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FOREWORD 

Stall memb.n of the Aero•pac:e Ruearc:h Department and Engineel'inl 

Department who have participated in directing o:r pedo:rming the work re

pnrted herein include Murs • .9. P. Jonct, Jr. , G. Wbitn&h. M. S&ndirea, 

A. Andeuon, R. Lindquilt, J. Mc:Oillicuddy, J. Upton, C. Hagberg, 

W. L. Torgeson, S. Steinheri, P. Stroom, G. Mor!itt, A. T. Bawnan, 

T. Petersen, D. Harrirtgton, R. Ackroyd, D. Kedl, B. Schmidt, G. Lunde, 

R. DahlberJ, R. Kendall, E. Knut•on, J. Unae, D. Stender, J. Pilney, 

A. Johnton, a. Leiter. C. A. Morria, and 0. Durigan. 
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ABSTRACT 

This Twelfth Qua.rterLy Prog1·ess Report presents the results of work 

conducted at Genet'a.L Mille, Inc. under Contra.ct DA-l8-064-CML-l745, 

"Dissemination of Solid and Liquid BW Agents" during the period from 

March 4 to June 4, 1963. 

In reporting on the continuing study o£ the me chanlc 11 of dry powdc rs, 

data are presented which were obtained with the improved multipurpose 

test unit in which shear strength, tenaile strength and bulk density are 

measured within the confinu o£ a. single isolator lab. Initial findings 

are discuned for an investiiation of three supposedly identical ~ 

samples which exhibit distinctly di£ferent compaction c;haracteriatica. 

Particle-aize distributions (Whitby) are included, which show a amaller 

MMD for saccharin after compaction to a. compressive streea of Z. 84 " 

ll04 dynes/em~. Te1t1 showing that the addition of Cab-o-Sil to powders 

increases the streea required to produce a given bulk density are delc:ribed. 

Experiment. with beds of fluidized powders are dilscuu~d in which 

bed depth, degree of agalomeration, amount o£ segregation or at.tr~.tion, 

and amount oi carry-over were investigated. 

A specific surface area of 1. 53 m 2 I g -3.7 percent and a rugollty of 

2. Z are reported !or saccharin from mealurementa made by the BET gae 

adsorption method. 

Results are given ::'rom experiments in which the effect of positive 

ions on aerosol decay waa inveAtigated in the aerosoL cha.mbe r. 

An inveatigation o! the effectiveneu of graphite in redt:.cina aide· 

wa.ll friction o! compacted powders alidina in c.ylinciert i • reported. A 

50-perce~t reduction in the force required to eject the compacted powder 

haa been observed when graphite il used as compared to the force required 

using a bare aluminum surface. 
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Wind-tunnel atuciiea are diacuued for two ~real of inveetigation. 

Simulant Srn wa• efficiently deagglomerated at an ah velocity of Mach 
- 3 number n. l and at bulle den•itiea ranalng from 0. 33 to 0. S2 a/ em . 

Storase of compacted~ at -Z C or -23 C for periocia up to 30 day• 

haa no aigni!ic:ant detrimental "ffect on deagglomeration e!!icleney or 

viability. 

Progreas on the fabrication o! the second E-41 spray tank il dis .. 

cuaaed. Minor dcsisn chan1es in the E·41 are de•cribed. Plan• to 

fllpt test the .E-41 at Eglin AFB on the F-lOOD and the F-105 ate 

mentioned. 

The 1tatu• of planning and preparing !or flight teating the E-41 

•pray tank on the A0-1 Mohawk airplane il reporte<!. 
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TWELFTH QUARTERLY PRCXi.RESS REPORT 
ON 

DISSEMINATION OF SOLID AND LIQUID BW AGENTS 

1. INTRODUCTION 

Thia ia the twelfth of a aerie• of quarterly pro1re .. reports which 

have been submitted to ~e Biological !..aboratoriee as documentation o1 the 
work being performed by General Mills, Inc. under ContraetDA-18-06-t

CML·2745. This work pertains to the diuemination of solid and liquid 

BW aaenta, and ranaea from experimental and theoretical etudlea of the 

properties o£ flaely·divided eolida to the fabrication and field testina of 
full-acale diueminatort. Much of the work is of a continuing nature, 

and reference to preVious quat'te1'1y prcgresa reports i• neceuary to pro
vide the complete coverage of the 1ubject. 

A primary objective wu to develop a apray tank to be carried a.e an 

external store for line-aource diaaemination d dry BW a.gent~7 from air

craft fiying at high subsonic speeds. The E-41 spray tank was developed 
to satisfy tbie objective, and fli1Jht triah have demonstrated that the tank 
perform• very well at a •peed o£ Mach 0, 7. Teats are now planned in 
which the E-41 will be nown on the A0-1 Mohawk aircraft at. a apeed of 
ZOO !mota (Mach 0. 3). Dissemination a.nd deagglomention atudiea con
conducted in the blow-down wind tunn•l during the pa.•t quarter have 

demon1trated that compacted Sm c:an be efficiently ae ro1olized at thia 

low fliJht 1peed if it1 bulk den"iliy doe a not exceed 0. 'Z g/ em3. 

.. 
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a. STUDIES OF THE MECHANICS OF DRY POWDERS 

A program of study is llftderway to characterize the behavior o£ powders 
in the uncompa.cted state, their behavior during compaction, and their behavior 
in the compacted •tate. Su.ch a. atud.y 1hould yield information rela.tive to the 
m&nufactu:re, handling, compaction, and dissemination of bulk powders. Durinl 
the current quarter, we have utilized our improved multtpu.rpo1e teat unit and 
the energy-of-compaction appa.ratu• to obtain fundament&! information on a 
number of powders. In addition, we au looking very clo11ely at three "slmilar" 
Sm samples to determine what characteristics are ruponsible for their different 
compaction properties. Studiu are aho llftderway to determine whether powder 
particlu are fractured during compaction and to determine the effect of the 
addition ot small amollftta of Cab-o-SU upon the compaction characteristics of 
powden. Fluid-bed experiments were conducted to determine the len1tb of 
time required for a fluid bed to equilibrate, the extent of product los• during 
fluidization, and whether particle-•ize ugregation ruulu ciuriJlJ the fluid&za.· 
tion process. 

2. 1 Behavior of Powders in the Compacted State 

Our completed multipurpose test unit il 1hown in Figure• 2. l, Z. Z, z. 3, 
and Z. 4. This llftit h used to measure shear 9trengtll, tensile strength, and 
bullt density within the con!iJles of a single ieolator lab. The newftat addition, 
the improved alidina·disk shear-strength unit (Fiaure .Z. 4) ie being used to 
obtain ciata. reported in the followinl sections. 

Z. 1. l Shear Strength of Compacted Powders 

To measure shear strength in the compacted •tate utilLlling the sliding
dhk method, the powder muat first be compacted at a. given compreuive load 
<l.nd then shearAd a.t some Uahtcr load. Tho mechanics of thil proccn of. weiaht 
changing were sufficiently complicated to make it di!ficul~ to obtain reproducible 

Z-1 
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(1) 
data at the lower atreu levels. The improved abear-strength unit 

(Figure Z. 4) has been completed to eliminate these difficulties, u illustrated 

in Fiaures z. s thrOUIJh z. 9. Each point plotted represent• the averaa• ve.lue 
f'or three determinations. For purposes of compariaon, data for four repre

sentative powdera are presented in Fiiure z. 9 by the method ol. leaat aquarea. 

Z. 1. Z Tensile Strength of Compacted Powders 

TenaUe strength remains the one powder property most chfficult to 
measure. The determination o{ the tensile etrength is, however, of auch 
significance to the total development of the technolugy o£ powders that the 
time and effort spent on ita determination is well justified. We are currently 
investigating the seemented colwnn and Instron triaxial tensile methods. 

Z. 1. Z. 1 Segmente4 Column Method 

Tbe recent addition o! a low-speed synchronous motor to replace thct hand 
crank mechanism permits tensile failure o! the compacted powder to take place 
at a more uniform rate. Because of the accuracy poufble with tbia chana• in 

apparatus de sian, we !eel that the data obtained are the beat available !rom thla 
method. Representative araphs are shown in Ftgures 2. lO and Z. 11. Future 
work will include powders with diameteu in the S-mieron ran1e, !Juch a.s 

iro-und ega albumin, around powdered sugar, and Sm. 

Z. 1. z. Z Triaxial Tensile Method 

A continuina effort baa been made to improve the ttl&JCal tenaile tut 
'l' 

technique that can be carried out in the Inet:ron teat machine. 
1 

' Di!ficwtied 

l.n sample preparation hAvfll retArded ~tt~mpts to carry out a programmed 
aerie• of tensile teats. However, teveral testa were conducted using powdered 

sug,.r with a.veraae densities from 0. 85 to 1. OZ cl cmJ. Fa1lure wa.s found to 

occur In the center sec:Cion where the cro••·•ectional area. ia smallest. 

Z-6 

Page detennined to be Unclassified 
Revlewtd ~nltt. ROO, WtfSi 
lAW EC 13a21, Stot!on J,& 

Daltl: APR 1 Z 7UtJ 

I 
I 
' 



Figur~ Z. ~ Sheos.r Strength of Talc 

Page determined to be Unclassified 
Reviewed Cn~et, AOO. ~wt1S 
lAW EO 13528. Section 3.5 

ua .. ~: APR 1! 2D11 

l 
I 

l \ 
! ' 
l 
I 
j 



I so 
I' 

..... 
1"1 

I 
Cl 
... 40 
)( 

N8 
.... • 41 

! 30 -
'f. 
~ 
"' &; 
" zo ... 
Ill 

18 

10 

i. 

0 

• 

10 zo 30 40 50 60 

Figu1'e 2. 6 Shear Stl'enatb o£ Ground Saccharin 

Z-8 

Page determined to be Unclassified 
Reviewed Cn~e•. I'CUIJ. ~~hS 
lAW EO 13!128, SectiOn 3.5 

Datct: APR 1 2 2013 



I, 

! 

l' 

I 
I 
I, 
L 

50 

40 
<f't-

I 
0 ..... 
~ 

N 

530 ..... 
Ill 
(I 
g 
>-
'0 -'fl 
~zo 
41 
k 

0 
k .. 
u 

18 
10 

~ 

£__ Prec:ompressed ac 
V 13, 100 dynea/cmZ 

• 

z -3 
Compreuive Load (dynes/em x 10 ) 

F1gure ~. 7 Shttar Stren1th of Ground Powdered Milk 

Page determined to be Unclassilied 
RevieweJ ;:;n,ef. ROu, 'f>iHS 
lAW Ev 1l528. SettiOO 3.5 

Daut: APR 1 2 20lJ 

" 
' 
I 

I 
I 
l 
i 
I 



l. 

' I • 

~ 
I 
0 .... 

40 

0 10 

Prec:ompreued at 
13,100 dynes/cmZ 

20 

Prec:ompreaaed a.t 
Z8, 300 dynes/cmZ 

30 40 

Compreuive Load (dyne•/cm2 x 10 ·l) 

50 60 

Figure Z. 8 Shear Strenath of Cornaurch 

Z.-10 

Page determined to be Unclassified 
Reviewed -:ntt:f. ROO. hH& 
lAW Ev 13:;26, 3•01100 3.5 

Catd: APR 1 2 201J. 



-...., 
' () ... 

() 10 

~,_.~-Powdered Mtlk 

~-------- Cornstarch 

(Plot• Made On Method o£ Leut Squarea) 

zo 30 40 50 60 

Figure z. 9 Comparative Shear Strength of Compactf!d Powders 

(Prec:ompreue<l at 58, 800 dynea/cmZ-1 

Page determined to be Unclnsltllld 

Reviewed Chiel, ROO. WHS 
JAW eo 1~t. s.eU«t~.5 
o.ta: APR 12 2013 

I 
I • 

l 
I 
I 
! 



t"'-

' C) ... 
>I 

N e 
(J -Ill 41 

~ 
'0 -.c ... 
if 
~ .. 

en 
Q,) ..... .... • 
f 
~ 
~ -~ 

I 

! . 

100 
90 r-

I I I I -
80 1- -
70 ~ -
60 ~ -
50 ~ -
40 ~ -
30 ..... -

zo ~ -

10 
9- -
8-

/ 7~ -
6~ -
5- -
4'-

·. /. -
3~ -

/Relative Humidity • '"' Zl- -
MMD: 3ZL' 

1 I I I I 

.5 .6 .7 .8 .. 9 l. 0 

Bulk Density (g/cm3) 

Figure Z. 10 Bulk Tenaile Strenath Versus Bulk Den11ty 
for Powdered Sug.11.r 

Page determined to be Unc!Mslf'tad 
Revieweo Chtei. ~oo. WHS 
lAW EO 1~<26, SecliOn 3.5 

Date: APR 12 2D13 

I 
r-

I 
I 
~ 
I 

J 



I 

I 

-~ I 
0 ... 
>f 

N s 
u ...... 
lD • 
! 
..0 .. 
: 
Ql .. 
at 
Gl ..... .... 
II : , .. 
~ 

100 
90 
80 
70 

60 

50 

40 

30 

20 

Relative Humidity = 1 '

MMD.,. lZJA / 
~f 

/ 

' I 

X 

l.L5------~--------~------~------~ . 6 . 1 . a . 9 
Bulk Denaity (g/crn 3) 

Figure Z. J 1 Bulk T•n•ile Scren1th Ven\U Bulk Denaity 
fo:r Cornstarch 

Z-Jl Page determined to be Unclasslied 
Reviewe(l Chte•. fCOO. WHS 
lAW EO 13528. S.ction3.5 

' uate: APR 12 2013 



Sample-preparation proeedure waa varied to find the but method. "Jtulon 
liquid", a slip and antiatick agent. and araphite were separately tuted for ue 
on the inner wall of the apparatua. Both the graphite and RulOD allowed the 
flared triaection to be removed without damas• to the powdered- sugal' specimen. 
In ..ddition to thia, an increaae in the tensile strength of powdered su1ar at a 
given density was found when 1raphite wa.a used. 

The accepted method of sample prepal'ation fin.ally adopted was to place tbia 
powder sample into the graphite -coated apparatua and to comp:res s the pOwder 
simultaneously from botlt. enda by means of two 1. Z·inch diameter pistions to 
which equal loads are applied. The density wa·• found to be highest in the end 
cylinder• and lowest ln the center 18Ction. The denaity of the center section 
increased with time of compaction. Density and tensUe tests on powdered 
sugar revealed that an eighteen·hour period of compaction w&s sufficie"t to 
produce a state of equilibrium in the powdered-SUJ&r specimen. 

The procedure followed for testing the ape~imen in the lnstron machine 
during this quarter wu the same as that previou1ly reported. 

Tbe densitie• of tile powdered 1ugar apecimens in the region of failure 
were determinttd by carefully dluectinc them after failure (FiJ'IU'e z. U). 
Preliminary results by this method yielded tensile strenaths which lie between 
0. 9 to 1. 6 x 104 dynes/cm'Z, for densitiee of 0, 85 to 1. OZ g/cm 3 \ainl Rulon. 
However, whe,s araphite W&S u.aed, tensile strengthS U high as 5. 0 X 104 

dynes/ c:ml were obtained !or tbe same denaity range. Thi• range of bulk· 
i · ten1ile atrength• was approximately the same a.a that determineC: by the 

segment~d-column tensile teat for powdel'ed suaa.r {aee F1gure Z.. Z.l, 
Ref. 1). 

lt would appear that many problema can be eliminated by increasint the 
diameter o£ the Z.. 5-in. long "necked·dOWD" center aec:tiona. 
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Z. 1. l Compaction Characte.riatica ol 3 ~Sample. 

Three,!!!!. samples (Sl-SM-34Z, 352, and Pool 1#7) currently under investi

gation display diltinctly difiorent compaction characteristic•. .aecauae these 

aamplea are supposed to be identical, it ia of Cund4unental imporunce to 

determine what property and/or propertiee contribute to thia difference. We 

should ultimately be able to trace the dilference to variadou in meth'XIt~ of 

mlinu.£a.cture and/or difierenc:e in proc:eaaing of the aamples since manu!acture, 

Samples of each were taken !rom a. deep !ree~e in sealed jar a a.nd placed 

l.n a dry box with a relative humidity leu than :Z percent. Alter allowinJ 

sufficient tinte lor the aamplee to reach room temperaturt-, the compaction 

unit was canfully filled with each powder, aealed into a Z·mil polyethylene 

baa, and removed from the dry box for testing in th~ Instron unit. At ru1 

time prior to the flllinJ o£ the compaction unit were the sealed jara opened. 

The piaton o£ the compaction unit was then a.dvanced at a corutant rate of 

0. OZ in. /min until a load of ZOOO lb was reac:hed lor each test with ~· Alter . 

each te1t, tlla compaction unit waa removed from iU polyethylene b&& ~nd re
turned to the dry 'box. 

Compaction force ia plotted asainat denaity in FiJure ~. 1} for all three 

nmplea of~: Eac:h sample wa'l teated in d1.1plic:ate with good c11reement. 

' Bl.lt although the compaction curvaa for the three sample• have approximately 

the same slope, th«; individual curves are o!laet with respect to one another, 

indicating a acale ihUt. Thil mean• that the streu required to compact each 

of the three aamplee to a given denaity ts quite di!!erent. 

Several teste have been initiated to explain the scale shift !or the three Sm 

samples. Theee are teats lor particle-ai.ze dhtribution, parhcle denuty, and 

moisture content. Moiat\U'e contents of the thre.e 1amplea, determined by a 

stand&rd technique, (lO) are indicated on Fisure z. 13. :\a can reachly be aeen 

!rom tble information. moisture content alone does t10t explain the relative 

positions o£ the curves. Previous work with •11 illbumin (Z) haa shown i. 5hi!t 

to .the right with increasing particle ai:l:~. And we therefore expect that particle

size dhtJ"ibutions and partl.c:le-denaity testa (not yet completed) will shed some 

light on thi• scale ahift. 
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To eliminate diff'erencea due to adsorbed moisture, the three~ aa.mples 

were dried by the aam11 tec:hnictue as that used £or the moisture determinations. 

Compaction curvu were again determined fur the three dried tamplee, lLild 

results are presented in Figure Z. 14. Durin& these tests, no attempt waa 

made to break up agglomeratu produced by drying. 

Compaction curves for the dried !!!!, samplu 51-SM· 34Z and 35Z are (Cor 

all practical purposes) the same and are nearly coincident with the C•lmpaction 

Cl.lrv~ !or Sl-SM-34Z at Z. 78 percenc moisture (Filifure Z.l3). The compaction 

curve !or the dried Pool 117 •ample lies to the right o! ita curve at 4. 41 

percent moiature. 

It is thus evident that chanaea in moillture content alone do not account !~r 

scale ahift, In addition to work already underway, studiu of deagglomeration 

ilnd change a in viability will be included to £urther explore thi • problem. 

z. 1. 4 Fracture of Pa.rticlea durins Comec:tion 

A study b currently underway to determine the extent of particle f rac~ur.: 

repreaented by changes in pa.rticle-size distribution that occur during the com

paction of a powder sample. We are determining experimentally the ch~ngu in 

Whitby particle •Size dutributiosu of a saccharin sample undttr a compreaaive 

stuu of z. 84 dynea/ crnz.. 

Considerin& tile tranamiuion of' applied stress throu&h a bed of' powder by 

mean• of interparticle contacu, the interpa.rtide contact uea. in a plane normal 

to the compreuive stress is less than the total crosa·sec:tional area, iLZld the 

stress in the bed would therefore be larger th.ln the applied stress. Il this 

stress in the bed is sufficient to cause failure, then the size distribution will 

be changed. 

Saccharin with an MMD of 6. 9 microna and a standard deviation of 1. 48 

wa1 compressed in the compaction apparatu11 {.';)by the Instro"l test machine to 

a. con1preuive ltresa o! 2. 84 x 104 dynes/cm2. Sacc:bartn samples of approxi

mately a milhgra.m quntit}" were then withdrawn from the 2 1 /1.-m. di~eter 
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powder z;eceptacle, and it• poaition £rom the center wu recorded. Siu 

&nalyse• of the samples wen pedorr.ned, typicaluaulta of which a.re pre

sented.~n Ffaur• 2. 15. It ia evident that a challae in pa.:rticle~•iu dbtribation . 
ha.a oc:curnd. Admittedly, thia teet waa performed at a hith •tre•• level. 

which may exaaaerate the effect. But it shoulcl be inform&Uve to make a quick 

cb.eck through a wider ranae of c:ompreutve .treuee and wi.th different powden 

to determine wbetbor significant change• in size dbtrtbution rellllt tram the com· 

p~oction proc:eu. Particular attention should be paid to powder• with compaction 

curves whose slope• decreaae at theu upper portions (aee FiJUl'e z. 16). Thia 

deviation from & straiiht line on the log-loa plot o£ comp&ction atreaa venua 

denlity mi&ht indicate that particle !ailue is occurrinl• thua allowiq denaity 

to increaae more rapidly with atre... .!!!!, would be a good sample for thia telt. 

See the compaction cu1'ves !or~ (Fisures Z. 13 and ~.14) in thi1 report and 

note the changes tn tlope ln the vicinity of " • z. 8 dynes/ crn2 . 

011 .. ., ,.. ... • 
" > ... • • Ill ,.. 

f 
u 

~ 
N 

j~----------------------------------------------
log of densay 
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t. 1. 5 EUeet of C&b·o~Sil on Eneray ot Compett.an. 

A number of fundamental atudiea carried out in thia laboratory(:!) have 

ehown that Cab-o-Sil type additive• can be ueed to meaiU:re flowabillty aDd eli•· 
peuibility of powdered material•. Tbeae expe:riplenu were carried out on. 

uncompacted powde:ra. Although tha ue of additive• with BW material• is 

nat curreutly being •treued, we felt that the pouibility of these prindpl .. 

beina applied to diatimination of compacted powder• wArranted inveltip,ial\. 

Powder eamplea were mixed with 0. ~5 to 5. 0 percent Cab-o·Sil by weisht 

by proceuins throuah a modified fluid-eneriY mill. Energy-of-compaetion 

data obtained from the1e 1amplea indicated that much greater 1treue1 were 

reqUitll!d to compact the Cab-o-Sil altered .amplu than to compact the un

altered powdeu to the •ame bulk denaitiu. We have thul made a preliminary 

ob1e1·vatton that the detirable propertiu which reault from the additiOll ol 

Ca.b-o-SU will be obtained at the expen1e of arc:ater dH!ic:W.ty tn comp&c:ttna 

tho •ample. 

Z. 1. 6 Wall-StreiS Dbtribucion 

We are deliJnins and buildin1 a pilton-cylinder appara••.u that will be 

capable of meaauring atreu at tbe cylinder wall cru.ted by the powder under

going compaction. The meaturement will be made &I a function of a n~.~~nber 

~~ variable• inclwUna type of powder, appliecl •treu, and wall friction. Thia 

lnlormation will be ol both theoretical and practical value. Detaill of tbif 

"Study will be presented in our next quart.rly report. 

A aketch of the pilton.-cylinder unit a! the apparatua .oppe;.u in Figure z. 11. 

The thin brau sleeve was riaidbed by tbe outer heavy-walled .. lwninwn sleeve. 

Holea drilled throuah the alwnlnum aleeve permit st:t'ain g•use• to be placed 

upon diaphrasm-like leJmentaof the inner bra•• lleeve. Preliminary testa 

show that these sau.gecl area• are very •eneitjve to change• in wall atre••· 

The syatem of atrain aaua•• ia currently beiog connected to an autom&tic: 

switching and recorcUn1 system to permit efficient and accurate d&ta collectiona. 
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Z. Z Behavior ol Powdeu in the Uncompacted State 

Our current objective i.Jl thi• area of •tudy t. to determine the behavior 

of fine powde:u UJ'ldergoing fluidization. Studlea are being made t.o determine 

the length o£ time required for equilibri\tion of the tlu1d bed, the percental• ol. 

mau loat by a powder undergoing fluidization, and the extent of partic:le-ai.ze 

segreg;;Ltiol'\ during fluidh:ation. 

2, z. 1 The Fluidization Proc,.u 

A fluidized bed is a !luid-aolid •ystem in which a bed of finely divided 

solid particlee h lifted by & 4trea.m of flu.id. 

When a fluid is paned through a bed ol aolid granular material, one of 

two thing11 can occur. I! particulate fluidization takea place, there will be a 

uniform expansion of the bed, in which the increasing apaces between particles 

allow greater e<aoo uf pauage of the fluid. If "ggreaanve fluidization takes 

place, there will be a bed expansion accompanied by the form&tion o£ large 

bubbles that is analOJOUI to the upward flow of gas through a column o£ liqutd. 

Whether a. ll\lid-aolid ayetem will e.xhibtt p.arttculate or aggl'eaat:-ve lluidiziltion 

depend• on the ratio o! particle density to fluid dena1ty, and Ito a. leuer extent) 

on particle aize. Pal'ticulate fluidiz.ation gener.ally occura when the fluid X. & 

liquid, and &gJregative fluidization most often occurs when the fluid I• a gas. 

Consider o\ bed o! particles resting on a hne mesh screen. As the fluid 

velocity through the bed ia increased, the puuure drop .,.crou the bed in-

c reilaes until it equals the weiJI1t or the bed per unit a. rea o{ the Jl'id plate. 

This is the point of incipient lluidhatton, which 11 defined u the loweat tuper

!icial fluid velocity at which the preasure drop •croJ& fhe bed (&t ita lowest ... , 
denaity) eqU&la the wei1bt of the bed clarge. l 

When the point of incipient fl\lidiaation ia reached, conunued increase of 

fluid velocity produces no further increa.ae in preuure drop, but reaulta in 

a.n expanaion o! the bed, in which the void apaces between the p.-rticlea are 

increased, and the individual particles rest more upon a cuahion of the fluid 

than directly upvn each other. 
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Slugging and channeling are the two major problem• encountered in flwd.iaed 

'oed experilnentl. lf elther i• pruent, it mu1t be elimitl~&ted before meanintful 

ruulta e&n be obtained. 

Channeling 18 a condition in which fluid pauu through a bed of particle• 

along a preferred path. Once etarted, channeling tend• to grow worae until 

almo•t all the flUid ia pauh11 tbrourh the channel iA•teaci of beins diatributed 

evenly throuahout the bed. One o£ the cautea of channeling i 111 a poor distribu

tion of the 1olid material in the bed before fluidization. JJ the Initial pac:Jdn( 

ia a~.&ch that a partial channel exbts, tbe fluid wtll tend to follow thi1 path of 

leaat resistance. It ie alao very important for the fluid to be well diltributed 

over the entire area of the bed by the arid plate. A la.rae number of amall 

holea are preferred to a £ew l&rae onu. 

Sluaging reaulta when a bubble inereuea in size until ita dW.meter equab 

that of the tube. It ~hen carrie• a slug of powder with it aa it riau. Fluid 

velocity is &n important fa.ctor in the rate of bubble growth. For a glv-- rate 

of bubble ;rowth, !llUiiinl can be eliminated by uatn11 a t1.1be with a lenl(th-to

diameter ratio that allow• the bubble to escape before ataining the diameter of 

the tube. 

Z. Z. Z Apparatus 

Having completed a preliminary etudy on the problema of fluidization of 

fine powders (described in the previous report), a more permanent and exact• 

ing experimental 1y.tem was de•igned and constructed. Thta system is pre• 

sented in Figure Z. 18. 

The !luidization chamber ia compoaed of a glau t~be •nd nylon bue. The 

length of the ala .. tube will vary depending on the work bein1 done, but iU me.ln 

inside diameter is Z. 59 em. The ba.ae, mi.ch.ined from a. sohd nylon rod, is 

constructed in three section• for ease in cleaning and auembly. The gud plate 

uaed for the present urtea of teats h a fine •creen with openinas o£ about 

169 microns. 
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Fiaure Z. 18 Fluidized Bed Apparatua 

An oil manometer measure• the preuul'e drop ac:rou the powder bed and 

grid plate through a preuU1'e tap on the aide o£ the base. Silicone oil with a 

density of 1. 066 g/cm3 ia used in the manometer. 

The fluidizing media {air is currently being uaed) entera the baae juat 

below the grid plate. The flow rate b meaaU1'ed by a rotameter. and ia con

trolled by a 0-2 lb/in. Z pressure regulAtor. Fine adjustment• in flow rate 

can be made with a ZO •turn needle valve. 

In dilc:uuing flow rates in connection with fluidized beda, it ia con

venient to tue fluid velocity because thia takea t\&be diameter into &c:c:ount. 

Velocities up to about ZO em/sec are possible with the present i.pparatua. 
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Z. l.. 3 Experimental Procedure and Reeultl 

A eeriu of experimental atudiee u.aing granulated Iugar wa• canieci out 

u.sin1 the new experimental arrangement. The pre .. un drop (lt.p) waa studied 

as a function. o£ fluid velocity (v) for bed depth• of 6, 15, and as em. 
I, 
: A aet of typical ruulta i1 ahoW1l in FlJW"• 1. 19. It i• 1een that in each 

caae there is a peak before the c•trve level• ofi. This is a result of the con.-

1, ! dititln of the bed before fluidization. U a bed baa maximum void volume, ln Ap 

will increate linearly with ln v until incipient fluidization velocity ia reached, 

and will then level ofi. Any other packing will result in the peale diaplayed here. 

I· 

Within expel'tmental erl'or, tb• incipient fluidization velocities of the three 

bed depth• agree quite well, aa do their slopes be:Core incipient fluidization: 

Bed De2th Inc:iei.ent Fluidization Velocit~ ~ 

6c:m l. 55 em/sec 3.81 

15 em 3.10 cm/aec 3. 65 

25 em Z. 60 cm/aec 3.78 

z. z. 3, 1 Fluidized Bed Teate - Talc 

In the fluidized bed tuta reported in the 11th q\Urterly report, we noted 

that talc tends to agglomerate quite badly when it il !1Uici1:z:ed. Thia effect 

has been observed before with 1mall partic:lu of hiah material density. (S) 

Aa a rasult o£ thil &IJlomeration. the bed'• depth dou not remain constant, 

but •teaclily decreaua with time even though the fluid'• velocity rt-mainl con

stOint. Thoe preaent aerie I of teau was conducted to determine how :much time 

the bed requires to reach •ctuilibriwn. 

Ch01nnelin1 problema duzina the teats were corrected by the a.ddition of a 

•mall vibrator to the 1la•• tube. With 22 g of talc. it wu then poslible to 

obto&in l;&irly good fluidization. Seventy-five minute fluicitzatton studies were 

made under fluid velociti .. of 4, 8, and U em/sec. These will be referred 

to u samples 1. z. and 3. 
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After the bed was prepared, a pre uure regulator Wl.S adjusted to aive the 

desired fluid velocity, and a timer was started. Minor random corrections were 

necessary to maintain proper nutd flow. Periodic measurements of bed depth 

and pressure drop were made and recorded. Three runs wue made at eac:b 

of the three fluid velacitiea, using fresh powder samples ea.ch time. Repro• 

ducibility o£ results was sathf~ctury. 

One run at eac:h of the flow ra.tes ia presented in Figure Z. ZQ. Bed depth is 

plotted against time for a bed fluidized at 4• 8, and lZ em/ &ec.. At the end of the 

75 ·minute r•.m, the bed depth at 4 em/ sec is 28. 7; a.t 8 em/sec it ie Z<i. 5; a.nd a.t 

ll em/sec it ia ZZ. 0. Thia might be taken •• an indic.o.tion that the lower flow 

ra.te ac:tua.lly fluidizes the l:?ed better than the higher. Thi.l reaultl from the 

fact tha.t the higher flow rates agglomerate the powder more, resulting 1n a. 

lower bed depth after flow is stopped. The followtng table ,lluat:ntu the 

point. 

Percent of Expansion 

Bed Depth, Bed Depth, by Fluidization at 

Sam;ele No Flow Fluidized Prescribed Flow Rates 

l 2.7.4 28.7 4.8 

2. zo. 3 Z4.S 2.0. 7 

3 17.9 zz.o 2.2..9 

Sample 1 wu fluidized at 4 em/ 1 ec for 7 5 mmutea. At the end o( thu 

tlme, the bed depth was 28.7 em. When fluid velocitY was reduc;ed to zero 

the bed depth was 7.7. 4. This means it wa.1 expAnded 4. 8 percent when 

fl u1di zed. The same rea1oning on Sample 2. ( 8 em /tee.; and S1.mple 3 (1 Z em/ sec:) 

reveals that the higher veloc1ties do expand the bed by e. gre~ater percentc11e than 

the lower velodtiea, 

In the ll th quarterly report, lt wa1 noted th.at whcm a bed of ta.lc w&s 

fluidized, the slope of the curve for bed depth va fluid veloc1ty decrc,ued with 

each successive expanaion. Thie waa due to the fact that the powder wa.e ahll 

-.gglomera.hng each time the bed w.u Huidi:zed. During the recent tests, 

powder was fluidized for a 7S-minute pertod. After each of these testa. 
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£our s~c:c:etsive expansion• were made without otberwi•e dhturbing the bed. 

[twas fo~d tha.t for all four expansions the curve of bed depth va fluid velo· 

city followed the same path (within eJCperimental errol') !or both the 8 and 

U em/ sec treated samples. The 4 em/sec sample did show some deviation•. 

particularly at velocities above 4 em/sec. 

One would expect the aaglomeratea in the lZ em/ sec sample to be largest, 

and the 4 em/ sec sample to be smallest, This was confirmed by the Incipient 

fhtinh:aticn v"locity lor the three aamplu; 

Sample 

1 

3 

Incipient Fluidization Veloctt.I 

0. 6 em/sec 

1. a em/sec. 

4. 0 em/sec 

At fluid velocitiu of 8 and 12 em/sec, good aggrega.tlve fluidization was 

obtained throughout the bed. But at 4 em/sec, we found that flu1duo.a tion took 

place in the upper pol'tion o£ the bed while the lower port10n wa• not fluidized. 

This effect has been observed before for heavy-particle systems, a.nd reeulta 

from the expansion of the fluid as it'pauu from the bottom to the top of the 

bed. 

Z. Z. 3. Z Powder Lost by Entrainment 

Because the velocitiea uaed exceed the termina.l velocities Cor m11ny ol 

the particle•, it ia obvioua that a certain amount of the materi.;.l will be ca.rried 

ou~ of the bed and be loat by entrainment. At 4 em/ aec th,.re was no noticeable 

lou. At 8 em/ sec ~nd U cm/18c, loaa was vtsua.lly detect•ble. · Tbte r.a.te of 

lo11 decreased as the powder &iJlomeraled. Met~aured losses are gtven below. 

Fluid Velocity 

4 cm/•ec 

Scm/sec 

lZ em/sec 

Powder .Lost 

0. 6 g or Z. 8 percPnt 

1. Z g or 5. b pet•cenr 
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Z. Z. 3.l Particle Seg:retation and Particle Attrttion 

A!ter a bed had been !luidiaed during a 75·minute run, samples were taken 

from the top and bottom t:tf thf' b~. '!'h<t samples were subjected to si21e analy .. s 

by the Whitby technique. There were aix umplee (top and bottom for 4, 8, a~td 

lZ em/sec runs), and all were found to have identical size distributions. The 

valuu obtained a.lso a.areed with thou for unfluidized talc. It appears tha.t 

there has been little, if any, segregation or a.ttrition during the current 

experiments. 

Z, z. 4 Conc:luaions and Future Work 

We have shown that under properly controlled conditions, powders with 

diameters in the ~·micron range can be latidactorily fluidi:red with only 

limited lou of product £1oom tho bed. Agglomeration does occur but without 

particle-size segreaation within the bed. 

Future wor.k will include the fluidization of other types of powders, a.nd 

attempts will be m~e to condw:t 11viscoaity" measurements in the fluid bed. 

In addition, experiments will be performed in bed• o€ bulk powder to deter

mine interparticle resletance to flow and 1'eaiatance to flow imposed by 

various geometric: shapes. 
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3, PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE POWDER 
PARTICLE 

.Behavior of particulate material is fundamentally determined by tlu~ natuze 

of the intermolecular !orcu (physical and chemical) exiating at the contact area• 

between particles. The number and character of theae contact• il directly re

lated to the nature of the surfaces of the powder partielea. ·To study thia pro

blem, we are comparing the experimentally determined external surface of a 

particle with a calculated theoretically spherical particle surface to obtain a 

measure of the roughneu of &n external aurface. The use .of electron and light 

microscopy it providing excellent suppleme11tary particle -shape information. 

The problem of meuuring the strength• of agglomerates and the problem of 

powder-to-metal friction are cW"rently hfling investigated. 

3. 1 TotaL Surface Area 

The BET gaa adsorption method (named for Brunauer, Emmett:, and Teller, 

its developers) is being used to determine the total surface area of various 

powde:u. By this method, tho quantity of gas neceuary to form a monomole

cular layer on the surface of the particle is determined. By .uaumins a value 

for the area covered by a single molecule, we are •ble to calculate the area 

covered by the adsorbed gas. During the prec:eclina quarter', the total aur£ace 

area of talc was determined. Talc particles are jagged, 1rregular. porous 

platelets (see elec:b'on micrograph• in section 3. Z) wnerea.a saccharin baa a 

relatively smooth, nonporous surface. We investigated the surface structure 

of saccharin for comparison during tbit quarter. 

3. 1. i Total Suri.ace Area of Saccharin 

Th~ total surface area of saccharin samples has been measured. ancl a 

procedure baa been developed to cope with the problem of subluna.tion or otller 

typea of deeompoettion. A ai.anific~t diUerence between the total aurface 

;~.re;r.a of saccharin and talc w-:.• observed. Uncertaintiea in total surface 

measurements were analtzed in an error analysis of the BET method as 

applied to the gravimr.,ric: system. 

3-1 
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In the application o£ &lll'face-area measurements to powders (e. g., c:ata• 

lytic materials) there l• no doubt about tbe stability of the powder under teat 

c:onditiona. The only concern is the removal of adsorbed contamin.a.ntl, and 

degauing conditions are controlled by the nature of the contaminant. 

However, in the ease of saccharin, the 1tabllity of the powder ia the con

trolling factor for dezaulna conditions. Saccharin sublimes readily at 

temperatures about SO F above room temperature at pressures of approxi-
-5 

mately 5 x 10 mm Ha. At room temperature, ita aubhma.tion rate ia 

negligible, permitting degaaaing at thie temperature. 

A degassing procedure of evacuation at a preuure leu than S x 10·5 

mm Ha at 76 F for Z days will provide tho "deaaased atate''. The degasaed 

state is defined as the state where further degauing will not produce any 

inc reaae in surface area. It thel'e are any contaminanta rema.inina, they ma.y 

be l.n one aenae conJidered part of the atrw:ture, since to remove tbem one 

would have to decompose the powder. In thb cue, decomposition mean• 

sublimation. 

The degaaaing temper&ture waa decreased until sublimation occurred at 

a nealiaible rate. At hiJh temperature (160 F) saccharin w.u observed to 

condense above tbe beatins zone. At lower tempel'atu:ru (96 F) saccharin 

was shown to be aublizning by the fact that surface area increaaed witt. time 

of evacuation (Figure 3. 1 and 3. ~). Figure 3. 2 shows tbe iaotherma a1 che 

turt'ace area increased from 0. 8 m 2./s to Z. 32 m Z. I g ~nd a. a temperature and 

,, . degauins time were increand !or the •ame sample. Figure 3. 3 and Figure 3. 1 

show isotberml !or clegauinJ at room temperature. 'nte surf.a.ce areas of two 

samples are reproducible !or much different evacuatton time1, and for the 

! . 

aame powder the area do .. not incru.ae with evacuatton time. Mea.aurement 

of the total aurface area under conditione of powder Jtabtlitv ha.e tbua been 

accompli1hed. 

Applyina the BET equationt!) the at.borption data,\tl we obtain a apeci!ic 

surface for saccharin of 1. 53 m?./i :i: 1 percent. The epeciftc surface from 

the surface mean diameter, calculated from the MMD of 6. 9 microns, i.1 

o. 71 rnz I g. The rugoait;y definecl as BET Surface Area. . 

Surface area from MMD \Whitby) u Z. 1 • 
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Figure 3, 1 Saccharin Behavior 

Desa.ui!!J Condition• 

Temperature Time (hr) Preuure (mm Hg) 

76 F 16 

96 F +2.6 

96 F +16 

85 F +19 

76 F 113 

76 F 18 

76 F +30 

76 F +19 
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0 76 F for 16 br 

= ·;: 1. 0 

0 AdditiOnal Z6 hr at 96 F 
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0.8 

0 o. 1 0. 3 

P/P
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Figure l. 2 N2 Ad•orption on Saccharln as a Function 
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From the complete ilothcrm (Figure 3. 4), we aee that aaccharin exhibits 

no hysteresis. This indicates that saccnarin has little or no internal turface 

or pore structure. This is in marked contraet to t&lc, (1) which exhibits definite 

hysteresis. The ruaoaity of Z. Z indicate• that a small amount of internal surface 

exists. This c&a. be seen by comparina to one "roughness factol' 11 defined as 

BET Surface Area 
Electron-iiilcroacope Area • 

Numerous powden exhibited rcughneu f'actora of 1 to 1. S. (?) Surface areas 

based on MMD by the Whitby method are usually a little larger than those baud 

on electron-microscope detenninationa. (S} Therefou, th.e ruaosity f&ctor will 

be somewhat less than the :roughne11 !actor !or a Jlven powder. 

l. l. 3 All&lysts ol E;erlrnental Er:rcu in tbe Gravimetric B:E:T Method 
of Measurin1 Ul'Iace Areas 

Tbe :SET equation uaed to determine a11rface areu by &daorption b 

where 

PIP o 1 C • 1 
V(l • P/P) = v-c-+ ~ P/Po 

o m m 

V • Volwne adaorbed (STP) at preuure P 

P 
0 

= Vapor pressure of gas at adsorption tempel'ature 

C = Conatant 

V m = Volume required to form monolayer 

From a plot of 

(1) 

the alope Sand intercept I are calculated, and are ln turn used to c:alcul&te 

V m by the equation 

v - 1 rn-m· 

3-6 

{3) 
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Figure 3. 4 Nz Ad•orption Isotnerrn on Sa.cc:ha.rin 
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Experimental erron o:r uncertaintiu effect the quantities 

P/P
0 

F 1 = VU • f>l P } ' and 
0 

(4) 

(5) 

The errors in F L and F 
2 

are composed of the errore in each of the element• 
P, P, and V. 

0 

The errors in F l and F 
2 

a.re related to the errors in P, P 
0

, a11d V by the 
!<!.U&tion 

. 1( ~ F ) 2 (C).i' ~\ 2 (.3_ ) Z }1/Z 
d Fl" t rldP + ~1+ \ avl dV (6) 

{(
u· ) z ~~F )z} 11z 

d Fz = ~ dP + ~ dP0 
(7) 

In other word•, the •quare of the error b equal to the 1um of the •quar .. of 
error• c:ontl'ibuted by eacb element. 

Substituting Equation• (4) into (6) and (5) into (7), we obtain 

{ 

z }1/'J. P/P (dP/P)l + (dP /P )z ( dV) elF - o . o o + 
1 - v(l - P/P

0 ) (l _ P/P lz -v 
0 

{( )
z (dP )2.}1/2. dFz=P/P0 ~ + p: 

Converting to percent of error, 

3-8 
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d F
1 {(d P/P)~ + (d p /P )2 

- 0 0 -,:-- + 
1 (1 - PIP )% 

0 

(8) 

·:.· · { (~ r · (·~· r}'" ~~ 
In the outline below, we determine individually by the technique above the 

uncertainty due to each element. 

3, 1. 2.. 1 Error in P and P 
0 

The error in P and P ia due to readin1 error: 
0 

dP = (error in reading each manometer leg)yi (10) 

3. 1. a~ a Error in Volume Adaorbed 

'The volume oi J&l act.orbed h obtained from the weight adao:rbed, by 

the ideal aaa l&w: 

The percent of error in V ia 

{ll) 

whezoe W a = weiaht ada orbed. 

W a ia related to uperimental data for gravimetric method a by 

W = w,p + WBf 
a W • 

3-9 
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The percent of error in W due to error ln each component ia a 

wh.ere 

W sp = weight change recorded by apring 

W Bf ::: buoyant force 

W IJ = weigh~ of sample. 

3. 1. Z. Z. 1 Error tn Wet1ht Cbanae 

Error in weight change aa measured by spring displacement W it sp 
determined by the equation 

11te percent ol error ia 

where 

W = 0!/K. lp 

D
1 

= diaplacement read by filar eye piece 

K s aenlitivity of apring, filar 1mit1/unit weight. 

The error in De ia 

dDf = (error in mutna each ready~ "'fZ 

(lZ) 

(13} 

(14) 

The error in K is due to calibration errors and unc11rtainty ot spring 

temper .. tur~. The senaitivity ia determined by the calibratton equ.tion, 

D 
K !ca.l 
=~ 

cal 

3· 10 
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and the percent of error is 

where 

~ = f (d Dfca.l)z + 
K 1 D!eal 

D!cal = displacement read by filar eye piece in calibration 

Meal = weight used to calibrate the eye piece. 

(15) 

Error in K for quartz springs due to temperature uncertainty b given by, (ll) 

where 

~K -4 ~:: -1.23 X 10 

~K -4 err <iT=- 1. zl x 10 KdT 

T = temperatUJ'e of sprln1 

dT = temperature uncertainty 

(l6) 

The percent of error inK due to temperature and calibration uncertainty is 

{ ( 
d D ) 2 ( d M ) 2 }l/ 2 ~ = D !cal + cal + (1. ~3 x 10-4 dT}2 

!cal Meal 
' . 

(17) 

Percent of error in W due to each experimental error h found by sp 
substituting Equation (17) into Equa«on (13)~ 

3. J, Z. Z.l Error in Buoyant Force 

Buoyant forces are calculated by 

3-H 

(18) 
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and percent of error by 

{ 
~ ~}l/'l. d w .Bf.. (d v T) 7 I~) V1Bt" -v:; \ I) i 

' . . 

V T " total volume of a ample plus quartz 1>\ocket and fiber 

tJ i " ga• density, 

The total volume la xiven by 

VT"' V + V q I 

and the percent of error by 

whe:re 

V q = volume of quartz 

V a = volume of sample. 

The percent of error for the quartz volume il 

where 

W = weight of quartz q 

P q = density of quarta 

(19) 

(ZO) 

IZl) 
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and the percent of error fc.r the sample volume ia 

where 

(U) 

ci W 
1 

= fl g from lea at aqua:ru line !or re~tinJ spring deflection to 
waiibt 

W 
8 

= sample wei1ht 

tt s = sample denaity, 

The density of the vapor waa calculated by the Bietbelot equation (lZ) 

where 

RT [ 9 PR. ( 6 )] v = T 1 + Tn"'fR 1 - TR.! 

V: molal volume 

R :: gas constant 

T R = reduced temperature at temper<lture T 

PR"' reduced press at pr~usure P 

T = temperature o£ adaorption 

P = preuure of adsorption. 

(23) 

1! we a .. ume that the Birthelot equation gives eXAct reaults, the percent. 
of error in the gu density p gil atven by, 

(Z4) 
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The temperature wat deterrniJted by interpolating between values of vapor 
lll preuure versus temperature by 

the percent of error in temperature is 

Z. 303 d Po 
dT = o. o5In -,s;,- · (2S) 

3. 1. 3 A Typical Error Analytis to Determine Controllins Errora 

l, 1. 3. 1 Enor in P and P 
0 

The uncertainty b due to the uncertainty in reading the manometer lea 
with the catbetometer which ia 0. 1 mm Hg. There!ore, 

3. 1. 3. 2 Error in V 

d p = d p :: o. 1 Vi 
0 

3. 1. 3. 2. 1 E:rror in Weight 

Error in weight is atven by Equation ( 181: 

(Z6) 

* From critical tables. the equation relatinJ vapor preuure to temperacure la 

By takin1 ntios at the adsorption temperature and the norm.I bOilina point 
a.nd i£ the adsorption temperature is close to the normal boiling P<lint, the 
worldni equation can be derived. 

3-14 
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d :.; " {r:,· r + (d :.::~ r + (d~:l r + (1.23 •10-4 dT): r 
The unc ert&inty in reading the filar eye piece i • one ~omit. The uncertainty 

d Dr !:! l "'fi aince the diapb.eement i• the difference between two readinJ•· In 

the c.alibration, a 10. OZ • 0. 01 mJ weight wu u.ed and prod\Ked a. aprtn1 dis

. placement of 821 lila.r eye•piece unit•. 

d 
0

tcal 1!;{f -3 D • 1 "' 1. 73 X 10 
!cal 

and 

The uncertainty in the temperature of. the column water was measured 
at 0. 05 C, 

·4 -6 1. 23 X 10 {0. 05) = 6,1S X 10 . 

Because sprinJ de!lectionaof 821 fila.r eye-piece units never occur, ancl becauu 

most deflection• are usually an order ol maanitude leu, the c:ontrollinl error in 

wei1ht chanae ae measured by the spring is the error due to readinJ the eye piece 

01' 

d W d D! 
~-w-- !)."• 

tp { 

Tbla means that the error in W il c:on•tant for any given •pring. 
•P 

.3. 1. l.l. 2 Error in Buoyant Force 

Errors in total volume are wiv•n by Equation (ZO): 

3-15 
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I ! : 
1 The usual case ie that the volume of the aample ia 10 tirnea as large u tile 

i 
l 

L 
E 

volume o£ quartz. Therefore, errors in the sample volwne would preciominate: 

(ZS) 

Errors in volume of the aample are determined by Equation (%2): 

From least squares analysis, 
d w = 0' = o. 36. 

I I 

The error in the true density is approximately Z ptsrcent: 

d ;; . { [~)' + (0.02)-r· 
From this w11 • .,e that the error in denaity o!. the sample predominatea, or 

d v d p a 1 ·-v-•-p-
• a 

(Z9) 

The error in the density of gat it provided by Eq'U.tiona (Z4) and (Z5): 

d p 

~= 
I 

substituting above we get 
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z {d P }z (~} + 1.0~ ~. 
0.91 

The percent of error in P 
0 

i8 always much leu than P: and dividing by T, 
the temperature of &daorption, makes 

dP 
d p > > 1 05 0 l -,r . ,--,... 

0 

1· Therefore, 

l 
t 

! 
j' 

r 
r 

dl) dP 
~--v-· 

s 
The error ln the buoyant force is aiven by Equation (19): 

"""W'Bf -v:; \ I) g 
ci wBf "'{ (d VT)z + ~~ lz}l/?. 

Substitute Equation (28), (Z9), and (30) into Equation (9), and we obtain 

~= - +,... . 
Bf "11 

d W Bf { ( d p 1 ) z (d p )z } l/'1. 

Since d P = 0. 1-{i mm Ha ana Pis always greater than 50 mm Hg, 

d p • _ _..d p 
- ---,s-· PI 

Therefore, 

(30) 

c1 Wac c1, -wru.. p .~ (31) 

3- 1 7 Page determined to be Unclassified 
Reviewel.f Ctlt•f, ADO, WHS 
tAw so 1atae, ttot~n a.a 
IJattl APR 1 5 2013 



I 
i. 
t 
I 
i. 

The error In the volume adsorbed is determined by Eq~tions (11) anc! (12): 

dV ={(dWs/~+(dWBl)z + (dW•lz}l/Z. 
T (W + w )Z -w;-

ap Bf 

.Becau1e the error in the density of the sample was ahown to obscure the error 

due to weighing the sample {see th.e analysis ol errors in the buoyant force), 

derivation of Equation (~9) il 

l l, I., 

d y • (d W82) + (d WB!} 

T (W + W t2 , 
sp Bf { 

}1
,.., 

Subatit~.ating Equation (31) and Equation (Z7) into the above equations providee 

(d Df 2 [w d /) •]z }l/Z 
1r + Blp-

• (3Z) 

The error in the lunclion 

(Wsp + WB!) 

1 
11 arrived at throuah Equation (8): 

d Fl .,{(d P/P}z -r (d Po/Po)z -t (d vlz}I/7.. 
~ (1 • P/P )Z -v-

o 

Becauae the error due to tbe denaity ot the sample obscured the error due to 

preesure in the buoyant-force error analy1i1, derivati:m ol Equation (31) can 

appro:cimate the error iA F 
1 

by 

· and subatitutins Equation (3Z), we aet 

J-18 
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d Fl -{(;t]' + [ WBI~r}l/2. 
~- {W + w )z 

-P B£ 

(33) 

For the aame reason, we can •ay that the error in F 
1 
it much greater 

than the error in F z and that in plots only the error in F1 need be con•idered. 

~. 1. 4 Application of the Error Analyaia 

In Figure 3.!'>, the ruulta of the error analysit are applied to the saccharin 

data, whh the uncertainty of each• po1nt plotted as an "error l:04r". The aolid . z 
line l.s the average line depicting the area tor saccharin of l. 53 m !,.. The 

daebud linea are the envelope• of the moat probable alopea drawn through any 

aet of data. They were drawn to include 2./3 of the error bars in each run. (S) 

The areas calculated from these envelopes represent an uncertainty of 

7 percent. The envelope include about Z/3 o£ the.points, giviniJ credance 

to the concept that 1. 53 ia the most probable value, with 7 percent being the 

standa;rd deviation. 

3. Z Particle Shae_e 

.e:Iectron and light rnic:ro1copes have been u1ed to obtain very &ueful 

particle-ahape information on many of the powder~ currently under •tudy. 

Figure• 3.6 through 3. 16 contain micrographs of talc. sac.ch4lrin, eg1 

albumin, powdered mille, !!::!!..• powdered aug•r, a.nd cornstarch. Although 

the mic:roarapha "•peak for themselves", it ia Interesting to note the uni~:~ue, 

jagged, plate-like •tructure of talc because compacted talc di~play• much 

greater ela.atlcLty thall any of the other powders under study. The micrograph• 

indicate a complete range of llhape characteriaticll from the irJ'egular •tructure 

o! talc to tb.e smooth. nearly spherical structure of corn1tarch. Figure 3. 1) 

dramatize• the wide ranie o( particle sizea found typically In ~ !l&mplea. 
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F:g~.:re 3. 6 

Powder Ground Talc MMD (Whitby) 1. 75 microns 

Method of Di•persion~sol cloud formed by hand syringe. 

Gravitational settling ;j( oowcers upo:1 a speci:-:1en grid. 

Magnification 30, OOOX (microscope}. l. 5X (enlargement); 75, OOOX total 

Micrograph No. __ 6_3_-_2_-_,_l ____________________________________________ __ 

3-2 I 
Page determined to be Unclassified 
ReviewtMJ Cn1ef, ADO. WHS 
lAW eo , ~aae, hotkU\ 3.1 

uate: APR 1 5 2013 



I. 
L 
11 

H 
lt 

I 
l. 

i. 

•• \ 

Figt:.re 3. 7 

Powder Ground Talc MMD {Whitby) 1. 75 microns 

Method o£ Diaper a ion Gra:vitational settlir.g in an aerosol chamber upon a. 

specimen grid. Aerosol .w::-med by hanci , 1 ,;;., •. 

Magnification 30, OOOX (microscope): Z. 5X (enlargement): 75, OOOX ~otat 

Micrograph No. __ 6_3_-4 __ -_, ______________________________________________ __ 
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Figt.:re 3. 8 

Powder Ground Talc MMD (Whitby) I. iS ::":licrons 

Method of Diaperaion Particles dispersed in liquid naphtha. Sus?E~sio!"l. 

liquid spray~a Oi1 specimen grid with .:-aas-.{, ;y}'~ ·, .1.... .Ai.ror~sn. 

Magnificatioa 10, OOOX (microscope); 2. 5X (entarge:ner:t): 25, OOOX total 

1dicro1rapb No. __ 6~3~-~4~-~4~3~--------------------------------~--~---
(specimen grid shadow cast wi~. chromiu_-n at a 3 to 5 
height to length ratio) 
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Figure 3. 9 

Powder Ground Talc MMD (Whitby) 1. 75 micro~s 

Method of Dispersion :-<aphtha dispersed suspension sprayed on speci:-ne:1 

grid with Paa'!!<.:.h 'J.yF;. VL .Airbrush(::. •... ::..~ :~ ,..s~:. 

Magnification 10, OOOX (microsco?e); 2. SX (enlarge=ent); 25, OOOX to:al 

Micrograph No-~6_3_-~4_-_4_4 __ ~~~~--------~--~--~------~~~~~ 
{Specimen grid s!':.adow cast with chromium at a 3 :0 :; he:.gt:.: 
to length ratio.) 
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Figure 3. 10 

Powder Ground Saccharin MMD {Whitby) 6. 9 microns 

Method o! Di•peuion mspersed in naphtha; sprayed on grid with a 

Magnification 10. OOOX j:!iicroscopel; l. 5X [enlargement); 25, OOOX total 

Microaraph No.~6~3~--4~-~5~2~--~~--~--------~~--~-------~--~~~~ 
(S?ecirr.er. grid shade· .. •• cast with chromium at a 3 to 5 height 
to le:-~gth :-atio.) 
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Figure 3. 11 

Powder Ground Egg Albumin MMD (Whitby) 4. 8 microns 

Method of Dispersion Dry powder dispersed on specimen grid with a 

Pa..a.sche ":"Yfe v~.J rtJ.J.'LHuSh (15 j1"' ~nd 40 'O!i). 

Ma.gni{ication 10 OOOX (microscope); 2. 5X (enlargement); ZS, OOOX total 

Microg~aph No. __ 6~3~--4~-~4~8-------------------------------------------
(Specimen grid shadow cast witll chromiuzn at a. 3 to 5 height 
to length ratio. ) 
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F"igure :l. lZ 

Powder Ground Powdered Milk MMD (Whitby} 7. 0 microns 

Method of Ditperaion Dispersed in naphtha; sprayed on grid with a Pa.a.sche 

Typ= \'L .M..-orush (15 in. anu -,.v po~i. 

M&;nification !0, OOOX (micro!lcope}: Z. SX {enlargement}; 25, OOOX total 

~icrograp4 No.~6~3~-~4~·~5~1--------------------------------------------~------
-

(Specimen grid aha.dow cast with chromium at a 3 ro 5 height 

to length ratio.) 
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Figure 3. 13 

Powder Sm (Pool * 7) MMD (Whitby) 6. 4 microns 

Method of "'i"!)eraion Dispersed in naphtha; sprayed _ _c;~specimen grid vrith~ 

Paaache Type VL .Airbn11h (15 in. a.'ld 40 psi). 

Magcification 3, OOOX (microscope); Z. 5X (enlargement); 75, OOOX total 

~icrograph No. __ 6_3_-_4_-_5~9------------------------------------------
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Figure 3. 14 

Powder Sm (Pool J! 7) MMD {Wnitby} 6. 4 microns 

Method of Disoeuion Di<Jpersec in butyl alcohoL; sprayed on glass slide 

..:=:!.th airbrush (15 in. and 40 esi) 0 

Ma.gnif'ica.tion 400X (light microscope); z. SX (enlargement); 1, OOOX total 

~icrograph No.~6~3_-_B_-~l~l--------------------------------------------
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MMD (\Vhitby) 3.;. 5 :-::~c ::c.:::s 

Method of Dispersion D~s::>ersed i:-~ bt.:tyl z.~co!-:.ol: S?ra.yec o~ glas~ sliCe 

with J. Faa~-:hc Ty?c ':L .-l.irorus~ (15 i:r .. ·iC psi). 

MagniEcatlon_~QOX {L~:_::: ~ic:-osco:::oe): 2. 5X (enL?.rge~e::::): ! , OOOX :ota.l 

Micrograph No.~~~·~~-~~~.-~:~1~----------------------------------------
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Fig:.::-t:' 3. !6 

Powdert.;nground Cornstarch MMD (Whitby) 12. 2. =icro::-.s 

Method of Disper;ion.£.ic~!"_:sed in bu:yl alcohoL sprayec en a gl<:_~~--~~ic..:__ 

wit!: a Paasche Type \'L Airbrush (1:; in. and 40 _::>.::i). 

Magnification 400X (light microscope): 2. ;x (enlarg-e:-:1e:1tl; l, OOOX total 

~icrograph No.--~6~3-~~B~~-l~~~--~~-----------------------------------------
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3. 3 Agglomerate Strength 

We reported previously (9) that the energy-of-compaction appan.bu wu 

being used in an attempt to measure the strenath of agglomerate• in a powder 

bed. The results to date arc not encouraging. Experimental conditions. tenai• 

tive enough to meaaure agslomerate strengths also pick up back1round noile, 

vlbration.a, and minor powder bed nonuniformities, thus obscuring the desired 

information. 

3. 4 Powder-to-Meb!l Friction 

The use of graphite to reduce powder-to-metal friction ia discusaed in 

various aectiona in thia report. Graphite or graphite-like materials seem to 

be unique in their ability to reduce greatly this frictional fore~ A ttudy will 

soon be ma.de to determine criteria for methoda of appli::ation and the 

smoothness ot metal surfaces necessary to optimize this property. 

3. 5 Pa.rticle-Size Analysis of the Swirl Disperser's Out.put 

To determine i£ grindina o! powders is ukinlil place in th~ swirl dhp.,nser 

used in the aero1ol etudiea (see Section 4. 4 of this report), Whttby size analy1es 

w~re determined on representative sample• obt•tned !rom the diapen•er. 

The method of •ampling conai1ts of couplina a 5--liter lla•k to the output of 

the swirl dispenser by means o! a short tube. The tube extenda into the fla•k 

and ia immersed in a settling liquid about two inches deep. The settling mediwn 

·· used is the same as that u1ed in the Whitby technique for the powder in que•tion. 

The •wirl dispenser waa operated at 250 psi of nltrogen applied to the gaa inlet• 

for 5 seconds. 

l-3Z 
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After a nan, the aettling medium eoota.iainl the powder wae eonc:ent.rated 

by centrilugal force. The 1upernatant liquid was decanted and the remainder 

wu diluted with naptha to a predetermined ratio. The mixture was tben uaed 

U the feeding liquid !or Whitby tise analy1i1. 

The reaulta obtained were aa Collowa: 

Orlainal Sample 

~ Std. Dev. 

saccharll1 6.7~£ I. 50 

Powdered Su.gar Z.07 

Di•pend S!mel• 

~ Std. Oev. 

6. 7" 

32~& 

1. 47 

1. 60 

We determined £rom the1e analy1u that little, ii any, grinding il taking 

place in the dilperaer. 

3-33 

Page determined to be Unclassified 
Reviewed Ctuef, ADO, WHS 
lAW EO 13$~6, Sectlqn 3.5 

llate: ,f\PR 1 5 2013 



i I : i : 
II 
I I 
I I'. I I 
! J 

I 
i : 

I 

~ ' 

\ 

4. AEROSOL STUDIES 

Ourina thb period, a pro1ram of research wa1 initiated t'o study the 

effects of atmoaphedc c:har1• conditioDI OD aero.ol decay. IoD conceDtra-

tioa in the aerosol cbambeJ' was varied by iatroclucinJ large qu&Dtitl .. o! 

positive ioaa at selected tbnea lD u aerotol't bittory by meant of a COJ'Oa&• 

disc:ha:rae ion senerator. Other teeta were conducted in addltioD to the electro· 

atatic-charse runs and are dieuuted later iD tbb taction. 

4. l Description and Oj!enti.DI Charactetiatict of the Corona-Point 
IOn Generator 

The aeneral operatin.s c:haracteJ'Iatica of corona-discharJ• ion 1•n.eraton 

are di8c:uued at some len.Jth in the Utenaare and wUl be treated oDly briefiy 

he:re. The speci!ic desian ol the unit uaecl was developed by Oenual Mills, Inc:. 

persoDnel on. another contract, and a detailed deocription may 'be seen in the 

associated reportl_(l) The corOlla poin.t ion aenerator ia thown echematically 

in the ac:companyinJ 1ketch. 

H.V. 

Metal Sate Plate 
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When a voltage 11 applied. to the corona needle, a higb electric: field 11 eacab

lithed at it• point. The 1trength of thie field is directly proportional to the 

applied voltaae and iDveuely proportional to the racliu• of the needle'• tip. 

For a auit:able combinatioft of tip radiua and applied volt<ll•• tbe electl'ic 

!ield ltren,th in tbe immecll.ate neighborhood of the point ie ,reat enouah to 

eau1e ionization ol. the gu moleew•• in that region. In the case where the 

needle b poeittve, the ruwtiq neaative ion• (presumably free electron•) 

aro collc.:ted at lhe needle after travelin1 a. 1hort di1tance. The poeitive 

lona drift toward the ll'ounded ba,. plate at a velocity governed by the elec

tric field and the ion mobility. Il a gas ia admitted through the ga• inlet, a 

''aink flow" of ga1 develope• at the exit orifice. At toni!; operation, the 

velocity of thh flow ia IUCb that a large fraction of the poaitive ion current 

is swept out through the orifice and into the region beyond the ba•e plate. 

The ionize!' u1ed in the prennt work ha• a needle •harpened to a tip 

radiu• of about one micron. The needle 5p~ctng.! 11 1. a mm, and the oriliee 

diameter ~is 0. 79 min. O:ry nitro1en Is und aa the icntztng au. We 

meaaured the tree ion current output of the device by collecting the ton 

current in a 51-cm lona by 1-cm ID copper tube mounted coaxially &ncl 

spaced about 1/8 inch from the bate plate. Tbe reault• •r• ahown in 

Fisure 4. Z, which alao pre•enta the ga• -now rate. 

The ion gun it mounted in the chamber in a poattion diametrically 

opposite the dieperaing 1un, u ahown tn the following sketch. Both JUD• 

are exterior to the cb&mber. The base pla.~e of the ion g1.1n it electrically 

connected to the aluminum aerosol chamber, which in rurn it connected to 

permanent gro\lDd, Tbe lou that leave the gun are eventually collected on 

the ch..anber's walh. (See Flaun 4. 3.) 

We have made measurement• of curren• denJifiu &t eqclUbrium llow, 

a rough m3p of which ia abown next Note that " lArge fraction or the b•ee 

ion output it collected on the floor of the chamber near the :ontzer. Some· 

what smaller current denaitiet exist a.t other points in the chAmber. (See 

Ftgure 4. 4.) 
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-4. Z ProcedUl'e for Elec.troatatic·Charse Run• 

The ee:riet of 1'\U11 to be :reported here all involved diepereing ot 100 :1: 5 ma 
of powder into the chamber with either simultaneou• (Mode B) or l'l&bseC(QeDt 

(Mode C) injection of poeitive ion1. Thee• run• are to be compared to rune 

where no chiLrJe wa1 injected (.Mode A). The procedur.e for each of the aezotu 

La indicated in the diaanm. (Ficure 4. 5) 

The time tc;ale ior each mode of. operation 11 ua.rted wh6n the ionizer 1&1 

is turned on. In each c:a•e. the swirl powdu disperser wa.• operatecl for a 

!S-aeconcl interval at&rtlnJ 10 eecondJI a.fter the ionizer aaa. The .,.,ti"L dieper· 

u:r wu operated at 60 psi. The dil.ferenc:e between the modu of operation lie 1 

in the application of high voltal• for tbe corona needle; it ia thia voltate which 

cau1e1 ion production. 1n Mode A no ion• are injected; in Moc1e B ioaa are 

injected limultaneoualy with the powder for a. 10-uc~d interval; in Mode C 

lone are injected for 10-lec:oDCl intuvah a1ter powder injection (see Fipre 4. S). 

The gaa preaaure in the ionizer for the runt to be reported wa.a 30 p1i, and 

a• the hiah volta.ae was .. tat 6000 volta, one can now aee by re!errina to 

Fi1u:re 4. Z that the volume of ca• admitted wa• 10. Z Uteu a.nd that the total 

charae injected waa about 2. !S x 10-& coulomb• (1, 5 x 1013 untchar1ed iozu). 

On tbe other band, the powder diapereer admitted 3. 6 Htere ot gu iJ.Ild about 

100 m1 of powder ( -109 particles of S-14 diameter). The number ol positive 

iona introduced per particle of powder il therefore appro~m&tely l o4. 

We b&vo, of coUl'ee, no guarantee that there il actually a combination of 

powder particle• and injected tone. One mi1ht expect eome fraction of the 

powder particle• that delcend into the chamber bearina neaattve chars• co be 

neutralized. The estent of thil dbcharginl is not known, however, at the 

preaent time. The axperiment i1 to be viewed simply at one in which the 

aerosol p&rticlea are expo•ed to an abnol'Ulally lar1e concentr•tiOn of posi· 

tive ions. 

The ~eroaol experiment• wel'e carried out undeJ' condtnont of room 

humidity, which remalntd relacively constant throu1hout a 11ven lel'iea of 

runs. 
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4. 3 Experiment&! Results 

Electrostatic charae runl ha.ve been made on talc and aac:cbarin. Each 
powder was run througb the sequence o£ Modes A-B·C·A twice, the two aeriea 
involving different hwnfdity conditions. The light·acattering data from each 
run were reduced by the log-normf&l plot procedure explained previously. The 
half live• a.nd initial amplitudes o£ the various aerosols are shown in Figures 
4. 6 and 4.7. 

The data point• in Figures 4, 6 and 4. 1 are collected int.o groups according 
to prevailing humidity. Each group of poblta ropruent• 4 aerosol runs (only 
3 in one of the saccharin aeries) carried out under "1dentical" prevailing bwnidity 
conditions. The fourth point in each group il a rerun ot tbe no-charge conditions 
of the first point and ia thus a check on reproducibility. 

The data o! Figures 4. 6 and 4. 7 can be summarized u follows: 

4. 3. 1 Tale Aerosols 

The injection of positive ions simultaneously wtrh the injection o! powder 
reducet aerosollonrevity under the no-charas condition; the injection of posi
tive ions alter Injection of the powder further reduces ae:roaollo,levity. 

4. 3. Z Saccharin Aeroaola 

Tile injection of p011t1ve ione aimultaneously with the 1njection o£ powder 
increaaea lonJevity, wherea.a ion injection alter powder mjection reclucea 
lonaevi.ty, under the no-char1• injection condition. 

It should be noted that there il an element of ri a.k in dnwing rbe above 
concluaiona from the data available becaUIItJ the reprodt1Cl!rility ia not a• good 
u one might hope lor. It is quite evident, however, t.ia.t the etabilitte• o£ 
aerosoll are a£!ected by the radical atmosphere charge condition• employed 
here. In view of thia, it may bit neeeuary to modifY certain statements 
advanced previously regarding the e!fect of electrolft&ttc charge eon aerosol 
decay. 

The atudy will be contiuued durinJ the next quarter. 
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4. 4 Samplinl of Swirl Di!peraer'a Output 

One of the quutiona whicb baa plaped the aeroaol program-for same 

time ia whether grindinl t&kea place in the dilpenina proc•••· Dllrina me 
paat qu.artftr, teata were made ln wbich tbe entire output of the awirl cliape• 

aer waa collected and tubmittecl to Whitby aediment&tion aize &Dalyaia. The 

collection technique ia diacuaaed in Section 3.-' of thb report. For the two 

powdera tried--aaccbarin and powdered aurar--the aize diatributiona .. of the 

awtrl-diaperaed samplea -...re nearly ldetical to the aize di•tributiona of the 

atocke from wbich the aamplea were taken. 

In another etudy of the awirl-diapen•er performance, the dt.pertiq au-flow 
rate waa meaaued by meana of a capillary ~be flowmeter. The r.,ulta, aome

what hiah•r thaa haa be•n uticipated, are abown in Figure 4. 8 •. 
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5. EXPERIMENTS USING GRAPHli'E TO REDUCE SIDE. WALL FRlCTION OF 
COMPACTED POWDER SLIDING IN CYLINDERS 

At the Fourth Coordination Meetin1 on Diaaeminati.on Research held at Fort 

Dotrick in May, 1963, Mr. .Eu1ene Flurie duc:ribed acme compacted powder 

experiments conducted at the. Biological Laboratories tn.wh1.ch grapbita was 

used succeufully on the walla of a. srna.ll cylinder to reduce friction. Since 

sideMw&ll friction is an important consideration in developinR equipment to handle 

compacted dryMagent materials, an i.nveatt1atioD of the use of graphite to reduce 

friction wae started at Oene:ral Mills, Inc. Moat of our interest in lowering eideM 

wall friction relatea to the performance of the E-41 sp:ray tank a.nd ita auociated 

loadin1 equipment. During the development of these items, a number of experi

ments were performed which provided data on the !orce required to move a rnaaa 

of compacted powder out of the cylinder in which it was compacted. Borne of these 

experiments were repeated durin1 Ma.y and June uaina graphite as a lubricant on 

the cylinder's walls. The reeulu were very gratifying. Use of graphite haa 

lowered frictional·force by approximately 50 percent, Experimental procedure• 

employed and reawta obtained are diacuued in the followina para1raphs. 

S. 1 Procedure 

The data reported berein were obtained in three aeta of experiments: Two 

seta oi tests were conducted ln M&y and August, 1962, during ~ determiD&tion 

of the forces likely to be encountered in compacting and loadina dr.y·powder 

chariu into the EM41 spray tank. These tests provided data on density aa a 

function of cornp11ctive preuure, a.nd on the force required to push a body of 

compacted powder out of a cylinder as a function of compactive pres sure and the 

cylinder's lenath·toMdiarneter ratio. A 6-inch diameter aluminum cylinder was 

used in testa with Mistron Vapor talc, and a 7. S-inch cylinder was used wieb 

powdered sugar, flour, -.nd powdered milk. 

For dle third set of experiments, the t~s·s w th tal(. and pc-wd~red aurar 

were repeated in a 6-inch cylinder, uaina graph1te to lubricate the cylinder's 

walla. These experiments were conducted durin& the latter part of May and 

early June. 1963. Their objective was to determine the effectivenus of 

graphite in lowerin1 aideMwall resistance to the alidint of (;ompacted powder. 
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The experimental procedures were the same !or all three seta of teats, 
The powder waa preued into the cylinder uainl the &rrangement shown 
scbema.tically in Figure !. l. ~ring compaction. force wae applied lor a 
su!!iciently lons period oi time to allow entrapped air to pau throup the 
felt pad and air bol .. incorporated in the compacting piston. Tbe compaetive 
force waa measured on the platform aca.le. Alter completion <Jf the .fi1llng 
operation, tbe cylinder waa raised of£ the baae pU.te with apacen ao that tbe 
body of compacted powder could be pushed down out of the cylinder. The 
force required waa measured on the platform scale, ~d the cylinder wae kept 
vertical at all time a. 

When filling the cylindn, we added powder in increment. and applied apeci
tied compacttve force after each addition. One-baU pound incrementa were uted 
with talc, and one-pound meaeurea with powdered augar. The total amount of 
powder wae va.1'ted so that di!fe:rent lenJth• o£ compacted powder epecimenl 
wel'e obtained. The lenJth-to-diameter ratios employed ranged !rom 0. 7 to .2, 5, 
The compactive pre .. vea ranged from 3. 5 to 13. 1 pei. 

The Jl'&phite used to lubrica.te the cylinder wall wa.a wip.:d on wtth a piece 
of chamoia ald.n when applied dry, Thil waa tbe c:au for moat of the experiments. 
A few trials were made in wbic:h the graphite waa mixed with a liquid and sprayed 
on with a •mall epray can. The fUm wu allowed to dry before we filled the 
cylinder with powder. Wa.tel', alcohol, and trichloroethyle-ne wel'e tried aa 
vehicles for applying the graphite aa a spray. 

Two bra.nde o£ flnely.divided araphite were uaed. Their particle abea 
were not known, but we plan to make abe determinations. One brand waa 
"620" powdered &morphoua Jraphite from the AmericAn Graphite Company, 
Ticonderoga, New York. The other was 11 Microfyne" lubrlca.tinJ flake graphite 
from the Joseph Dixon Cruc:lble Company, Jersey C1tv, New Jeuey. There 
waa no discernible dif!erenc:e in performancee ot the two brands, 
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5. ~ Results 

The results oi the experiments are preunted in Flsures 5. 2, 5;3, and S. 4, 
where the force to eject the body of compacted powder is plottetd aaaJ.nst tbe 
len1tb·to-diameter ratio of the body of powder. Althoqh the ejection fo~ce 
waa measured directly in pounds, it haa been converted to pounds per square 
inch to permit a comparison of the ruulta obtained with the 6-inch cylindezo 
to those from the 7. 5-inch cylinder. In both Fisurea 5. 2. a..nd 5. 3 there are 
two seta of data plotted, The results from the plain aluminum cylinder are 
represented by datbed 1inu, and those from the graphite-coated cyllnde:r 
are depicted with solid linea. Each point represents a single teet. 

The data from the trials with talc ~:re presented in Figure S. 2. It is 
clearly evident that the use o.t graphite to lubricate the cylinder produces an 
appreciable reduction in aide-wall frictioa. These data &lao indicate that the 
percentaJJe of reduction is greate:r for the la:rger length-to-diameter ratios 
than it la !or the smaller ratio1. This w&l oburved for both compactive 
preuurea employed in the trials. For the 5. 3 psi preesure, the perc::entaae 
of reduction was 49 percent at a lenatn-to-diametel' u.tto o£ 1. 5, increasina 
to 55. 7 percent at & lenath·to-diamet,.,. ntio of z. 3. For the 3. 53 pai com
pactive preuu:r:e, the percentagev~i :reduction at the reape~tive ratio• were 
Z8. 8 and 49, 

It will alao be observed that the percentage o£ reduction in ejec:tina pre•
sure h greater at a higher compactive pre a aure than at a lower one, ( Thia 
ill undoubtedly rela.tcd to the hi1her denaity produced by the hi~&her compactive 
preuure.) P'or a lenjth-to-diameter ratio of z. 3 a.nd a compa.c:tive pressure 
of 3. 53 pal, the use of sraphite ruW.ted in a 49 percent reduction in ejec::tinl 
preaaure whereaa the percentage of reduction waa 55. 7 perc::entt.t a pree1ure of 
S. 3 psi. 

An examination of the data pruented in Figure 5. 3 for powdered Iugar 
shows the same general pattern. Here again, the use of graphite to lubricate 
the cylinder'• walls before packintl.n the powdered auga.r reaulted in & aiani.fi
ca.nt reduction in the force required to puah compacted powder out of the cylindezo, 
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The percentaae of reduction in £orce wae more for the lara• lenatb-to-dJametu 
ratio• than for the small. The data lor the araphite-lubricated cylinder ahowed 
le"~ -•~atter tha~ that for the plain alwninum cylinder. Thi8 could be ince:rpretecl 
aa a fW"ther indication that frictional effect• an allmated by the uae of arapbite. 

Aa waa pointed out ln tbe diacuuion on procedures, the graphite powder waa 
applied dry with a chamois •JdA !or moat of the trtala. Thle waa the method of 
application employ~td for the data preeentecl l.n Figures S, 2 and 5. 3 A few trial• 
were macle in which the rraphite wae suspended in a liquid and then eprayecl onto 
the aurface. The liquid waa then allowed to evaporate before filling the cylir.tder 
with powder (Miatron Vapor talc waa uaed). Water, alcohol, and trichloroethylene 
were tried aa vehiclee. We found that all three ay1tema depoeited ll'&phite eati•· 
!acto:rily on the cylinder'• wall. Data !rom the trial• Ulinl the •pray technique 
are preaented in J'lgu:re 5. 4 with comparable data for dry trtala with talc. All of 
the clata points for the eprayed J:raphU:e triab were found to be sliJhtly below the 
curve for tbe trialos where the graphite was applied dry. The :reeults obtai:Jed 
when tricblorots.bylene wae \lied are upecially encouraains and aug1eat that a 
technique fo:r applyinl Jr&phite may be dJacovered that will result in even lower 
aide-wall friction. 

1n view of the encouraging re1ulta obtained with the 6-inch diameter cylinder. 
we decided to experiment with the loader uaed for fillina the E -41 a pray tanJc 
with compacted powder, Thia loader ia described in the Ninth Quarterly ProJrU• 
Report.(a) The loadinJ tube ie 16-3/16 inc:hea in diameter and 36-5/8 inehea 
lon1. It contain I auffic:leftt material to till one end of the E ·•U a pray tank in a 
stftale loading operation, 

The loadina tube ia made of alwninum that hae been hard·coat anodi .. cl &ncl 
then ~ted with a dry-tum lubricant. .S:xperience ha.l ahown th&t an air preuure 
of from 30 to 35 paig behind the piltoa ia required to !orce the compacted powder 
out of this tu~e. 

In preparation for the IJCpe:rirnent with graphite lubric:.&tion, the tube wae 
cl ~'!\lied of powdel' from previoue loading operations by a. liaht rubbing with 
steel wool. Then the araphite wae wiped oa with a. chamoia akin, and Miab'on 
vapor talc Wal packed into the tube to an avera1e denatty of 0. 63 g/cm3

. 
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The loading tube wat then politioned horiaontally, and the talc wa• puehed 
out and allowed to fall into a barrel. A preuure of lZ pail wa• aufficiene to 
force the talc out of the tube. Tbtt pa~ticulal' experiment ha• nDt been rep .. ted, 
but graphite lubrication wat ued tubaequently in fUlint the E··U spray tank with 
talc prior to thipment to EaJJn Air Force Ba•.J• Duina thil operation a pre .. Ul'e 
of ZO pais wa• observed on three occaaiont. Both the U pail and ZO p•ia pru
turee are tubata.ntial impl'ovemente over the 30 to 35 ptiJ preTioutly required. 

S. 3 Concluaiona 

Althouab only a limited amount of data bat been ob~ned oA the uu of 
graphite to re.du~:c atd.:~waU !o.r~e• auoclated with movtna a. chu'ge of com
pactecl powder in a cylinder, the retult• are tignificant enough to wurut 
reporting them &t thit time. The tuu with the 6·incb cylinde.u showed a 
reduction in force of approximately 50 perc:ect when 1raphite l• uaed to lubri
cate the cylinder'• wall. One teat with the 16. S-inc:h cylinder aba_wed a 
60-percent reduction in the force (from 30 to 12 pat) required t:o pu.h a cbarre 
o! corn}lor.4:~ed t.alc out of tnh cylinder. Subtequent experience in loadinafa~ 
the Ealin teata indicates that a reduction of approximately 35 perc4tnt may 'be 
more rea1onably ellpected, 

Aa a. consequence of the aood r .. ulu obtained thua f&l' with ll'&phite, 
fuzther work in this area il pluned, More tetta with 6 ·inch cylindna will 
be conducted. One area of apec:ial intere~t h the Influence o! initial avtace 
roughneu on !rictionallo:rce~ when graphite ta uaed •• a lubricant. Full
scale te•t• with the experimental di .. eminator are also planned. 

5-9 

Page determined to be Unclassified 
Reviewed Chtef, ADO. VVHS 
lAW EO 13526, Section 3.5 

LJate: APR 1 S 2013 



II 
II 

If 

ll 
r 
1: 

I. 
I. 
J. 
I. 
I' 
I! 

(j 

II 
II 
ll 

~-----~-- -~ - ---·-------

6. DISSEMINATION AND DEAaQLOMERA TION STUDIES 

6. 1 General Appro&cb 

During thia period, studiu were continued on the deaasJomel'&tioll o! dl'y, 
finely divided ~ •imulant. Wind-tunnel testa were conductecl to 1nv .. ttaate 
two !ac:tora: ciiuemin&tion at low night apeede, and ciiuetnin&tion of material 
stored in the compacted atate. 

6. 2 Dissemination at Low Flight SJ!eeds 

Prior to thia time, we have been c:oncel'ned with the feasibility of deagglome:rat· 
ing finely clivided !m, at flight apeeda ol Mach number 0. 5 to 0. 8 (330 to 528 Jcnote). 
Roaultl from wind-tunnel tuta ahowed that tbe matuial could be mechanically 
dteaggregated and diuemtnated with hiah phyaical efficiency at theae apeeda. 
Our atudy baa now been extended to cover flight .peeda below Mac:b nWftber 0. 5. 
We have determined the minimum 1peed for efficient diuemiftation of uncompacted 
material, and have conducted a thorouch inveatiga.tioe at Mach number 0. 3. 

Durins theae tuta, we employed the •am• aero•ol-•arnpling technique• 
ducribed in an eadier repol't. (Z) Full-flow impactor tuta provided a 
qualitative meuure of the preaence of very large agglom•rat .. (100 to 500 
microns in diameter) in the auo1ol, wherea1 collection of tine hilhlY deatJlOm• 
erated material on membrane filteu provided quantitative data from whicb the 
limWn1 bulk-denlity condition could be determined. For thia pu:rpo,., the 
hiah-velocity aamplin1 probe wae located 0. S inch from the bottom tunnel wall. 

The~ used in this atudy waa taken from lot Sl-Sm-J4l. the tame lot 
u1ed in our previou• testa. The moi1ture content of tbil 3imulant haa in· 
creased to z. 6 percent from a value of 1. 7 p~rcent which it had dU1'in1 
many of our earlier testa. This change doea not, howevel', appear to be 
affecting the deagglomeratlon efficiency. 

Page determined to be Unclassified 
ReviewecJ Ch~ef, ADO, WHS 
lAW EO 13526, Section 3.5 

Uate: APR 1 S 2013 

I 

I 
I 
I 
I 

l 

, 
·~ ~ 



~ ,; 
I I r . 
~ [J 
! u 
~ II 

I I! 
J • 

n 

I 

I . 
l 

The ruult• of tl\eae teata at Mach number 0. 3 are abown in Figure 6.1. 

The measurements indicate that the eonc::entration at fine, dea1alomerated 

aeroaol ia Utelltially independent of bulk desuity in the :ranae 0. 33 to 0. S2 1/~3 . 
Above thia r&nse, however, the quantity of material in tbe !ine aero.ol c:lcw.d 

dec:reaeea. Conven.,ly, the impactor reaulta indicate th&t aa the bulk den•ity 

exceeda 0. 52 g/em3 an increaains percentage of the aerosol is c:omprlud of 

large agglomeratea that do not readily break up. Thla value,. therefore,, repre

sents the lianiting condition !or a flight speed of Mach number 0. 3, 

With the uncompacted material, we £ound that very good break-qp c:an be 

obtained at a night speed of Mac:h number 0. ZS. As the air velocity waa de

creaaed below this value, the larae asslomerat•• became inc:rea.tnaly prot1l

inant. 

6. 3 E!ticient Deas&lomoration with the E-41 Aircraft Dluemlnator 

Reaulta that have been obtained with the wind-twlnel apparatua are com• 

bined in thia aectt(ln to define more clearly the relationahlp between fiiaht epeed 

and compactive denaity ~or a diueminato:r o! the E-41 type. Tbe maximum bulk 

cien1ity that can be de•nlomerated e!£lc:iently wa• determined from concentration 

curvea aucb aa tha' shown in Figure 6.1. Tho•• tor Ma.cb number 0. 5 and 0. 8were 

diacuued in .Reference Z . For this purpose, we determined the 11brealc point•• 

for each curve; break point il defined u the bulk den•ity at which the fine aero-

sol concentration decreaaea to 95 percent ol ita maximum, value for a particular 

aerie. of teats. Figure 6. l and Table 6. 1 ahow the break pointa lor run• at 

Mach numbers o! 0. 3, 0. 5, and D. 8. At the break point, deagglomeration 

efflciency ia approximately 90 percent••that ia, 90 percent of the partidea 

that originally had diameten in the 1· to S·micron range are diaperaed in the 

same atze range by tbl diueminator. Microacopic: analy•e• of filter 1amplea 

and lull-flow impactor collection• have been used to determine thit value of 

1 efficiency. 
I. 
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• Table 6. 1 Break Point• for Oiueminatioa Tnt• with Compacted Sm 
at Wind Turutel Mach Number• of 0. 3, 0. 5, and 0. 8 -

Mach Number 

0.30 

0.50 

0.80 

Bulk Den•ity (&/cm3) 

0.51 

().58 

().59 

In Figure 6. 3 the break point• are plotted again1t diuemination fliaht 
1peed. Also, the minimum flight speed is 11bown £or uncomp~cted Sm. Thil 
curve definea the operational region in which the E-41 is expected to be very 
effective in deaalom.erating compacted ma.teriab. In the bulk den•ity ranae 
0. 3 to 0. 5 a/cm3, tho cune i1 quite fiat becauu the ener1y of compactioft h 

'low (1ee Fiaure 6. 4). In mechanically diaaggregating the compacted llUfl prior 
to clil .. mination, the material 11 euentially returned to it• orl1tnal condition. 

3 . Conaequently, dry Sm compac:tod to 0. 5 g/cm i1 &I ea•y to deatglomente aa 
the uncompacted m;;;rial. A• denait·t increa••• above 0. S g/cm3

, the binclin1 
ener1y of the particle• increa .. • very rapidly, aa ahown ln· Flaure 6 • .f. In thh 
ran1e the mechanical dlaaggregator produce• material which c:on1l.1t1 of an 
lftcrealift(l percentage of large, ltrong aaalomeratel with ciiameten in the 
100 to 1000 micron abe range. Theu are quite difficult to deagJlomerate 
with fluid energy, and the flight speed requirement therefore inc:reaee1 very 
rapidly above a denaity of 0. 55 g/cm3. For thia material, the maximum den1ity 
that can be dineminated with hiJb efftc:ienc:y is 0. 59 a/ cm

3 
at hiah 1ubaonic fii1ht 

1peed1. 

It il apparent that the curve 1hown in Figure 6. 3 will 1hift aomewbat for 
each aaent. Dlflerent lou of~ have been shown to be either more or leu 
difficult to di .. eminate in the compacted •tate, depenclinJJl'f!atly on the com
paction enersy-denalty relationaltip •lwwn in Fiaure 6. 4. We therefore believe 
that meaaurement of thia parameter will be one method used to predict the 
fii&bt-lpeecl requirementa for varioua asentl. Both the ahape of the r .. W.ting 
curve• and their abaolute value• indlcate thl binding ener1y of c;ompacted 
rnate!'iah which muat be overcome durinrr the diuemination uroc•••· 

6-5 

Page determined to be Unclassified 
Reviewed Ch•ef, AOD. WHS 
lAW EO 13526. Section 3.6 
uat•: APR 1 S ~012 



II 
I 
n i 

i 

I u f • ~ 
I 

ll ! . 
1· 

I. 
i I: 

I~ 
,.. 
• ,Q 

~ L .r:l 
CJ 

~ 
~ 

·" fi: 

0.9 
-, 594 

0.8 I 
! 5l8 

0.7 f--- .. _---~ - - f-- 46Z 

0.6 - --·--- 396 

o. 5 

0.4 

Operational Resion 

J 

~- I 
[7 

• ... 

330 ~ 
'I:J • u 
t8' 

Z64 .a 
til ... 

&: 

0.3 ·- -------V-__.. 198 

0.2 --·- 1---· ---- - -·--- - 132 

0.1 -- . -- ·f-- --··-··· 1---·- 66 

0 0.30 o. 35 o. 40 o. 45 o. 50 o.ss O.bO 
Bulk Den•i ty ( g/ em 3) 

Fi11ure 6.3 Flitht Speed Required for Di .. emination of Dry, Comp.cted Sm Simulant (Lot Sl-Sm-34Z} at . .. .-...- ....... - - .. . .nppru;JQrniUCly -,u rercen~ .u.:agllu;~mcratlon 
Efficiency 

6-6 

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13A528, St,5fiO,G3,;\1~ Uatt: PR l ., 4U ~ 



t 
~ 

t u 

i u 

I ~~ 
t I i 
r 
f f; 

L 
I. 
L 
L 
I. 
r. 

r 
L 
I , 

l 

. L 

·- -----·----·------ ·-· ·- . 

7 

-
E = 8. f x 103 e (2Z. 3) (PB - 0. 4) 

c / r-

1 

0.30 

for 0 • .30 < t1 B < 0. 58 I 
l 

I 
j 

·-

I 
~ 

v-

..a----
o . .35 0.40 0.45 o. 50 0. 55 0 60 0.65 

Fi1ure 6. 4 Energy Required to Comp•ct Sm (Lot Sl-Sm-.342) 

6-7 

Pa~i dotarmlned to be Unclassified 
RtviiWW Chtef, ADO. WHS 
~w 10 13!526. Section 3.5 

uate: APR 1 5 2atar 



j r 
\ 

l. i 
r 
I 

r 
l 
I 
I 

I 
l 
i 
I 

I 
I 

I 
i 

l 

I. 
L 
I' 
I! 

I; 

I i 
1: 

I. 
I 

I 
I 
I; 

I 
I, 

I i 
11 
I! 

!! 

------··- ------

6.-' Diuemination o£ Stored Srn in the Compacted Condition 

At an earlier date, diaaemination teat• were conducted on Sm aimalut 
that bad been atored in the compacted condition at -18 C for 10 week•. The 
retulta indicated that thlt material waa 1omewh&t more diflicult to deaallomer• 
ate than aimilar material, which had not been stored. Stnc:e atoreaa• ia aa 
important £actor, a lt.rger tut program waa planned and initiated clurin1 tbia 
period. The pro1:ram ia dividec:l into two puta--namely, wind•twmel deatgloll1· 
eration tesu, and viability teats. 

6. 4. 1 Wind-Tunnel Deaulomeration Teate 

The diuemtnation and deas1lomoration teat constitutes 2 x 3 x 6 factorial 
with duplicate runa for eacb treatment. The vartablea inveattgated incl\ICle 

Storage Temperature 

Storaae Bulk Denaity 

3 0. 33 alcml. uncompacted 
0. 57 g/cm3 0.611/cm 

Storage Period 

0.04 day 
1 day 
7 d&yl 

30 day• 
91 day• 

18Z d&yt 

We a:re \Uinl our standard methods for aeneratina and aueuin1 aerosols. 
They include the OMJ-3 diueminaUon fixture, and the iaokinetlc s&mpliq 
probe and !ull·fiow impactor-collection tyttem•. 
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For tbb aerie. o{ telta ~lou 6l-Z6 and 61-Z8 are being uaed. The 
material haa a MMD of 9. S mic:.ron•· In prepa.rinJ tbe •~pl .. , !!!_t• com
pacted into etorage cylindeu of 0. 75 !.ncb di&meter in a dry, c:onuollecl 
atr:aoapbe,e. The containers are ualed aecurely duriq the etorage period. 

At the preaent time tuta have been conducted for all time perioda tbrotl811 
30 day1. The result• indicate that there ia no eignific~dy detrimeotal eUect 
o£ atorage on cleanloaneratton e!ftclency. Material that c:an be cl.easglomerated 
immediately after beina compacted also can be effectively dearalomerated 
a!tezo etora1e at -z C or -Z3 c. 

6. 4. Z Stora1e Viability Tuta 

The eamplea prepared for the above testa ue al10 uud in a study of the 
effect o£ atorage on viability. The 1ame var!abl~• are inveetigated, but the 
teat baa an addition&! eeven time period• and therefore c:oneitU of a Z x 3 x 11 
factorial. The time variable includes 

Stora1e Period• 

0. 04 day 
1 day 
3 day• 
s day• 
7 daya 

14 cb.ys 
ll d&ye 

30 day• 
61 day• 
91 day• 

12Z daya 
15Z day• 
182 day• 

Sample a o£ theae teeta are taken alter the elua• b&ve been mecharuc:•lly dia • 
&IJ.reaated. Our standard m•thod ol bioloah:al a• aay i1 uaed, and a Warlna 
blender ia employed to break-up the compaeted cluatere of material. Each 
analyall haa an uncompacted control, which ia atored ac -23 C. 

A• in the former caae, the reaulta to date do not indica.te a eipliftcant 
decreaee in viability after atorage period• ()f 30 daya. Detailed reawta of 
thia proll'&m Will be preeented in the next prosu•• report. 
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7. E-·U SPRAY TANK 

Durtn1 the quarterly uport period, work related to the E-41 Spray T&Dk 
coDdnued ln the DevelopmeDt instneerina Department. Coneiderable p~sre .. 
.,.. .. made io the !abric:ati011 o! the ncond unit. Millor duitll c:haqea are bema 
incorporated in thb aecond unit ae well ;u in the !irat air-borne E-41. Some o£ 
tbeae moditicationa will make it pouib1e to fill the unit with looee powder by 
inurtlna a. filling tube through the enci pU.te and pieton. The arrangement of 
component. within tbe dhcharge ehroud h&• been modified to provide improved 
decontamination !eatul'etl. Plue were initiated tor flight teet• of the E-41 
Spl'&y Tank at Eali.n Air !•orce Baee on the F-100 and F-105 airpl&nu. 

7.1 Fabric:atioll of the Second E-41 Spray Tank 

A ncond E-41 Spray Tank ia being f'abricated lor use in future fiiahc-teet 
pzooarama. In view o£ the hish desree of auc:ceu experienced wttb the firet air· 
borne .1!:·41, there will be no majozo deaian cholngu in the ucond unit. The 
mh10r modi!ica.t:ione wbi(:b &re beins incorporated in the aecond unit are o£ 
auc:h a natu.re tha.t they will also be made on the fitat unit. Thul, botb. E-41 
Spray Tanka will be timilar. Completion of the aecond unit is acheduled !or 
June. 

7. Z hnproved Arransement of Componenu within Diacharae Shroud 

The shroud aurroundina the ~hcharse tube on the bottom of the E·41 
Spray Tank aervee at an encloaure for component• auociated with the dit • 
C:NU'I• valve•• opuation. The shroud aleo etzoeamlinee the diachar1e tube 
aDd ••paratea the aeroeol etream £rom the apray Unk The initial desian 
f'or thb area waa eomewhat deiicient in that it waa difficult to decontaminate. 
Thie &rea hat been redeaigned, and the improved feature• are beinl s.ncor
porated in both E-41 Spray Tanka. 
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lA the revtaed duip, all the electrical component. •uch ae the motor t.nd 
Umit ewltch .. are encloaed by a 1ealed cover or houains a• ahown m Fi&W"• 7. 1. 
All of the wirtns leadini from the diueminator proper to these component• it u contained in a sinsle aealed cable a.uembly. The connector it mcnmtedin the 
cover. The aquib wbes and the arming wire are connected by means of tennlnal [l IU'ipt mounted externally on the cover. Since the eealin1 auembly (wbic:h ia 

;1 mtatlngln Flgue 7. 1) on the discharae tube contal.ns the squibe and armin1 
wire and mutt be replaced alter each mission, thete wiree can be diac:onneetecl 

::.; &t the terminal atrlps dulinJ the decontamination procedure. 

'::! 7. 3 Removal of Heater and Low-Pre .. ure Switch ·~ 

J 

J 

I 
I 

Experience with the E·41 Spray Tank has shown t~t the unit can be 
operated aatia!actorily witht)ut the heatin1 jacket on the hiab-preuure nitroge.ll 
tank. The heatin1 jaclcet baa been operatinl u.tiefa.ctorily to ~te, but te.te 
have shown that the tank baa adequate capacity to supply a suUicient volume 
ol nitrogen without heatina. The heating jacket will therefor~ t~o lon,er be 
uted on the nitroaen tank. 

Tbe Eleventh Quarterly progre•• report contain• a discu•tion o£ the 
performance of the low-pre11ure twitch du·rtna the flight trial• at Dupay 
Provina Ground latt January. An analyst• of the apray tank'• performance, 
~DI into consideration the a.irplane'• tlight·altitude ch&n1u durina the 
triall, led to the conclu•ion that the •witch waa operatins untimely to cause 
a abort delay in the tt&rt o! di .. emi.na.tion. In a.• muc:h •• the jammina con• 
dition which tbil switch wat intended to protect againtt haa never occur red, 
a deci1ion wa• made to eliminate the switch. The mountins hole• lea the 
•witch in the end plate will be ••aled with pluas. 

7. 4 Addition of Fl1Un1 Holee in Pi•tona and End Plates 

Bec£u .. the E-41 Spray Tank it capable of diueminatina dry a.tent material 
from the loose bulk state •• well u the compacted atate, there is juetification 
£or incorpor&tina !illina hole• in piaton; a.nd. end pl~ .. ~• for loadins locte 
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powder. Filling holes have been added to the end pla.tu of both E-41 Spray 
Tanks. Corre11ponding holee have been made in the pilton• of the unit. so 
that a lUling who can be inaerted into tne tanks. 

The holes fn the phton11 are three 1nchea in diameter, and the hole• in 
tbe end platea are 3. ZS inches •o tha' the plug for the pilton• can be removed 
through the holes fn the end platea. The do1urea in the end plates are eealed 
with two 0-rini•. 

7. 5 Flight Tute at Eglin Air FQrce Bue 

In May 1963 Detachment 4, ASD, Wea.pons Laboratory (ASQWC} Eglin Air 
Force Base requested that the E-·tl Spray Tank be made available to them for 
flight tuta on the F·lOOD and the F-105 ~i.rplanes. lt was aubaequently 
decided by Fort Detrick tha.t an E-41 would be ahippecl from General Milh, 
Inc. to Eglin Air Force Base for this purpose. The testa are scheduled to 
begin during the latter part CJC June. 

These flight trials are intended to demonstrate the c:ompaUbiHty of the 
spray ta.nk with the F·lOOD and the F-105, il.nd procedure• !or auaying 
around coverage raaultingf:rom dissemination of aimulanta are not included 
in the plana. The unit will be loaded with talc, which will be diucminated 
during the trial•. 
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8. PREPARATIONS FOR FLIGHT TESTS OF THEE ·41 SPRAY TANK ON THE MOHAWK AlRC.RA.fT 

On 11 March 1963 Mr. Gordon R. Whitnah. o! General Mills, Inc. vhited 
Lt. Col. Vincent Ulery, Army liaison Of!icer at the Navy Bureau at Weapon•, 
and Mr. R. Groundwater at the Mohawk Project OfCice 1n .Building T-7 to dh
eusa plans !or flying the 1:-41 Spray Tank on the A0-1 Motawk airplane. On 
itS March 1963 engineers !rom General Mills, Inc. met with Mr. John Cour .. n, 
Mohawk Project Engineer, and with uveral other Grumman personnel at the 
Cil'umman Ai1'cra£t Company, Bethpaae, Long hland. During thia visit General 
Mills, Inc. obtained engineering da.ta pertainina to the inltallation of the .E-41 on 
the Mohawk. 

The wei.Kbl &nd !llze o£ ~he E-41 present no apparent problema, l,•tt it will be 
neceau.ry to carry two unitt or one .E-41 and one 150-gallon fuel tank to obtain 
•ymrnetric:alloading. This decreases the maximwn obtainable speed but Is 
neceua.ry (or flight sta.bi1ity. The maximum diuemination velocity wtll be 
in the ZOO to Z40 knot range. Wind-tunnel experiments reported in Section 6 
o£ thb report indicate that BW agenb r;.n be succeufully di1seminated and 
aerosolized at thic air apeed. 

The apray tank will be mounted on the Aero 65 A pylon at wing atation 185. 
It only one unit is flown, it appean that the lett ·nand pylon- (as viewed from the 
front) is the preferable location becau1e of the tendency of ·the propwaah to move 
from right to left. 

A cruciform tail is used on the 150 -gallon fuel unlcs flown on the AO·l 
MohAwk. The major reason for thi1 il to atabiUze the 'store when it ia relea.secl 
from the pylon upon jettisoning. Because the empty wetght of the E-41 is 
lignlfic:antly greater than the empty weight oi the tuel tanlc, 1t ihowd no~ bu 
necessary to use the <:ruciform tail However, Iince the cruclform tail ia 
the accepted design and there it no strong objection to using it on the .E:-41. 
a decision was made to provide •n int ... rchangeilble a!t secnon with cruciform 
tail for the E-41 Spray l"ank when flown on the Mohawk atrplane. Details o! 
thil !our-finned tail uecton are shown in GM! drawtn@ SK Z9100-1305 in 
Appendix B. 
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Inat&.Uation of the E-·U on any particular Mohawk aircraft will require 
rewirinJ of the winJ, pylon, and c:oncrol box. Since a free ·fall jettilon syatem 
iA employed, a pi1 tail with quick-rele.ue connector is needed for the spray 
tank to inaul'e poaitive •eparation from the pylon wirina. There ta ample room 
!or the E-U control panel in the airplane'• cockpit. Grumman expru•ed a 
willinanesa to perform the wiring modi!lcationl on the tut airplane provided 
they are paid for their ••rvic:es. 

J'urtber pro1re .. OD the Mohawk !liaht-te•t prosram il dependent upon the 
eatabllahment o! d&t~!J lor the flightt by the Mohawk Project Of!icer in Waah· 
tntton, D. C. 
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9. SUMMARY AND CONCLUSIONS 

The improved mwdpurpo .. t .. t unit ia now beinl uted to meuu,.e 

abear atrength, tentile ttrenatb. and bulk denaity within thlf confine a ol 

a lintle iaolator lab. The !act that reproducible re aulu are beinl ob

tained with tbil unit i• indicated by the dAtA pre tented for aeveral 

powderl. "Rulon" llip &lent •and graphite have been tried on the mold 

uaed to fonn the ''necked•down" tpecimenta for the triaxial tenaile' teat. 

Three 1uppoaedly ide"tical,!!. tamplu have bun found to exhibit dia• 

tlnctly c:tii!erent compaction eharacteri•tica. Tuta for particle tiae 

distribution, particle den~ty, and moiature content are beinl conduc:ted 

in an ef£ort to explain the dUferencu in the behavior of thele Sm 

umplu. Whitby particle- aiu determination• have shown that a c:hu&e 

in tize dhtribution toward a tmaller MMD occ:urrP.d whell nccharin waa 

compacted to a compreuive atreu of 2.8<l .x !04 dyne&!cm1. It hat been 

found that the addition of 0. Z5 to S. 0 percent Cab-o-Sil to powdera cauae• 

a tipficant increase in the compaction streu req~,;.ired to produce a 

aiven bulk clenlity. 

Experiment~ were performed to determtnr the t:.me req·.rlred for the 

fiuld bed to equilibrate. Even thoush ~xtenaive agalomeration occure, 

partlcle·•ize analyaea performed on aamplea taken from different level• 

ol the bed ebowed no evidence of roegre&a.ticn or attrition cturina the 75· 

minu.te ruaa. There wa• no lou of powder by carry-over at a fluid 

velocity o! 4 cm/aec; but~. 8 percent wat lest &t 8 em/sec., and S. 6 

percent loet at lZ cm/uc (Secticm 2), 

The BET aas-adaorptlon method wa• 'Jted to me&IUTe the total 

aurface area of aaccharin for compari•on Wtth aimilar d&ta obtalned for 

talc durinc the previoutqu~r.•r. For eac:cba.rir., the BET •p~cific aurlac:e 

area i1 1. 53 mz/i :117 perc.ent. which ie alanificantly leu than the value 

o£15. 9 mz/1 determined for Miatroc Vapor ~lc. The increaucl aurlace 

area lfor talc b attributed to its porosity. The ru1o1Hy, defined aa 
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BET Surlue Area 

Surlace Area !rom MMD (Whitby) 

il a. Z for I&CCharift, Mic:rolr&plal that qve been Uled to obtain particle• ahape information are prelellledlor talc:, .. ccbarin, e11 albumin, powclered milk, ~· powdu~d 8UJ&I', aDd cornatarch. Whitby ahle analyae• made on aacchario and powdered •u1ar belorc aftd after thei:r beiq di•peued by w awbl dbperaer lor uae in the aeroaol chamber b&ve ahown that JriDdiDJ doea not occur fn the ctiapenu· (S.ction 3). 

A protram waa fnieiaced to atudy the effect• o£ atmoaphetic c:h&l'fe c:ondittcna on aero1ol decay uain1 the aeroaol cham,. I'. Ion concentration in the chamiMI' ia val'ied tbroup hstroclu~oa ol poaHiv• lon• by mean• ol a coron&-dbc:h&rae fon 1•oerator. The injection o( positive iona red!.lcea the lon1evity of talc aerolob. For aaccbarin aeroaola, the introduction ol poaitive ion• •hnultaDeoutly with the introduction of the powdar lncre .... aeroaollon1evtty, whereat loe hsjectlon alteJ' injection of the powder de· creaaea lonsevity (Section -t). 

Experimeut• were conducted to determiM the eftectiveneu ol powdered traphUe in reducin1 eicle-wall !ric:tion of ~ompacted powdeu •lidinJ in ~yUndeu. Dati. reporteclwereobtai.ned with three aJeea ot ~ylinden •• 6, 7. 5, and 16. J87 inch .. intenal diameter. Graphite wu applied dry and &I & IU.Ipeneioa in W&tel', alc:obo1, ad trichloroethylene. The latter ahowecl a am&ll improvement over the other a. n. force required to eje~t compacted talc &JMl powclerecl aupr from a 1raphite-lubricated cylinder w .. found to be alpWcutlybelow that for a plain aluminum cylinder. AlthouJh the ruW.te varlecl aa the lefllth-to•di&metu ratio and the com• pactive preuure were chaft1ed, a recluction ol50 percent il repreaentative of the decrea.1e in ejectioa force obaerved dU.rinl the tuta. Further teat• are plaGJled. An &rea ol pard.c:ular imer .. t 11 the e{fect of aurface roup· nell on aide-wall tri~tioll when 1raphite ia u .. cl aa a lubricant {Section S). 
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Diuerninactou and cleatalomeratioa atucllee .tth dry !!!_ uein1 the 
blow·dowu wind tunnel ha1re bee.s coaducted to extend the ranee ofln1re1ti• 
aated air velocitiee dOWD to Mach number o. 25. Teetl l'UII at val'lou 
bulk densitiu have lbOWD that the coacentration alliu, dea&Jlomel'&ted 
aeroeol il euential independeut ol bulk deuity iD the ranp fl'orn 0. 33 to 
o. sz s/cm3

. Canaequently, 0. 5Z llcrn3 il the llmltinJ bulk den•ity for 
~lor a apeed at Mach nwnber 0.1/ Wind·tuDnel deagslomeration teet• 
and viability tuta on~ etond in the compa<:ted etate h&ve thue hr 
demonstrated that atoraae .at ~z C or ~Zl C lor period• up to 30 cbye ba• 
no •iani.ficant detrimental effect on elthe!' deaglomeratiOA efficiency or 
viability (Section 6). 

Fabrication of the aecclld £~41 epl'ay tank pi'OJte .. ed eitmficantly 
dunna the qua!'tu. Mi110r deat1n chana•• beinJlncorporated in the 
E-41 tank include 1) impl'ovecl uaUna of component• in the ditcharae 
tube region; Z) removal of the heatinc Jacket lrorn the nitro1en tank; 
3) removal of the low-pl'UI\Il'e ewitcb .. from the 1a• 1upply •y•tem: 
and -'• the addition of flllil'la hol .. in the pietoaa and end plate• co facili
tate lo&dlnl loo•e powder. Plaa• were initiated to conduct rupt tutl 
at .I!Jlhs Air Foree Baae in which the .E-41 will be .flown on the F-lOOD 
&ncl F-105 airplanu to demon•tJ'&te itl airworthineu ucl compatibility 
(Secdon 7). 

Penonnel from General Mill•, IDe. met with enJineera at the 
Grumm&n Alrcralt Company (Betbpa&•• LonJ I1lancl) to d.i•cuu the 
pl'oblem• o£ fiyina the E-41 epray tank on the .A0-1 Mohawk airplane. 
Ensf;Aeerlng and performance cbta were obtained. When the E-41 il 
flown on the Mohawk, it will be neceuary to cal'!'y a apray tank (or a 
150-;allon fuel tank) on each wiDt to maintain bal&nced loadln1. Maxi~ 
mwn lliaht apud will lN in the ZOO· to Z40-knot r.&JIIe. Cruciform tail• 
have been Ol'dered !or the !!·41 epray tank• becaute chi• ia the accepted 
dui1n for the 150-Jallon!uel t&DU a .. cl on the Mohawk. Minor aircJ'alt 
rewiring wUl D. b.ceuary to accommodate the E-tl (Section 8). 
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fhe following repo~ cover• the baaio loada and str .. a 
analyai• of a •pecial tank built tor the Ceotronica Divi
sion of Genual MUla Inc. 'l'ha 4elign ia per their apeci• 
f1oaUon GMB-29100•610, and ia covuecS by Pw:d\aae Ordu 
MD-84384 dated 6·4-62. 

'l'ha b«aio loada for the tank deeign ue developed fl:Cia tha 
re~1rementa o~ Se~ion *3.5.6 of MIL·~-737BA, dated 20 
Oct:ober 1958 8nd ft'OJD airload data fUrDia'bad by a.neral 
Hilla in their letter to P.A.C. dated JUly 27, 1962. Loa4 
factors for the catapult takeoff and ar~e•ted landing COA
ditions, as well aa for the flight condition•, are taken 
froa .r19. l of the above Mil epee., which gives load factor• for Winq-110unted atorea. Since the load requiraunt.• ef 
HIL-A-85918 are t'ba ea.M as klL-'1'-7378A, they are al.eo met. 

The reactions on t'be tank att:ach pointa ue calculated and 
ei.IIIIMriZacS on pagaa ..A5L and .l.L• ReaUltan.t ahear and 
banding moment at critical atat.ions alonq the tank are alao 
calc:ulatad. See pages .J.L to.& incl.uaive. The forecJOin9 data b then atudi_, and a awsaary ot deaiCJD conditione 
critical for the varioua itSIU of atructure ia preaentad 
on page .a.J._. ~· choice of static teat condition• ia basad on thia aUDnary. 

The aign convention fo~ l)oth the inertia loada and airloada and the reaction• to the loada ia •• tollowaa 

z • ~rd acting 
Y • Acting to the left (lodkinq forward) 
X • aeanard act.inq 

Poaitive mom.ent vectors are in the same 
direction, uainq the la~t-hand :ule. 

In the case of the ahear and bending momenta in the tank 
shell, the aign of both the ahea~ NUt :bencUng t10111ent agrees 
with the sign of the terce on the eJUl of the ta."'lk beyond 
the cu~ aection. 
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SYJnboU and definitions u.ecl tlu:OU!Jhout thia ~epcn-t are 
tabulated on page L· All load•, &-eac:tt.oaa and all auaa 
&nalyaie u• pr•HAt.S in t.Z'II.I of ultiute load• unl.eaa 
speo1f1Cllly noted to the coot~. 

'lhe ruulta of the stress analysia of the c:ritie&l struc
tural itema in the tal'llC are INDIIU'i&ed 1D the T~e of 
Hinimull .Mat-gina of safety 1 page ~ Wbic:h inclUdu all 
margo.tn. of .. faty le.. thaA 2~. 
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H If 3372 •BulJchead - Pill support• 
n • 4232 "!eaa- Pin" 
" " 4235 "Angle - riA suppo&t, ~-
M 10 4236 "Anqla - J'ill 8\lppo&t, r..ower• 
• ... 4679 "J'in A .. embly" .. • 2017t "C&ating - center Section suppozt• 
" .. 20181 "Ring lepent• 

·Douqba Airc:ra.ft Dn-nnq t:l550568 - •lJUiert:• 
• .. " 4544419-501 "Bye-bolt• 
" • • 4552066 •rorgin9 Blank• 

apol\TS' .tWJtJHcS I l!!'l'C. 

General Mill• Specification taMs 29100-610. 
General MUla lettec to r.A.C. dated 7-11-62. 
General Hilla letter to r.A.C. dated 7•27•62. 
MIL•'1'•7378A - "Bxtcnal I'Wtl 'l'anJca". 
MIL-A-859la - "Airbo.me store• & Zquipunt". 
HIL-HDBK-5 - "stre91=h of Metal AUc:raft lleaenta • • 
QO•S•76a<: - "Corroaion Raaiating st .. l Sheet". 
:r.A.c:. Report 143.284 - "Loacla & •=••• Analylia, Geaual 

Mil 11 'l'anJc • • 
N.A.C:.A. 'r.N. ~27 .. "ThiA-walled eyUndera in TOrdon". 

" 'l'.N. 1479 - "'l'h1n-walled CyUndera in Bendi.nq". 
• 'l'.N. "29 - •cuc:ular 8hall-8Uppozot..S Praua•. 

Lockheed Aircraft stt••• x.o MaDual 

Alcoa Structural Ha.ndbcck, 1958 .s. 
F.R. ShAnley - "8aaic Stl'uctuzea" lJ« 84. 
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""-8 

·LOADI Ia I'1'JlU8 ABALYIIS 
8aLm PmiL 'l'.UX 
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43.300 ,.......,... 

NOM!mCU.'l'UI.S ' 
~ 

»mmnoa • 
~ 

A%ea (in2) : 

Modulua of alaa1:ici;t 
. .Ulowable ltrall c~·tn2) 
Actu~ •tr••• c•;lift2) 

. Mcnlent of iDel'ti& Cin4) 
· Maaa maaent of inutia (aluq-tt2) 

/l taoto:rt coelliciant 
A lenqth (in. ) 
A lenqth (in.) 
Moment Un-lba.) 
M&:rgin of aatety 
Load facto:r 
Load (ll»l • ) 
Reactincz Ioree, hook loadr rad.tu•, 
Mcment ana, radiwt (in.) 
Shear load (lb•.) t ~~way brace load (lbl.) 
Weig'ht (lbl) 
RUnninq load (lba/UI. ) 
Longitudinal reference ax11, positive aft. 
Tank station at centa:r of gravity. 
Lateral refe:ranca axia, poait.tve outb'4. 
to left. 
Di.-tanca to canta:r ol g:ravi ty in Y ai:rec:tion • 
Vertical :refe:raace axia, poaitiva upward. 
Section IIOdulu• (inl) 
Dia~ance to center of gravi~ in z direction. 
Inc:reJIIeht of change, •• 4 a, change in to:ree • 
An angle (.Deg.) 
PitChing angula:r accela:ration {a.d./aec.3) 
Yawing angulu ac:celention (J\14./Iec.Z) 
Da~laction (in.) 

Aft 
Bend inez 
Beadnq 
Coznpreaaion 
C:r1ppl.tft9 
POZ'WU'd 
Horizontal 
Left aid• 
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8-24~ A.E10H8 AVIATION COMPANY 

nf\,11 

Loa• & Strw Analyala 
Sollcl Fuel Tank 

LOADING ASSUMPTIONS 

J·-~--..... 1_ 
....., C~atott 

43.300 ,......,. ..... . 
.. 

The ba.rc load~ for the tarde d•lp ewe dtvefoped 'toll the rtqult-.nfl ol Sectron 3.5.~6 ol MIL·T-1378A, cktted 20 Octob• 19" and from otrloacla f-.Rntlhed by Gan.al Mills~ rn rilelr letter to F.A.C. datecl July 21, 1942. Th .. loada oncl the l\e4:tiiGI)' reactroni from the hoolct and away~rac• padt •• dlatrl_buted 11\to 1M atNcture ol the tGnlc, using thelollowtng owumptlona . 
'I 

(I) ReaGtlona from the away brcru poca aN aiWCI)'II'IOI'Jll!lf to the tank surface, cat f an angle of 26° from tfte vertical. (1..1. tic. on page Ill). 
!~ 

(2) STele laacnr. Is r•latacf hy cr hook vertfool IOCJd ond tfl• away &rae. ootfng at 26° ,,.,. the v.-troal. 

Q) Each ~It thould be capaltle fll carrying 60'ftt ol the totol chg loacl. 

(4) Rollfng 110menta CMJ will be c:orrled by a couple between the hook cand JWtl'f broce, each force In tfte couple actr,. at the tOme 26° ,.,. the vertical aa noted above. !oclt '*'9fe may be equal to I~ ol the total rolllng 1110111ant. 
(5) 'ltcldnt mom.nfl are .... r.t«f b)' a cavple between an eye-bolt and the far pair of sway btac•. 

(6) Yawfnt moments ore r•lated by a ~e fonned J,y the lateral canponenfl ol loocl ol the forword and oft rwtl'/ bloc•. The l'ttultlng vertlcol COinJIOftll\tl ore r•lat.d by vertical loodt on the oclfaaent eye-bolts. 

0') The crnolylla will Jfi'Ore pre-loadt rn the attach IJttlngl due to torqul~~g th • awoy brae,., bec:GLU exp.rlence .... hown that thae pre-laoda dftapptar b.,ore ultfmote tM loadt ore r•c:Md• 

(8) The effect of the vorrous load c»mpcfttnll Ia lrneor ~ 'twt the ~leld atr• ol all affecttd pcwta) ctncf 1M r•ctfOM to t'*- 1M)' tfiW1r• be auperlmpoaecl on ecrcn other. 
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Tho following t&bulatioD of the c:ritical structural el~nt• 
Ln the t~nk shows ~ich cSeai9n conditions produce the greata•t 
:Loads on theaa !tau. 

ITEM £!!:1 1 CONI) 1 ClU'l'BlUA PAGB 
Eye-bolt (attach hook) 11 Max. lls " R,c 
Central casting (1.5), 5, ll BencU.~ 
Steel fraDMts (15), 4 Down ld., bending-
7ina & attachments 3 .Max. fin load 
Tank shall (15) 1 3, ll Shear + J~~C~MDt:,' 

& IIWlX. drag load 

CondiUon ilS is an ejection condition. since the loads to 
be experienced in the actual ejection :uy not reach the values 
aaaumed in design, static tests will be conducted ot the next 
most critical design conditions in order to demonstrate an 
adequate strength laval in the Lbove items of structure. 

It appears that atatic testing to Conditions #3, 4, 5, and 11 
wU1 prove out all the structural items. It appeus also 
that the high sway brace load in Condition *5 (producing high 
local bending in the central castinq) woul4 be duplicated in 
Condition i3 if thea• loa4a were all inc:rease~ by 2.~. Tbi• 
would el~nate COndition *5 aa a test conditioa. 

REQUIRED S'l'ATIC 'l'IST CONDITIONS 

Cond. *3 - Flight (with loads incr•••ed by 2.~) 
Cond. N - Plight: 
ConeS. *11 - An" .. tacl Landing 

1 . 

IAC-1101 
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INTRODUCTION 

on OCtOber 4, 1962, a revised set of airloads 
was received from General Mills to use in 
conjunction witb the inert~a loads derived 
trom MlL-~·7378A. This meant a revision of 
Flight. \:l)i'!ditiona i4, S, 6 and 7 basic loads, 
as shown on the following pages. New attach 
point raa~tions are calculated, and r.eaultant 
sheare and 1210111ents are tound at four stations 
alonq the tank shell, as before. 

Moaa, CUstom_ 

I 4::.300 
RcrCNI'I' No. ! 

From the aDOve 
*4 is no lonqar 
stntic test1nq. 
tion i5 and 7. 

data it was found that Condition 
a critical condition requiring 
It will be replaced by Condi

(see discussion on paqe A-10) 
This means a total of four design conditions 
will require static tests. 

starting- on paqe A-ll, a ~eview of t~e effects 
o£ the new loads on the previous stress analyais 
is made. It is shown that all structural items 
af£actod by the new loads still have positive 
margins of safety. 
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CBitlCAL pBSIGN CONDITIONS 

A ~mparison of the data on the preceedlng pages £or revised CC:ldit:ions H, 5, 6 and 7 with the corraspondinq data for all ~e other design conditions in the earlier o~iginal 
part o~ this report indicates a need for a new s~ of 
Crittcal Design conditions. As on page 21 of this report, the following tabulation of the critical structural elements in the tank shows whiCh desiqn conditions produce the greatest loads on these items. 

Eye-bolt (attach hook) S 
central casting I (1.5), 2 
Steel frames 1(15

3
), S 

Pins & attachmdnt• 
1'anlc. shall · : (15L 7 &11 

. 
criteria 

!Max. Rz + Rx 
BencUng 

i Dn. ld., bending 
~Max. fin load 

I Shr. + mom •• + 
1 
max. draq load 

Condition #15 is an ejection condition, to be proved by an actual ejection teat. (SeQ paqe 27.) condition #~critical for the bending produced 1n the central casting by the 
hiqhest sway brace reaction, may be replaced by condition #J with its loads increased by 2.6%. This eliminates Condition i2 aa a test condition. Since Condition #3 test loads and data have already been prepared on thG basis of loads increased b1 ~~~, te•ting will be conducted to these latter loads. (See page 27) 

It now appears that all structural item.c •flill ba proved out by conducting static ~ests of !our design cundit1on~. 

Concli t1on f#rl 
Condit.ion #5 
Cond.ition *' 
cor.d1t1on ill 

R!OQIREQ STAXIS T?ST co~~ITic~s 

- Flight (\.,.1th loads 
- Plight 
.. Plight 

Arrested Landinq 

' 

• 

._....._.~ .. -·----------------.......... ----·· --·----· ----· -f...C. lfttt'l.'t 1::,: 
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.5. - 33~0 

M -:: 7S'JI:c /n-/Jc l 
i N4 loV /Oq4 .& 

<('eafec St:,tloa 

c:zn:. .':. ntit <:.r/-1/c.q/ 

shl!l/ cr.;. ~ o.., - zlO~t, s-2 
S = 9Zfo .,_ 

( ll;. ~'1) I 
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DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1 1 55 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
(ATTN: WILLIAM B. BUSH) 

8725 JOHN l KINGMAN ROAD, STE 0944 
FT. BELVIOR, VA 22060-6218 

SUBJECT: OSDMDRCases 12-M-3144through 12-M-3156 

AUG 1 2013 

At the request of , we have conducted a Mandatory Declassification 

Review of the documents in the above referenced cases on the attached Compact Disc (CD) 

under the provisions of Executive Order 13526, section 3.5, for public release. We have 

declassified the documents in full. We have attached a copy of our response to the requester. If 

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at 

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov. 

Robert Storer 
Chief, Records and Declassification Division 

Attachments: 
1. MDR request w/ document list 
2. OSD response letter 
3. CD (U) 



.. 

April 26, 2012 

Department of Defense 
Directorate for Freedom of Information and Security Review 
Room2C757 
1155 Defense Pentagon 
Washington, D.C. 20301-1155 

Sir: 

 
 

 
 

I am requesting under the Mandatory Declassification Review provisions of Executive Order 
13291, copies of the following documents. I have tried several times to acquire them through 
DTIC, but the sites stated they are not available. 

I am conducting research into the previous methods used to disseminate biological agents. Many 
source I use to have access to have been deleted from the internet. On numerous occasions I 
have been informed that formerly classified information that was declassified, have now become 
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or 
other changes to this question have not successful nor revealed a specific source. As such I 
would appreciate any infonnation you can shed on this question. 

Documents requested. 

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly l2..-M-3 \~ Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills 
Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745,lOl.pages. Prepared for U.S. Anny Biological Laboratories, Fort Detrick, Maryland. 
Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408. 
General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota. 
AD 3467 51, Dissemination of Solid and Liquid B W (Biological Warfare) Agents, Quarterly !l-Af- 31 'f)" Progress Report Number 12, March 4- June 4, 1963, G. R. Whitnah, July 1963, General Mills 
Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills. 
Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul13, 
Minnesota. 
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ll-AA~31'1(, Progress Report Number 13, 4 June- 4 Sept 1962, G.R. Whitnah, October 1963, General Mills 



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 19 pages(?) 

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12.-~-31'11 Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R. Whitnah, February 1963, General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 123 pages. 

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly tz-.JA-5/C/ 8 Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962, General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 130 (or 150) pages. 

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 1 ~-.M-31'-f? Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962, General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 198 pages. 

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12--M- Jl J'l> Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages. Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-M-Jf'f{ Progress Report Number Five, 4 June- 4 Sept 1961. by G.R.Whitnah, November 1961, General Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML2745. 

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ,z.-M- ll a Progress Report Number 4, 4 March- 4 June 1961, by J.E. Upton for G.R. Whitnah, Project Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept., 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages. 

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress 12-.M- ~11.3 Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number 2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages 
AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-M- "'JI.r'l Progress Report Nwnber 2, for period 4 Sept- 4 Dec 1960, by G.R. Whitnah, February 1961, General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research Departmen~ 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 



AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-.#- 31 rsProgress Report, for period 4 Dec. 1960-4 March 1961, by G.R. Whitnah, May 1961, General Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 95 pages. 

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-/H-315'(, Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager, Approved by S.P. Jones, Aerospace Research, February 1963.247 pages. 

Sincerely 




