 
IIkj,n, tbe I'tlMlc:tural el_Dt., tbe roa.4 .. tn·place 
lnllJlaUon, IUId. tlae 1nteriO'&' taItk -MU 1!00000riH t1ae 
n41~"'&r1 It~nst.h to provide a4eqUate17 tar e=b1Ae4 
lCHllla ea4 .tre •• ee .. olltl1Ded. 1A Paft&repb 3.5.6. 
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1;'1" 

3.,.2 We1Pt (*41ne4> ...... 1. At.1l be plue4 
on 4M18D to c:reate tbt 1S&bte1t ve1alr' tuk tlaa, vW 
Met tlIe retu1r .... of tbt. .,.olt1eMloD • 

3.'.3, 3.'.3.1 

,.,.6 with 3.~.6.d deletll4 

3.,.6.1, 3.~.6.2, 3.5.6.3, 3.,.6.~, 3.,.6.~ 

3.,.6.8 Vlth Nor its iAt.enal cmr,po •• t.'1 4el.eted 

3.5.7. 3.5.7.1 

3.'.7.2 1I'1utter (Modifie4) • 11M taalL ..... l,J alIall 
be 4e11a1MCl to !ave Nt. tlutter cbaractenl-Uc. 
tbrouPoUt tobe Qee4 _ alt! to.. J'UP IB4 tor &ll 
a1;tlt ... u4 _ven vIIicb the aao.ratt will pel'tol'll 
With tile tank lut.al.l.ecl. hl.l aa4 ~ iGtU'llAl tW 
eoG4!tiOM .. "ell .. pan1.allT tIIU, 11v.l tl~ 
COII41t101'lI .ball be eODI14ere4. %II -.441UOIl, toz JU't!&l.lr 
t'IIll eoa4.ltlou, t. f'ananl ceDter of anv:l.", COIItit1oa 
CA\&M4 b1 &ll tlW 1oM.wiDI t0war4 1114 tM aft oeDWI' 
of paylt1 cauee4 "bT aft eJa1ft gf u.. l.oI4, aball M COD· 
slcle:oed.. III iJII e'lellt. to_to u. d .. £p -m-an to 1:1&". 
latt fllltter apaed.a 01' ..,pu.l tl_tel' ufn7 4\ae to 
&4W1Z'H tftQu.eDCI ratiOl, a.Dlnlllllla, 1M. IJIa1l lMt 
1Atolw4 01 W' befon turtMl' waft 1. cAI'I'1t4 CD. 

3.'.7.3, 3.5.7.3.1, 3.6, 3.6.1, 3.6.2, 3.1 

3.8, 3.8.1, 3.8.1.1, ].10, 3.10.1, 3.12 

4.4.1 ba1 pattoa ot PI"04uct. (Mad1t1e4) - .ell taaIC 
..... 1~ alan be ex.in"Cl to 4et.em1At COIlt~. v1tll 
&ll. tbe puwgnpha aa4 lIOd.tt1caUou of ~hI of 
JaL.-T·13'T8A _"in U.t.04. 
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ENClINE~ING DEPARTMENT -.- _ --. ,---I loa. '-

I 

..... a 

~.2 ClU. 2 TUtU (X041t1e4) - AU ClaU 2 -*. 
WLl ... ot.bUv1 ... peclf1e4, .-u be pacU4 SA 
VOOIIea CI"&1;e. coafoailll to a,.altlcat1aG m,c-911-37 
OZ' eqw.....aDt SA unit. qUlAtlt1.. ot 1 eMb. 00Dtru:r 
to tM ~nta of m-C-9431 DO MllllPl •• U'e 
,...U1re4, no identification ..n1q1 and DO teat. 
.,.~. 

,.2.2, >.!S 

3.~ 1'be 1 ... lPU1Dc on the haapr t1tUIIII aball be 30 inc .. Sa 
.. COJ'daD.ce v1tb MU.-A-8~1L 

3.10 _ laDlel .... MIlllled t~ the l"I"PO" of iUiall1Dl tbI ~-
1a,-plaoe 1MUlatiOD aft to be neat.17 an4 ~ eovere4 v:l.tb a clQft'b1e _tv1&l.. 
".0 DISCRlPl'IOi 

'!be tank ..... 11 rill CQu1.t ot tlae toll.ariD8 ... w1ll iDoOl'JOI"&te 
atZ'UCt.val prov:1.1ona tor etlu.lpaltat to be .auntec1: 

~.1 110.. 8eatlOll 

".1.1 'lVbine (Jeurator ~ It1.»a station 15.' 

4.1.2 Ace... Door a.n4 rn.. 

".1.3 Section Jo1nt Rinc st.at1on 23.' 

4.1.~ ~ter sm.ll AI..abl1 statioa 15.' to SLatton 23.' 

4. 2 c.ater Slctiaa 

4.2.1 s.o1.ian Jo1nt RiJltl StaUOD 23.' 
".2,2 ForvN"l ~ StaUOIl 23.5 

4.2.3 Naill ~ StrIlctun Inel\l41Jll I.ua Att6cMea~" .. .,. 
:aru. u4 ,lJect1On.AreN, aac1 lnoer 'J.'aak aappon RUp. 

1t.2.4. Cl'lt4Un, Area Be1QtOl'Oe.Dt. 

4.2.5 Inul' 'l'ank Attac_nt lUQB station 156. ~ 
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ELECTRONIC DIVISION Jr at;'} 
... CIN'nIIoI. .VINu«' "'IIW~ '1. """,,,aoTA '" -.J 

~.2.6 Aft ~ ." JIIDbII4 Att..,~ lU.C .&t1OD l~ 

~.2.1 i'Ito 1c:c.e. 1:I00I'1 u4 ...... 

4.2.8 Aft C~t IDIIU "U 8t.a'tioa 1;9 to 8teltlol1 171.' 

4.2.!1 Senioa .rolat UIl .II&lkM_ At"'~Dt R1QI St&t.l00 171.S 

4.2.10 lIraaUt..:ba Aft ~t to aupJI01't parp, valve_, 
tub:LDC. etc. 

11.2.11 1'Vo 3/4 • ~ COaclu1ta .. ODe rrc. StaUOIl 23.' to 
Stail1011 1" .. a aeCIOII4 Ire. ~:L0Il 159 ta a Ettatioo al.UliUllt tor UI*:Ll1c&l 
COADect1oll prorill1Qft1. 

".2.12 IuU.Uat1OA ~ Izu:&er TuIl 

4.2.13 IDnlatioa. in 8p&ee MVMIl lmw' 'aIIIc u4 O\atar .. 11 
StatiOD 23.5 to st&t1oa 1!59. 

4.2.14 IuulatiQQ in Space Bltnen lDuJt .. OIater 1118U. of Aft 
c~~ at.at.:Lon l~ to stat:lOD 171.;. 

".2.1, ou,t.er.U Ae._lt St&tJ.on 23.' t.o St.aUOA 111.,. 
It.3 '1'a11 Section 

4.3.1 .~1on Jo1Qt B.1111 StaUOJI 17l.5 

~.3.2 Aca ••• ODor ani rr..e 

4.3.3 '1'IIv lIOa.. st.n&ct.ve ~ Map • one at atatiOA 178., 
aDIl the MCOlUl at fftauOD D.25. 

4.3.4 Boca Apertve Coven 

4.3.' a:x. Acee •• l)coao aa4 ~ 

4.3.6 OuteJ' Sboll A.tI6al:Il1 Station 171.5 ~o Station 2m 

~.4 M41UOIIal stNCt\lftJ. *-M ... 

4.4.1 AD7.~ .reln1'orce.ent .u.n 111 a44:it1oa to t ... 
11at.e4 111 It. 1, ".2 aa4 Z..3 vb1cll ..,. be ret\d.nd 111 orter tOl' to.. '-* 
..... l.7 to .et. ~ .,.cit:Led. loed1nc aA4 tlJ.cit coD41t1ou. 
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SHEET __ L __ o~_.x6 __ 

RELIAS. DATL-~ •. ~ _.~ _ 

~. 

ENGINEERING DEPARTMENT SPECIFlCATION __ allt:.~~ __ 

Mit ... 

,.0 8J!IIJa'mIIAL AlAlDIS 

1'Iane C!OP1e. ot tu &IIIl3I:I.. ot 1tl\WtUI'IJ. ~n:l.c. ~ t.M taaJc 
..... 17 lball be 1Up1)11e4 0eDeral 1Cl1ll, IDe. at laut tq __ pd=- to 
the I'I.IIIII1Ds ot ., nl'\lCtUNl te.tl, or M lAUt 10 __ baton ~ ot 
tile t1nt 1ta to Geural M1lla, Inc. J fta ~ Iball 1Dclude: 

ilh1cbeva'1I earU ... 

!
_I A 1:I.n of lewIS. c0lld1t:1C1ftI cona1den4 
b A U.t of 8Q' Ul1.IIP1011l l1114e 
c rcu-a.lat 8114 equattODI u.ed with lO\IJ'ee reta'eDc:8. 
do Al:tual ~tinQl 
• 'l'Ibulat1cn ot reluJ.ta 

6.0 1'aDa 

.. ~. tor tnUII8 w111 be JUde tU .ubJee~ ot _ .QU"&te 1IOIiE 
.tat_I11;. 

7.0 IaAWIJIIS 

• A repI'Oduc1ble MIl tvo ;prtntl ot .&ell •• JeUl¥ _ 4et&tl JlIU"t cbaiac 
trzo tM taDIr. ..... 11 an4 1ta colUlt1tuent ...... 1181 aDd l'U"t1 abIll be 
1uba1t.ted to 0eDeral Mll.t. fitt.eea Uye after 4el1veZ7 ot ~ bu'clvan. 
The bavtnp IlIal.l. depict tbe t1n&l. c1esiD cODd1tlon ot tbe b&1'dvare auppUe4. 

'l"'..I! top aue:a17 umns 8lsll11 be appl'O"ftcl ~ Qeural Mill., Ino. 

8.0 llfSPIClIOR 

Qeoeral MUll, Ine. shall ~ toM r1&bt to JIOD1tor .t 8lJ1 twa bMveeD 
letit1Dg of the cont.r&c:t and toile clel1verr of tobe bardvu'e, tbe fabr1cat,1on 
ot parts, procelHI, ..... bl1 WOJ'k, aM &111 teet1nc requUed. to .. doae, 
tbU .,n.1.toMaa to 1M done thzousb • r-pft.entat~ve dest.-ted b)" a.nenJ. 
MU1., Inc. 

9.0 DKLIVERr 

'l'ank a.a8lIbl1ea O1'4Bred .ba.U be lhippeel to General Nllb, Inc. w1thin 
90 <Jay. ot receipt of order. 
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--------------------------------
!? I sHEET-"",I __ oF~ _____ ! 

..,........,. ..lJ4!.6.1.\ 
ELECTRONIC DIVISION 

rr' ......... ..... 
RELEA5E. DATE 

ENGINEERING DEPARTMENT SPECIFICATION - "!-J'~looePl -- A 
-------,--------------------------------------------------------------- IUT' 

I 
i , 

,. P 10 _.)I:Af1~ _ -"l~ 
1 ,.,.. I.,. DelaY 1ULJI .. 18aTA 

I .... 3.6 • .-u....a: "IbI ccm.an .. Ual1 prwS4a all _ter1&1.I .. lai.,. 
"' .. f"" .a .... taM, .... 1. DnvS.tIs SD!1()C).()l8, vUe, u4 tbe e1.elltnoa1 ____ rw ~ ~ ",,1~ lddGh wU1 be nppl:le4 by hDa'al JUl.U bII.· 

3 rua. 3.1 II!aU ...... ~ tit retel"eDCe4 pcII't1oD8 or aal1-~ 
. ~ .... lJIdt.4 czJ¥ to tbOee tm.t e:dat 11' the l1qU14 ca:rI'W 18 
__ San ... IJJf tuallD4 vith DO re~8 lIII4e tat: be:~1,11ng tbe ___ 
but ~ .... n.1III it. 1Il ~ quantities in tbe 1nDcr taU to be app11c4 
", , ••• N .au., IDe. '!!WI uclu4es nll requ.1remeutt that reault tJ'OIII tbt 
pecnd.Iuo ~ at .nation fuel in cClll'ltnst to the cba.raCter18t. 
fIl __ II tat. an. traI c11reot c:a:rt!lCt or 0. Uq\d4 loa4 with 8Jt1 part at 
_ usa ... wtnetun UI4 that ar1e~ from prt'1Vi81C1U1 that IIIJ8t be lade taw 
...,11,. fuel. at oaaa14erat1ea Deed bti' giwn to the treezinS e~1Cls 
til _ Uq\I14 1ae4." 

~ ilia. 3.'.1.2 (JIIt41t1e4), JaL-T-rne:.., tiw.u canta.1J) the l'o~ exclli81zl -a. C~ aba1l. _ be reepoas1blc tr:r:r 1"llltter probleDJ eJ'iaiD8 tl'CIiii 
.lea CII' a1JIoontt characteristics. n 

, Jelne IVa. 3.'.1·3.1, ~·737& 

6 IVa. 3.6.1, m"...t.T31&, dol.ete "rlwtiog through the tank vall sh!I.1l. D.Dt 
be pen1tt.t". 

T IVa. 3.6.2, JIIL.of.7)7&, d.el.ete aeecr.4 sente1'v:Q. 

8 IVa. 3.7., JlU.-II-T378A, Pftrt~e (MGd1f1ed) .. S'ha taDk 8IJ8E!B1b~ 8llaJ.l 
"lo~ the pertGl'tBDOe requ1zoemltDt6 ~ ~. 3.1.3 !Mt-d1t1ed), 3.1.7, em,. 
3.1.8 ~ tellt1D& to tlIese requ.ire2llta is not reqUired by th18 wrk 8t@~. 

9 AM kra. 3.7.3 (_od1t1ed), MIL-'r·7378.:t. delating "or erldeDC~ aE !.ea.ii:l8e". 

11. PIIft. 3.10.1, JG]A' .. 7)7'8A, delete "plU8" !rca l1De ., RDl (1e~te coap.l.etel¥ 
l.iIM e tbru l2. 
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1 
II 
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I 
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I 

, 

l'l * ...... If., ...... 4--~u. .... to M \Iolt. ........ 

18 MIl ...... '.6 Mol .. 40GN aft t.a,. __ 11& Vltll.,.k tlAUFRI 
... WIt .. ,. cdafa ...... to .. -- .... 3¥. 

11 .AAI JIaa. 10.0 ........... GIlt (1) ..... '" fit .,a ....... i8 .. lie ........... 
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APPENDIX B 

Specification for 
Filament Wound Fiberglass Tank 
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"ILIAS. DATL-~~!... 1961 _ 

IMt.u lIMlwat.l'1ea, Inc., vW .Iip, fabricate _ del1ver to GeauIl. 
MUll two rU •• nt v0un4 t'1Mrglau tuke c:oatondaa to the tollovilla 
Hqw" .... Dt.~ 

1. 'lNIk 4JMDa1oDa aD4 ccmtJBUNt101l v1l1 be iA accordMce with 
Ge_nl. MUla 4nlf1nS lID. SC29100..o18. '!W cUlleneloDi not Qeo1t1ed em 
4raVIDI 10. IIK29lCO-o18, .QCh .. vall WCIme .... , are to be cleteZatIMd b1' 
1at4!'~ 10 ... to be CCIIIpot.1ble v1t.h t.UIk ••• aDd. pU'forlllmCe :teq~ •• 

2. 'l'lUI YOl,.. ot \he tUk .ball be tbe III8.Ilwa VOl~ CCIIptot.lble with 
the BptlCe envelope .bowD OIl dnwlD& 110. SK29lOO-018 and .t.reJJ&th rect~l1tlj 
bu\ .boW.cl not be lell "tbaI:l 18, pUon.. The zoea1clual l1qu1cl .hOQld not 
exceed 1 pllonc "heD the aircraft 18 in level n1abt. at the end of a 41a. 
aeaa1nat101l %'\Ill. 

0l.6. 

~. A eta1llle •• at .. l 1'iN vlll be provid.ed. at tobe l&qer e. of tM 
taak. 'l'be cu._nUo. u4 COntigurat.10D of tobe part ot the eteel riDs extenal 
to toile tank. aMJ.l b;: al sboVJl on 4ravlnS No. SK2g100-o18. 

5. 'l'he tw (-,pt.", lo'&rlially 1\\1.1 01' f'W.l) IlU8t be able to v1t~ 
tba toll.ow1D& loedlnS eonditlona in &n1 caab1nat101l vithout 4aIIa8e OJ'leaap: 

(a.) Inena 10G4 fact.or8 in toccoriaDce wUh MIL-A..e591 f'or a 
2000 pouII4 store 1nclu41nc arrested lart41ns an4 catapult. 
take ott. 

(1)>) Sloab and. vlt.l'&t1On cuall11t.1onl u spec1fied 11l JIIL..'f-7376. 

(0) Internal. prellun up to 15 pa1 el_ to altitude clIarlp. 

6. 'I'M teak ellall be capable ot ,,-.ins aubJeet_d to the tollOV1q 
t~rat~ environ.entl without clama&I or deteriorat1on: II 

I (a) WIlen tull or part.lallT tull, und'",. 1"11&bt 01" ,tona_ f" co~1 tion., 33 u r \.0 700 P. 

II (0) Wbcm empty, WIder f'lf.sht or atQJ"II&e coIlC11t1on., 
-650 , ~o 1600 F. 
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(c) rt:.J" 4eCOCt.mnat10Zl •• '1.U"e to .t .. at ?!jOO F tel' 
4 hOUI' •• 

(4) 'l'bel'll&l .lIock_ 1ntol'ioZ' 1III'r.~ ot tank at 65° T 
ex,po.e4 to .tea at 250° ,. 

7. 1'.be UU W411aht .hall lItt tobe II1nua.. we1&bt couitteDt "Ub volume 
aM I'trengtb reql&l"lfIIIIlt.~ 

S. '1'IIe opeftt1Zls, prootiq, and 1NI'Itlns pre.lur.. or tbe taU .ball 
be cQlP&t.1ble v1th tha lced1Dl requ1 .... nta liva Move. 

9. The taM, when Ml UI4 .ountecl In tILe under vina IItON .. MaIm 
111 4nVih& 110. 1IC29100-o17, Pall not l'IIpture 01' 4evelop .. leu 1t the 
,toN 1. dropped 10 tNt. ooto .. CODCl"8~ .~. 

10. 'l'h. t&ak will be COD8t.J'\ICted ot latex ''Jr,y.t.mn- Murial. 

11. !tie ..,14 rele ... ut.rtal uae4 in tile tabr1eatlon of' the tank .hall. 
be the St.on.a' lbablHtl' ec.tan¥ lima baH product aml. 

12. latex v111 t'\amillt ~ General 14111 ... cCIiIIPlet~ eet of enalMer1D& 
cle.1gn 4rlwlns. to%' the tank inlllucSuac • .repl'odudble and two PJ'1nt. of' 
... ob ~1DI. 

13. ~ v111 fWonl.b to Oen..ra1 MU1. three copi •• of' tIM dealSD 
&riel .tre •• Mal,.1. ealc\llat.lQn. III8dG UII f.lIe tank. 

1". ~a v111 fu&'ni~ t.o Geural M111. Ul triplicate 4ata on Ul 
t •• h, .lI.ch •• pft .. ure t •• t.., -.d. on the taak AI )IU't of their IICJNal 
d •• 1p proce4uro. 0."1'&1 Milla doe. Dot. reqU1" tat 8D1 epeeial te.t. 
be ucle on tlIIt taQII.. 

15. ~1n& of tanka tor 8hipillnt to a.nW&l MUla ehall be in • .-ancrr 
au1t.able !or tlS1n OJ' truck traDlport.at1on. 
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APP.DDIX C 

Specification for 
Ram Air Driven Generator 
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1.0 
1.1 
1.2 

2.0 

3.0 
3.1 
3.1~1 
3.1.2 
3.1.2.1 
3·2 
3.3 
3·3·1 
3.4 
3.".1 
3.4.1.1 
3.4.).) .'. 
3.4.1.2 
3·4.2 
3.4·3 
3.4.4-
3. 4.5 
3.4.5.1 
3.4.5.2 
3·4.5·l 
3.5 
3~5.1 
3·,·2 
3.'.3 
3.5." 
3.5.4.1 
3.5 .... 2 
3·,·4.3 
3.,.4.4 
3.5 ..... ~ 
3·,·4.6 
3.5:4.1 
3.5·4.1S 

SHEET --1t...-OF_J!._1 _ 

SPECI"CATION,--...::CIJII=-,...:29=lCO~-020..::;;:,~ __ 

SCOPI ••••• · . . . 
Scope. • to • • • • • • · . . . · . . . 
Claaelfieat10ft •• · .. . . . · . . . 

. . · . . . . . 
~ .. , 
CGIpOftebtl • • • • • • 
na. Air TUrbine. • • • 
Generator. • • • • • • 
Volt ... Resulator. • • 
stan4U'4 ~a •• 

· . · . . . 
• to • .. • • · . 

• I • • • • • 

· . 
· . 
• • 

Material and hacea.ea • • • 
PJ'otect.1ve '1"re&tJIeI1t and Coat-inae. • 

• • • II 

· . 
Dta1sn UIC1 Corl8trw:Uon. · . . . . . 
Operat1on. • • • • • · . · . 
Operat1116 Speed ••••••• 
~.,r8~4. • • • t • • " , • .. t t • · . . . 
Direction ot Rotation. • • • 
Balance. • • • .. • • • • • • 
Lubrlca~lon. • • • • 

· . · . . . 
· . . 

· . 
· . 
• • · . 

CollftectOl'l • 
St.Ncture. • • • • • 

. . . . · . . . . . . . · " . . · . • • • II • , • • MOuntlD6 r.rov1alona. 
Over.peed In~srlty. • . 
Ult.1Mte stJ'l.lotural ~ • • · . . . . . . . 
Perto:aaance. • • • • • • · . . . . . . . . . 
.Rat-:1n... • • • , • , • • • • • • 
Alt1tuQe-temperBtuTe Limits tor Qperattna. 
.1lrIc., ... t....... . ... 
~l'i.i.:r .,::;C':"'!lt... • • • • • • • • • • " • • • 
T.,.~tUl'e Shock. • • • • 
Salt Srray • • • • 
Shock. • 
S8D4 end ~t. 
H1&I.41 t.,)' • 

runsu ...... 
Vl~ratlon. • • • 

. . . 
Low TeIIJIt'ra,;urc l:ft.at'L. 

· . . 
· . . 

· . . · .. • • • • 

· . . · .. 

· . 
· . · . 

Pas! '0. 
1 
1 
1 

1 

2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
J 
3 
3 
3 
4 
4-
1+ 
It 
1+ 
It 
4 
It 
4 , 
5 
5 
'5 
~ 

g 
6 
6 
1 
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SHUT --Hl. __ 011 iii \ 
.' ELECTRONIC DIVISION 

RELlA .. DATL..Ja.t~-!l .... _~- ~ 

r-----------------------------------~~i SPEC.,ICATION_~ .. 29100..020-.. __ _____ ~; 

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

~ 

3.5.~.9 
3.5.5 
3.5·5.1 
3.'.5.2 
3.5·5.3 
3.5.5.r. 
3·'·5·' 3.6 
3.7 
3·6 
3·9 
3·10 
3.11 

4.0 
~.l 
~.l.l 
4.1.2 
4.1.2.1 
4.1.2.2 
4.1.2.3 
4.1·3 
~.l.j.l 
~.1.3.2 
4.1·3·J 
4.1.4 
1+.2 
4.3 

5.0 
5.1 

........ 

TAItI or oomrM'l (CODtlJlU4) 

~ 

BlgIl T...,.ntve St.art • • · Oollento.r lertonuaace. · · • Va.,. 101"Jl. · • • · . • · · r Sbort Clrcutt C&paQ1t~ •• · Unbalanced IQII4. · . · · GenentOl" OoolinS. · • · · . Volt ... a.gulat1on • 
Intercbanle&b11itl • 
Dravtns- • • · . . . • • • • 
we1sbt. at CCiII;)1.ete Unit. · · Identificat10n of Product. · Screw TbnW. · · . • · · • WorlaMnah1p. · · · . · · · · 
QUALm A:38UIWiCB PIlOVISIONS 
Acceptanee Teete • · Acc~~l ot Dat. • · · · · Teet Cond1t1ona. · · · · · Operat1ug Teet ~lt1on •• 
MounUns • · · · Generator Load •• · · • · Te.t Met.bD4e • · · • · Balanee. . · · · Oovern lna. • · • · • · · • • 
Vol~e IeplAti0&6. · · ReJectlOD and .. t •• t • 
Qualification ~.t •• · · Report.e. . · · · · · 
flEPAM'rlOH JOB DBJ.IVER! 
fackq1na and ftc:ks.na. • · . 

!!Ie 10. 

· · · · · · • • 8 

· • · • · · · • 8 
• · • · . · · . 8 

· • · • • • • • • · 8 · . 6 

· · · · • 
· · 

· 

. 
• 

· 

· 

· · · . · 9 
• · · · · · · • · 9 
· · · · · . · · · 9 
• · • • • · . • · 9 

· • • · · • · • • 9 

· · · · · 9 
• · · • · · · 9 

· · · · · 9 

• · · · · • 10 

· · 10 

· · · · .,. 10' -

· · · · · · · · 10 
10 

· · · · 10 

· · . · · 10 

· · · 10 

· · · · · · 10 . • . . . . . . 10 

· • · · • •• · • 11 

· · • • · • · · 11 

· · · • · 12 
12 

· · · · 12 

· · · 12 
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• SHEET ___ OF ':.-\ .. El.ECTRONIC DIVISION 
~~ 

_ ....... 21 ,ftI,;, tt! 
"ILIASIE DAT~_._~__ ~-

1 ~1 
r---------------------------------------------------------------------~~~ VI 
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1.0 SOOJII 

1.1 SCope ~ Thl. apec:ltlcatlcm eoYe2" t.he requ1reJDent.. tor a ru a1r­
driven geueratOl". Spee1t1cllll, the .peclt1caUon pertaina to the Allison 
Dlvlalon ot Oeneral Mot.on COJ'.l)OraUon, Model QAl~B-92. 

1.2 Claa.1tlaatlon·!he aAl24GB-92 ,_nerator a .... b17 con.ilt. ot • ~ 
&lr t.u.zobl.-.... 11 drIving a 1t.5 r.YA senel"ator lntenc1ed tor \l8e a •• ~ 
pov81' IOLare •• 

2.0 AJlPLICA.8LK DOCUMIh"lS 

Tbe f'oJ.lo\l1Ds docuaenta of the elate .pec1 ned ab611 tona a pan of thle 
.pecltic.tlO~ to tho extent specitied bereln: 

Speciticationa: 

MlIrI-,2'72A 

MrIr8-7T~2A 

MIL-D-70327(1) 

Iovlronuntal '1'eatlll&, Ael'ClUutlcal and. 
Ae.oclated Bq~1pment, General Speclt1catlon 
tor, elated 16 September 1952 

IJeneJ'at.orl IIDd Rltgulatora, A1rcQOle4 A-C, 
Alrc:ratt General Specitlcation tor, elated 
19 April 19;0 

Screw Threads, Stancl&rcl OptiJaUil Selected 
Serloa, Qeneral 9pee1rlcat1oll ror, dated 
3 Dececber 1959 

Electrical Power, Aircratt Character1atlca of, 
dated 17 Mal 1955 

Drawings, ED&lneerina and. .u.oc:1.tecl Tens, 
date4 1 July 1959 
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• 
£NGINEERING DEPARTMENT SPECIFICATION __ ~2SUOO_.Q2CL __ ---------

staadaz'cl. : 

Identifieation Maritings of U. S. M111ta;ry 
Property" .1ate4 8 September 1958 

MIL-8lD-21OA, Cha. 1 Climatic Ix:tremea tor Mil1tary ~u1pmeDt 
dated 30 Hovember 1958 

Generator-Ram Air Driven dated 9/21/61 
Revision A 

3..0 ~S 

3.1 Q2!p0nent8 - The generator asoembly shall consist of a ram air 
turbine drive unit coupled to a 115/200 volt, 400 cps, 3-phase, vy~ connected 
generator. ' 

3.1.1 RaIl Air Turbine - The rom air t'lrblne shall be a tloiO blade unit 
v1tb a Hlf-cont.ained mechanical governor. 'l'he governor shall be housed 1n 
tbe turbine sp1nner and act to change the tur':line blade pitch to maintain the 
generator rpa between 11,400 and 12,900 ~pm. 

3.1.2 Generator - The generator Shall be rated at 4.5 KVA at .15 power 
ractor and a noainal 115/200 volts. The electrical ~haracteristic6 of the 
gener.&tor shall be identical to ~he Allison Model PGAl2~H-~ g~ncrator assembly. 
The generator shall be made up of a three-phase, '~ye" connected stator and a 
built-up permanent magnet rotor and it 81~ll bave no brushes, slip ringsl or 
rotor windings. The output vultage shall be controlled by a solid state volt­
~. regulator. 

3.1.2.1 Voltage Regulator - Tbe voltage regulator shall be a ao11d state 
device. The entire voltase regulator assembly shall be encapsulated 1n a 
material de.16~ed to v1thstand the environmental conditions ou~11ned in 
MIL-STD-21OA Chao 1. The volt&6e regulat.or shall be housed 1n a moisture­
proof container suitable for mounting on a flat beat conductive surrace. The 
pbyaical d1lllenslone of the regulat.or shall not exceed the follo..,1ng: 

Lengtb - four inches 
Width - Three and one-half inches 
Height - thl"t"e l.ru'hes 
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ENGINEERING DEPAffTNENT SPEC'FICATION-'if&~29lOO~ ___ '-:' _____ . __ ._ _ i 

'!'he veiPt ot the reCUl&tor shall oot exceed three pounds. A. Bendix Scintlex. 
p/r 1O-42220-7P t7,Pe coanector .ball be used to provide neceslery electrical 
eoan.ct.1on1. 

3.2 St.an4a.nl Part •• AN and MS st!Ul1iard 'pe...~, sMll be used ~hen suitable 
tor tbe purpol.. Thea. part. shall be 1dent1ried by the Itandar4 parte nUliber. 

3.3 Material and f',roceasea • The' materials and processes used shall be ot 
hip quality, aU1table for the purpose, 'and shall conform to govel'Dlllent speei­
ticatiocs vQere applicable. Haterial conforming to Allison or AMS apecirl­
cation. II1A1 be used. Approved materials or proceS8e& eMll be those materials 
or proeel8ea used 1n the manufacture of the unit whicb passes the otfic1al quali­
tication teat specified herein or are oubsequently approved through a material 
cbange. 

3.3.1 Protective Treatment and Coatings - All parts no~ in con.tant contact 
with oil, except work1ng 6urfa~es, thr~ad3, or drive pad rBC~., shall be corrosion 
rel18tant or suitably protecte~. 

3.4 De8ign and CoQ.truc~1on 

,.4.1 QPerat10n - the generator assembly provides electrical power by 
.. ana of a ram air turbine consisting of blades, hub, splnop.T, shaft, and a 
tly-we1gbt spring governor which ma1nta1r.~ approximately constant rpm by con­
trolling blade pitch. 

3. 4.1.1 Operating ~ed - Tbe ram aIr turbln~ governor shall be capable 
'ot mainta1ning turbine speed v1th1u the range of 11,400 to 12,900 rpm (380-430 
cpa) Wlder ate&d.y state operating conditions vith rum air inlet. velocities 
within th~ range of 300 to 650 KTAS at an altitude of 500 feet. 

3. 4.1.1.1 ~:~.!~e·d ~ DurIng load lrane1ents &.'1<1 dw-lng et&rtlng the ram 
air turb1ne governor shall ~lntsln turb1ne speed v1thln the range ot 10,800 
to 13,500 rpm (360.450 cps). Folloving a loaJ transient or starting, Btesdy 
state opcrat1un shall be established within 3 G~con·'4s. 

3.~.1.2 DIrection of Rotation - Wh~n viewed fr~m the rear the direction 
of rotatiun of the air turbln~ and tbe alternator stv,Ul be counter·clockvise. 

3. 4.2 Balance - The amount ot un~alance ot rotating c~nent8 shall not 
exceed 0.01 oz. In. 
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3.~.3 tubr1caUOD - All lubr1caUoti points .ball be pe~nentl.y lubricated 
at aa...-,:q. 

3.~.~ Conaectorl - The eleetr1eal connectors on the senerator ,ball be •• 
ihaIID on the outl1ne Ib-avias, (00 SK29100-019). 

3.4.5 Structure 

3.4.5.1 Mountina Provisions - Genemtor mounting provisions 8ball be a. 
Ibow on tbt outl1De drawing, (00 9(29100·019). 

3.-.5.2 overapecd Intelr~ - Tbe unit sball be capable or operation at 
15000 rpa tor a ~er1od ot one minute witb no outpu~~load. 

3.4.5.3 Ulttmate Structural Load - The gene~tor unit and its mount1ng 
proV181on lbalI1b,t capable or wlthstno.l1ng an ultimate acceleration or 40 g'8 
parallel to the lIIOunt1ng base and along the transverse axis and a 81111\lltaneously 
appl1ed a1r load drag baaed upon nn aIrspeed of 800 Kta ~s . 

3.5 Performance - The pe~tormance Gpecified herein is baaed upon operation 
ot the geQera~or with itl axis of rotation vithin tl degree of the direction ot 
&1rtlow: All air velocities specified are tree stream velocities. 

3.5.1 RaUngs· The pertonnance ratings shall be as follow8: 

Standard Conditions 

Alrspee\l Turbine Roto\' Electrical [cad .Power 
Rat!EI Ktlz EA:3 Sli!eed ~ C'lA ~M1n.} Fact.or 

Cont1nuous 300 - 650 12,000 4.5 ·'15 

Condit1on 1 300 - 650 12,000 10.0 .65 

Cond1tion II 300 - 650 12,000 4.8 .65 

During paver transient. a peak load as defined by Condition I sball be 
permi~ted for 50 milliseconds followed by a secoodary load, Condition II, the 
duration ot ~h1cb sbbll not exceed 12 8e~onds. 

3.~ .. 2 Altittuie - TelllRerature Limits fer Operating - The generator aaaewbly 
shall be capable cf operation ~t all altitudes between sea level and 45,000 feet 
pres sure·alt Itude, at all airspeeds b-tween 300 and 650 Kts EAS,and throughout 
th~ temperature rangr cpecif1ed 1n MIL-STD-210A Cng. 1. 
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ENGINEERING DEPARTMENT .' GMS-29l00-020 SPECIF.CAT'ON ___________ .. ______ .. ____ _ 

j.'.3 ~ - !be drag torce ot the ram air turbine generator shall be the 
minimum value compatible vith good turbine de81~ ~ 1: no ca~ shall it exceed 
100 lb.. at 650 1(ta FAS. 

3.5." Qw1romaent· The ram air turbine generator shall be c.·.~ble or 
pu81aa the requ1raents ot paragraph 4.1.3 arter being subJected to the environ­
mental testa ot paragraphs 3.5.4.1 through 3.5.4.9. However, t~sting to para­
SZ'8pha 3.,.4.1 through 3.5.4.9 i8 not required if prcvious ram D.1r turbine generator 
units ot the same design and material. ~ve passed these testa. 

3.S.r..l ~rature Shock. - (RI!f'. Para. t..3.l 'J! KIL-E-5272) - Tact turbine 
generator U8~ shall be capable of be1ng subjected to (3) three temperature 
'cycles cons latina of tour (4) hours in a chamber mnintalned at 1850 

J" l\1':! tour 
(4) hour, in a chamber .inteined at -400 F wIth & maximum of five (5) minutes 
between t~erature changes. W1thin one (1) hour of completion of this tCGt} 
the un1\. shAll be capa.ble of meeting l'eqnirc.:tttmtG of paragraph 4.1. 3. 

3.5.4.2 5a.lt Spray - The turbine ~cnerD.tor assembly shall be ca.pable ot 
~1ng subjected to a salt spray test vhlch meets the conditions outlined in 
paragraph 4.6 of MIL-E-5212. The teat period shall be for t\. duration of 100 
bours at a temp~rature of 950 F. Upon completion of the teet the un1t shall 
pa8s the reqUirements of paragraph 4.1.3. 

3.,.4.3 Shock - (Ref. Para. 4.15.2.1 of MIL-~-5272) - The turbine gener­
ator a8sembly 8b8II be capable of Yithstanding 18 tmpact shocks of 15 G, con­
ciating ot three shocks applied in each direct10n along each of the three 
Ilutually perpendicular axes. ~ch soock impulse shall ha.ve 0. time duration of 
11 ~l milliseconds. The "G" value shall be Yithln tlO percent when lIIeasured 
with a 100 cps filter and the mo.ximum "a" valu~ shall occur at 4pprox1.mately 
~.5 mil11seconds. There shall be no mechanical failure. The unit shall be 
capable of meeting the J"equircments of paragraph 4.1. J upOn complet1on of this 
test. 

3.5.4.4 Sand and Dust - The turbine generator assembly ahall be capable 
or being plac~d 1n a test chamber and oubJcctcd to a sand dust concentration 
for aix hours. The ,~ondit1ons in the test chamber shall be aG tollows: 

a. Tbe relative humidity shall not exceed 30 percent. 
b. The sand d\l.6t concentratl0'1 shall be raised to and 

maintained at 0.3 ~O.2 grams per cubic toot. 
e. The int.ernal temp~rature shall be TI!.I !:3° F. 
d. The sand and dust laden air v~lodt.y 8~1l be 100 

to 500 ree~ per minute. 
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Tbe aanc1 u4 duet lIl1xture sbal.l bave -:be eb&nLcterlBtlc' outlined 10 para­
papb ".1l.1 ot MlL-1-S212. 1'h1a te.t aball be repeated with an Inte~ 
~tue ot 1600 t30 r. The unit shall pass the NqU1rem.ent& or peu-egrapb 
~.1.3 upon cQIPlet10D ot this teat. 

3.5.~.S BUm1d1tl - Tb4 turbine generator aa.~bly ehall be capable ot 
be1Qs plaee4 in a suitable test chsaber (per paragrapb ~.4.1 of MIL-B-5272) 
aa4 .ubJected to 15 cycle. (360 houra). Each cycle shall consi=t ot the 
tollov1Dg: -

<a> The taternal test ehamber temperature ahall be uniformly 
ra1aed trca 840 '! 160 r to .1600 F dur11l6 II 2 hour perIod. 

(b) The 3600 temperature and relative humidity ot 95 ~reent 
shall be maintained during the rolioving six hour period. 
DiatHled or demineralized vater having II p if value ot 
7 !O.5 at 1-,0 r 8hal~ be used to obtain the d~8Ired humidity. 

(c) The 1nternal test chamber temperature shall be uniformly 
reduced to ~o ! 160 F during the folloving 16 hour period. 

Tbe unit ahall pass the requirements of paragrcph 4.1.3 upon completIon 
ot this test. 

3.5. 4.6 ~a - Tbe turbine generat.or assembly .. hall be capable of 
being sprayed or dipped 1n a spore suspension prepared in accordance v1th the 
requirements ot paragraph 4.8.1 of MIL-E-5272, and then pl~ced in a test 
chamber capable of maintaining the relative humidity at 95 percent and the 
1nteraal temperature at 66° 'I for 0 test period of 26 daye. The unit sba.ll 
pase the requirements ot paragraph h.l.3 upon completIon of this test. 

3.5.4.7 Vibration - (Her. Para. 4.7.1 of MIL-E-5272) - The turbine 
gendrator a8scmbly shall be capable of being subjected to the teata defined 
in (8.) and (b) below. The unit shall not be operated during theae tests. 

Resonance The unit sha.l be scanned along each of its thre~ (3) 
::1ut.ua.ll.y perpeneicular axes fOT resonant frequencies th:roughout 
tb~ range of 10 t.o 500 Cp6 at an applied double &~l!tudc of 
.036 inch or an applied acceleration or !lO G, vhlchever 16 the 
l1m.1t1ng value. '~ile u!'l'!t shall be Vibrated at the resonant 
frequency along c~ch ~x1s as fo~loV8: 
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When more than one :relOaaDt. trequenc:y i8 encountered v1th 
vibration appllecl alons any ODe axi., the ~est period may be 
accampli8be4 at the moat severe resonance or the period may 
be divided IUIOng t.he resonant frequencies, whlr"1.:'!er le eon· 
sidered IIlOlt likely to produce fail'U'e. When reaonanc tJ.·e­
quencles are DOt apparent within the above range ot frequencies, 
tbe senerator shall be vIbrated for per10ds twice as lona a8 

I tbose specified in (1), (~), and (3) above at 8. frequency ot 
55 cpa BAd an applied double amplitude or .060 inch. 

(b) Clcllga The unit ahall be cyclic Vibrated along each of it. 
three ~tually perpendlculBr axcs between 10 and 500 cps in 
15 minute cycles at an app11ed double amplitude of 0.036 inch 
or an app11ed acceleration of !10 G, whichever 1s the lim!tlng 
value. The teating period and tes:peratW"es shall be the same 
aa apec1fif:'d In paragraph 3.5. 4. 'r (a), (1), (~), and 0). The 
11near acceleration along either of the other two mutually 
perpendicular axes shall not exceed 15~ of the linenr acceler­
ation along the axis being eXCited. The angular acceleration 
shall not exceed 2.5~ of the linear acceleration along the 
axis belog exc1ted, per inch, as meQsurcd along 0 radius of the 
angular acceleration. (Fbr exampl~: If the lInear acceleration 
is 10 C's along the axis being excited, no angular acceleration 
can exceed .25 G' s at a one inch radius from the axis ()t the 
angular acceleration.) The above linear and angular acceleration 
1111it8 apply to the r.lxture surface aga1nst .... hich the unit mounts, 
over the &rea of contact between th~ unit Bnd this surface. 
There aball be no indication of damage or mechanical failure. 
The unit shall pass the requirements of paragraph 4.1.3 upon 
cOlllJI1~t.lun of this test. 

3.5. 4 ,8 Icv Temperature Start - The unit shllll be capable of being mounted 
in a suitable wind tunnel at a stabilIzed ambient temperature of -650 F and 
undergo the followins tests: 

(a) With the turbine rotor blocked, establish within 30 seconds a 
steady state air velocity or 360 Kts EAS and remove blockage. 
The unit IIMll tttart ~nd accelerate to 11,400 rpm with a 
4500 VA (I't .75 P.F.) load applied within 4 seconds from removal 
~r blockage. The unit shall complete tcn such starts. In pl~cc 
o~ blOcked rotor operation it shall be permis6ible to sUddenly 
cJ~ct the unit into the ~stabllshed a1rstrcBlU. 
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(b) Upoa ~let1on ot ten ,tart., the un1t ,ball meet the 
requirement. ot paragrapb ~.1.3. 

3.5.4.9 ~ :r-ezoature ~ - The unit shall be capable ot be1ns 
lIIOUnted in & table viDd tunnel at. a .tab111zed IIDlb1ent temperat~ ... :.a or 
160° , aa4 underso t.he following teata: 

(.) 

(b) 

With the turbine rotor blockedl establisb within 30 seconds 
& lte~ ltate air vclodty or 360 Kts EAS and remove 
blockage. The unit sball start and accelerate to 1l/~ 
1"pI 1I1th a 4500 VA (at .15 p.r.) load applied within 4 seconds. 
The unit shall complete 10 such starts. In place ot blocked 
rotor operation it sball be permiss1ble to &udd~nly eject the 
unit into the established airstream. 

Upon completIon of )0 nto.rto, the unit shn11 meet the require­
mente of paragraph 4 .1. 3. 

3.5.5 Oen~rator Performance 

3.5.5.l Wave Fona - The crest fa(!tor and harmonic contel\t l1ne-to-l1ne 
and llne-to-neutral ot the output voltage shall conform to tbe requirements of 
.pec1~lcat1on MIL-G-6099. 

3.5.5.2 Short Circuit Capacltl • The gen~r&tor shall be capable of 
lupply1ng 300 percent rated current dur1ng u single or three-phase fault con­
dition :or three scconds without .tmpalrm~nt of generator character1stics. 

3.5.5.3 Unbalanced Load - The gencrat~r shall be capable of ~eeting the 
following unbalanced load. requirenaents at 400 cps, 115 volts nominal and 12,000 
rpm. The percent unbalance of line voltag~ shall be defined as 100 tiMes the 
maximum deviation of the line voltage from the average of the three line 
voltages divided by the average of the three line voltages. 

(a> With a 1500 VA, 1.0 P.F., 3 phase lond applied and an addItional 
singlc phase 1.0 p.r. l-ne to neutral load of" 500 VA and .lOOV VA 
added individually, the lD&Ximum value of voltage unbalance sba.ll 
not exceed 6.0 percent. 

(0) WIth the generatcr carrying no three phase 1084, a single phase 
l1n~ to neutral 1.0 p.r. load ':'!: 500 VA and 1000 VA shall 'be 
added individually_ The maxir.lum value ot voltage unbalance 
shall not exceed 6.0 percent. 
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(e) YUh a 3000 'VA, 1.0 p.r. 3 liMBe load applied and en additional 
single phase line to neutral 1.0 P.,. load or 500 VA and 1000 
VA aMed individually, the lII&X1lIl\a. valu'! or voltage unbalance 
.ball not exceed 6.0 per cent. 

. 3.5.5.4 Generator Cooling - ~neratol" cooling during o:perGtiot: ahall be 
obta1Ded by providing a sUitable means for conducting the heat f~om the gener­
ator to the outer shroud. Heat remo'~ by means of ram air cooling, cooling 
ports, will not be utilized. The maximtlm allovable surround1ng atr ambient 
teaQMlratu.re when not operating w111 be 2500 F. The max1m\.llJ1 allovable opel-at1og 
t~rature will be 160° P. 

3.5.5.5 Voltage Regulat10n - The voltage regulator shall maintain the 
generator voltage w1thin the limits of !2.5~ dur1ng steady state cond1t1ons 
and between tbo following voltage 11mlt~ ~nd load conditions for all designed 
operating speeds and environmcntG ao defllled in MIL~STD-210A Cbg. 1. 

Conditions 

4.0 KVA, r. f. ~ ·75-1.0 

4.5 KVA, p. t. 3 • (5~1.C 

Voltage 

108-121 

108-124 

3.6 InterchangeabIlity - All parts having the swae manufacturer's part 
number shall be 1\mc:t1onally anj J irnensionnlly 1nterchangcllbl~. The drawing 
number requirements of s~c1fica.tlo11 MIL~D-7032'i shall govern changes 1n 
manufacturer's part numbers. 

3.1 Drawings - All1son Division of General Motors ~ill furnish to General 
Mills, Inc. & complete set or engineering design d~v1ngs for the ram air 
turbine generlltor,(Model GA 124cH-92) including a reproducible and tvo prints 
ot each drawing. 

3.::: Weight of Complete Unit - TIle maximum ve1g.ht 01' t.he cOltplete rem a1r 
tur'l:)1ue generator' assembly t.lhlll.l nC'·, exceed 4.1 pounds. 

3.9 Identification of Product - Equipment assemblIes, and parts shall be 
marked for ideutlt1c&t!cn in accordance w1th standard MIL-STD-130. 

3.10 Screw Th.-eads - All ~onventional strai~ht screw threads shall be 
in accordance with the requirements of specif1cetion 1{lL-S-7742. 

3.11 Workmane~ - The ~DrkmanGhip and finish or. all parts shall be in 
accordancr '\;Hh l1ir;h gre.dt~ aircr6ft. IH'act1ce. 
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~.l Ae~ !e.t. - Acce~ce teat. are tOole teat. conducted by 
Alll1011 Dl.-1.1OQ ot General MotOH, on the· ra:a air turb1ne ~enera.tor 8.S6eJlbly 
(recr.l1reci by GerJer&l M::I.ll., Iuc.) to demonstrate sUitable quality control, 
conect ,,"l,y ad })ertormance. 

4.1.1 Accuracy ot Data ~ All 1nat~ntat1on shall be 8u1tab1~ for the 
teat1aa to be c0Q4ueted and shall not be detrimental to test tolerances. 

4.1.2 ~.t Condition. 

4.1.2.1 Operating Teet Cod41t1oDG - All testa sball be conducted at 
.p'prox1mata~ ••• level alt1~ude8 and nll data used to establish paver outpu~ 
::hall be corrected to NACA standard Day sea level conditions. All a1r 
velOcities .pec1t1ed herein are rree stream and all tunnel air velocIties 
uae<l tor "a&tinS shall be equivalent to tree stream velocities. 'nle test 
sball be conducted at ambient temperatures. 

4.1.2.2 Mounting - The unit shall be mounted in n Gu1tnble v1nd tunnel 
with Ita axio ot rotation parallel vithin 1° to the direction of air flow. 
Mounting tacilities are to have negligible effect on pover performance. 

4.1.2.3 Generator Loads - The following loads ghall be used for deter­
m1l111'18 the performanee of the un1 t during test ing. 

Load I 
ID&d II 
LvadlIl 

ilo lond, 
Balnnccd 3 phase, 4000 VA Ilt .80 PF 
Balanced 3 pb&ac, 4800 VA, Ilt .65PF 

4.1.3 Test Methods - The following testa nhllll be performed on the unit. 

lJ. J .• 3.1 Balance - The unit shall be t~stcd for dynamic unbalance. The 
amount or ul\boJ.anc~ or roto.t1na components shall not exceed 0.01 oz. in. The 
measured vIb:'\tion .!~celeratlo" of the unit \lhen operated at 12,000 to. 5~ rpm 
nnd Losd I applIed shall not exceed 40.0 G's. 

4.1.3.2 Gove~ - The unit shell be subjected ~o ~he follO'.l1ng test 
operation: 

(a) With Luad I applied to tba unIt, increase the air velocity 
to 650 Kts £AS minimum. The unit. NUitional speed shall 
not cx:~~d 12,900 rpc. 

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

LJate: JUL 19 • 

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



-----------------------------------------------------------------------j 
SHEET --....!l_OF _--.....!2___ ~ 

ENGINEERING D~ARTMENT SPECIFICATION 

(1)) With ~ II appl1ed to the unit, decrease the air velocity 
t:rca 650 Xt. BAS to 300 !Cte BAS -.x1.al\a. The unit rotational 
8peed sbaU not be less than 11, 400 rpm. 

(c) With IDe4 II applied to the unit operating i!' :n air velocity 
ot 650 Kta BAS'm1n1mtll, auddenl)t, apply ~Bd I. The transient 
rotatioaal speed ot the unit sball b~ within the limits of 
10,800 to 13,500 rpm and shall return to steady state con­
ditione within 3 seconds ea'\:er load change. The ste~ state 
rotational. speed shall be within the 11m1ts ot il,400 to 
12,900 rpm. 

(d) With Load I applied to the unIt o12rat1ng in an air ve1oe1ty 
or 300 Kts EAS minimum, suddenly apply Load III. The transient 
rotational speed of the unit shall be within the l1m1ts of 
10,800 to 13,500 rpn o.nd shall return to :;tc/ldy sto.te conditions 
within 3 seconds after load change. The cteady state rotational 
speed nhnll be wIthin the 11cita of 11,400 to 12,900 rpm. 

(e) Witb LoC1d II appl1ed to th.: unit, 310",1:/ increo..oe the a1r 
veloc1ty to 650 Kto. EAS min:ll11um, then slowly decrease the air 
velocity at a unifonn rate. Thert> crhll.ll bE' no evidence of 
governor oscillation abovp. 300 Kta BAS minimum. 

4.1.3.3 Voltage Regulaticn M ThE' unit shnll be 6ubJcctf!d to the folloving 
t~at operation: 

(a) With load! appl1.ed to't.he unit, and ",ith an air velocity of 
650 Kts £AS, the steady state ]lne to neutral voltage ot any 
ot the three phases shall Dot exceed 118 volts. 

(b) With Load III applied to the unit and with an air velocity 
of 300 Kts EAS, the Bteady state line to neutral voltage of 
any of the three phases shall not fall bel~ 112 volt.s. 

4.1.4 RuJection and Rctet. - If the unit does not paSR the requ1re~ent8 
ot pangraph 1;.1.3 it shall be reJected. A rejected unit lII&y be %'e1IIorked or 
have parts replaced to correct the defects, a.nd resubmitted for acceptance. 
Before resubmItting, full particula:s ~oncerning previous reJection and th __ 
Rction take:l to cnt"~r.t the defects found in the origil'..al unit. ~h,-,ll. be fur­
nished General M11~B, Inc. 
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• 
~.2 QuaUt1cat10D 'feat. - ~it1cat1on Testa are thofJe ~e5ts 8eC<llllPl1Bbed 

on tbe generator uPlibly to demonstrate ~1tab1l1tY' for production. The gener­
ator uMabl1 to be 1014 to Oeneral MillS, Iuc. shall be identical in mat.erial. 
and workman-bip to 8~ aenerator nssambllea which bAve passed qualification 
testa tor pr04uct1on tbereby }n'eclw:l1ns "ny requ~!lt tor such test= on this 
lII04e1. 

. 4.3 R!Parts - A complete record shall be kept ot the progreS8 and results 
at all teat.. Upon COIIIPlet1on of t~stins, a cQIIlPletc test report ,hall bit 
pnpuoed ana. t.hree cop1es subm1tted to General Mill., Inc. tor llPProval. General 
MUla, Inc. allO reserve the right. to provide a witness for any or all o.eceptance 
t.ate. 

5.0 PREPARA!rION roR DELIVERY 

5.1 Pt.ckas1na and Pocking - The unit shall be paekll8ed tt' assuro nrrlval 
at the destlnation in a clean and undamnged condition. Where applieable all 
open1ngs, lIIOWlt1ns faces, and external exposed parte sbo.ll be provided w1th 
·suitable temporary coverings to exclude dirt and prevent damage. All protective 
cover. muat be ot a conf1guration that prohibits assembly with mnttng par~8 
without removing the cover. 

.. -- ----_ ... _-----
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t,.,:llf'.C". -:: U"t,': "1,00:' VA Ilt •• 'Y)i'F lo liM VA 
'1.1 1, 'W". ..:. tll·t;C"t,;m 'IA al' .... ·~·F}O' ~() 3~OO VA 
n I .1. ·l'b··. 

(,I,M. p ··",II'!I, .. '~~rl\l,e'! 1\1. 12, "\l)(l • (1.5;' 1'll111 ' .... IU 
UII\.t 1" t IJ "\'II~ .. r."·n1. ... 6 \/1 t.hl -; ther rile'! I rtlBd 
~"., .. r 'I :!I~ 'P" "'1'1~(! I a' 30n ta!M, ~md l'I"Q.(1 1," 

el.) '~'",r,c.i;! "L'J\d T.I'· i,'.l ''It:l\.l tIl". 
(,~) C'lft.l'Ge "111"~ TJ" I') "l.I-"~l IT1". 

'/ .. , 1.".,' P,r'4'.lll\l I i)1! • To.l" ""lh,:;'! l''!'&;U.18t.(,.,. "hAl) 

WII,.', i' l t.:.e e.ttnE'r"t.'~l· v'.11tJ\~'! ',·ll.l·l~l !he 1\1011'1 
II:' + ~.~.;. tlurtns sl,."'I;! :stt'l.<: "(,tllnti,:,,,. anll bfI· 
hJ':;~" t ,/, '~~('l f'1 cd vl'lll.fI6p 1 t'lIi tlJ lot' .... lm d\ari.na 
nJ1 j','l'l:l /lI1.;} 0l~ra q'll. cl~~'.1f·' tlJr?d ff 04 during 
>.·,.d : !:t:, LH, /I.tlllne« I .. lo/\J'·!lurl}.l'), /j.J. 
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