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ABSTRACT 

I 
I . 

This Eighth Quarterly Pro12'eu Report eovera the work accomplished 
during the last reporting period on research and development related to the 
diuemination o! BW agenta. 

The progreas in theoretical and experimental studiel of the mechanics 
o! dry powders il reported. Thi6 work c:ontinuea to producG ba•.lc illfor­
mation which is being applied in the design and development of an airborne 
disseminator. 

Oper~tion o! the aerophilometer, with aeroaoll of dry powders, for the 
purpose of studying experimental techniques and determining operating 
parameters is discuaaed. This preliminary work is eaaentlal to carrying 
out the proo.,.'\m on stability properties of aerosols. 

Data on the eftects of compaction and additives on the viability of Sm 
powder are presented. 

The testa at Fort Detrick using the 0Ml·3 fixture and wind tunnel to 
generate a.ero•ols in the 40-foot test sphere are described. 

Reaulta with the full-scale experimental equipment for feeding and 
metering compacted dry powders are reported. 

The preliminary design o! an a.irboJ'ne dry BW agent disseminating 
store ia preeented and described. 

Successful flight testa of the liquid BW agent diase1:ninating store on an 
A4D·l airplane are diacuued. 
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JUt 19 1 
EIGHTH QUARTERLY PROGRESS REPORT !18 : 

ON ) 
DISSEMINATION OF SOLID AND LIQUID BW AOENTS •! 

1. INTRODUCTION 

This is the Eighth Quarterly Progress Report on work accomplhhed on 
Contract Number DA-18-064-CML-Z745. Under this contract, General 
Mills, Inc. ia conducting a comprehensive research and development pro­
gram on the diuemination o£ solid and liquid BW agents. 

With the completion of the developmental model of the liquid agent dis­
aeminating store in April of this reporting period, the emphasis o£ work 
shifted almost entirely to areas relating to finely-divided solids. Conse­
quently most of this report deals with progress in these al'eas, However, 
Section 8 doea present some of the result• of laboratory and field testing of 
the liquid agent disseminator. 

On 22, 23 May, General Mills, Inc. was host to the Third Diuemina­
tion Coo1·dination Meeting which was attended by representatives from Fort 
Detrick, Army Chemical Center, Chemical Corps Reeearch and Develop­
ment Comm~nd, Aerojet-General Corporation, Cornell Aeronautical Labo­
ratories and General Mills, Inc. Some of the material covered it. this pro­
gress report was also presented at this meeting. 
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.-- z. THEORETICAL AND EXPER.lMENTAL STUDIES OF THE MECHANICS 

I 
I 
I 
I 

OF DRY POWDERS 

Studies of the mechanical properties and behavior of dry powders were 

conUnued during the period covered by this report. Experimenta.l results 

on the compaction chara.cteriatics, ehea.r strength, and tensile at:ength of 

various powders are presented. 

l. 1 Compaction Experiments with Particulate Media. 

Results obtained with an improved version of the pilton-cylinder com­

paction a.pparatus and a hydrostatic compaction device atjO! diseuued and 

compared in the following sections. 

2. 1. 1 Piston-Cylinder Compaction Exeeriments 

As pointed out in the last qua.rterly repol"t (seventh}, the initial piston­

cylinder apparatus uaed in the compaction experiments waa subject to 

several limitations and, consequently, an improved piece of apparatus 

(Figure 2.. l *) was fabricated. Powder ill placed in the cylinder a.t the base 

of the appa.ratue. A surface atres• ill applied to the powder by a. pilton 

which is lowered by turning the crank at the top of the apparatus. An 

aluminum ring equipped with strain gages ia uaed to meaaure the stress. 

Large-acale movement of the piston iB measured by mean• of a Starrett 

dial indicator, and small-scale movement la mea1ured by mean• of a sen· 

sitive dUful'"t&tial tra.ns£ormer. The output of the strain gagea and the dif­

ferential transformer i1 recorded on a Sanborn recorder. 

Using the experimental reaults obtained from the tests employing this 

piece of apparatus, a relationship be>tween the bulk density of the powder 

and the streu necessary to obtain this density wa.s obtained. These results 

*This is the same apparatu• ehown in the referenced report. 
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are plotted in J'iaure a. Z for ,.veral di!ferent powders. The atreu levels ~: J for these testa w:~e cor~slderably higher than thole of earlier tests. The 
stress wa1 lncreaaed monotonically durinJ the test.. r 

( 

I 
t 
t 

A plot of the ttreaa ver1u1 reciprocal density ia a •tn.iaht line on. log• 
log paper which is in agreement with the previous results. An ernpirical 
formula of the form <r= lc:(l/fo))r can be used ae a good fit to the data. The 
constants of this equation are given below !or the powdera tuted: · 

Powder r lc: 

Talc - 6. 50 4. 4Z X 107 

Saccharin - 7. 70 z. 21 ~ 10 7 

Powdered Sugar -11 • .s 6. 8 X 106 

Powdered Milk -35.9 1.6 X 109 

Cornstarch -ZO. 8 1. 67 X 108 

At each compa.ction state a certain amount: o£ energy is stored in the 
powder bed in the form of elastic energy as pointed out in an earlier report1 

In the initial tetts it waa uaumed that the m&terial ha.d linear elaetic 
characteristics. It la now neceuary to revile this auumption on the basi• 
of more accurate measurements carried out with the improved &pParatull, 
The general ahApe o£ the elaatic recovery venus stress curve for powders 
8UC:h AS talc. saccharin, and powdered sugar is shown in Figure z. 3. 

It is interesting to note that very little energy is recovered u the 
atreu ia reduced at high etreaa levels, but that most of the ela.atic re • 
covery takes place at low stress levels. Thil implies that considerably 
leu elastic energy ia stored in the powder bed for a particular compaction 
state than was originally auumed. 
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Stress 

Elastic Recovery -

Figure z. 3 Shape of Elaatic Recovery versus Streae Curve 

Some difficulty wa.s experienced in obtaining precise meaauremenu of 
the elaatic behavior of powder due to inauf.ficient rigidity of the new com­
paction energy :Lpp~ratua. At high 1treu levell the apparatua had a ten­
dency to flex, making precise measurements of the elastic recovery of & 

powder difficult to obtain. However, the basic nature of the elastic re­
covery, illustrated in Figure 2. 3, seems to be definitely established. In 
order to obtain more precise data, it will be neceuary to mOt!ify the 
a.ppa.ratu" to make it more riiid.-~ 
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In the process of testing the various powders it waa noticed that pow-

dered milk and cornstarch behaved in a unique manner durina the compac• 

tion process. As the loading piatot'l wu gradually advanced, the· stress was 

found tu increaae rapidly a.nd then fall sharply to a. .lower levtl. -rn other 

words the powder seemed to compact in a stick-slip fashion. . Figure Z. -l ia 

a. comparison of the recording traces showing the variation of. atreaa &I a 

function of time for talc and powdered milk as the powders were gradually 

compacted, 

t 
Streaa 

Time __...... 

t 
Stre u 

Time • 

Figure 2. 4 Compac:tlon Behavior of Talc and Powdered Milk 
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Figure 2. 5 Hydroatatic Compaction Apparatus 
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water to a certain level in the calibrated tube used for measuring volume 
change. Then the preasure in the chamber was .increaeed in small incre­

menta and the volume change wa.a noted. It W&l interesting to aote that 

considerable time wa.s tequlred for the syetem to c:ome to equilibl'ium after 
·the preuure was increased. Evidently the stress distribution in a powder 
bed undergoes a. change during the compaction proceas. After the ayatem 

reached a state of equilibrium, the hydrostatic preuu:re was released and 

the volume change caused by ela.atic recovery was noted. The 1hape o£ the 
elastic recovery versus sbess curves was ea1entially the same a.s that 
shown in Figu r., 2. 3. 

From the data, a curve of stress versus the reciprocal density was 

plotted £or the two powders tested (talc and saccharin) and a stridsht line on 
log-log paper was obtainfld, Thus, both the hydrostatic a11d piston-cylinder 
compaction teats yield a atreu -denaity rel•tionship which ia deacrlbed by 

the empirical formula: 

The constant• for thi• equation for the two powder• tested in the hydro•tatic 
compaction apparatua are: 

6 talc: k = 1. 39 x 10 , r a -7. 6; 

and 

saccharin: 7 ~-,. 1. 95 x 10 , r = -6. 2.4. 

Value• o! the exponent r are in good agreement with those determined by 

the piston-cylinder method. The coefficient k for saccharia is als~ in good 

agreement with the resulh of earlier tuta. How.ever, the value o£ k for 

ta.k differed appreciably from that determined by tlle piston-cylinder 

method. Thia apparent discrepancy might be attributable to differencu in 
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the compaction process. At the concluaion of one of the hydrostatic experi• 
menta W'i.th talc. the streu waa cycled several timea. The result of thla 
cycling caused the bulk denaity to lncreaae with each succeeding cycle until 
a point was reached where the denaity did n,ot aeem to increaae further. · 
Fx•om this one call see that it is somewhat ambituou• to speak of the atren 
nec:eaaary to reach a certain compactioa. atate without apeci!yinJ the coru­
paction proceu, at least for a powder~-lli~e talc. Other powders may re­
spond differently to the c:yclinJ proceu. 

The hydroatatic compaction apparatus has several drawbacks, one 
beinJ expanaion oi the chamber under preuure. This expansion necessitated 
calibration tests. resulting in a tare which has to be taken into account to 
determine the true volume change of the powder sample for various pres­
sures. Some difficulty was also experienced in determining the exact 
volume of the powder sample, a value needed in order to calculate the bulk 
density. Neverthelesa, it is believed that the results are meanina!ul and 
a:re in accord with our previous results. 

In view of the fact that results from hydrostatic compaction tests seem 
to uc: in close agreement With the results obtained from the piaton-cylinder 
testa, future compaction testa will be conducted utUiziag the piston-cylinder 
arrangement because o£ the relative ease of c:onductin1 these testa. 

The powden that have been investigated thus far seem to fall into two 
major groups. ln the iirat group are powders such as powdered milk and 
corriatarch which display the above-mentioned stick-slip phenomena and 
compact very little even when subjected to high compres11ive streues, In 
the secood aroup are powders such aa talc and saccharin which compact 
much more smoothly. 

Future tests will be oriented to determine what factors are ai!ecting 
the compacting characteristics of a powder. Factora such aa the history of 
the powder, particle shape and size, electrostatic charge, and moisture 
content would seem to be among the moat important .factora to consider. 
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Z. 2 Powdu Shear Strensth SNcliea !7 the Tri~ Teat 'l'echnique 

Preliminary teats with the triaxial teat apparatus deacribed in a pre­
vioua report2 revealed deficienc1 .. in the oriainally proposed teat tecb­
niClue, which produced excessive scatter oi the experimental data. To im­
prove the reliability and reproducibility oi the triaxial ahea.r teat, modifi· 
cations were made in the method of sample preparation and in the means 
used to apply atreeaee to tho test sample. 

z. 2. 1 Sa.mple Preparation 

.For incompactable materials, which exhibit dilatancy in shea.r, the 
preparation of homogEtneous teat aa.mplea i1 a atraightforW&rd ma.tter. 
However, in the case of compactable materials, it doea not appear to be 
pouible to produce truly bomogeneoua, iaotropic samples. Since the teat 
sample has the form of a right circular cylinder, it is natural to compact 
the sample to the degree neceasary for handling by employing a piston­
cylinder apparatua. However, from prior atudy of the compaction proc:eu 
in a. piaton~cylinder device 3, it is known that the compreaaive streuea 
applied to the powder decay exponentially with diatance from the loading 
piston. Furthermore, the ratio of radial to axial streee appears to lie in 
the range o. 3 to 0. 5 for most materiale. From this it may be inferred that 
the density o{ the aample will decreaae with distance from the loading piston 
a.nd that the powder will compact non-iaotropica.lly. It la clear that the 
latter efiect ia not objectionable since it 1s typical of the behavior of a com­
pactable powder. Non~uniform sample den•ity is undesirable, however, 
since the shear strength of a powder will. in general, depend on the density. 

Several techniquea have been uaed to prepan samples for the triaxial 
shear test. 'rhe technique originally used was based upon the obaerva.tion 
that a. region of nearly constant density exists in a column of powder which 
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thouaht that a. test sample obtained from thh reaion would be ideal for tl'i~ 

axl.a.l teating. However, it wa.s found to be impoesible to obtain a auHicient 

degree of compaction in thh region to permit the minimal ha.ndlina req,uired 

for preparation of the teet specimen. Thus, it bee&nle evident that a den-

sity aradient in the sample would have to be accepted for samplet C()mpacted 

in the piston-cylinder device. A series of experiments were carried out to 

determine the density variation along a powder column for loada sufficiently 

high to cause compaction to occur along the entire column. Typica.lreaults 

for talc are ehown in Figure 2. 6 for two applied loada. It is apparent that 

the density gradient is essentially constant over the length of the compacted 

powde1" column. 

This result led to a modification of our sample preparation tec:hniq,ue 

whereby a known maas of powder ifa compacted to a preselected final length, 

thus precisely defining the mean sample density. Thil technique has been 

!ound to yield improved control over sample uniformity, atJ judged by the 

reproducibility of shear teat results obtained by using samples prepared in 

this way. 

Actually, this method of preparing test specimens is very similar to 

the propoaed technique deacribed in the laat quarterly report~. At high 

compaction. stresses, however, it waa found that extel'nal aupport was re­

quired for the split tube within which the powder sample ia confined during 

compa~.:tion. Another esaential changG was to roughen the inner surfaces of 

the split tube to prevent stretching of the rubber membrane during com­

paction. 

The variation of density with axial distance from the loading piston for 

the modified sample preparation techniq,ue il shown in Figure 2. 7. The 

drop in density near the high -density end of the sample appears to be caueed 

by elaatlc relaxation effects. (See Figure z. 6 also. ) I 
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~. Z. 2 Theoretic~l Denaity Variatio~ 

The denaity variation in a powder sample which has been compacted in 

a piston-cylinder device may be determined analytically by combinin1 re• 

sults from the piston-cylinder theory3 with the empirical relationship be· 

tween denaity and applied atreu 2• 3: 

From the piston-cylinder theory, we have: 

4KL (z) 
C~(Z) = cr(O) e • -,r 'I:' 

(Z. 1) 

(2. 2) 

Eliminating the axial stress cr(Z), Equations (Z.l) and (2. Z) lea.d to there­

lationship: 

(Z. 3) 

ln this equation the wall resilttnce parameter K depends on the shear angle 

~ of the powder and the wall friction angle 0, while m is a.n empirically 

determined powder parameter. 

Computed values ofjJ ( Z) from Equation ( z. 3) are shown in Figure z. 6 

for 0"'(0) = 14.6 x 106 dynes/cm2, m = 5. 46 (Reference 3) and for two valuu 

of the wall resistance parameter: K = 0. 358 a.nd K = 0, 2.00. The value 

K = 0. 358 (corresponding to the maximum theoretical value of the wall re-
Z sistance parameter ) yields the maximum theoretical rate of decay of den-

sity. The smaller value of K = 0. 2.00 was obtained from Figure Z. 1. 3, 

Reference Z, !or the experimental valueu: ~ = 40• (talc), 0 = 35• (talc on 

aluminum). The theoretical curve for K = 0. 2.00 agrees rather well with 

the experimental curve for o-(0) = 14.6 x 106 dynu/cm2• 
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Z. 2. l Teat Procedure and Typie•l Test Renlta 

During initial work with the triaxial teat tech!Uque, it wa. found that 

the stress at which yielding of the sample occurred was difficult to define, 

The principal rea•on for thia appears to be the conatralnins effect o! the 

rubber membrane, which prevents a sudden collapse of the powder when 

shear failure occurs. In an effort to increase the precision of the teat and 

to aec11re a better indication o£ aample failure, the triaxial teat appara.tus 

was adapted for uae with an available lnatron teat machine. Through use of 

the lnstron, the following desirable features were achieved: 1) accurate 

force measurement through use of a sensitive. load cell, 2) precise and 

adjustable rate o{ _strain, and 3) accurate recording of applied axial load as 

a function o£ sample strain. 

Figure 2.. 8 shows the triaxial test apparatus mounted in the Instron teat 

machine. The test procedure is as iollowa: 

1) The teat specimen, prepared in the manner described 
above, is idstalled in the preuul'e chamber of the teat 
apparatus and properly centered (locattn1 pina are pro­
vlded Cor this purpose in the eamplo end fittinge). 

Z) The test chamber is sealed and pressured to the desired 
chamber preaaure. 

3) A!ter checldni to make sure there is no leakase to the 
s&mple interior, the machine ia sta.rted and run until shear 
failure occurs. 

In these teats, shear failure is evidenced by a suclden change in the 

slope of the load-strain curve. This is illustrated by Figure 2.. 9 showing a. 

uriet of load-strain curves £or a mean sample density of 0. 650 g/cc and a 

chamber pressure of 1 pal.. The appearance of the test spechnens after 

failure ia sl.10wn in Figure 2. 10. It ia apparent from the photograph that 

failure occu:ra by the formatlon of cracka in the compat'ted powder, althou1h 

the rubber ntembrane preY~:i.tD collapse of the sample. 
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The results shown in Figures 2. 9 and Z. LO are typical of runs carried 

out for pressures in the range 0 to 2 psi. At higher preuQrea, however, 

it was impouible to detect sample f&llure since the sample merely bulged 

outward without a break in the load-strain curve. This behaviol' is illus­

trated by !i'igurea Z. 11 and z. lZ. It is suspected that this behavior may be 

c:aueed. by additional compaction during the te1t since the applied loads are 
comparable to the loads used in preparing the sample. 0! course. the effect 

of. the membrane in this case ia to stabilize the powder aa bulging occurs. 
There is little reason to doubt that the high loads shown in Figure z. 11 !or 
a chamber pressure of. 6 psi are attainable only becau•e of the stabilizing 

e!f.ect of the membrane. 

The yield locus established from testa carried out at preseurea of o. 
0. Z4, 0. 50 and Z. 0 psi ia plotted in Flaure 2..13. The slope of the yield 
locus is about 35 degrees, which agrees quite well with the ahear angle 

determined from sliding disk measurements2 (II :: 40 degreee). 

The experiments and test results reported herein have been primarily 
concerned with the development of techniquee for application of the triaxial 
t~nt to compacts.ble powders. Additional testa are planned for future work 
in which powders other than talc will be tested and the effects of such !actore 
aa moiaturf! content will be inveatigated. 

Our studies of the triaxial test have disclosed several limitations of 

this method of conducting shear teats. The most serious limitation is that 
the teat technique ill restricted to u.mplee which have been compacted to 

high denaitiet: also, no means have been found to produce eamplee of uni­
form density. Another serious problem is the conatraining effect of the 

rubber membrane, which prevent• a "natural" shear !allure. It should be 
noted, however, that the membrane is not required for testa at zero pres­
sure. A further difficulty with the tl'ia.xial technique is the difficulty of de­

fining the thear locus for em&ll compreuive atreases. Thus the strength 

of the powder in pu:re shear cannot be obtained directly !rom this type of 
teet. 
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In spite of these deflcienciu, the triaxial teat provides much WOI'th• 

while information on the behavior of dry powden. AllOt it is quite po18i­

ble that so~e of the apparent limitations of the triaxial te1t can be removed 

through improvements in teat techniques. 

2. 3 Bulk Tensile Strength o! Compreaud Powders 

A new apparatua and technique for the measurement of bulk tensile 
z strength of compressed powders w&a described in the laet quarterly report • 

Work in recent months has been devoted to an exhaustive study to refine 

techniques and to utablish the most accurate and efficient method for a 

comparative measure of bulk tensile stren1th of various bulk powders. 

According to theoryz' 4 the bulk tenaUe 1tren1th of a compressed pow­

der is a.n exponential function of the distance from the compressive piston 

to the fracture plane~ 

where: 

~ :; 

ao = 

k = 

L = 

-kL cr := ac,e 

bulk tenaile strength o£ a c:olumn of compreued 
powder at distance L from the platen 

bulk tensile strength of the compressed powder 
immediately below the pilton 

constant 

distance from piston to fracture plane. 

(2. 4) 

The method employed involves the compreuion of bulk powder in a 

vertical aeamented column. The design o! the e.pparatue pft:tmite the powder 

to be fractured by a measured vertical fo:rce at several pointe down the 

column. permitting the bulk tensile strength to be measured aa a function of: 

l) bulk density, Z) distance from compreslive force application to fracture 

plall.e, and 3) total column length. 
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Although the bulk te111ile atrength doea vary with lenath o£ time o1 appli· 

cation .of compreuive load. our recent studies have led to. the adoption of a 

1-l/?. hour compreuion time. lt ia believed that thb time period not of\ly 

is adeq,uate for good reproducibility but alao allowa the operator to make 

four efficient rune pe1• working day.· In aO.dition to the adoption of 1-1/2. 

hours &I a. standard time of compreaaion. three compreuive loads (5. 55 x 

1 o5, 7. 88 x 1 o5, and 1 o. 59 x 1 o5 dyne a/ em 2) have been a.dopted a. a standard, 

Althouah this teat at detcribecl does not exhaustively cover all pouibilitlea, 

we believe that it does offer an acceptable method for a compa!'ative study 

of a physical phenomena which is at beat difficult to meaaure. 

Figures 2. 14, 2. 15 and 2. 16 represent typical plots for zinc cadmium 

sulfide at three compreuive loada. The individual plots were made by the 

method of least squares. Individual pointe were omitted to afford greater 

. ease o£ visual comparilon o! the various plata. 

These data show as indicated t.n the last quarterly report2 that 0"'
0 

h in 

fact a function o£ total plug length Lt. FigurfJ 2. 17 shows the relationship 

h~tWIIAft o- and L at the th1•ee compreuivelo&dl. Since the values obtained 
0 t 

for (J
0 

are tor a. fairly narrow range of values for Lt we must extend this 

range before making valid generalizations, The individual plots a.re how­

ever interestingly dote to being linear. 

In the near future we plan to obtain mo!'e data on the variation o£ Cj'
0 

with Lt for zinc cadmium sulfide and to utilize our standard method to study 

the bulk tensile strength characteristics o£ such powder• as talc, powdered 

sugar, powdered milk, aa.ccharin, and cornstarch, 

Z. 4 .Frictional Forces Between Powden and Plated Metal Surface• 

A modi!ica.tion of a test method previously described5 wa.a used to atudy 

the !rictiona.l fore .. between talc and samples of cold rolled eteel that had 

been electropla.ted with nickel, cadmium or ~inc. In principle the method 
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involves placing a powder on the metal surface a.nd tilting tho plate of metal 
slowly until the POwder begins to slide. The slide a.nale i• :related to the 
coe£ticient of friction as followa: 

where: 

,JJ. = tan Q 

/-'- = coefficient of friction 

Q = angle of slide 

To make a. comprehensive study o£ this problem, the following tb:ree · 
methods were used to place the talc upon the meta.l surface: 

1) An aluminum ring of 3. S em ID waa placed on a mecha.nica.l 
vibrator and filled with l. 5 g talc. After a standard 3-
minute vibration to a.asure uniformity of packing, the 1ample 
was transferred to the plated metal surface on the tilting 
table, 

2) The talc was processed identically to Part ( 1) except that 
prior to transfer to the pl:~otcd gurfaca, the talc was com­
pacted tnto a plug by the u•e of a piston auembly with a 
9-pound compresaive load. 

3) The talc was proceued identically to Part ( 1) except that 
after tran~t!er to the plated lurface, the talc waa compacted 
aTrectly onto the plated surface by the 9-pound piston a.a­
sen1Lly. 

The teats were performed in a controlled humidity environment (15 to 
18 percent relative humidity). Upon ana.lysis of theu data, Method (3) wa.a 
chosen for further study at a hiiher ( > 60% RH) humidity. 'l'he following is 
a. tabulation of value• of angle o£ alide: each value reported ia an average of 
at least fi.ve independent runs: 
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Platina 

Method Nickel Cadmium Zinc Unplated ----
Low Humidity 1 40.7 4Z.6 -U.5 43.0 

(15-18% RH} a 36. 0 37.6 37.8 39.7 
3 41.9 43.4 43.7 44.2. 

High Humidity 
( > 60% RH) 

3 39.8 40.0 4Z. 9 42..0 

AlthOUih Method (2} tends to yield a Lower slide anale than Methode (1) 

or (3), the dat& indicate only very minor differences in the frictional force• 

between the talc powder and the varioue electroplated surfaces. It is 

interesting to note, however, that re1ardleaa of the method utilized, the 

nickel plate gave consiltently the lowest coeHicient of friction and the un­

plated material consistently the highest. It should also be mentioned that 

in every case when the metal surface had been e'Woaed for some time prior 

to teat, the first teat performed on each surface aave values SO to 75 per­

cent hi~her than the average. 'T'hMe values were not included in the tabu­

lated data preunted. Apparently either surface rnoiature and/or surface 

oxidation changes the frictional characteriatica of the surface in a way that 

is removed by making a single test run. 

Since there seems to be no obvious advantage in electroplating the 

metal surfaces of a diasemia.ator in order to reduce frictional forces, no 

future work in this area is currently planned. 

Z. 5 Bulk Density of Compreued Powders 

To expand our knowledge of the variation o! bulk density ln a column of 

cornpreued powder, a new appa.ratua (1u llhown ln Figures z. 18, ~. 19 and 

2.. ZO) has been desianed a.nd perfected. Saccharin bas been used as a. test 

powder in our initial ael"iea of experiments with the new apparatus. 
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z. S. 1 Appar•tua and Technique 

In an actual experiment the appa.ratua ia asaembled as shown in Flpre 

2.. 19 but with the sifter replacing the piaton aaumbly (Figure Z. 18), T~e 

sifter with a mechanical, doorbell~type vibrator attached ia intended to aid 

in uniformity o£ packing. The powder under study 11 added alowly through 

the sifter until the column ia filled to the top o! the hold-down sleeve. The 

piston assembly is then put into plA.r.e and the compressive load appliesd !or 

a period of one-half hour. The compreuive loa.d, piston assembly, and 

hold-down sleeve are then removed. The entire column of compacted pow• 

der plus the compaction rings are moved upward with the aid of the lab jack 

and ring-supporting piston, exposing the metal rings containing the com­

pacted powder. 

The cutting assembly (Figure 2.. 2.0) ia then used to divide the plug of 

compressed powder into one -inch segments of known eros a-sectional area. 

By obtaining tho weight of these segments, the bulk density may then b0 cal­

culated. To obbin further information a "cookie -cutter" a.aaembly is then 

used to remove a circular portion, ·rfllfJ~~~~entingone-ha.lf the crosa-sectional 

area.. !rom the center of each sesment. Thill affords a groaa comparison 

of the variation o! bulk denaity along the radius of the column of compressed 

powder. 

2. 5. Z Discussion of Data 

The results of an experiment using saccharin a.a a test powder are 

shown in FigtJre 2. 21. Tho compactions were made in order of increasing 

compressive load with no special attention given to using virgin saccharin 

each time. To study the possible effects of previous hiltory of compaction 

u£ a powder upon bulk density, the 1 S. 9 lb teat wa.a repeated using the 

~oa.ccharln that had been need throughout several teat• including the 354 lb 

compression. 
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l 0, 293 gm/cm3 compared with 0. 33~ gm/cm3 for the previoualy c:ompac:ted 
saccharin uaed in tile last 18. 9 lb teat. These experiment. accentuate the 

I 
I 

f 

dependence o£ bulk density upon the previous compaction hiatory ot the aam• 
ple and the need !o:r the use of virgin materials for each teat in order to 

obtain reliable comparative reaulte. With this ha.ckjround of experience 

the experiment waa then repeated using virgin saccha.rin for each run. The 
results shown in Figure Z. 23 indicate a linear relationship between the bulk 

density and distance from compressive piston. The deviation from linearity 

at graa.ter distances from the piston will be included in the ciiscuaaion of 

Figure Z. ZS. 

As stated earlier in this report, data were obtained concerning the 

variation in bulk density a.lons the radius o£ the plug. Since thie variation 

was 110 uniform throughout each test1 the data shown in Fisure Z. 24 are 
presented as typical of the variation found. In order to determine whether 
or not the radi.:ll ·.rariatiou l1' bulk density is dUe to the effects of the applied 

compreuive load or to the method o£ filling the apparatus, an experiment 

waa just completed at the writing o! th~l report in which the bulk density 
apparatus was filled with saccharin in a manner identical to previous ex• 

periments and the bulk density measured without the application of a com­

pressive load. The results are shown in Figure z. 25. Although the appara­

tus permitted accurate measurement of the average bulk density of the seg­
ments. only near the bottom of the column was the powder plug rigid enough 

to obtain data on the inner and outer segments. It is very interesting to 

note, however, that radial v;a.riation in bulk density of the order of magnitude 

observed with the compacted powder ia also in evidence here. Tho radial 

variation ia thus affected to a. considerable extent by the method o£ fillina 

the column. rt is believed, however, that the vertical variation of bulk den­

eity 1hould be relatively unaffected by thia phenomena. 
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Figure Z. 2Z Bulk Denaity of Saccharin a.a a. Function nf Distance from Piston 
(A comparison of virgin saccharin with previously compacted 
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Further examination of Fisure 2. 25 shows a sharp riee in boglk density 
near the bottom of the column of uncompacted powder. The deviation !rom 
linearity in tho plot• ahown in Figure z. 23 could be explained on this basis • 

. tn attempting to explain the increased bulle density near the center o! 
the compressed plug, one might suspect that during the filling proc .. a the 
powder tenda to 11pile up" in tho center. Visual obaerv-tiona made during 
the filling proce .. indicate that this is probably not the case. The pheno­
menon that iB ob88rved ia a buildup of powder, apparently due to electro· 
static charge on the particles, along the walla of the apparatus as shown in 
Figure z. Z6. Not only could thia lead to partial segregation according to 
particle size, but the powder alons the walla i8 probably of lower b\,\lk den­
sity since it is not supporting a ma .. of overlaying powder as is the 
material at the bottom of the cylinder. A sketch ol this concept, involving 
a dense cere surrounded by leas dense material, is presented in Figure 2. Z6, 

Future work will certainly include continued investigation in this &rea 
of proper packing of the column. We also plarl to .. xtend our studies to 
other powder• such a• talc, cornstarch, and powdered milk. There is, o! 
course, a limitation in our selection of powder a !o1· 11Ludy 1Je~c.:-.u¥e of the 
relatively large volumee of powder required i! virgin powders are used for 
each test. 

Z. 6 Shear Strength of Powders by Sliding D1ak Method 

During the pre1ent quarter our studies o£ the variation o£ shear 1trength 
of powders with compressive atreu at various humidities have been ex­
tended to powdered auaar and powdered milk. 

The techniques of measurement uaed were identical to those described 
in a. previous report 1 in which the powder, .lfter expoaure for at least 48 
houra to a controlled humidity environment, is caused to shear while under 
the influence of a compreuive atreae by applying a shearing force normal 
to the compressive atre••· 
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noted from the graphs that the rela.tionahip between shear strength a.nd com-
preuive stress remaitta relatively unchanged tor both powder• dul'ing the 
increa1e in rele.tive humidity from 2 to 3Z percent. However at 46 percent 
relative humidity and more noticeably at 69 percent relative humidity there 
i.s a marked inct'e&ae ln. shear strength with compressive streee. Aleo, the 
relationship between shear strength and compreuive atreae ia no longer 
litlear !or powdered milk. 

Future work will include studies of powdered augar and powdered milk 
at hi1her compressive stressea. In partic:ulat" It will be intereeting to 
determine if the shear strenath is in fact reachins a. maximum value for 
powdered milk at 69 percent relative humidity as indicated by the plot in 
Figure Z. 31. We abo plan to extend our studies to other powders auc:h aa 
cornstarch, talc, and saccharin. 

2, 7 Future Area·e £or Study on the Characteristics of Powders 

The empha."f" in our work has been devoted to the development of reli• 
able test methods based upon a eound theoretical background. In the future 
we will concentrate upon coordination of information. on specific powders in 
order to completely characterize the powder, and to determine which test 
or teats yield the most reliable in!ormatioo concerning the compactibility 
and diapersability of a powder, New areas o£ study which will be initiated 
include: 

2. 1. 1 Bulk Density of Looae Powders 

An apparatus is being conetructed in which powders will b~.t allowed to 
fall a fixed distance through vibrating screens into a unit cube. It is be­
lieved that this will afford a si~ple, rapid, and accurate method for mea­
surement of the bulle density of a variety of looae powders. 
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a, 7. Z Measurement o~ Static Gharsa of Particulate Mat•ri•ls 

A study will be made of vartoue methods ot generating and removing 
•tatie charges, a.nd of method.a for qualitative and quantitative me&aute of 
static charge. 

~. 7. 3 Particle Sime and Shape 

One of the most important chnacteristice cletcrmininc the behaVior of 
powders in the 5 -micron range is the magnitude and the character of the 
total surface of the individual particle. A c:haractcriatic which can be 
called "surface roushneu 11 should be of fundamental importance in. predict­
ing the eaee with which a powder can be compacted and rediapersed. Thia 
cha-racteristic can be evaluated by a aummation of information obtained. 
from particle size distribution, particle shape, and total surface area. 
Particle ah:e distributions an now being determined via. the Whitby centri· 
fuie• Photomicrographs are now being utilized to 1tudy particle shape. 
This study will be extended to the use of electron micrographs. 

2, 7. 4 Total Surface Area 

Measurement o£ total surfa.ee area. of powder • in conjunction with the 
partie!~ eize and shape ana.lysia should yield a. clearer picture of the total 
nsur£ace roughness. 11 

There are several methods for meaaurin1 the apec:!.!ic: surface area o£ 6 powders • Of thue, the two most frequently used are the gas-adsorption 
(usually nitrogen) and ab: permeability methods. 

In the gas adsorption method, the quantity of 1ae neces5ary to !orm a 
monomolecular layer on the surface h determined. By a.sauming a value for 
the area. occupied by a ainile molecule, the area of surface covered by the 
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·:·:~. adsorbed gaa molecules is then calculated. Tho area meaaured by tht. 
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~ 
t 

method depends on the lise of the molecule. adsorbed and th~ degree. to 
whieh they are able to penetrate into any crack• or pores in the solid. 

The air permeability method ia easefttially a rheological method in 
which the flow of a fluid (liquid or vapor) throu;h a powder in a compactea 
bed is related to the surface area of a continuoue eoUd; It ls assumed in 
this method that the bed of powder behave• a.a a bundle of capillaries. In 
consequence, only the surface o! the continuous path• through the matflrial 
will contribute to the measured specific Jur.face area. This area ie not the 
same as that measured by adsorbing a gas on the aurface ol tM powder, 
becau•e in the latter method all the aurface accessible to gas molecules of 
the type used wlll contribute, Jn general, the &rea measured by the adsorp­
tion of a gaa will be larger than that obtained by a permeability method. 
This clil!erence may be accentuated it the powde2' hae app2'eciable "internal" 
surface due to cracks, interll&l pores, and other irregularities. In addition, 
the permeability method may not measure tM full"external" surface of the 
powder because of the formation of blind porea during compaction of the 
bed. 

With very fine powders a further complication arise• since it ie very 
difficult to compact a fine powder to give a. bed uf low-void• fractionr and 
with a porous type of bed there may be a serious la.clt of uniformity through­
out the compacted bed. From theu consideration• it would appear that the 
logical method to be used lor powders currently under study would be the 
gae adsorption method. 
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3. AEROSOL STUDIES 

The objective o£ thie experimental program hat been to perform a 

study of the propertiea of a.eroaole, both intrinsic a.nd extrinsic, which 

have a.n effect on the aerosol's over-all stability. The de1ree of stability 

ca.n be meaaured by obaerving the net rate of disapp~un·ance of the partieles 

!rom the a.erotol. Several factors. beaidea concentration, conceivably 

have an effect on aeroaol :stability. These factor• are: 

1) Partizle ei.ze and shape 

2) Particle type 

3) Charge charaeterlstice of particles a.nd environment 

4) Water content of particles 

5) Absolute humidity of e11vironment 

6) Type of settling (tuTbulent or tranquil) 

The instability of aerosols is obvioully to be understood in terms of 

onlv two diltinct proceaAAR: 

1) Particles may be removed !rom the aerosol by settling on 
and adhering to the various tur!acee to which the aerosol 
is exposed. 

2) Particles may be removed from the aeroaol by colliding 
with and adhering to other particles within the same aero­
sol reeulting in a net decrea•e of independent particles 
(coagulation). 

Since the rates of these two proceaaea completely specify the stability of an 

aerosol, the fruitfulneaa of any experim enta.l method is to be judged pri­

marily on ita t:apability for supplying actual numerical values for these 

rates. Much of our work during this period has been directed at this type 

of evaluation of our light-tnatrument-,d aeroaol chambor. 

3-1 

I 
I 
! 



Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 

i ------------------------------------------iiA~W~E~0~1~3~826~,s~•~c~tio~nD3~.5L------------------~-
-~- tTT Date: JUL 1 9 2013 

3. 1 Terminology and Definitions 

A perusal of the literature ol aeroeole reveals a ~c:crt4in degree of in~ 
dependence among the various authors in regard to terminology. It is 

necuaary, therefore, to define tho•e terms used in thh section which 

would conceivably conflict with the literature. 

The number o! particles per unit volume will be termed the concentra­

~ of the aerosol. The term concentration will often be specialized to 
mean the number of particles of a. partkular species, e. g., those with 

dimension tn the range (d, d + 0 d) per unit aerosol volume. 

The classification of aerosol particles according to species warrants 
some comment. Since the molt impo:rta.nt particle property with respect to 
its behavior in an aerosol ie pa.rticle size, the primary clauification should 
be made accordingly. In dealing with solid pa.rticlea, however, it ia often 
not. obvious how this claaaiflcation should be put into practice because the 
particle• are often very irregulady shaped. In our work we •hall gen.era.lly 
auppoee that the particles ma.y be con•idered spherical and characterize 
particle size by means of the diamete.r: J. Thu• if N denotes the total num­
ber of particles under conlidera.tion, we denote the number o£ particle& 
with diameter leu than d by N(d). Clearly N(O) ~ ".J and N(d) a_pproaches N 

as d becomes infinite. so tha.t a. plot of N(d) against d is qualitatively as 
shown in the sketch below. 

N(d) 

0 

d-
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The value d oi d for which N(d ) = 1/1. N is, of couru, the median m m 
diameter. The terms monodiaperae and polydiaperae are widely used in 
reference to the ~riety o£ particle aizea present in a sample, a. practice 
that we shall !oll.,w by saying that the dispeuity ia measured by the slope 
of the N(d) curve. 

It is often conv·eni111nt to apeak of the fractional number of particlea in 
a particular sa.mplo which have diameters leas than d. Demoting this !rae• 
tion by n(d) we have as its def'ining relation Nn(d) = N(d). 

The derivative o£ N(d) haa significance. '!'he number of particles 
havina diameters in the small interval (d, d + rS d) is N(d + tS d) - N(d) = 
~(~) 5d = N'(d) o d. Here the prime denotes the derivative. n'(d) is 

similarly defined. N'(d) is commonly called the particle size diatribution 
while N(d) is often called the cumulative particle aize distribution. 

There are several explicit formulae for the particle size distribution, 
each of which approximates a wide variety of distributions actually encoun­
tered in practice, Each of these formulae contain two or more parameters 
which are •upposedly capable of &c: countin~ !or practical variations. Inaa­
much as it ia often convenient to have such a formula available for discus­
sion, we have chosen one for that purpose. Since it is felt that the da.ta in 
most cases are not precise enough to !orm a baais for choice of formula, 
we simply take the most common such formula. which is compatible with the 
conditions n(O) and n(OCI) = 1, namely, the logarithmic-normal distribution: 

n(d) 
log (d/d ) 

= ad' ( log '1! !I ) 

{ 

log (d/d ) 2} 
n'(d) cfd ::: 1)z exp -l/2. ( log a-

3 

11 
) $(log d) 

(an) log c-
11 

~:::< .. ·•. 

J 
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Simple conaider&tiona •how that d
1 

(the geometric mean diameter) in the 

above formula ia alao the median diameter mentioned earlier. The term 

a-
8

• (the geometric standard deviation) is a meaeure of the diapereity. 

3. 2. A Theoretical Calculation for Non-Agglomerative Aerosol Decay 

It is expected that the information provided by scattered lfght will be 

ra.ther subtly related to the fundamAnt&l proceues of aerosol decay. For 

this reason it will be useful to have a simple, yet pertinent, relation be· 

tween these processes and the aeroaollight-aeattering behavior. Such a 
relation. h proposed in tll.ia section. 

The light-scattering problem for an aoroeol may be formulated aa 

follows: Consider a. emall element of volume SV in. the aerosol, this volume 
being irradiated from above by a. monochromatic light beam of intensity I. 

1 

The amount of light scattered into & cone of solid angle oil located at 90 
degreea by a sin&le particle o! diameter d in hV ia proportional to I and to 

511: 

1one pa.rtide = o-(d) • I· J.fl. 
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The constant of proportionality a- is called the differentia,! scattering croas­

!lec::tion. Since the number of such particlu in cV is C(d) • ~V, the total 

light scattered by particlea of diameter d is: 

cr(d) · C(d) • I • !JV • ~.fl 

The light scattered by <11l particles is 

Is =- I • ~V . J o-(d) • C(d) od c:Lfi 
all d 

This integral is to be evalua.ted under various conditions. 

Let us first consider C(d), As baa been explained in Section 3, 1, the 

particle size distribution will be assumed logarithmic • normal. We further 

assume that at some initial time t = 0 the concentration ls uni!orm through-_ 

out the chamber. Thus: 

N' (d) 
- C(d, t = 0) = -v-

where Vis the volume of the chamber. 

This initial concentration may be modified with paasing time. We eon­

aider two idealized modes in which the modification may come about. 

First, suppose that the a.tmoaphere in the chamber l s "tranquil", i.e, , 

au!!iciently free o! currents so that all particles settle vertically downward. 

In this r-ase all particles o! diameter d will fall as a unit, with the result 

that after timet, no particles o! size d (or larger) will be present above a 

certain hol'izontal plane. Thia pla.ne lies a diata.nce h from the top of the 

chamber, h being iiven by: 

h = t • v(d) : t • 

l 

l 
I 
' ' I 
I 
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where v(d) is the Stoke•' settlinl velocity of a. particle of dia.moter d, pia 

the particle density, g is the gravitational conata.n.t, and yt ia the air via· 

coe1ty. The concentration as a !unction of time ia therefore 

__ ( C(d, t = 0) for h ;:::o. t 

C{d, h, t) 

0 !or h < t • v( d) 

• v(d) 

that is, C(d, t • 0} is to be multiplied by a. function which has value 1 for 

- Ji'i"hh 0 < d<\1~ and value zero !or larger d. 

As an alternate mode of decay, auppof!le that the air in the chamber is 

au turbulent that the particles move in an essentially random manner, For 

this case it has been sta.ted by various autbora 7• 8 that concentration re­

main• uniform throughout the cha.mber, but .that after time t the number of 

particles of size d ia reduced by the factor 

where H b the total height of the chamber. Thus 

- v~)t 
C(d, t) ::: C(d, 0) • e 

The remaining factor in the scattering integral, the differential 

»cattering cross-eecti.on O"'(d}, ia in general a very compliea.ted !unction of 

d a.s well a.a of the light wavelength and the in~ex of refraction. However, 

the ut1o of pa.rticle dia.meter to light wavelength to be encountered in the 

present experiment ill probably large enough so that & simple approximation 

from cla.uical optiea may auffice9• This approximation is: 

cf(d) 
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The ltght-sc:attering problem thus leads to the two integrals: 

For the tranquil case: 

1 -_:. 
61r'' 

NI Jv JJl 
V ...p:ff ln Oi 

wi tb d ;,; ..... /!!:iiYi: . 
max V --;J5'it" ' 

For the turbulent c1s.ae: 

1 Nic5.!16v 
6'ir'V {Tfrln O""g 

0 

0 

2 _ v(d) t • 1 (ln d/d&~ 
-g- e z In d'"g S (ln d) 

It is to be noted that the present considerations take no account o! 

agalomeration. Another inadequacy, which may be partially corrected, is 

that the turbulent decay expression: 

taku into account only "gravitational impingement" on the floor and neglects 

"inertial impingement" on other surfaces of the chamber. The effect of 

aeroaol decay by inertial impingement may be seen qualitatively by th~ 

following conslderatione. 
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As a c1.n·rent o£ air approaches a wall it il turned back, with aQ·auen­

dant centrifugina action. Thus, the p&l'ticle. experience an equivalent 

gravitational force, and inertial impingement ia actually quite similar to 

gravitational !.mpingement. The effect on the decay rate ia to add an 

apparent gravitational conatant g 1 to the g which a.ppearlli in the ex.ponent of 

-vw) t . 

e . .For further detaile on this procesa, see Reference 8. 

The integral for the tranquil settling case may be solved analytically. 

The result ia: 

/ v(dl) • t 

41n
2 a"sl} 2 

~ 1 
d 2 2 ln cr, - erf 

( ln :li + 
g e Z 1n erg 

l 
a t 

v(d
8
)t 

} d 2 Z In a-. ~ er! 
ln S 

" g e g %ln. og 

whf!!l'l!!! 

is the surface median diameter. This {unction is lineal' il plotted in loaarith­

'mi-c-norrnal form with log t ae abscissa.. The 84, SO and 16 percent points 

come at 

h h 
= 

v(d) cr-i' ~· 
81 9 

respectively. 
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The turbulent settling intearal may be conaidend qualitatively by com­

pa.riaou t.o the tranquil expression. The two intearals diHer in the modu­

lating factor in the integrand. Where the tranquil integra.nd has a factor 

which dropa from 1 to 0 sha.rply a.t ,/d = ~ , the turbulent integrt.nd 

~ V' ~ 
• H t 

has a. factor (e ) which drop• from 1 to 0 gradually. reaching 60.6 

percent (the inflection point) at: 

v(d) 1 
-,::rt=!: d =~/~ 

V;;gt 
H 
7 

Thus it N1(d) changes sufficiently slowly with d {the aerosol is euificiently 

polydisperee) the tm·:)ulent settllns curve should be very similar to the 

tranquil expression if, in the latter, h il taken equal to ~. 

Aa a check on the reasoning oi the above paragraph, the turbulent 

settling integral waa submitted to the computer group for numerical inte • 

gration. A few curves. thua obtained, are ahown in Figure 3. 1. f'd
1 

2 t, 

with.-<' in gm/cm3, d
8 

in microns and tin minutea, ia used aa the v""~~blf!. 

It may be seen tha.t the plots have considerable curvature for small values 

o£ o-
1

, but approach linearity for larger value a. The dAshed line in Flgure 

3. 1 ia the plot of 

• t 

which is the solution of the turbulent settling integral at a-
8 
~1. It will be 

noted that latter nearly coincides with the curve for cr_ = l.l, All the 
g a 

curvn of Figure 3. l cross 50 percent in the neighborhood ofpd
1 

t :: 370, 

which may be compared with the value Z86 obtained from 

H = h !lt '"Z' at 50% 
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The experimental objectives, somewhat idealised, of thb program 

were stated earlier. As mentioned before, moat o£ the work of the present 

quarter was carried out with a view to seeing how nearly theae objectivu 

could be accomplished in practice. Other areas of work were experimental 

techniques and determination of operating parametera. 

Originally, it was considered desirable to restricl the scope of the 

experiment to the stability propertlea of aerosols; that ia, tu the behavior 

o£ aerosols subsequent to formation. This, however, requires the exis· 

tence of a well-d.efl.ned initial condition of the aerosol, a situation which is 

difficult to achieve in practice. Thus, while most ol. the runs to be dis­

cuased are concerned with aerotol decay (for which runa the dispersing 

process wae assumed to be reasonably efficient), some work was directed 

at evaluatiQn of dispersing e£'.ficiency. 

Tho powder di•peuing syatem waa deacribed in an earlier report. 

Briefly, it consists of a small chamber, containing the powder sample, 

which is pre a surized with dt-y nitrogen gas. A dinphragm ruptu1•••• uu" 

either to the pressure differential or to mechanical puncturing, auddenly 

releasina the pressure. A dispersing action is attendant. lt was found that 

a ~-mil fHm of "phenoxy 811 plastic made a suitable diaphragm material, 

rupturing at l Z5 psi in our configuration. ThiS material was used almoet 

exclusively. 

There were, broadly speaking, three aeries of rune: 

l) Runs in which the !an was not used at all; these were in­
tended for the atudy of the dispersing process. 

Z) Runs for which the fan was used only !or a short initial 
period, intended for study of aerosol behavior under 
"t ranquf.ll' conditions. 

3) Runs for which the !an was left on throughout the entire 
run, intended for study of aerosol behavior under "turbulent" 
condltinnA. 
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It waa round that stirring (Series (3) above) has a decided regularizing 

influence on the aerosol. In the ''fan on" situation the two light-scattering 

signals were brought into coincidence almost instantaneously and st•yed in 

coincidence, both decreasing smoothly, throughout the entire l'Wl. The 

Series (Z) rune, on the other hand, often led to irregular (nonmonotonic) 

decreasing light signals subsequent to the turning off of the fan. The 

Series (3) runs will be discussed first. 

Representative runs from Series (3) a.:re shown plotted in logarithmic­

normal form in Fijures 3. Z, 3. 3 and 3, 4. Note that these plots are at 
least approximately linear. For purposea o! discuaaion, we identify three 

abaciua.e, t', t*, t", on thb line (aee Figure 3. Z). These are the inter· 

cepta of the line with 84, 50 and 15 percent acattered Ught intenaity, re-
. spectively*. 

Table 3. 1 presents a summary of the "fan on" runs. Note that t"/t', 
which according to Section 3. Z meaauru aerosol diapersity, is sensibly 

constant for a given powder while t•, which is an inverse measure of the 
aerosol mean particle diameter, decreases with both amount of powder 

dispersed a.t:.d wHh 11tirring. It may a.lao be significant that the curves for 

the lower fan speeds differ more from linearity than the other figures. 

This point bears further checking. 

~ The last two columns of the table show values o1,,.0d and ~, where 
3 a g 

fJ is particle density in gm/cm , d is the surface median diameter in s 
microns and a-g is the geometric standard deviation, comput.ad .f'ro1n t* a.nd 

t"/t 1• The relations used are: 

*According to the tranquil settling t~xpreuion of Section 3. Z, the ratio 
t"/t', which measures the llope, has the value (<T'g)4. Thia should umain 
approximately true for turbulent settlinJ. An approximate relation for t*, 
A.l'l disr.uued in Section 3. Z, ia 

H = z · v (d ) c• ; f'd 2t* = 286 
!!- • 
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...Od 2 370 • = v 

2. 
T~e values of ,Od

1 
, especially, may be viewed with sueplcion aince no 

effort has be•n made to take ittertial impingement into quantitative account. 

Since our purpose is not aerosol &esay as such, we do not intend to ma.ke · 

the correction. 

Table 3. 1 Experimental Data for "P'&n On" Rune 

Powder Fan t* ,.adZ Cig Dispersed Condition (min) t" It' I 

200 mg talc Large blade, 8.2 17.5 45.1 Z.04 
line voltage 

50 mg talc Large blade, u.z 21. 5 30.3 z. 15 
line voltage 

20 mg talc Large blade, 19.0 20.7 19.5 z. 13 
line voltage 

30 mg talc Large blade, 10.0 3!5. 3 37.0 2.44 
line voltage 

1 gram Large blade, ·o:s9 28.6 6Z, 7 z. 31 
pwd. milk line voltage 

56 mg talc Small blade, 20.5 2.0.4 18.1 2.. 13 
50 volt!! 

56 mg talc Small blade, 18.0 32.8 zo.s Z.39 
35 volts 
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Other 11f'an on'' runs. conducted with yet a different powder. tul'ned up 
an appreciably cli!!erent type of light-scattering signal. The powder uted. 
here was 11K ferric oxide"*, a very nearly monodisperaed material of rea• 
sonably spherical particles. Particle diameter is approxim.,tely 2 microna. 
For thil powder the scattered light decrea.aed exponentially, ~• may be 
seen in Figure 3. 5. This behavior is in accordance with the hypothesia ot 
Section 3. 2, Fu.l'ther, the experimental decay constant 0. 035 compares 
favonbly with the expected value u£ 

With regard to Figure 3. 5, howevflr, a question may be raised concerning 
the larger value of the slope during the first 5 or 10 minutes of each run. 
It 1s believed that there are several possible explanations for this rather 
minor deviation, none o! which contradict the hypothesis aciva.nc:ed in Sec­
tion 3. Z. 

Interpretive remarks, in tet'UIB u! lhe rel11.tive rolea played by agglo­
meration and by settlin11 on surfaces, must remain ra.ther hypothetical at 
this time. It has been stated that the light-scattering data !or polydiaperse 
powders are fairly well represented by a straight line on a logarithmic • 
normal plot. Thi» would say that either the aerosols obnrved so far have 
log-normal particle distributions and decay without agglomeration (as in the 
model of Section 3. Z). or that agglomerative effects balance out the devia­
tion• from log-norma.lity. It hi also conceivable that the agglomeration has 
the simple effect of tilting or displacing the line on the log -normal plot, a 
behavior which was indeed obaerved. On the other hand. the line position 

K ferric oxide was at one time produced and marketed as a pigment under 
the trade name 11 KROX" by Minnuota Mining and Manufacturing Co., 
St. Paul, Minnesota. 
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and elope may also depend on the efficiency of the disporsinl process. All 

these possibilities will h.&ve to be studied further before more definite 

statements aa to the relative rolea of a.gglomer~tt.on and settling may be 

made. 

Several rune have been made under "tranquil" conditions (Series (~) 

above). In view o! the sometimes very erratic behavior o£ these aerosols, 

it would be misleading to list quantit~Ltive results: rather, some sianificant 

qualitative statements may be advanced. 

The "tranquil" decay runs were made with the fan in operation from 

several minutes before to a !ew minutes (usually 3 or 6) after the firing of 

the powd.:r charge. In general, the behavior was that the· two li&hi signals 

were equal and decreased smoothly until the fan waa shut of!. At this point 

the rate of decrease of scattered liiht changed markedly to smaller values 

a.nd the two signa.la became unequal (the lower usually, but not always, ex­

ceedina the upper), both decreasing in a nonmonotonic way. Signal excur­

sions of 20 to 30 percent above and below the median line, la1ting 1eve-ral 

minutes, were common. 

The implication of the erratic behavior is clear: flclouda" form in the 

aero•ol and drift at random through the light-scattering area. The signi­

ficant point is that these clouds form spontaneously. since the light signals 

·decreau smoothly during the time the !an is on, indicating a uniform con-

centration throughout the chamber. These efiecta '!~• pa..rticul~J.rly severe ·~:W~tii.if'·~~" >~-~-­

for the larger powder ehargea (above 100 lifT: ~re ~ay be a "threshold 

concentration", above which an aerosol ia unatable and tends to form clouds. 

One may speculate as to the mechanism of formation of the clouds. 

Perhaps in the absence of stirring, soft eddy currents, which tend to trap 

aerosol particles, are set up by convection effects. Anothe:zo possibility is 

tha.t a. highly charged particle attracts others which, however, do 1\0t 

actually collapse on this nucleus to form an asglomerate. 
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I. 
Another significant result of ~he 11tranqu!l11 run• is the la.c:lt of separa­

tion of the two light signals. According to Section 3. Z the lower signal 

shO\lld lag the upper by a factor of two in time. This was not oburved, 

althouah in moat eases the aerosols "tried" to follow the rule for the fiut 

hall hour or so. Evidently there exist convection currents in the c~a.mber 

which impose a turbulent condition on the aerosol, at least late in the life 

of the aerosol when the larger particles have settled out. 

Finally, !!orne remarks on the dispersing system are in order. A 

general feature of all runs to date has been the pruence o! a 11 spike11 on the 

light-scattering record at the instant of !iring. These spikes~ which varied 

!rom 2 to 4 times the equilibrium va.lue at t = 0, were a.t first considered 

unimportant, arising perhaps from the mechanical shock of !iring. During 

the course of the work, however, the speculation arose tha.t spikes were 

due to a dense cloud passing the light-11cattering region at high velocity. 

These high velocities, i£ preaent, are undesirable since it is likely that the 

powder ia carried across tho chamber and impacted on the floor opposite 

the dispersing gun. 

Several run a were made without the fan (Series ( 1) above), incorporating 

various nozzles and other devices in an effort to alow down the dispersing 

gas stream. These runs generally tended to confirm the suspicion of a 

high velocity cloud since the relative a.mpll.tudea o£ the signals indicated 

·that the aerosol was at first concentrated near the bottom of the cha.mber 

and ''billowed up" from there during the course of the next half hour. None 

of the measures tried gave a. really satisfactory improvement of the situa­

tion. 

*Thill behavior has been noticed in conneclion with other inatrumenta - see 
Final Report, Vol. 4, Material Evaluation, GMl Contra.ct No. DA-18-064-
CM-2336, p. ~6. 
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3. 4 Conclusion• and Plans for Immediate Future Work 

The work accomplished thus !ar has served to establish operatina conR 

ditiona and to test our underetandina of the aerosol decay proce••· In re­

aard to the latter, it ha.a been seen that the theoretical expreuiona aet 

down in. Section 3. 2. have a considerable degree o! validity, and they have 

been found very useful in interpreting the light-scattering data. Their use • 

fulneu would, however, be enhanced if the effact o! a.;glomera.tion in the 

aerosol decay were known. Efforts will be made to take account, at leaat 

quaiitatively, of agglomeration. 

The work of the past quarter has also turned up some unexpected pass· 

ibilittes. For example the 11 jitter 11 or 11noiae" on the fan-on trac~u appears 

to depend on the type of powder dispersed a.nd in ~ny c&se seems too large 

to be accounted for by electronic noise, Thus, the possibility ariles that 

statistical £luctuatione in the number of particles involved in scattering a.re 

being observed. It is conceivable that atatiatical methods may be applied 

to extract certain information from the "jitter" values, namely, actual 

numbeu of particles invnlvP~ in •catterin;. This poa~ibility will be e ..... 

plored during the next quarter. 

The experimental program of the next quarter will alllo be concerned 

with ayetematic studies of humidity effects in aerosol decay. AIJ a first 

step several runs are planned under the two extreme humidity conditions, 

both of which ahould be relatively easy to eatablish. ln these runs, a.a in 

others planned, we shall generally use stirring throughout the run, with the 

!an operating at .!peed sufficient to overcome convection currents*. 

The powder ditP,ereing system will be kept unde1' review, While this 

system doe a not work as planned, it is probably satisfactory for disperdng 

sma.ll charge• of powder. 

; The 1ame procedt1re was adopted by Tanner etal., Biologic~l Laboratories 

Interim Report 36, "Deaiin, Construction and Operation of the Aerophilo­

meter1' Special Operation• Divieion, Camp Detrick, June 19!B, p, o, 
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4. VIABILITY STUDIES 

4. 1 Presence of Bg Contamina.nts in Sm Powder 

The results o£ several trial• designed to measure th11 degree of heat 

inactivation of~ powder aerosols were invariably hea.vily contaminated 

with~ colonies. Careful examination of our equipment and techniquee 

elimina1.ed these sources as potential causes. Hypothetical reasoning led 

to the conclusion that the Sm powder itself contained .!1 contaminants in the 

r~tio o! l: 1 o6 to 1: 1 0 7• Thla lavel of contamination would not be evident 

during routine platings of the Sm powder which had a viable count of 

1 x 1011 /gm. When dilutions ;;remade of this powder to yie~ld countable 

plates ( 30 to 300 colonies), the plates would show only pure cultures of 

Sm. On the other hand, analyses o! samplee in which 99. 9999% of the 

vegetative~ was destroyed by heat would yield plates in which~ pre• 

dominated. 

This hypothesis wu veri1ied by preparing a liquid suspension of~ 

powder in tryptose-phuoi_l:lhil.te Lrulh which waa immersed in a water bath at 

75"C. Aliquot• were removed at 5-minute intervals and plated in the appro­

priate dllutione to yield countable plates. The l'esults showed a steady 

diminution in~ counta relative to exposure intensity, and a. constant level 

of !!I"contamlnation11 • At the end of 30 minutes the predominant organism 

on the plate w11.s ~· 

This observation is significant only when considering circumstances 

when a given treatment would have different influences on vegetative cella 

compared to spores. 

4. 7. Effect of Asitation and Compaction on Viability o! Sm Powder 

A se:riea of trials were performed to determine the effect of compac • 

ticn on§_~ powder viability, with and without the addition nf Cab-0-Sil. 

The additive was incorporated into the powder either by mechanical stirring 
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or ia & fluid energy mill. Immediately after compaction, plate counts were 

run both on the original bulk sample. and on pellet. dlainte1rated in a 

tissue homogenizer. These reaulta a.re shown in Table 4. 1. 

Table 4. I Effect of Agitation and Compaction 
upon Viable Count of ~.Powder• 

Viable Count/sram x 10
10 

Bulk Compacted Pellet 
Agitation Additive Powder Pellet Density 

Untreated nune 4.11 ~. 84 o. 617 

Mechanical Stirring none 3, 01 z.. 1 s o.6Z4 

1 o/o Cab-0-Sil z..n z. 69 o. 62.9 

Fluid Energy Mill none 3.13 3.39 o.6Z5 

1% C&b -0-Sil 3, 07 z. 68 o. 616 

It ia evident that neither coating with C&b-0-SU nor compaction to 0. 6Z 

grams per cc density had any significant or deleterioua immediate effects 

on~ viability. 
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5. DISSEMINATION AND OltAOOLOMERATlON STUDIES 

5. l Oene-ral 

During thb period major emphasis wa.a placed on wind tuzuael expert· 

ments at Fort Detrick employinll the 40-foot diameter teat sphere. The 

objectiv~S of this pl'oaram was to evaluate the General Mills GMI·3 fixture 

with §.m. and P. tularensla, under environmental operational condition• 

which simulate actual operation o£ the prototype unit for diuemination of 

dry BW agents. In the evaluation such parameters aa recovery facto!:", 

source strength, decay rate. VMMD, •lope a with 95 percent confidence 

limits, LD50, probit slope and its 95 percent confidence llinita will be 

determined. The ~teet sericu was conducted on April 4, 5, 6 and 9, 

1962, while the P. tularen1i1 1erie1 waa conducted on May 4, 7, 8, 9, 10 

and ll, 1 9 cZ *. 
In preparation for the above activity, effort waa alao devoted during 

the period to developing the teat fixture in our laboratory. 

s. z 

At the present time sta.tiltical analyses of the results of the Fort 

Detrick teat program are not available. However, the procedul."e and 

general results will be given !.n this report. 

The over -a.ll program was designed to tett six operational treatments 

with dried~ and dried P. tularenais. These included the two wind tunnel 

Mach numbers, 0. 5 and 0. 8, and three bulk denaities: normal, a.pproxi· 

mately 0, 43 gra.msper cc and 0. 53 grams per cc. In the Sm test four 

iii Technical Evaluation Division Test No. oZ-'fE-160Z; MD Division No. 

1 9Z 7. 
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replicates we~e obtained per treatment, while ln the P. tularenaia series 

slx replica.tes were determined per treatment. In all of the testa, each 

treatment was run· i:laily. 

Apparatua for these teats included, in addition to the GMI-3 !bcture, 

related equipment uud for compactinJ powders to the required bulk denlli· 

ties a.nd mechanically breaking down the resulting aluaa into fine agalomer­

atea on the order of 2000 microns and less and basic particles. Approxi· 

ma.tely 0. 8 grams of these samples were pl!iLced in the GMI-3 fixture and 

diueminated at a feed rate of 30 lb/min. These apparatus are further 
10 

discussed in our previous report . 

A blowdown wind tunnel and auxiliary equipment auch as air storage 

tanks and pumpa were erected for these experiments adjacent to the test 

sphere. The teat section into which the organisms were dia seminated, 

shown in Figure 5. 1, ha.s a 2.-inch by 4-1/2.-inch crosa-eection. Actual 

ejection of the material into the air stream wa.s achieved during a. four­

milliaecond period. 

Environmental conditions inside the sphere during these test. were 

maintained at 75 degrees Fahrenheit temperature, esaentially atmospheric 

pressure and 35 percent relative humidity. 

Samples of the generated aerosols were obtained with ABP-30 samplers* 

filled with 2.0 milliliters of trypcoae saline during~ triala and 20 milli­

liters of gelatin~ peptone phosphate during F. turlarenais runa. One 

minute aamplea were taken at the midpoints of 4, 18, and 32.-minute time 

periods at a. flow rate of l z. 5 liters per minute. Four sampling stations 

were operated concurrently. 

Single atage impactors {SSia) with cutoffa of 3, 5, 7, and 9 microna 

and a. GP·2.0 total collector weu uaed with 2.5 milliliters of sampling fluid. 

Thia groupo£ samplers were operated only at the 4-minute tirne period. 

All-glass impinger preceded by a. British pre-impinger. 
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The foul' ABP-30 samples taken during each time interval were pooled 

while the SSla and GP-ZOa were a.uayed separately. 

In the original P. turla.rensis teat program, it was planned that eight 

Hartley strain guinea pigs in the welght range, ZSO to 370 gra.ma, would be 

exposed at each of three time periods for each trial a.fter the flut day, 

However, because of the high recovery factors during the initial experi• 

meats, a new test plan for the a.nlmale was required. As a result they were 

only exposed on the final three day•. 

5. 3 Preliminary- Results 

5. 3. 1 Sm Teata 

In addition to determining the viability of generated aerosols in the 

sphere, control samples of the normal and compacted materials were taken 

and auayed. By this method data were obtained on the effectt of two f&c­

tors which enter into this evaluation program, 1) the compaction of the 

particulate material to dt!nAities up to 0, 53 arams pet cc:, and Z) lhtt aerQ­

dynamic breakup process during diasemination. Each !actor can be a.na.lyzed 

separately or the two can be combined to demonstrate the over-all perfor­

mance for any one treatment. 

In studying the mean values o( the control counts, there appea.rs to be 

little, if any, effect on viability due to compaction of Sm. Count values 

ranging from 1Z3. 98 'lC 109 to 1Z7. 35 x 109 organintu-;;r gram were ob· 

tained at bulk densitin 0. 53 grams per cc and 0. 43 grams per cc, res pee­

tively. At normal bulk density a value between theee was obtained. 

Mean values o£ the recovery factors at the 4-minute time period varied 

randomly in a range from Z. 51. to 3 . .36 percent for the six treatments, 

while for the AP /#10 fixture the value wa1 3. 50 percent. At the two wind 

tunnel Mach numbers studied, lhere appears to be little difference in the 

viability of the generated aerosol. 
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At first tlanee then ncovery fac:tore may be deceiving and therefore 

may appear quite low. Thus, it is nece .. ary to explain that the recovery 

factor is directly proportional to the quantity of fill which has a particle 

size le .. than S microns. In this case the particle size distribution, baud 

on a Whitby centrifuae analysis, showed that only 6. 5 percent by mau .of the 

material consisted of particle~ leu than 5 microns in alae. In addition, 

the mass median diameter and geometric atandard deviation of the material 

was 16.6 microns and 1. 95, respectively. 

S. 3. 2 P. Tularenais Testa 

Pl'eliminary data 1imilar to that preunted above are also available for 

the trials with P. tula.rensis, In the ease of the control samples, tho mean 
10 

values at each bulk density, based on five replicates, range from 13.5~ x 10 
10 to ZO. 11 x 10 organisms per gram for bulk denlitiea ranging !rom the 

normal condition to 0. 53 grams per cc, rupectively. The results show an 

increase in organism count with increa•e in compaction, an effect which is 

unexplained at this time. 

Mean recovery factors for this serie1 of teats baaed on six replicates 

ranse from 28. 59 to 35, 77 percent. There is an indication that recovery 

decrea.•e• a.t the higher bulk density due to aerodynamic breakup: however, 

for the combined effects of compaction and breakup. increaalng recovery 

factors were obtained wi.th increasing bulk denaity. Again in this case, 

wind tunnel Mach number appears to have no relative effect on recovery. 

The mean. recovery factor obtained with the AP flO reference fixture 

was 28. 44 percent. 

The maaa median diameter of the sample material was 4. 3 microns 

while the geometric standard deviation waa 1. 38. Approximately 70 per­

cent by maaR of the material was less than 5 microns in size. 
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In.epite of tho fact that the particle aiae distrib~tton wa• f~rly fine, 

the recovery factor obtained in thole teats is con1idered to be q;w.te high 

and. exceeded our expectationa. 

A more complete presentation of the retulta from both the.!!!! and~ 

tularenaia testa will be made at a later date when the complete statistical 

a.nalysea have been fini•hed. At that time it should be po11lble to make 

definite conclusions a• to the operational cha.racteristice ·&nd effectiveness 

of the GMI-3 fixture and wind tunnel combina.tion.. 
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6. CONTINUATION OF EXPERIMENTS WITH THE FULL-SCALE FEEDER 
FOR COMPACTED DRY AQENT SIMULANT MATERIALS 

6. 1 Introduction 

Experimental work with the full-scale feeder continued during this re­

porting period. The information obtained substantiates previoualy reported ll 

conclusions that the design concept under study ia quite feasible. PlSdor­

mance was evaluated at powder flow rates ranging from ZO lb/min up to 49 

lb/mio. Air flow rates !rom three to nine scfm were investigated. Parti­

cular attention was devoted to performance during the at&rting period and 

various operating procedures were tried in an effort to minimize the delay 

in reaching full feedin!l rates. 

In general, the procedure• employed in conducting theae teat runs are 
lZ 

the same as described in the Seventh Quarterly Progren Report • A few 

modifications were made to the unit and an improved arrattgement for col­

lecting the discharged material was devised. 

& •. z E.s,uipment Modifications 

The original plan was to try three diameten for the discharge openin.s -

0. 375, 0, 500 and 0. 750 inches. The smallest diameter of 0. 375 inch was 

soon determined to be too small. The 0. 500 and 0, 750 diameters were 

both satisfactory but it was found that the gas pressure within the unit uslng 

the 0. 750 diameter opening was significantly lower. Conseq,uently. a deci­

aion was made to use the latter opening in all oi the test runs being reported 

here1n and to tentatively establish this diameter a• the one to use in the 

airborne disseminator. 
13 

F'or the tests reported in the Seventh Quarterly Progress Report the 

motivating gas was admitted directly into the disaggregator section of the 

unit through a hole near the top of the cylinder, For the t~sta reported 

herein, the unit was modified in that an aeratin& ring was installed in the 
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center of the cylinder aa shown in Figure 6. 1. Thle rin& contain• 3Z ol'Uii 

each 0. 040 inch in diameter which are positioned unl.formly around the rin1 

on both side•. Four additional orifii are mounted 1. 75 inches directly above 

the powder discharge opening. The objective in using the aerating ring_ b to 

obtain better mixing of gas and powder. To accommoda.te this aeratina ring 

it wa.s necessary to remove the wire wall scrapers and the 6-inch baffles 

which were mounted between the diaa.aaregator diaka. The scrapers were 

eliminated but the four long baffles were repla.c:ed by eight l. 2.5 x Z-inch 

baffles, four being mounted on each disk. 

The initial arrangement for collecting powder for weighing was to use 

a short length (approximately Z4 inches) of 1. Z5·inch inaide diameter tubing 

between the discharge on the unit and the top of the 50-gallon drum. The 

top of the drum was covered with a sheet of muslin to allow the gas to pau 

out of the drum without carrying out the powder. Since this technique could 

conceivably affect the powder flow at the point of discharge from the dia· 

seminator, a new technique waa deviled in which the tubing was omitted 

and the powder allowed to flow directly into a stand pipe six inches in di· 

ameter mounted on the collection drum &a ahown in Figure 6. ~. The end of 

the sta.nd pipe is placed four inches below the discharge tube on the dissemi­

nator. The cover of the drum is well ventilated by many holes and the muslin 

filter cloth is placed on top of this cover. A ch~ber is formed above the 

cover by means of plastic sheeting so that the gas can be withdrawn from 

between the plllatic and the filter cloth using a vacuum cleaner, With this 

technique the powder has been observed to flow freely into the collection 

drum in a well-defined stream or jet. 

6. 3 Tut Reaulta 

The results obtained with the full-scale feeder during thb reportinJt 

period are summarized below. This summary is followed by a. more detail~d 

discussion o£ the data. 
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o£ Full-Scale Experimental Feeder 
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~~ ~~ Qaa + Po.;..r from J'ooder 

-- Oa• to Vacuum Cleaner 

l 
~~=\. ... !11.--- Plastic Sheeting 

,.. ___ Filter Cloth 

O•• \_; Jaa-:::8-r---- Perforated. Cover 

~ 
Powder 

Collection Drum 

Powder 

Figure 6. 2 Arrangement for Collecting Powder without Direct 
Connection between Collection Drum and Discha.rge Tube 
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4) 

5) 

6) 

7) 

A total quantity of approximately 2, 600 pound• of talc were 

succeufully loaded into and discharged from the feeder 

under a variety of operation conditions. 

The torque and power req_uired to drive the feeder were 

found to be well within the Lnitial objectivea. The torq_ue 

was usually leu than 100 !t-lbe and the power leu than 

o. 5 hp. 

A discharge opening of 0. 75 inch in diameter gives good 

pe.-dormance over the feed :t'&tes investi11a.ted, 

Powder waa discharged succeasfull:r with s•• flow rates 

ranging from three to nine ecfm. 

A gaa flow rate of a.t least six acfm wa.s found to be neces­

sary in order to minimize the delay in attaining full powder 

discharge rate. 

The delay in attaining full powder discharge rate was also 

minimized by pre-pressurizing; i.e., the operating pre•· 

sure wa.a established in the cylinder before starting to feed 

powder. 

The gaa requirement• were !ound to be compatible with the 

space which will be a.va.ilable for stodtlg gaa w~~hln the a.ir • 

borne disseminator. 

8) No significant difference in performance w~s observed for 

operation where the gaa flow waa started before feedin1 the 

powder as compared with operation where gas and powder 

were started simultaneously. 

9) The feeder operated satisfactorily for powder flow rates 

ranging from ZO to 49lb/min. 

1 0} The ga.a preaaure meaaured within the cylinder was found 

to vary from approleimately 0. 3 to 1. 1 psig depending upon 

the powder and gas fl"w rates used. 

'!he experimental feeder wa.s operated succese!ully under various con­

ditions of powder and gas flow rates. The range of operating conditions 

covered ia ahC)wn in Figure 6. 3 by plotting each run as a point on a family 

of curves showing air-to-powder ratios (by weight) for various powder ancl 

gas flow rates. The highest powder feed rate obtained was 49 lb/min. 
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Figure 6. 3 Air-to-Powder Ratios for Various Feeder Operating Condition• 

(actual teat runs with tale are plotted) 
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Thill is not the maximum capacity of the feeder but it is the h.iahest rate 

attainable with the present variable speed drive when the feeder is loaded 

with material at a denaity of approximately o. 48 s/cc. Operation up to 

ratea aa hi;h ae 60 lb/min are planned by compacting to higher denaity 

during loading. 

Typical powder flow rate curves are presented in Figure 6. 4. The 

plotted data were obtained by recording the time at which a certain amount 

of powder had accumulated in the collection drum. In most cases time was 

noted for each 5-lb increment. The curvee were selected from many such 

curves which have been drawn to illustrate typical performance !or a· 

variety of operating conditions. The data for any given. run produce a well­

defi.ned straight line indicating that the flow from the feeder !.a very uniform. 

The driving to.cque and speed were obeerved !or all teet runs so th&t the 

input powet' .requirement could be determined. The torque was observed to 

vary over a. range from 15 to 100 ft-lb with one exception where the torque 

rose to 2.40 ft-lb. This exceasive torque prompted an investigation which 

l"l'lv,..Al~d that the thread c::lc~n-out £eatu1·e wWl:h removes powder from the 

feed screw was plugged. This deficiency was corrected and there was no 

::-e-oc:currence of an excessively htgh torque va.lue, 

The maximum driving 1peed used on any test was 2.4 rpm. The hone­

power requirement based upon 2.4 rpm and 100 ft-lb is 0,46 hp. 

One series of te1t runs was conducted usinj nitrogen rather than air as 

the motivating ga•. As wa• expected, there was no observable difference 

in performance of the feeder when uaing nitrogen as compared to air~ 

Tho curvee in Figure 6. 3 can be uud to thow how the motivating ga.~t 

flow employed in laboratory te11ta compares with the allowable flow when the 

ga1 tupply !.1 limited as it will be in the airborne diuemtnator. The deaig11 

study has 11hown that it will be feasible to carry a gas atorage bottle capable 

of. supplying 113 atandard cubic: foot of nitrogen. When based on the maxi· 

mum payload capacity of 350 lb, this gives a ratio o£ 2. 75 percent by weight 
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of nitrogen-to-agent payload. The horizontal d&shed line in Figure 6. 3 for 

thil ratio ia well above the conditione at which the feeder hat been demoa.­

strated to operate satisfactorily. 

The gas is used moet efficiently when the gas now rate b reduced as 

the powder feed rate is decreased. Howevl!lr, it h possible to operate the 

feeder over a wide range o£ powder now rates with a fixed gas !low rate 

without exceeding the z. 75 percent ratio. For example, if the gas flow 

were set at six sc!m the powder teed could range !rom 17 lb/rnin up to 50 

lb/min or more. In o1·der to stay within allowable limits, the gas flow rate 

must be quite low when the powder feed rate reaches 10 lb/min. Anticipa­

ting a problem, the feeder performance was tested at the low gas flow 

rates. 

In switching to the lower gas !low rates (three and four ec!m) it wa.a 

observed that there wa.s a delay in reaching the full powder flow rate at 

which the unit was being operated. To obtain a mea&ure of thia delay, the 

flow rate curve is drawn as a straight line extended back to intersect the 

tirne-axis as shown in Figures 6. 4 and 6. 5 where timl't is :measured from 

the instant at which the unit is started. It i8 desirable to obtain perfor­

mance such that full flow rate is established in the shortest possible time. 

Up to this point the operating procedure was to establish the desired 

gas flow before starting the drive aystem which feeds the powder, When 

operating in this manner the pressure within t.he feeder is essentially equal 

to atmospheric pressure before the powder starts feeding. When !eeding 

starts the pressure increases to a value which depends upon both the pow­

der flow rate and the gas !low rate. I! the approximate operating preuure 

exists in the cylinder before starting the powder feedin.io the delay in reach­

ins full powder flow rate should be a minimum. There!ore, tests were 

mad., in which this internal pressure was established prior to feeding pow­

der by restricting the air flow just below the discha.rge opening of the feeder. 

The restriction was removed at the same time that the powder feeding drive 

waa turned on. 
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t &. 5. Theee flow rate curvee were obtained with four sc!m air flow and 43 

lb/min powder now for both casu. The vertical separation of the two l curvea represents approximately five pounds ot material. This indicate• 

that without pre~preasurizing about five pound• more talc was atored in the 

diaaggregator section of the feeder during the initial seven or eight seconds 

o£ operation for the test where pre-pressurizing was not used. 

f 

' 
l 

When operating the feeder for a aeries of runs in which the same pow­

der feed rate was used for each run while the gas flow rate was ViiLried, it 

was observed that the delay in attaining full powder flow rate, as deter­

mined from plotted now rate curves, tends to be longer for the low gas 

now ratea than !or the high. During these runa the following data were 
obtained: 

1) Time from starting feeder drive to the in1tant when puwder 
began to now from discharge openinli· 

l) Time from stopping feeder drive to termination of powder 
flow. 

3) Amount of powder discharged after feeder drive was 
stopped. 

The results of these observations are presented in Figures 6. 6 and 6. 7 

only to illustrate trends in performance characteriltice; the amount of data 

involved is insufficient to justify using these curves to obtain lag-times or 

post powder-now quantities for application in any related studies. 

The time-lag datil are presented in Figure 6, 6. The lower curve shows 

how the observed time from start of feeder to start of powder flow wa.s a.l­

most independent of the rate of gas flow used. The delay wa.a approximately 

one second. The delay in stopping, however, increa.aed significantly as the 

gaa flow decreased below five scfm. The delay observed for eight .sc:fm waA 

approximately l, 25 scconda, It increa11ed alightly to approximately Z. 75 

seconds at five scfm, but rose sharply to about eight nconda at three acfm. 
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Figure 6, 7 shows the amount of powder collected a.fter stopping the 

feeder as measured fer various gas flow rates. The curve show• th-.t the 

a.ir flew rate must be a.bove five scfm if the &mount of powder ia to be 

minimized. 

Another factor which could conceivably influence the initial delay is the 

relative timins of the start of gas and powder flow. This aspect of the 

problem was studied by making two types of run•, the first with the gaa 

fiow established prior to feeding powder, and the second with ga• and pow­

der flow started simultaneously. Data from both types of runs were used 

in plotting the curvee in Figures 6. 6 and 6. 7. The data show tha.t there was 

no aignificant difference in performance for the two methode of operation. 

This was also true when performance was eval~ted on the ba.eis of flow 

rate curves drawn for. the run1. 

6, 4 Plans for E\ltttre Work 

All of the experimental feeding experiments with the full-sca.le unit 

have bet:u conducted with talc compacted to a density of approximately 0. 4! 

g/ ec. A hydraulic press is now being fabricated which will make it pcaai­

ble to compact to higher densities when filling the feeder. Testa will ba 

performed at a density of 0. 6 g/cc or higher when the presa is available. 

This density will result in a powder flow ra.te of at least 60 lb/min when the 

feeder drive is set for ma."imum apeed. 

A supply of powdered tuga.r has been obtained and plana are to run the 

feeder with powdered sugar to determine if performance varies with the 

material being handled, Since powdered suaar ie more hygroacoplc, thesct 

testa will not be condu!:t~d until the air dryer for humidity control is in­

stalled and operating. The dryer installation haa been delayed because the 

vendor failed to meet his quoted delivery date. 
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---~-"" \ J i Some of the future feeding experimonte will be performed with the ·: 

< laboratory model of the disseminator which the Engineering Department ia 

f J now fabricating. 'l'his unit ts to be a full-scale prototype of the inner tank 

al8tJmbly of the airborne diaseminator and will oper&te on the same buic 

principles employed in the unit which has been thus fa.r used to demonstrate 

the feasibility o! feeding compacted clry powder materials. 

6-15 



;,._1 .. . . 
~ ,, 
•' 
~ 

•·' 

I 
l 
I 

f 

J 

f 
j 

f 

r 

f 

DECLASSIFIED IN FULL 

Authority: EO 13526 
Chief, Records & Declass Div, WHS 

Date: JUL 1 9 2.013 

1. DESION STUDIES ON A DRY AGENT DISSEWNA.TINO STORE 

The dedgn concept of an external aircraft store for disseminating dry 

agent material from a compa.eted sta.te was described in our Filth Quarterly 

Progreu ReporJ~ Section 6 of this current report cont&ina a diecuuion 

of the experimental evaluation of the baaic concept ulina a full-scale model. 

This experimental program has demonstrated that the proposed concept is 

feasible. Some of the princlpa.l components of a.n airbor.ne disseminator 

based on this concept were described in the Seventh Quarterly Progress 

1! 
Report • During this eighth reporting period progress was made towe.rd 

integrating these components into a well-deiJigned disseminating store as 

ducribed in the following paragraphs. 

7. 1 General Arrangement for the Airborne Dry Aaent Diuemtnating 

Store 

A preliminary gener&l a.rrangement for the airborne dry agent dis­

seminating a tore is shown in Figure 7, 1 (GMI Dwg SK-~91 00 -612), The 

basic structure i:s an aluminum shell that provides a. mounting skeleton for 

the inner tank aseembly, the gas supply system, the turbine generator, the 

actuator and the necessary control apparatus. 

The external skin is a 180-inch long aero<iyn&mically shaped tank that 

has the same dimensions as defined for the 150-gallon l'letcher Aviation Co. 

Store No. ~1-150-6024. This is a store that utilizes both 14- and 30-lnch 

lug spacing for aircraft mounting. Two ~rizontal fin• are mounted on the 

a.ft section to augment tank stability during flight. 

The store (exclusive of turbine generator assembly) consists of the !or­

ward, the center and the a.lt section& which extend from stations 13, 0 to 

52. 0, stations 52. 0 to 109. 62, and stations 109. 6Z to 180, respectively. 

This particular sectioning of the tank was required to provide acceu to 

both ends of the inner ta.nk !or cha.rains with the compacted dry agent, To 

minimize au embly time, the joints at stations 52. 0 and 109. 6Z will be 
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equipped with a ba.yonet-type joining feature. In separating or joining the 

tauk sectioua all that will be reqi:Ured iff lho loose nina o£ a. locking screw 

and rotating the end section approximAtely zz. 5 degreoa. Oaa line and cable 

disconnects will be provided on the !ore and a!t aec:tiona from the ce11ter 

section. Accesa doors are located in the nose and tail sections at positions 

determined on the bash of neceesity and ease of manip"'lation of the varioua 

system component& and controls. Location• of various system components 

were evaluated during this period on the basis. of available space, system 

operation and over-all effect on the store center of gravity. 

The forwa.rd section from stations 13.0 to 5Z. 0 contains the primal'y 

gas system ha.rdware a.nd the necessary electrical component. for power 

distribution. The ram air turbine generator is mounted a.t station 13. 0. 

The center section, with section joints at stations 52.. 0 and 109. 62.. 

will provide the primary support structure and will bouse the inner tank 

assembly which contains the agent payload and the feeding mechanism. 

The aft section from stations 109.62 to 180 contains the rotary actuator 

assembly, the a.ctu&tor control electronics (including 11. r.nni:t-nl panel), and 

the ground a.nd generator power distribution system electronics. Gas sys• 

tem control electronics are abo included in thb section. A special coupling 

is required between the actuator and the drive screw for easy separation 

when the a.ft section ls removed for the dry agent loading operation. 

7. 1. 1 Ram Air Turbin,!_,a~nerator 

The ram air turbine generator ia the n.me 4. 51c:va, 115/ZOO 'VOlt. 400 

cps, 3-phase generator made by General Motor&, Allison Division, which 

ia used on the GMl liquid aaent diaaemlnating store. Howe'Ver. lt will be 

necessary to modify the exterior of the generator houaiil& to make it con­

form to tbe shape of the dry agent diaeemtnator. The generator is thoroughly 

described in GMl Speci:£lca.tion OMS-~9100-020, & copy of which ~s appended 

l ,, 
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to our Jfifth Quarterly Progre .. lhport16• ·A new specU1ca.tion, 01411·2.9100· 

6U hall been issued !or the generator to go Into the dry agent dhsemlna.tor 

because of the modified exterior. 

7. l. 2 ·nry Nitrosen System 

Dry nitrogen is used in the disseminator to fluidize the dhaggregated 

powder and t:ransport it out of the store throush the di8charge tube into the 

slip stream. The nitroaen ayst.ram schematic drawina is presented in Figure 

7. 2. The system con1bts of a. hi&h ..pres sure storage vessel, manual and 

sulenoid shut-of£ valves, a pressure regulator, a critical flow orifice, a 

manifold check valve a.nd a manifold with high velocity jeta. These basic 

cumvua.ent" a.re eupplemented by pressure gauget, relicsf valves, pressure 

switches, etc. required for safe control of the system. Following is a .des· 

cription of t.ha system at it will function in the diueminator. 

Dry nitrogen is introduced into the pressure vessel through the charging 

valve and st,,red at 3000 psi pressure, The manual shut-of£ valve is closed 

dul'ing charging and atorage to insure that. no lea.ka.ge will occur. During 

pre-flight preparation of the disseminator the manual valve is opened and 

the solenoid valve is used to stop and start the £low of nitrogen during opera­

tion of the disseminator. 

The rate of flow of nitrogen to be used durins opera.tion it determined 

by adjusting the pressure regulator to be predetermined preuure before 

take-off. This controlled pressure in conjunction with the critical flow 

orifice will give a constant rate oi. mass flow which is indept.~ndent of the 

downstream pres sure. 

The pressure regulator is adjusted while nitrogen i·a flowing. A supply 

of nitrogen is introduced ihto the checkout valve from an external supply, 

passes through the pressure regulator, and is exhausted to the atmosphere 

through t.he ground checkout discharge, Thi8 method ot adjustment does not 

bleeclnltrogeu l)at of th~ ~ylltdm 1 a preaaure veaael and will not build up 

preuure in the inner ta.nk assembly. 
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When the nitl"'gen is released from the pre81ure veuel. laentropic 

expansion will cause aianificant coolin&• Under certi\in conceivable coa.c:U­

tiona this temperature drop could cause varia.tions of mau llow rate of 

from 10 to 20 percent. If this problem should arise it can be corrected by 

aclding heat to the zas. For these reasona a heater jaclcet, laced to the 

pressure veuel, h~u been added to the ayetem. 11 actual teet experience 

shows that the heater ia unnecessary it can eaaUy be remov~d from the sys­

tem, 

A flow indication preuure switch ia mounted in the manifold upstream 

of the critical n~w orifice to show whether or not the solenoid valve is open 

and aufficient pressure is available !or proper flow. 

The cylinder preaaure swi.tchu operate when the eyllnder presaute 

exceeds the normal opera.ting level. This would happen if the orifice which 

diacharges the mixture of powder and nitrogen became plugged, The switches 

will actuate a rela.y to shut off the ia.s solenoid valve. 

The line preuure switch is used as a safety baclc-up !or the cylinder 

preaaut'e switches. ita actuation point will be set below the relief valve 

setting. 

The manifold check va.lve allows free flow of nitrogen into the cylinder 

but prevents back flow so that the nitrogen system will n.ot become con­

taminated by agent entering through the manifold. 

The pressure equalizing linea allow flow from the mixing chamber to 

the spaces behind the pinons eo that the pistons will not work against a gas 

pressure differential. 

The ni.t:1'ngen flowe through the manifold and out into the mixing cham­

ber vl.a. the high velocity jet.. The jets will give a velocity of from 150 to 

3d0 ft/eec depending on the tlowa and the size o£ the jets used. This velo­

city will cause swirls in the mixing cha.rnher and will tend to cause good 

mixing of powder a.nd ga.s as the powder comes off the dilagsregator cutters. 
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The nitrogen preu\U"e veuel cao. atore a total ot U. 65 pounda or 175 

scf of nitrogen at 3000 psi a.nd 7 o• F. The t.monnt available for mixing with 

the powder is 9. 6Z pounds (or z. 75 ~rcent of the 350-pound powder capacity} 

because of allowances which must be made for changes of now rate with 

temperature change, errors in preuure measurement and repla,tion, and 

a requirement for a residual pressure to be m11intained in the vessel, 

With the regulated preuure range of 30 to 100 psig on the fixed orific;J, 

the ava.J.lable ·range o! flow ratell la 5. 7 ec!m minimum to 14, 6 scfm maxi­

mum. Figure 7. 3 ahows how this range of nitrogen now ra.te combines with 

the powder feed rate to give various ratios of nitrogen to powder fiow. The 

ratio can be kept at Z. 75 percent lip to powder !eed rates of 38 lb/min by 

increasing the gas flow as the powder flow is increaaed. At feed ratea above 

38 lb/min the maximum flow rate of 14. 6 ac!m governs. The ratio then de­

c:reaaes until the minimum percent is 1. 76 at a. feed rate of 60 lb/min. 

If the gas -to -powder ratio il allowed to vary from 2. 75 down to one 

percent, only two nitrogen flow rates are needed, S. 7 and 14. 6 sc:fm. 

A preliminary study u£ the standard practices employed in charging 

high·presaure vessels indicates that there are two practico.l methods of 

charsing the preuure veeael with dry nitrogen for this application. One il 

to compress the ga.s from standa.rd 2200 psi bottles directly into the pres­

sure veeael with a portable compresaor. The second method is to order 

6000 psi bottles and use these to top of! the vessel after filling part way with 

the readUy attainable 2200 psi bottles. 

The relative merits of these method• a.re now being investigated and 

the nec:easary facilities will be made available for la.bor&tory and !it~ld 

operation of the nitrogen systern. 
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7. 1. 3 Center Section 

The center section of the adore ill the ba1ic: diaeeminator. It extenda 
from statio" 35. 5 to station 131. 75, It ie actually somewhat longer than 
thf' length arrived at by subtractinz the noae and tail sections :from the over­
all length because the ends of the inner tank assembly extend beyond the 
stations where the nose and tail joints are made, The construction of this 
center section will be similar to the liquid agent diuemluating store in that 
the space between the inner cylinder and the external shell will be flllt:d 
with a foamed-il\-place riiid plastic, A strong-back and stiHening rings 
will be used to satisfy stru.ctural requirements, Nitrogen lines and elec:­
tric&.l conduits will be placed between the inner and outer shells. 

The inner tank auembly consi8ta of a cylinder with removable end 
pla.tea, a drive screw running the length o! the cylinder, two pistons with 
threaded huba ritiing the drive screw, and a dillaggregator with cutters in 
disks keyed to the dri:-'e ecrew a.t the center, The design of this auembly 
will be simila.r to the second exi'erimental model shown in i'i~e 7. 4 and 
described in Set:tion 7. 2. The eaaential differences in the airborne model 
as now envisioned will be that a one-piece cylinder with a removable gaa 
manifold will be used to eliminate the center joint shown in the experimental 
unit, and double 0-ring seala will be used on the end plate• and all other 
attachments to the cylinder. 

The inner cylinder i8 83. 25 inches long and 16. 5 inches inside diameter. 
A vol.umo of 9. J. C\.lul<:.: I.:ttt is available within the cylinder for containing 
compd.cted dry agent material. 

The fiuidi.zed powder will be discharged through a short tube extending 
l7 from the bottom of the center section. An NACA study of discharge tubes 

of this type showed that in order to obtain good separation of the dhcharge 
flow from the boundary layer of the store, the tube should be houaed by an 
air foil capped with an air-flow control plate. ll1 the case of the dissemina­
tor it is necessary that. the tube shroud be larae enough to house the v~lve 
mer.haniam and, consequently, a. tapered eliptical ahz:oud is considered to be 
the bHst compromise des;gn. Such a. shroud is shown in Figure 7, 1. 
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The requirements of the ~otary actuator for driving the feeding :rnech• • 
~em, a11 outlined in the Seventh Quarterly Progreas Report18 anclrepeated 
below •. were submitted to a num'ber of potential vendors but none-·oould.£ur• 
nish a. satisfactory item without resorting to a deaign a.nd development pl'O-
gram. Since General Mill11, Inc. ha.a had conaiderable experience in de· 
veloping equipment of this type, a decision waa made to have our personnel 
proceed Wi.tb the design and fabrication of the actuator. 

The :requirements of the actuator are: 

l) Output Speeds.- 1~. 18, Z4, 36 and 48 rpm in either direc­tion. (These speeds are changed from thoae givenin the referenced report. ) 

Z) Output Torque. - 2500 pound-inches in either direction at the above speeds. 

3) Maximum Allowable Overhung Shaft Load.- 1500 pounds. 

4) Maximum Allowable Inward Thrust Load on Shaft. • ZOOO pounds, 

5) Maximum Allowable Outward Thrust Load on Shaft. • ZOOO pounds. 

6) Duty Cyc:le. - Continuous for pe rioda up to 1/?. hour. 

7) Life. - ZOO hours. 

8) Operating Tempeu,ture. • 160°F to ..(,S•F. 

9) Opera.ting Altitude." Sea level to 15,000 feet. 

JO) Aceelt:u.tion.- 10 g 1s in any dil'ection. 

ll) Vibration.·· 5 to 500 cps at 0. 036-inch double amplitude or .:.!:.1 0 g whichever is the lower value, 

12) Input Electrical Characterlstica.- 400 cycle, 200 volt, 3 
pha.s e, a.c. 

13) Connectors. - Water-tight conuector at cable entrance to actuator housing. 
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that they now differ from tba description preaented l.n the Seventh Quarterly 
18 Protreu Report • 

'I'he electric motor which haa been ordered irom the Weetinahouse 

Electric Corporation le a 400 cps, 3-phase, ZOO-volt, 5600 .. rpm motor with 

a. rated torque ca.pacity of 22 pound-inchu, The speed-selector poMion ot 
the actuator will still provide for five driving speeds aa given in Item ( 1) 

above. At all but the highest speed the apeed-cha.niinl gea.ring will all pro­

vide some speed reduction. The highest ratio is a.<:tua.lly a. stap-up to about 

L 17 percent of input speed. 

'I'he major speed reduction still occurs in the fixed~ratio apeed-reducins 

part o£ the actuator which is a aeries three-stage planetary gear unit. The 

reduction ratio of the !irst and seeond stages is 4. 75 to 1 each, and that of 

the third stage is 6 to 1, giving an over-all reduction ratio of 135. 375 to 1. 

The input in each sta~e is a.t the eun gear and thfl nt1tput at the planet carrier 

or ita extension. The incoming torque h received through a safety clutch 

which is designed to slip when the force exceeds a given amount. 

The approximate size of the actuator package is now lZ inches maximum 

diameter and 2.1 i.nc::hes length. Slishtly more than h•l! of the unit has a 

diameter of about 5 inches. The weight has beet1 calculated at 65 pounds. 

The actuatol' assembly will have two mounting flange• !or secul'ing the unit 

in the tail section of the store. The principal mounting of the actuator is at 

th~ 1oJ"wa.rd buJ.khead of the: motor houaing and the secondary mounting is the 

flange portion of the housing at the forward or output end o£ the planetary 

speed~reducin.g unit. 
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7. Z J'abrlcllti011 ol the Second Expuimental Unit 

The cleaign for the a~rborne dry agent d.luemnatinl atore which la 
evolVinj from dealp atudiu and laboratory elq)4trimenta wtil differ ln. aome 
respect• from the full-scale feeder which haa been uaed thus f~r ln.thia 
phase o£ the program. The aame bade concept. will be employe4.- but;: in 
general, the experimental feeder deaign.ia n.ot directly &pplicable to the air­
borne •tore. There!ore, a. second experimental model ia being fabric&t8d 
to teat the dutgn to be employed in. the airborne atore, Thi• now experi­
mental unit ia shown. in Figure 7. 4 (OJdl .OW, sx .. ZC)l00-778). The morll 
important chanaoa in thie model aa compared with the liret experimental 
feeder are diecuued below. 

1) The cylinder climeneton.a are reduced to 83. Z5 inchee lon1 
by 16. S inches inside diameter. These dlmena.iona a.re 
thoae of the inner tank to be incorporated in the a.h'borne 
vers.ion. Stainleaa steel, type 304 ATSI. is utilized rather 
than aluminum as in the first generation model. 

Z) The drive screw ia machined as one piece rather tha11 two 
u on the first aeue.ration model. 'l'hie eliminates the 
problem of joining the t-wo screws toaether when auem­
bllllg the unit. The disaggregator 1a keyed to the drive 
screw to permit easy removal of the ac:rew for cleaninc 
and maintenance. 

3) Ball bearing• for radial and thruat support are again uaed 
at the enda ol the acrew but additional bearings are mounted 
at the center of the cylinder to support tlia.dbaggregato1' 
and reduce friction..,t thia point. The center eupport atl'Uc• 
ture has bean lncorpor&ted in the &e1'&tins ring atr11ctuu to 
obtain a compact arranaemant. 

4) The orifice plates formint the 8idu of the aera.tin1 ring or 
manifold have :removable nozzle• for directing the sa• 
which mixes with the powde:r and cauaes lt to flow out o! 
the unit. 

5) The pilton. huba &1'e elongated to provide better suPPOrt on 
the drlve acrew. 

b) The experimental unit la designed for loading from the 
enda. uain1 & epeeial loadin1 tube, aa ia planned for the 
airborne vereion. 
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1) 

Z) 

3) 

4) 

5) 

6) 

Preuure switches to indicate abnormally high preealU'e 
within the cylinder at the center and at the ends. behind the 
pbtona. 

A check valve at the entrance to the aerating ring to pre­
vent back !low. 

A preuure switch to indica.te abnormally high preuure in 
the gas line entering the ae:ratinJ ring. 

A pressure relte! valve in thh line. 

A fixed critical flow ori!ice ahead of the preuure relief 
valve, 

A pressure regulator in the ga.a supply line. 

This experimental unit wUl be teated with the same f'ac:llltie• which 
have been used to obtain data with the firlt experimenta.l unit. 

7. 3 F&bricll.tion of Loading Equipment fo-r Use With tho Se..::ouu Experi• 
menta.! U nlt 

Loading of the diueminator with compac:tecl dry agent will require 
auxiliary equipment to compreaa the finely-divided bulk solids into cylindri­
cal packages o£ the required length, diameter and density. Special equip­
ment may also be necessary to trander the compacted powder £rom the 
preu to the diueminator. In order to study thi1 aspect of the program, a 
hydraulic preu a.nd a loa.dina fixture have beeu duigned for use with the 
second experimental unlt. Fabrication o£ this equipment wa.s started during 
this reporting period. 
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.The h.and pre .. employed in loadini the !ull-ac:ale feeder with com­
p&c::ted powder is not auitable for producing clenaitiea greater than approxi­
mately 0. 45 grame per cc. Since the objective is to investigate diaaemina­
tor performance with compaction densities up to 0. 6 gra.ma per c.;, 'it will 
be necessary to have a press capable of producing. the total force a.uociated 
with this density. Consequently, a simple hydraulic press is being !abri­
cated which will be capable of exerting a force ot 8300 pounds. The com­
paction ram will be attached to a hydra.ulie cylinder having a 38-inch stro.ke. 
Hydraulic controls 'Pill be provided to enable the operator to vary the rata 
of pbton travel and to acijuat the pilton force. 

7. 3. 2. Loading Fixture 

A loading fixture is being fabricated which consists of a loading tube 
and a manual lift truck. The loading tube wU1 be positioned in the hydraulic 
preu for filling and compactin.J of the powder. The ll!L Lru~.:k will be used 
to raise the filled loading tube and rotating it to a horizontal po1itlon in line 
with the disseminator. The loading tube will then be attached to the end ot 
the inner tank of tne diueminator and the compacted material will be puahed 
into the diueminator using air preuure to operate the loa.ding tube. The 
loading fixture will then be removed a.nd the pilton and end plate of the dia• 
aerninator will be installed. 
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8. TESTING OJ' THE LlQUID AGENT DlSSDdiNATINO STORE 

Tbe liquid agent disseminating store, which was desc-ribed in the Seventh 
Quarterly Progreaa Report1~ has b...,en subjected to a aeries of structural 
and functional tuta in the laboratory and 1.!1 the field. Laboratory •tl'Uctural 
testa were conducted at Fletcher Aviation Company, El Monte, California 
using two test units which were fabricated for that purpose. The third unit, 
which is a complete developmental model, was tested ln the laboratory at 
General MUla, lnc. and, subsequently, flight tested on an A4D-l airplane 
at the Nava,l Air T~ilt Canter, Patuxent River, Maryland. The disseminator 
has met the require menta of the various te1ta with a very high degree of 
succeu. An assembly drawing showing the complete untt is included as 
Appendix A of this report. 

A report (see Appendix B) of the structural tut program is included 
with this progreas report and b dhc:uued briefly below. The ruulU of 
the teat work conducted at General Mille, Inc. will be presented in a final 
eng1neering report which is being prApared. The Naval Air Teat Center is 
submitting an o£ficial report on the flight tests, A ahol"t description of the 
flight teat project is preaented in paragraph 8. 2 following. 

8. 1 Stru<:tural Testing at Fletcher Aviation Company. El Monte, 
~ilifornia 

Appendix B is Fletcher Avia.tion Company Report No. 4.3. Z86, ttQuali!i­
ca.tion Tests, General Mills Tank Assembly" covering the structural testini 
conducted by Fletcher on two units fabricated for thh purpose. The test 
models were etructurally similar to the delivered unit with the exception 
that components such as the turbine, pump, actuator, etc., were simulated 
by means of dummy units having the same weight, center of gravity, and 
attachment provisions. 

The tesu were conducted in general accordance with Specification 
M.IL-7378A, "Tanka, Fuel, Aircraft, External, Auxiliary, Removable." 
Following ia a liltt of the test pedormed: 
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1) Examination of product for co~ormance with drawing• and 
!or quality of wo:rkmanahip. 

a) Determication of w~ight and ce11ter of gravity locatio~ta. 

3) Determination of tank .capacity. 

4) Slosh-and-vibration test. 

5) Leak&ae teat. 

6) Ground ejection teat. 

7) Static: structural test. 

The diasemin&tor aucceasfully met the requirements of the va:rioua 
teats. In order to paea the dosh-and-vib:ration teat it W&S necessary to 
stop the teet after it had been in progreu for 17-1/'1. boul"s a.nd npair a 
crack ift the skin and a.dd reinforcement stripa aa deac:ribed in pages 4. 7 
throuah 4. lZ of Appendix B. After this mod1£1cat1o11 the tank aucceufully 
withatood an additional ZS hours oi alosh-and-vibration testing. 

During the repalr, the inner tank waa iru~cted. It was discovered that 
the buna rubber lining of the inner Fiberslaa tank had aeparated from the 
tank and was torn in several places (aee page 4r. 11 of Appendix A), In addi­
tion, the two anti-slosh baffles were intac:t but had broken free and were 
lying on the bottom of the tank. 1'he lining and the bulkheads were removed 
before the teat w&e repeated. 

When this Fibergla• tank was delivered to Fletcher for incorporailon 
into the a.uembly. it was known that the bond between the liner and tha tank 
proper wae inferior, The liner waa already separated from the tank in 
plac::u. Since this liner was ue ed to facilitate release of the tank from the 
mold during fabrication and 11 not required for structural or leakage pur­
poute, thia fault w1u not considered to be important. 
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8. i . Store at NATC. 

Throush arrangements with the Bureau o! Naval Wea.pons it ~came 
posaible to conduct :flight tuta with the liquid aaent di .. ominlt.tor using an 
A4D airplane. The unit was shipped to the Naval Air Te1t Center, Patuxent 
River. Maryland whore a aeries of flight testa were conducted by the Weapon 
Systems Teat Division on 16, 1?, 18 Ma.y. 1962. The WST Division wa. 
cUrected to prepare a final report coverina these teats. The following re­
marks concerning the flight te1ta are based on obaerva.tiona made by General 
Mill$, Inc. personnel who participated ln the teats a.nd on preliminary verbal 
reports made by Lt. H. Turk, th• teat pilot. 

The following "detailed Requirements" were liated tn Wepta.ak No. 
RMM0-33·015/2.01-1/FOOS·l0-005 issued by the Bureau of Naval Weapons 
for the flight test project. The unit succeufully passed all phaue of thi1 
testing proyram. 

1) Perfol"m f.it teata with the spray tank suspended from the 
Aero 7A Boma .Kack of the A4D·l aircraft. 

2) Provision for appropriate electrical connectors in the air­
craft pylon, i! required. 

3) Perlorm static functional spray teet• using water. 

4) Perform flight teste to the maximum safe speeds not to ex­
ceed the limits of normal flying as set forth in BUWEPS 
Instruction 3710, 0 of 19 October 1960. 

S) Pilot to observe and report unfavorable conditions during 
taxiing, take-offs, landin1•• and maneuverability tests 
(high and low altitude. high a.nd low speed). 

6) Perform high altitude, low temperature soak followed by 
functional teat with dyed water. Upon landing make a 
visual checlc of airc:l'a!t and report a.rea.a covered with dye. 
Report temperature and duration of cold soak, 

7) Perform low altitude (300 to 500 feet) high-speed functional 
test with dyed water. Upon landins make a visual check of 
the aircraft antf report areas covered with dye. 
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Provide. for camera cover as• of function~ teat lteme (3), 
( 6) and (7) above. 

Furnish twelve photograp~ic copies of the Ol4 •pray tank 
and ah'c:raft installation .to BUWEPS-{Code RM.M0·334t. 

The photographs in Figurea 8. 1 and 8. 2 show the diaeeminator mounteti 

on the Aero 7A bomb rack on the fuselage centerline station of the A4D•l 

airplane. Electrical connections to the store were euily made by in.talling 

a cable running £rom the pylon to a junction box in the !ueelage just forward 

of the pylon. Tho cockpit control panel wa1 inatalled in a po.ition uaed for 

such auxiliary equipment and required no airpla.ne modifications. 

The ata.tic functional spray tut• were conducted with the unit mounted 

on a bomb rack hanging from a steel frame provided by the Navy. A ground 

power source was used to operate the diaaenrlnator. Figure 8. 3 shows 

water spraying from the booms d'L>ring this test. 

The flight testa were conducted in three flights. The pilot reported no 

unfavorable conditions due to the disseminator during these flights and 

found the control panel to be entirely satisfactory. The unit functioned 

properly at ~11 times. 

The high-altitude, low-temperature teat waa conducted on the second 

llight in which two auxiliary 300-gallQn fuel tanlu were installed at the wing 

stations to obtain the deeired flight duration. Two minimum-maximum 

thermometers mounh1d in the a.!t section of the disseminator for this test 

indicated a temperature range from 7J•i' to 80'F. 

Maneuvers reaultlng in 5 11g11 loa.ding were performed on the third !light, 

Following these maneuvers, aeverallow-altitude dissemination runs were 

made within sight of an observation tower eo that motion pictures could be 

made with a telephoto lens. The diuemination proceaa was visible to the 

naked eye and the aerosol was observed to trail out from the booms of the 

diueminator in a clearly defined band that did not dif!uae untll it waa well 

aft of the airpla.ne. 
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:tor each of. the three flight• the diueminator waa fUlecl with dyed 

water to ald.in photography a.nd to provide a tracer £or studying contamiaa· 

tion of the aircnft. Both methylene blue and uranine (sodium fiuoreacela.) 

were used at·a concentration of approximately 0. Z5 percent each. The 

methylene blue was planned to produce evidence of contamin.ation visible 

under normal light and the uranine under ultraviolet. A very careful 

examination of the airplane was made alter each fiight and no evidence of 

contamination was found. In !act, the only areu on the store itself which 

were contaminated were the booms, the boom wells, and the exterior sur­

faces immediately adjacent to the boom wella. 
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9. SUMMARY AND CONCLUSIONS 

During this reportini period, significant work was aec:ompllahed in our 
research and development proaram on the dissemination of solid and liquid 
BW aaente. Pl'ogreae in each of seven areas of effort is summarized below 
with the pertinent section of this report indicated at the end of the paragraph. 

Data obtained with an improved piston-cylinder compaction apparatus 
1 r have resulted in a.n empirical formula of the form tr = K (p) relating stros a, 

a', and density, p, of a compacted powder. Values forK and r were deter-
mined for talc, sacchar1n, powdered suaar, powde:t<ed milk and cornstarch. 
Teats with th~ hydrostatic compaction apparatus yielded results in agree .. 
ll'Jent with the improved piston-cyl:lnder compaction apparatus, but the hydro­
static apparatus proved to be difficult to use. MeasuremenLs at high •t.reu 
levels with the a.hove powder.e indicate that considerably leu elastic energy 
is stored in a compacted powder bed than was fiut assumed. It has been 
found that very little elastic recovery occurs as stress ia reduced at high 
streu levels. The triaxial shear teats have thus far proven succesaful only 
with relatively highly compacted aamplu and low (l psi or leu) radial pres • 
aurea. Additional data. were obtained using the bulk tensile strength appara­
tus with zinc cadmium sulfide which indicates that total sample length and 
length of time of application of compreuive load when preparlng the sample 
are important consideration~:~. Bulk density investigations have produced 
data showing a decrease ln dflnlity with increased r~dial distance from the 
axis of a sa.mple compacted in a cylinder. Uaing the aliding disk method to 
measure shear strength as a function of compressive stress it has been ob­
served that the relAtionship remains unchanged as humidity is increased 
from 2 to 3Z percent but marked changes were observed at 46 and 69 per­
cent (Section 2). 

The a.erophilometer has been operated while atudyins expe1·imental 
techniques and determining operating parameters easential to carrying ou~ 
the program on stability properties of aeroaola. A mathe:ma.tic:al analysis 
haa produced theoretical expressions which, aa shown by experhn$nts, 
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have a coneidorable degree of validity and have proven very useful in.inter­
preting the light-eca.ttering data. The decrease in scattered llght with time 
haa been recorded !or aerosol& of ta.lc, saccharin, powdered mille and K· 
ferric oxide using the fan to produce turbulence. ErrAtic behavior was ob. 
tervecl when tranquil condition• were employed. Apparently, ' 1clouds11 form 
in.the aeroeol and drift randomly through the Haht-scatterins area (Section 3). 

An experiment has shown that~ powder being used in trial a designed 
to measure the degree of heat inactivation were invariably contaminated with 
!!1, colonies. A aeries of tri!Ua hi&V6 demon•trated that neither coating with 
Cab-0-Sil nor campadion to 0, 6Z grams per cc density ha1 any aiani!icant 
or deleterious immediate ef!ecta on viability of Sm (Section 4). 

A program was conducted at Fort Detrick under Technical Evaluatioo. 
Division Teet No. 6Z-TE-160Z: MD Division No. 1927, using the 40-foot 
diameter teet sphere to evaluate the General Mills GMI-3 fixture and wind 
tunnel when used for generatina aerosols of dry Sm and dry P. tul&reneil. 
When the Technical Evaluation Diviaion furnishes the statistical ana.lyais of 
data, it will be posaible to report on the effects of compaction and subse­
quent aerodynamic brea.kup durins diuemination on the viability of dry 
agents. Preliminary examination of the data indicates that good recovery 
!acton were obtained (Section 5). 

The full-sc11.le experimental feeder for use with compacted dry agent 
aimulante has been operated succeaafully over material flow rates ranging 
from 2.0 to 49 lb/min. It has been clemonetrated that l"e&IIIOnably low gas 
flows are sufficient to fluidize the powder and carry it out through a dis­
cha.rge tube. Although the feeder has been operated •atiafactorily with gas 
flow aa low as 3 acfm, testa have shown that beat performance baa resulted 
when the rate was approxin,ately 6 scfm. Torq,ue and power required to 
drive the feeder have both been well below the limits e•tabliehed in the 
design studies for an airborne disseminator baaed on the baaic principles 
employed in the full-ecals feeder (Section 6). 
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The deaign stu4iv• ""a <h'Y BW agent diaaeminatina •tore have p:ro-
greued to the stage w~re major components are now. well def1necl and a 
preliminary genera.l arrangement has been prepared, The store will have 
the same external shell as a standard 1!0 •galLon. awd.ll-.ry fuel tank and will 
have provisiona for both 1-k- and 30-inc:h spacing of the mountinaluaa. ·The 
agent will be contained within a tank assembly forming an integral part of 
the center section of the store. The ab turbine generator and the gal supply 
veuel will be houaed in the noae aection, an.d the rotary actua.tor in the tall. 
Both nose and tail sections will be attached to the center section with bayonet­
type Joints. The dry ag11nt w111 be disc:haried thrcu;h a tube projactlaa below 
the atore auiliciently far so th&t the matuial i1 injected into the •lipatream 
beyond the boundary layer. An experimental version o£ the inner ta.nk 
assembly is being fabricated for use in laboratory tests of the en1ineerin1 
design (Section 7). 

The liquid agent diutminating store waa flight tested on an A4D-l air· 
plane by the Weapon• System Tut Divi1ton at the Naval Air Te•t Center, 
Patuxent River, Maryland. Dyed water waa succcuafully dtaseminated 
under v~rioua conditions a.t:ul [lu Lrace of dye could be found on the Airplane 
after it returned to the ground. The pilot reported no unfavorable conditione 
of fligln and there wae no damage to the store durin& maneuven resulting 
in 5 11g11 loading and speeds up to the maximum safe limit• of norm&.l flying 
for the A4D-l airplane (Section 8). 
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'fh.U report c:overa a port.lon of the qul1fJ.~Uon teata 
conducted on aeneral Mille (O.M.I.) special tank aa..-bly, 
~ No. s~l9100-026. 1he teat aa..-bliea are identical to 
the final aaeeably except that operational co.ponenta eueh aa 
the ram air turbine, generator, pu.p, valves aci:uator, etc., 
were IIIOdela haYinq the ..._ -weights and c:entu of gravity loca­
tiona. Purther qu.alificaticm tellt.iAg vill be condu~ed by 
G.R.I. to sUbstantiate the operational oap&bilit.iea of the 
complete aaaembly. 

'l'hU doet~~~ent preaente thl quali.f1c:at.t.on teetinq conc!ucted 
in accordance with the requir..anta of specification MIL-7-
737AA • 

Qualification testa deecribed herein were conduc:te4 at the 
rleteh•r Aviation Co.pany teet facility. 

RIPBUNCBS• 

Specification MIL-~-7J78A -

G.M.I. Specification -
Dravinq 

G.M.I. Specification -
GMS-29100-026 

r.A.c. Dravinq 26-JOo-48031 -

JAC ,.,..,. ItO I 

Tanka, Fuel Aircraft, 
Bxtuul Aua111azy, 
1.-.JVable 

Slt29lc»-026 

EXternal RemoVole 'J'ank 
Aesy tor O.K.I. Bleetroniea 
Group 

Tank ~••ambly, a.M.t. 
Specification 
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'l'MU.a OF CON'tDI'tS . . . .. . . . . . . . B 

R&VISIONS . . . . . . . . . . . . . . . . . c 
D:aminat1on o£ Product . . . . . . . . . 1.0 

lfeiqht. Teat . . . . . . . . . . . . . . . . :z.o 
capacity Teat • • • • • • • • • • • • • • • 3.0 

Slosh & Vibration ~e.t . . . . . • • • • • • 4.0 

Le&ka~e Test • • • • • . . . . . . . . s.o 
Ground Bjection Test • . . . . • • • 6.0 

. . . . . . . . . . . . . . 7.0 
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To determine that the <lasembly confon~a to the applieable 
drawi.nqs. 

MANUF ACTUR..EB r 

Fletcher Aviation company 

26-300 

M~• 

26·300-48031 

one 

SECURl'l'Y CLASSIFICATION: ---.. -,.. --
None 

TEST CA'l'E: 

Wayne callahan 

OIS1'0St1'l0:l OF :>Pr:CIMB!.: 
--~-- ... -- . -·------ ----· 

Use for Weight feat 

A~TRACT: 

'"'C ,_. 1101 

1he asaembly auccealfully met &ll of the requirement• 
ot the teat. Rub~ar liner of inner ta~ was not tiqht 
1n several areas. 
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l. 'l'hat the aaa.lbly and ac:c:eeeibla ca.pon,enta tbereo~ 
conftmll to tMir applicable en91Aeeriaq drawlng~t. 

2. That the au..Wy and all allqlcmenta CODfon t.o 
aircraft ~lity •tandar4a fOr voct.anabip. 

1. St.aDdard inapection tool• r Unear .c:alea, ai.cro­
metu •, call per •. 

1. Inspect the c:o~~plete ;uaeably for 9eneral c:onfor• 
JMnce to P.A.C. clnwing no. 26-300-48031. 

2. 'R~ accea door. And inapec:t all eoapart..n~• 
for JDetal chips, fil1n9a, or other to:n1gn utvial. 

3. IlUipec:t all rut1.nq c;c.pocenta and ac:ce•• doors r. 
fit, aealinq cap&b1.litias and general wor~ahip. 

4. Inapect: tank and inner coaap&Z'taellt -.facea far 
evidence of cauqe or undUe IJ)raaion. • 

5. Inspect tor loo- bolts, rivets, or other faateninq 
devic:ea. 

6. Inapect tor parts not tree tad for c:orroaion reot•­
tance. 

7. Inapect tor llliaalignetnt of •tin9 c.a.paoent... 

a. a-.we inner tank cover plate and inape« tnnu tanll 
for general eleanl1n•••· wor)Ean8hip. 1!\4 confor.aace 
to G.M.I. requirements. 

9. Generally inspect. sialulated ccaponete (G • .IC.I. 
turniahad) for fit and aecurity of inatallation. 

10. Inetall doora and inspect entire tank contour for 
..rt•a. irregularities. 
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To determine the w£ight <tnd location of the center of qravity. 

Fle~tche.r J\Viat ton cc.lJ\ll><tny 
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26-300 

26·300-48031 

one (l) 

.!!.£.~ Ct.ASSIFlCA'PJOli I 

Nona 

wayne Callahan 

Uae tor Capacity Teat 

ADSTRACTI 

~. ata.mbly aucce•atully met all of the requirement• 
of the teat. 
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1) (ij 

1. '1'o datanaine the total weiqht of the •pty a• .. ely. 

2. '1'0 detenaina the centu of gravity locat.1ona to 

the requireaenta of the detail apacif1oat1ona 

for the tank. 

1. TWo platfor.a scales. 
2. Tank cradle. 
3. Rocker bar. 
4. Water •tar. 

Tl8'1' ROCIDYU: 

JAC: .... 't01 

1. The cradle 18 weighed. 

2. 1ha t~n~ and cradle are weighed and the cradle 

weight ia deducted from the total weight. 

3, 'l"he cradle u balanced on the rocker bar. 

4. 'the tank ia placed on the c:adle in the "balance• 

poaition. ~e e.g. station is recorded. 

S. Wat~r is metered into the tank to l/4 of the rated 

cspacity. 

G. 'l"he force and 1110mont arm required to balance the tank 

nt a ranqe of tank attitudes from s• no•e dQWn up to 

and 1ncludinq 30° nose up. 

7. Items S and 6 are repeated for the l/2, 3/4 and full 

ca~city. 

a. 'l'he e.g. for each condition ia detansined froa 

the total weight and the balancing force. 
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.+.••wono ! ~ i RIII'CIItT No. 

PURPOSE OF Tm_t 

To 4.monatrata the capacity of ~ha ••••~ly 

rletcher AviatiOn Conpany 

JWiYPAC'l'UlUlR' s KlOBL ~I.Q: 

26-JOO 

ASSr.HB1J DM!llfSI• 

26-300-4SOll 

Q.UN«ln OF tTIMSt 

Ona (1) 

SICUalTT £LASSifiSftTIONt 

None 

TEST DAT!: 

l-ll-62 

T.MT coNDtJCTtm nx, 

Wayne Callahan 

DISPOSI'J'ION OF SPBCIMEN1 

The aatambly auQceeltully met all of the requirement• ot the t .. t. 

~~- ••oe 

(3) 
'· . 

l 
I 
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TO deterNino total volume o~ the faa.ed in place inner 
tant asaembly. 

'l'BS'l' EOUl PMpT 1 

1. Bow•er !Jcactometer. 
2. suitable graduated container. 

'l'!ifl' PROCEI)URJa 

'"( ,.,,. '101 

1. 'l'he tank shall be supported at 90° to normal qround 
attitude with the tnnar tank Openinq 1n the uppermost 
position. 

2. The tank •~all be fillod to the top and the volume 
reborded • 
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Al'l'ltC'II!D : I l'hi"O"" No. 

(?.) 

The total t:.ank volu.e ia 191.0 gallone. 

f.A.C. tNGR.a ). ,. L• J 

'.I 
1 .A.C. QUALITY CON'l'ROL& 

',&( , .. ,. fl06 

0 • 

/ 
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'1':t c!.onatrate the ~ank vill Withftand vibration 
and pitl:hincJ forc:n enoountered tn auvice. 

Pletcher Aviation ca.peny 

!INmrACl'lJ!P • I PA !!9· • 

26-300 

A!fiiii1,T DMWllfSh 

26-lQ0-480ll 

QDN!rJft' OP IDIICh 

Olle (1) 

NOne 

2-5-62 

'l'H'I CONJ)QC'l'BD BX 1 

wayne callahan 

oxsrosJTION or SPIC;MZN• 

ABS.DN:rt 

fAC ,_, 1101 

The asaembly •uccesatully met all of the raquir...ata of the teat. 
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FACTUAL DATA (j'\ 

l. 'the complete test specimen is mounted in the support 
fixture on the sloah and ~ibration ~Chine. The 
centerline of the tank, so mounted, 18 a minimum 
of twenty Jnchea abov'll the slosh axis. The tank 
booms ~re in the retracted position. 

The test specimen ia filled two thirds fUll with 
w.ter at ambient temperature and is •i~ultaneou•ly 
slosh and vibration teated in accordance with the 
following conditions. 

A. The vUbration displa~ent 1• a •1ntmu. doUble 
amplitude of 0.032 average between the top and 
bottaa ot the tank and at the auPPQrting rinqs. 
The averaqe peak value, at the point of meaauro­
ment during a thirty aecond interval, 1a the 
''alua recorded. 

B. The vibration frequency is 2000 ~20 c.P.M. 

c. The tank is mounted with the major horizontal 
ax1e at go• to the a.xid of the shaft of the 
rocker pl•~tforna. 

o. The slosh angle is 30° total, appr~imately 
15° on either side of the·horizontal position • 

B. 'l'he tunlc ia pres•uri:ztd to 15 P.S.I.G. 

P. The tan)[ is slosh-vibrated for 25 hours at 16 
to 20 slosh c.P.H. 

'. ' 

a. Pollowln~ the slosh and vibration te•t, tho tank booms 
are e~ended with the tank two-thirdR full with water 
at al'll))ient temper&ture and is dmltltaneoualy slosh 
and vibration teated,in accordance with the following 
conditions• 

A. Repeat ateps "A" through "B• of ti1e previous teet. 
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Jl'A£rt1N. DATA 

MOUIRIMD'J'S (contd) 

B. '1'he tank is sloah-vi))rated for 15 Jlinutea at 
16 to 20 aloab c~. 

3 • 'the tank 18 filled w1 th watu and vilara ted for 10 
minutes at vibration d1aplaceaent q,ec:if'ed in "A" 
of the previous teat. 

1. Slosb and vibration machine. 

2. Tank auppoxt fixture. 

J. Watu Mter. 

4. Strobotac or eqQivalent. 

5. Vibration meter. 

6. Vibration pic:Jcup. 

7. Pre• aura qage. 

'l'M'J' PROCIDYg t 

,,.C-'101 

1. 'the teat aaaelll))ly 1s 110unted on the aloah and ''ibration 
rMchine by uana of a support f1xtve. 'l"he canterUne 
of the assembly is a minimua of 20 indbea above the 
slosh axle. 

2. The tank ia filled with water.in the aMount correspondinq 
to 2/3 of the rated capacity of the tanlc in qallona. 

l. The tank ia preaaurized to 15 P.S.I.G. 

~ 
I 
I 

' l 
1 
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TEST PR.OCPJlUN!& (cont.c!) 

rAe- •101 

4. 'l'he sl~h and viDration machine is put into cyclic:: 
p.itchil"9 ot the lonqitucUnal axi• froa u• no•e up 
to 15~ nose down. 

s. The motor drive for the eccencric: weighte. producing 
vi~ration is activated and brought up to 2000 ~g0 C!N. 

6. Vibration reading• are taken and the eccentric 
weighte adju.ted to produce the requued value• of 
vibration displacement. 

7. 't'he sloah rata ie cheeked to be 17 ~r llin. 

a. 'I'lul rotation speed of the ec:c:entrie weights 1• 
D~eU~ured to be ~000 ~20 a.P.M. 

9. 'l'he Ur pl'eseun ill checlled and adjusted if neceuary. 
to 15 P.S.I .G. 

10. SiMUltaneou• elosh and vibration is continued!or 
25 hours. 

11. The tank boc:lma are extended and the tank is Sii\Ul• 
taneoua sloeh vibrated for lS Ninutea in the 
~riquration described 1n ateps 1 throuqh 9. 

12. NOte the re.onant vibration ]:)ehav·ior of t.ha boalu. 

ll, 'l'he tank ia then d•pr;esauri zed. filled with water, 
the booms retracted, and aqain praasur1&ed to 
15 P.S.l.Q. 

14. ~· vibrattQn ~•Chani.m is start~d and readinqa taken. 
AdJustment• ar• made ae necesaary to produce tbe 
required vibration. 

15. ROtation speed of the eccentric we1qhte is adju.ted 
to 2000 •O 

-60 

16. Vibration 1• atopped at the and of 10 ••nu~•• and 
the tank ia depressurized and drained. 
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TAm< NO. --------

DA'l'Bt il-5-62 

VUlRA'l'ION 

TAHJ< CAPACITY's -.::.1~91=---- GALS. '1'U'J't ______ 12~'------~~. 

15 ,.s.x.a. 

TANK AT 9P D
 TO SLOSH AXIS 

.&cc .._ lfl' SETTlNG SLOSH VIBRATION ... PM'IPVf'/lN • 
·-· . 

ln /c:Jvar lap_ Speed RAft At Lugs FWd. ltinq Aft, lUna 

PW. Aft.. i\ P.K_.._ c_..r M Fwd. A#~ Uuce:r Lowe% UDDeJ:' Lowell: 

1 ,2$ 1.25 19BS 17 .015 .015 .020 .02l .ole .ou 

-
1 .7S 1,75 19FJ5 17 .01? .01? .022 .023 .020 .021 

2.n a.:u 1985 17 .ou .018 .025 .025 ,025 .oat 

1.'75 a. 1! 1985 17 .021 .023 .033 .035 .037 ,030 
. 

STAAT OF Rtnh DA'I'BI TlUa 2•45 p.m. 

LOG1 crack dayalapld_i.n outer akin, Sit pa;a 4.7 • .,4.81 4,1 

IDm OF RUNt DATJh TI.Mlh 8t 20 a.m. 

Rli:ASONt craclc developed 

f4(- 'fl)l 
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' . ..... ' '"'" FlETCHU AVIATION COIPCIATION . 
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C:IICCII;;;-+---------:: _______ ~1:!._ SLOSII-'1-lBRA'l'ION--'l'U"l----·~r-;;,1111. 26-300 
--· ----r------··-- ·- -1 --------., GIIIIDAL MILLS 'l'J\IK ASSY ~-- ----·----, . I 43.286 
AP .. OVIfD: ! ~1'0"' f'40. 

TANK NO.-------- .MODG. 26-JOO . 

TBS'I' OONDUC'I'BD BY• !f!Yne Callahan 2-8-62 -
VIBMATION 

. TANk CARACl'I'Y't 191.0 T!S'rt __.l:.:2~:.~Zo.z•.:O ___ GALS • 

OPDATlNO PR.!SSURZ: __ lS_P_._s_._I _ .. G....,•,...- TBST PRBSSURSt 15 P.S.l.G. 

2.5 2.S 1990 

2.25 2.35 1990. 

l7 

l7 

.027 .028 .025 .045 .029 .041 
+-----~----~-------

.0:21 .023 .023 .038 .025 .037 

---+----+----4----+-.-:...-+---+---+---~---..... -- -~---

STAR'l' OF RUNs TlJtEt lf50 i'sllc 

BND OF RUNr DATEr a-t-u 

REASON r --~~-o_f_1_5_]\_o_ur_ te~~ ---

'\ 
' 

' .l 

·\ 
1 
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Aner 17-l/2 l~&d:·• of aawtaneoua aloah u4 v.illration 
a crack in the outer slr1n located ~iately aft ot t:be aft 
hoo1t waa noted. 'the teat waa cU.acontinued at thla point: and 
the teat aeae.bly waa r:..wect frQIIt the fixture. CloH 
exaainat1oa revealed the c:radt to be appr:oxiMtely 19 inCihu 
1D c.tr:c:uaferent:ial hnqth. u• in both direction• fro. the 
top c:uterline of. the aaa.ttly. 'l'he c:rac:k appeAred to heve 
at:arted in the smallest radiue of the bend adjacent to the 
•flat• for the aft .munt1n9 bOok. (Ref. photo on page 4.10 at this report.) 

When the taM wae di•aaaembled and the inne.r fiberqlaaa tank 
inapac:tad. the following dbCZ'epanetea were not.eda 

1. IMU rul)))e:r lina:r loose fr01a tank, tom in several place a. 

2. Seve:ral layer:s of :spp:&rently non-impregnated fibe.rCJl••• 
atranda adhering to the looao rubber liner, also hanq1ng 
loose in the tanll. 

J. Slosh baffle bul~heads inta~ral but loose and lying 
on bottOIIl of tanlc. 

4. Circumferential ring to hold ~ulkheads still intact. 

s. Slllall part.ial ring segments to retain bul~heads entirely 
loose. 

6. 'l'h,. expo•ecS in•J.de aufac:ea of the inner tank appeared 
to be smooth. 

The photograph on paqe 4.11 shows the oond1t1on of the inner 
tank ~iately after removal from test fixture. 

'I'he outer skin of the tank waa repaiz:ed in accordance with 
the s~etc:h on page 4.12. 'l'he aloeh bAffle• and rubber liner were removed from the inner tank, an4 the assembly was again 
subject.ed to the ccrapll!tc toat. '!'he tank t.han •uceaaefully 
caapletcd tho test in aooordanco with tho procedure pre­
viously outlined. 

••t-... ••o• 

'I 
I 
' 
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Rl!SULTS OF TIST (contd) 

A displacoaent of .039 inehea double amplitude at the tips 
of the booMe were noted during the 15 minutea of eloah-v~ra­
tton v:&.t.h the boom& extended. At the conclusion of the teat 
the boom• wero aqain extended and a scan for resonance wae 
made with tho tollawinq ~•oultar 

l. Rusonant frequency of booa8 - 16~0 C.P.M. 

2. Displacement ·at resonant frequency - .ls inch dOUble 
amplitude at tips. 

j 

.i 
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TAm( NO. JIICDJa. _.-at:;..•..:;;l.;;.OO~-- . -·· 1 

I TEST CONDUt."'rRD 8Yt wayne call'lhan DA'!'BI a-t-62 I 
I 
I 
.I 

·f 

1 

I 
i ' 

I' 
! 

VtBM'l'lON 

TANk CAPAC I'l'Y': _...,.1..;;..;91 ____ GA.LS. 'rBS"l"l ----~1~2~'-----~· 

--- --+---+---+----+----+----

+----+- ---- --+--'-----'----~---....... ----
5TART OF Rlflh CATit TIJQa laOO p.m. 

-----·---·--· ... ·--------------------
grm OF R1JN1 DATI a ___ 2 •9•62 Tl.MZa l t 15 polio 

End of 15 minute te•t -----------------------------

,., - ••e~• 

-~ 
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1 
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TANK NO. -----------------
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® MODBL _a6M;•;;,lu01.1110~o--.---

TES'l' CO~lD~BD 8Ys _.:.:.:M'a:::.~y~n.:;:e:....:.Ca::.:l::.::l:..:•:!:h~a::.n--- DHBa 2•1•62 
VIBRATION 

'1'U'l's 191 GALa. 

OPERATING PRESSURBr 11 e.s.:c.a. r,a.z.q. 

TANJ< A'1' 90• '1'0 SLOSH AXIS 
ECC, WT!_ S~.t:TIHQ_, ~- VIBRATiON ;:;;w·o. lni 

Jn/0\tet'h!J Speed At t.uaa FWd Rtnd Mt- Unm 
Fwd Aft. -~.t..lL. FW M.,t:,.,-i_;:.UDE.::De:::r:.+~Low::::.::.:U:::..._.._.ll'oKO D'ODeZ.:;:~~~ LLOW:::.:••:::.r 

J.OO J.OO 1990 .o:u ,033 .02a .Oll 

l.SO 3.50 1990 .oat .o3a .029 .ou 

STAAT OF Rtlt4a DA'l'Jit _J-f-62 TlJIIIt lt50 p,a, 

LOOa 

-
...... _ 

END OF RUNt DA'l'lh 2-9-62 TIMJia 4e00 p.a. 

R&\SONr End of 10 minut• run 
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II PQBfCSI or 'l"ES'l't 1., .. 

To damon•tr3te tha~ the tank w111 withat&nd the requized . 
intexn~l pEe•aure without leakage, 
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Pletcher AViation C~ 

MANt7lAC'1't1lU' S K>D§L N04 1 

26-300 

MSJMBLY DRA!ll,iCl 

26-l00-4B0Jl 

One (l) 

S§Ct.!J!I'l"l CLASS I rtCA'l'tOtl 1 

None 

2-12-62 

TBS'l' CORDUC'l'!D BYa 

Wayne callahan 

DiaPOSI~lON OF SPZCIMBN1 

Use for ejection test. 

The assembly succegsfully ~t all of the requi~ementa 
of the teat. 
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FLITCHI• AVIATION COMPANY ...... I ... ~.1:~ 
i . TITl.. 

~•e••o ' I L.BAXAGB 't'IS'f 
GENERAL M11.J.S 't'ANK ASSY 

Mooa. 26-300 
~· 43.286 ··---. -~ ... - ....... ---··f .. ··-· ··-----' 

A""'ltOVCD; ,..,.Ottf' No. 

1. T'he inner fiberglus t.ank with all os-nings 
seale(! is eubjected to 1n intei'Ul preaaure ot 
20 P.s.t.CJ. ua1ng l"l'eon 1~. 'I'M tank 11 thtm 
c:bctdled for leuage udng a Gaenl Uecuic:: B-1 
taater, 

'l'IS1' IQtll Dl1ft' I 

1. Tank Support 
:z. ~eaaure Gaga 
l. neon 12 cantainar v:l.th rec,;rulator. 
4. aener.al Blactrtc H-l tea~. 

PJ\QCII)tJ!!• 

, ... , ,.,. 1101 

1. With the tank supported, a r81JU1ated Preon 12 
supply line is connected to the •••.-bly. 

2. A praaiNn gage ia c:onnec:te&!l to the ua.-J:aly. 

3. Preon 12 pruaure 1a adlaitted into ~ aaa-.bly 
until the preaii\Ue <JIICJII !Mic::atu 30 P.S.X.Oa 

4. EXternal aurtacea of the aaa-.bly ue c:hec:luld f.~ 
l .. ~aqe u11nq the aeneral 11ectric a-1 teater at a 
aniffing rate of 1/2 inch per •ecaad• 

5. lnapect the tanlt v1.ually f~ wid-.ce of tailura 
such ae daaaqe to th• bUlkheada o~ line~ of the inaer 
~ank or atruc:tural damaqa to the inner 01" ~•r 
tank. 
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PAOC ·s.2 
MODI&. 26-JOO 

43.296 
ltll,o,.., No. 

® 
DR usyr.n, 

~1nq tbe leakage teat it vaa de~~1ne4 tb&t the 
fQUII.n9 procaaa ueed to install tJut to.. l;eeweea 
the inner tank and oute~ abell coat.albted balova 9 ... 
Since the GPual llec:tric teater uHd 1rl pa-obiA9 
tor lens ia sen111t1ve to ehie 9U, ~ vae a con­
stant lealra~Jtt indicatian dudft9 the taat. 

The sens1UY1ty of the inatJ:"UJDMt wa. adjuated eo tbat 
1t wuld not indicate leakaqe .f%011 tlle ~·••ca of 
gae in the follll. It waa theA 4et:eziUAed that it 
would indicate leaka9e if any of the etzonqer ~u~• 
fre~~a the inner tank eaeaped to at.oaphere. 

'l'he teat waa concluded w1 tb the in.eUUIIant adjuatacl 
per the preceedin9 paragraph, and the teet conducted 
per the outl Ln.d proCfldl.lre on pefle 5 .1. Thtlre waa no 
evidence of lHltaqe. RO evidence of l.U:aqe When 
~reaeurized to lO p.a.i.g • 

r-'"' 

P .A.C. BNGR. L. J ,, 4 rx-.e~ 
P .A.C. QUALITY CO:ftROLa __ _..., ---· -·-·-··-·-·-/ __ , -... 

---// 

PAC- I lOt 

··' ·. / 
~ j 

.. ,',1' '-' I I • t:.""f t ,__,. 
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PpJlP0810P'riST 

Fl~tehe~ Aviation Coapeny 

26-300 

A9SJMBLX DRAWING 

26•30o-48031 

QtJMTI'l'Y OF I'l'!lMS 

one (l) 

SJICDRIN CLASSll'ICA'rtOJ! 

None 

MTI TBS'1' COMPl.ftiD 

. 2-16-62 

Wayne Callahan 

~l'f.IOH__QP' SDCDIEN 

IAC-1101 

Hold at l"latcher AY1at1on conpany fol' 8iaty (60) 
days fox G.M.I. diapoaition. 

The asocmbly succaasfully met all of th• requirement• 
of t.he teat. 
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~rrwono i ; 1 ltiHM l'fo. 

3EOtliMMEN'l'S • 

l.ot:-•101 

rhat one (l) or more ejeetton be made witb a 1itbtve1;bt 
tanlt and one (l,) or 1110re ejection be M4e With heavy­
~1ght t~nk ~o ~s to accurately determine tbe peak 
force, velocity, accelttrat.iOft; aDd tank a'ttitude at 
end of stroke. 'rbe peAk ejecucm force llball not 
ftXCeed 30, 000 l))s. 

1. Ejection fr~ 
2. suapena1on fixture 
l. .Pylon 
4. Lightweight store 
~. Uo4vyweiqht Store 
6. 28V D.c. PQitiOr supply 
7. 20, 000 obal,l'vol t Mul timeter 
8. Midwestern oac:illograpb 
~. P.A.C. Force Tranllducer 

10. Extensometer (Century Eng.) 
11. Aec:eler01118tu 
12. Amplifier (Miller) 
U. Hiqh speed camera· (WOlle.naalt) 
14. GOOBe Control 

l. Install suspension fixture on ejection frame. 

2. Inetall pylon on aua.,.nlion fixture. 

J. Install liqhtweight •~re on pylon. 

4. Apply 28V D.c. to the aedlanJ.m. 

5. Measure -.roltaqe at fir1n<;J pina. 

6. Remove safety pin. 

7. Measure voltage at. firinq pina. 

8. Oiacormect power supply and truatall safety pin. 
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J'HmlNe !»fA 

'I'm PaOCJDUU (cont4t 

11. Ina tall extanaa..tezo .. 

12. Install canaara. 

13. Checll instrument and ~- C!l'c:uit •. 

14. Ina tall cart:idqu. 

15. Remove safety ptn. 

16. Activate instrWINJnt and ca.ra eirc:uita. 

17. Activate fi:dnq mechani~. 

lB. Clean pylon ansemt>ly Md 1napec:t:. 

l9. Install hea·lf}"tieiyht store on pyloa. 

20. Repeat step• 4 throuqh 17. 

lAC ... >&!":& 
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Peak IJec:tion Pearce 
Pall Aeceluaticm 
Peale Velocity 
AttitUde ~t end of atroke 

F.A.C. UlG'Re 
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15,600 ll!h 
27.4 .,.,. 
21.9 ftla.e. 
left&\ 

21,116 &h· 
37.1 ., .... 
17.1 ftlpe. 
Lftel 
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PURP9SB Of TEST r 

TO demonstrate the structural 1nt:.ags-ity of the tank. 

lletcher Aviation caapaay 

MANUlACfUU! Is JI)DIL !2. 

26-lOO 

26-JDO-

OtlN!Titt or I'l'M, 

one (l) 

None 

TVr .QATI; 

l-8-&l throuqh ~-la-62 

Wayne callahan 

PISP08ttiON 0[ SliCl!ll• 

floC- IIOt 

r~ld at P.A.c. for 60 days to~ Q.M.I. 41apoa1t1on. 

The aeaembly aucceaafully met all of the requira.enta 
ot the teat. 

.® 
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1 ~~··~~-~~ 'l I ! PAOli !'7 .1 j l 
1........--26-JUG- ~~~ --l-

1

, --

l 43.285 
,ftaNII•Ma. t l 

I : • I 
~ I CD@ 

TEST REQUIREMENT 

lA( .... 1101 

'rhe tank is subjected to the following test condition.t 
and does support these conditions wtt~t failure. 

A tank that has not been used for other teats Shall be 
uaed for this test. 'rhe static teat tank shall be a 
complete structure, leas eu~.non••tructural ela.enea 
as turbine generator, booma, actuator, boom a~pport 
structure, fluid handlincJ c:capcm~~Dt.. and electzical 
components. Alao, the innu f1bez'qlaas tank ahall be 
sinwlated by a suitable strUcture of the samo dze and 
configuration. The static teat tank aball be of ~le 
same quality workmanabip aa the flight tant delivered 
on t.he contract and alulll be, except for the innes: tank, 
structurally 1dent1c:al to the flight tank aa .1.nd1catad 
in the ropoxts and drawings aubmittod. 

The teat. techn~quca of the tanJt ia as follawe t 

The tank support j iq JJhall be couatr~cted to duplicate 
the attac:h point location.a of the Aero 7A rack to pro• 
duca the most criti~i:al hook and away ~»race roa~iona. 

Loads are .introduced into the teat tank by means of ten• 
aion pads internal former•, and/o~ external str~pa. 
Of thoac methoda, tension pads are preferable in tl~.&t 

they allow a bettor load distribution and are less aua­
ceptable to local ovuloading diff1c:ult1ea. C&J:e 1a 
taken to insure that the load appl:Lc:ation dev ice.e 4o 
not materially llffeat tl1e atrenqth of the te11t tank 
by introducing artificial at1fb\eaa. etc:. 

All applied teat loada are suitably moni~ by cal1• 
brated oquipm~lt (pressure gagca, load dyn•-ametera, 
etc.) so that acceptAble teat. .;u:c:IU'acy is ol»taina4 .. 

tnternal pt"es8Ure, where applicable. is appliod pneu .. 
=atic:ally or hydrauliaally and tho preaaure aUit&bly 
monitored with cali~ated =oaauring devices. 
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Tare weight of atore and all lad applica~1on 4.,1oe. 

is accounted for in all teat loadinq8. ,.rticular CU'e 
is ~ken when d8nse fluids (water, etc.) are used for 

introducing internal preuure 10 that true incr-.enul 
loads fer all load components az·e o!Stained. Indepea.S.t 
application of c~ined load eotapC~neJltl (that ia vertical# 

ai~e. ;1nd att loads) are prefe~le over' &'en.ltant lad 

application to facilitate maintaining correct relatiOft• 
ship of load contponentl With each other for fUll range 
of load .troaa zero to ultialate. 

--r--------- -­
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The teat loads of the tank are ae specified 1a eoat.ract. 

1. Static taat frame • 

2. Tank aupport fixture. 

1. L.oari1ng posds, whiffle trees. etc •• pe~ 1\ppli~• t..et 
conditions. 

1. Hydraulic pumps. 

5. 'lyUt'nu.lic cylindC!rB (jacks) with net areas as listed on 
te~t dnt~ sheets. 

'· l!ydraulic teat gagest as necessary 

1. P'ou.r 2<1-inc>h St<~rrett. atael engine mark.S !lc&l•e rHdiDq to 
.010 .\.nch. 

l1. !lu;·veyor • s levo!1. 

All tost condition11 ar:c run with the teat. taM mounted in t'he 
horizontal poa.Lt.ion in the teet jiq. The teat pr-ocedure is 
.1.den1;.1.,!<Jl .Ln e<lc:~, t:ase and consiete of the followinq atepaa 

l. 'I'hu uystOUI of loadJ.nq Jacka and whi!lle trees is J.Detall~. 
C"h e• !kod functionally. and inspoct\ld for propel" loc:a tioa. 

~. Readings of deflection At zero lCAd is taltea ~ .... , of a 
sor.t.es of steel ac.Jles hUDq alcnq the leagth of Ule tank. aDd 
a surveyor • • lovel. Latua1 deflectioo• are ,...n.r.S !rOll 
a wire 3tretc;hed alongside of th• tank. 

J. The load 1a then applied la incr.,..nte of l,. of. lblit load, 
and the deflection readings t&kaa at lS, so. 75, &ad 10~ 

4. The Jade l~ds arc thea redueed to Ul'O. 4Dd deflect:ioa 
read!nq• takon to che~ poaailtle ~riMileat let. 

5. LOad is agaia applied 1n 1S~ i~cremente up to 1~ of ltmit 
la.tu. 
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6. 'l'he atatle load 11 1.ncrea1ed to 12S" of U.ait load. 

1. Deflection readinqa are taken. 

0. Tha ot<ttie load i:1 increaacd to 1Sl1.' of li.aU.t. lo&cS, AJad 

deflection roadintJs .lro taken. (150% of liait loa&! • 

100~ ult~te load.) 

9. ·rho jao• lo.lds are r~uced to zero .i.nd daflactiOil rMd!Aqa 

are taken. 
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A review of .F.A.c. Report NO. 41.284, '"LOad• and sueaa 
Analyaia, General .Mills ~nk·, •howe tlNlt tbel'e are tbree 
design ~ondition~ critical for tho tank and ita attaehinq 
st..ructuta. These ue conditions *10, 2S, and 29. cood1-
t1on *29 is .sn f!j~ction condition which will be adequately 
covered by the actual tank full an4 ~ ejections. (Jlef. 

pa.::re• 6.0 to 6.3 incl.) 'l'eat loads t= COndiUon flO and 
25 are developed on the lollawing paqea. 

Aa on pa~ *2 ot' Report MJ.2&4, the sip convention for tbe 
teat loads ia as follow.• 

z .. trpwl'lrd &ctinq 
Y "' Ac:t.inq to the left 
X " Aft a~tinCJ 
POsitive ~nt vectors are in ~• 
same d1re~t1on using the lett-hand rule. 

The unit loads shown on page 7.S aH reviaed to •CJZ'e• with 
the lateat weight <lata in Appendix "A" of Report. Ml.284. 

All load tactor•, loada and 11011enta tn thia aeet.ion, are OR 

an ultilll&te 'basis. (l-l/2 x limit load) 'l"M tank itaelf 
will be tested empty and unpreaaurized. 

lA< ·- '101 
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.PW..t'l/ll II-~-~,. 
PUfoa AVIATION COifOIAnoN ,~·l-1;.'; 
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St!t ~t't:. u.~u. 
.If •• .t ,, 

*'-'"" .. 

UNIT [tJ~RTIA ~QdQ. aas:a.aJ"- r/..1;21!:{. 

( R.e }!t$ e.:J JJt:r' ~;!,qll! 
\A,, 

r~~rt. "xa. z ,,. ) 
' I • (' 

' 

74nl< F~l/ ~hill, ~('t <6. 
r.s. ..L /OJ!' . 

·'% 
l.o~P ,., M ~M:-

IS" 7J I I /; 5' "t1 !9.~ z. 7Jf'l 
35 /(.~.if ,t. '6"3 3 •• .o /,• #fDl 
ss 2(.0. 7 2. '1"1!. 3 7. c. /.~&~ 

7S 3~1!'! ~.&#7'1 ''i·l J • .J/2. 
<JS J ~J.a .,. -370 I"! f.. 7 Z.r:J37 

ItS J S'2.0 - I •. J/03 J Jt'f,(. ... . $.t3 
tJS' .Jo?. g - .2. 713 307.'1 -J.Z&..Il 
!55 1117. () - 2' (..J. 7 ' 1'11.0 - 3. t:JJ$ 

175 s-a. 8 - . 9'-'1 ' J"a. ~ - /.J. 7S 
195 5'3.0 -1.2.7'1 5J.o - /. 7,~ 
215' /t..3 -.1-/'lif /,,3 - . '"'7 
z.. ,ll t.)., 0 0 13r.~a 0 

. 



r:·, 

I 
J 
f 
j 

~ 

~t 

·! 

1 

'j 

t 
·~ 

j 

f 
( 

f 
f 
r 
I 

. 
l?ist. 'o..rtw 

I 

r. s. 

IS' 
JS 
ss 
lS' 
!5 

/IS 
/..; ,r 
ISS 
17~ 
;•·I,. 

I ~J 

~/S 

z. 

Page determined to be Unclassified 
Reviewed Chief, ROO, WHS 
lAW EO 13626, Stctlon 3.6 

Uatt: JUL 1 9 2()13 

J. 3 1' 

·~ lo;r fi 

Po:v'""'-' ,q,~ -'1.00~ 
t "11. 'i 

Stf,., J... 71-/3 - lfOf 
J !.O '· 1/0 3 -17~ 

J 7." 1. act.. -.zwf 
~r.J /. 312. -f$"2. 

I<Jt.. 7 ~.037 -" 73 
311'1. (. 1 . 5"2 3 - 3/21 
Jo7. z -2. U.'i - 2~71 
I f7. a ... .3. (.).35' -IIJ.J 
:~a. 1 -J,J.?S - {"IS 
.n.o -/. 7-r'f - S"'-..3 
1( •. 3 -. C.."f7 .. {'iO 

' 13t..f..o 0 -n.2'is-

p - J. oo ,. I 3 '- ~~. 0 =-)t 
, - J{O?£' • 

PAC._ nDf.t 

r 

P, 

l(.~o <D 

2. 70 
I 71 

"· '1 J07 
'l'i'~ 
1~73 
I J fS' 

{-'( ;_ 
241 
2~8 

13 

-:.1~2., 

r.,,,.. , .... 
... •1. 

. . 

Jl_l 
~~ 
f 
I 

. I 

t 



----~==================================~---------------------------

~ 
----~ 

ll 

" 
t-.:1 

I J' m .,, 
··~:---~----

~-: I 
·~· 

~ I 
I 
t 
I 
j 

1 
I 
f 

' . f 
.. 
~ ,. 

• 
j' 

f 
J 
r 

Page determined to be Unclassified 
Reviewed Chief, RDD. WHS 
iAW EO 13526, Section 3.5 
Oate: JUL 1 9 201! 

------· -~ ·' '· 
I' .. , .. , : 
~ ... 

_ f'':; _ -·-·r:;;'·~::· .-----.. ~~r--.-. ~-:::-:~~ ·;·r~r...:·~:'"i·-.· .. ~jJ : ·.;:_. 
'0 ..... .. 

....... .. .. 
,~ .... R l/!1 ~,.,, J .. , · ,;z. ...... 1-l;';' 

'lm.8 
----1------- r------~--- r----~--~---------------

-~ CHic:ue 

Te.::tg 

. 
(74nl< r~/1) 

n'f '(r 2.. J. ~ , ) 
n., r: '·s-o } 
'?.it = II. 2.! ( Ptl II I l<i!f'· "JfJ. J I.Y 
61 -::-l'l.oo 
fV -; 1.oa 
.l'n = I

1
J. ,. 77.2..(. sl~;·ft,. '(~ ... ,q.z.. • rep. "J!J.ir'l) 

1\1'1'! s 12. /1. 77t.. (.. .. (-tt.oa) ':!;:! -I'-", ''o ,;.,_-lbs 
M 1 -,. • 12. .. 77;...!.. ,. ?.ao -= S l ~~-~~ t'n ~ lh:J 

I J 

r.~. _e_ ~ 
I] M 

------~--~--~--~---+--·------T---·----

/f 
3S" 
:):) 

7S 

,' 15' 
!JS 
!S!i 
17~ 

/'1!:' 
~I~ 

/3./ 
I '~1.4 
.2.'-ltJ. 7 
3 ~1/."'f 
J$J.o 
.f~l.Q 

) .. ?"7. 8 
l'i 7. 0 

SO. I 
~3.0 

11...3 

I, SH7 - /#'1 ~~ 

2. ' S l - NC. I II "1 
2.. S'7'- - .,~ 3~~ 

2.. 07! 'I' /1..<,. !i"1t.. 
1" • ~7c.> '/(..'d 7t.j 
- /,J._IQ3 7'2. , '101 
- .2 . 7·7 3 ''1 j I '11t:J 
-;..t-1.7 71'1 1...1{0 

- • ""' .. ., ..tl s 1'1!:' 
-/.1,.7! .173 J.).C. 
- • .1--f I A/ I() Jf 7(. 

----t>------t-----+-------4------
)1~2.0 ~ 2 .11,') tit G. 3 

-
. I 

I 
j 

1 
l 
' ' t 
: 

: 

' . 



'

l-:; .. ;·,.· 
~-··· 

'[ 1·.1 ,.,. 

r 
.l 

I 
r 
r 
.-
1 , 

';· 

.-'age determined to be Unclassified 
Reviewed Ch1ef, ROO, WHS 
lAW EO 13528, Section 3.5 
!Jatt: 

JUL 19 2013 
. ~--,---·----:::--~~~~11 

7.t 
~-----~-- ..... ------- ----~__!-·!~·--------~------------

.,~..!:...-.. f 
i1J.J_~, a : -..... ~. -CMaC:IID 

4-1· ·-·- .. - ... ·---· ....... 

sf.z flc nrt.s 

--·--.-....---------------

,J 
·.1 

., 
I 
I 

I 

j 
I 



I .. 

t 
l 
l 
I 
i 
,. 

1 ,. 
,. 
I 
I ,. 
',. 

' I 
I 

:~·I 
ll.h' 

Page dettrmlntd to be Unclassified 
Reviewtd Chief, ROO, WHS 
lAWS() 13528, Section 3.5 

Oatt: JU L 1 9 2013 

VF.F<iiCAL. L.OAOS C.ONOITfDN 10 

-.i.'!J.'. 

~s.o .' 
.......... _,.!> ... • 

/r?· 
~o) 

T 
l 

I. t: t", EN 1· ~ 
_6. ut.f\.ECL'!'I0.\1 1"01~'1· 

t)=\.O!S Ol• ru~H .~!:\.-.JAL.L 

-··r-
Jt -: !l·.~~ 'r!~ ::.r-~·· CHA.'J"-JE,). 

tN): C.Auc:.E' NI'J 
.. ' 

• ., .!00 Rob 

W~oJir:'FLE. l)l.t-G~AM 

I 
I 

!:::. 

NOic ~ 

'.l.!."Ll .. I Jrs·· 

J7,..i:tl .. 

• tw· 
;.;:,) 

IN~iALL iAN K W!"!'"!-t Nv~· 

I' 

. '.·; J 

i 

... ,1 
I 
I 
I 
I 
I 



'"t()N 

I .• . ,_, -..-., ,..,..., 'T •.• , "l'JI",.-""1"1,.,; • ~ 
...... , .. :--,.'1'· ,,... _..._ _______ ...... ·- ····-~ 

\ ' · .. :.. . ' . . 

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

~----~- -~·--~--~~--- -----~~~------~----- -------~- ----~~--~------------------------------~--~--~---~------
~-~~~-~-'-:l--~~ 

-... ...... _ 

-· 
... 

r 
~ 
I .. 

;. 

1.: 

i 
.. I 

,, 
. :·. 

''1' j 
I j 

' l 
I 



- < ·< 

'·"'" t;-;/' 

; . i _;~:' rr!'!"-~1": .r . '·. . • . 

;( ... 

----~--.'~-·~----+-------------:--~·--·--------;--------. 

1 I 
.· I 

.I 
·I 

l 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

--"' 

~
'T. ~.\ 

70 ) 
' ........ ~ 

-r:.'\ I : .. .').o : i 
I 
I 
' I 

~ 
\:_7.1)) 

---.. 

~~~~·~~--~~-~..!. ... ~:-':,.~~(.~~ ~ 
,._~-·~·--t···-~~--····-+·-··- ·----i~ I ,\ 

'· (J() 1'!...1 ($)2 00 PSI 

LEG r l'J /) ~ :::. r F Pl'l_ r.. r-: 7 ~ I 
NCJiE: 

tooo ps r 

F v..;i. _.- ··--- •. 

:· ~I I. \N!:.'T/..,ll i/.tH·. 'v/l'f ~~ ~~O~ti· f·'C.>INT lNG ·,·, ;·,I\ ....... ·---·· --- -r--·•-,.. ·-·-··•·-•· '' 
'{! • 

t..a:.. .. 
't'.JIIIII.~ .. --

m lli:~.'! ~.~.:~ ... ~.!R._A P..;~. --~~-·_!_~>-~_' ~-~~-T~~j_L:_ 

ll•. -.... 

. ! 

t ,, 
. . i~ 



Page determined to ~ Unclassified 

Reviewed Chief, ~00, WHS 

lAW 50 136:l6, Section 3.5 

Uate: JUL 1 9 201! 
· .. 

.• ·lJ"':c"_~.._~..,.,:; .. · .. ,..rtl-,.""'·' ..... ;~·..,r ?.----~~~.-·:"":7f"":~~:lt:.' !!'"=~.l':n:''";t"':;:c-.. ,.·::n'~'·ll'!IIP.!I:!M!~imi;;;iiii 
. • 'r~~311.1· I 

' 

~i oA o s c ii~>IT i o N-~~-,-ofFuc ._. fr----------------~--~-----~-~------~----------------------,-----;----~~¢i-----'-+---­

L.E DJA ~AM 

)Car~ r I (J 'J (> P!. I 

_,.._....... 

1:· ~oa Ps r 

L.. 

·'.1 ., 
1 
i 

,i 

I 
ii 



I 

r 
-n 
~ 
" 

r 
,, ,L' 

I 
• .r i · . .:. 

Page determined to bQ Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 135~6, Se01ion 3.5 

Date: JUL 1 9 2013 

----



f. . ,, . 
I: 
I 

~~ f 
I 
I 
I 
I 
,. 

~· 

f 
j 

I 
I 
f 
f 
I 
I 

.. J 

h.L__ 

·~ 

'f':~,. 
I !j,[l 

t..aGE.Nw ~ 
<5 F.: E FA Q E 7 • S ,I 

Page determined to be Unclassified 
Reviewed Chief, ROD. WHS 
lAW EO 131528, Section 3.5 

Date: JUL 1 9 101! 

l\ 

l 

(
T" ,;o_. 

.. ,, .. · 

~OTE.: 

I 
I 
~ 
\ ~5.oi 

t NS,-AL.L- TA'"""- WIT\\ NO -----··--



:;~· -x:·:~rr· :~: '" r . ~ : ,,-_ . 
OADS. . ON DITION 2.5 

ii' .. . ., ·~· . 

Page determined to Ill UnClassified 
Reviewed Ch1ef, ~00. WHS 
lAW eo 13&as, Section 3.6 
Dater 

I. ·~~,!~-~. fC'"' 
I 

(CAT. TA K£ OFf:") 

., 
1 

i 
I 
I 
! 

- W1fft:F1. ·;oTP.G~A~----------------------·-----·---··c~---~---------__:_ __ . ______ W~I---J.--
.I 

ClOP$! 300PSI 

. .0"<~) ,....J.Iiii...:::LL,.._ ______ . _,@"~) 

_.J --1~(2) I_~:_ 

r .... ~j 
\! 15, . . . I 

I 

.. ..:.. ________ _~ 

rr~\ 
\I ':'.iS.~ 

., 

,;1'(2.) 

i I ., 

____ j 



-.,-:~ ,. f , ~ ) •• 

~/,;~:1)i~:-~~'\:~-,~ -/~:· . ::-.. ,. 
·-· . ' ---- . 'i 

___ 3~1------------------------·----- 11----c'-'---

:, , I 
{ 

·I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
f 

F· r ... c., f. -, ~.l 

PJgt determined to be Unclassified 
Reviewed Ch1ef, ROD, WHS 
lAW EO 13526, Section 3.5 

Oat~ JUL 1 9 201S 

f'------ 1.__ _____ 1:1-~20Hi-A-'--L..oAQ!L-~CO~'-"--

WHIFFLE DJAGR.A 

fT$. ---i:) 
\ ~5·~ 

1-. 
./ 

.r.. 



,-A-DS 

DJAG RA 

9 0 

.. 
_.._.._._...._.~....-. __ ,::I.a. • ~L. 

: .. 

?0 ( 

~ ( 
.•. 

!Jage determined to be Unclassified 
Reviewed Chief, ROO, WHS 
lAW EO 13528, Section 3.5 
Datt: 

'l 

~:~··~4£ 

R.tE-o;,T. 
. ;;, 

t'• 

... 
·--+-+lor-+---·-·-~ 3000 p,:,\ 

I!.L_ __ ··­

(~) '200 P::.l 

'• .. 
. ,· • !1>, 

· .... 
.• 

... 

. 1.'~ 
~ .. 

... i ~:1 

. 1 
;i.l 
. . . '1 
..... ~ 
. ~ 

I 
•• :f 

.. 
~ 

'i 

. ~ 
o I 

•, i ... 
I 

' ' l 

j 

I 
I 

.::j 

. I 
·J. i 
•'J• ' .,,, ; 
· .. : I 

. I 



lV 

Page determined to be Unclassified 
Reviewed Chtefl ROO. WHS 
tAW EO 13526, Section 3.5 

Date: JUL 1 9 201S ll --~~-~~-!~~--- ~- .. :_-~~-~-:: .. -_.~-:~-·-~-~-.. -:· ... -~-~~-11-_-_ .-l.:---~--.6-. a-_-_ '1"': _-f .. -... -_ ,-_l~-c--~-9-_ -~-"~--:.-T~-~---~-~-~-.-.~--~OM--------~1""~-~-.~.,~~,=::o·~,., s_=.o--=··"_ ~~~-~-L 
J Ct<t_c~•a ·t - ~ ..•.... - •- .. . ---1 STATIC: 'tiS'fl ~-~G.!~ I 

t 4l.aae 1 
A .... IIOV8D. l Jlhi'OitT No. \ 

J_, 
. ~ 

1 LQAl) CONDtTION NO. 10 (lUqhtJ :_TJ 'I'U'l' DA'l'll ~·~_6a._ ,::_ 

j 

~ 
·:I 

j 

j 

4 
f 

i 
•I 

llBl"'RBrK:B DIAGRAM i\'AGD 

f 
<P.O& JACJC I 

.. NO~ AUA 
l 2.79$ . 
2 10.308 

3 2. 795 I 

4 2.795 

5 . 2..795. 

6 I 2.795 
7 I 2.795 

a 2.795 
g , 

2. ?95 . t 

PR.BS.'iORB 

TAm S'l'A1'10N 
........ , 
,,o 

! 
es.o I 

165.0 
225.0 

I 

TANX STATION 
.. 

5.0 
fd.O 

165.0. I 

aa,.o 

Zl~U~~ltiG: 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

- . .. -....... .. ..., 

PUSSdlB GMB ~~·as·t• P!la(:Df OP_LlMI~ ~. ·- _ 

2s so : ·.;s ! 100 .I u L1~5 _f.l~~ ~- -~- __ 
0 . 90 ! 180 271 l- C! .. ; - ~~2 .l. .. '~l .. ·i· ! .. 

124 . 2?7 . 430 i . '!~. -~. Jt .... : .. 7.38 - ~- ~!t.--t- --~- ... 
u . n l 166 i 242 : o .. ·-· ~!-1 .. ·r-.J.u .. _~ ___ Q ___ _ 

lO 60 90 1130 ' 0 150 ' 180 i 0 

I aa i 57 65 .· lU - ; Q :~·1·~ "t· 1 ic) r . ·0·-·--
1 U6 1293 440 : 586 I f) • 732 .. 87.1 0 

! Ul j ~66 398 . 531 . I 0 664 . 7t7 I 0 

2a ' 57 a6 u.- I o l4a 111 : o . 
. 244 . 488 732 . 977 , o ~lan .. 1u1 , 

No Preuu.re 

0 

0 

0 
0 

0 
0 
0 

0 

VD'Z'lCAL DD'LBC'l'lOIII a&ADUO Ill 1BCJIIS 
.. , . .. --· ... . ...... 

-.DJ i-.1s : -.28:-.41 1 -,o6; .,,o. -.ea. -.ll 
j o 1 .02 1 .o2 ; .1•! o .o1 . ,.1o . .oa 
i .06 I .20 ,36 I .52 I .07. .611 ' .84 I .18 

.09 .28 

+.01 +.02 
I . OJ I .10 ! 

• 04 , • 07 1 
• 04 : • 20 

-,0) . -.06 I 
I 

.20 i • 33 

.20 : ·" 

.7S 1.24 

.1o; 1.20. 1.47 .za 

-.06 -.ll.; -.1l .... u 
I 

.01 ..• 47 1 ·'' • .o3 
,04. .u : 1.18 .• _ .. 07 
.10 .as z.oa.~ t2~ 

' 
OUALIT'{ CONTROL: I , .• ,• •"' /, /',.. . " . . ··- .. 

.. 

CUST<lMIRt 
, .. , ( ' 1 t r !1' 1 ~ ·""" 

. .! ~- ........ _ .. 

L------------------------~ lA( •- ••c• 

'l 
\ 

1 
' 1 .. . , 



; I 

I ..... n&tC 

Page determined to be Unclassified 
Reviewed Chtef, ROO, WHS 
lAW EO 13526, Section 3.5 
Date: 

~JUL 1 9 201! 

flfTCHfl AVIAtiON COlOOIAI""' . I .. I ··,· 'j ~1~~-· -,. '! 
· ...... "" .. ' .a.w. s111 .. l-9·6a .. . . . ..- _ .. ____ ·--·--__ , ~L,_,_u_ 1 

''"·· ' ' 
~-----~------- f------------------·-----------------·----· ·tt,;---------- 1---·~------

1 c .. .., .. D S'l'A'l'IC !UTI i W_o_on -·----- l 
; .. u . .aa6 1 

A••IUh'IA 
i Rt!HII'I NO. 

LOAD COt«Jl'l'ION llO. 25 (cat. '1' .0.) 

REFBaBNCB DIAGRAM PAGES 

GI.OB JllCJ< PRBSSURB CW::Jl RBADlNOS Ul PDCIJPII OJ' LlJU'I' tcaD 

..... _NO. ARM 0 

1 .111? 0 

l . 2' 227 5 59 

l .2.7 5 . 4a 
4 .7977 0 
5 2.79!i 0 

6 :2.795 0 

7f .2.795 0 
a : 2.795 0 

9 l-0.309 0 

~Kllasuaa 

1'MJC S'!'ATION 

. s.o 0 

as.o 0 

1,5,0 0 

225.0 0 

TANR :iTJI.TIOtl 

s.o 0 

as.o 0 

165.0 0 
225.0 0 

QUALITY Cot:1'ROL: 

CUSTOM!!Rt 

I&(,..,. 'l't 

( I t I 

25 50 75 I 100 I 0 125 150 I 0 • 
i t ~ I I·· - . -

0 0 ; 56 . ·ua Q . U9 ~ .UO i. Q.. . 

129 
I : 336 ·• 59 . 40.6 ; .7, .. l ~-·. -.198 .167 I 

e: .123 ilol ! 20l : 4J .. u... . 214 .. ~ . .43 ,_ .. 

48 97 • 1146 t 194 a ' tl : _o_ ... ., I .. 141 .. ;. a . , 
' 56 112 1168 I us 0 . 281 I U7 I Q 

! 100 
. 

lait I . ltt 0 498 1 ,, i 0 !199 

~· 11:~ 
Z81 37S 0 468 1 562 ! 0 

107 0 lll ' 0 27 . ao . 160 
393 786 1180 l57l 0 .1966 l35t I 0 

VKR'tiCAI. DKPLBCOZ'lClN llW')lolll<l lN Im.'"RBI 

-.13 
I i -.oa -. t8 : -. 08 -.25 1 -.45 , -.u -.so 

1-.02 ;-.oa I -.os ; ... oa 1-.oa -.01 . -.10 . -.04 
I 

I .10 .. n I • 3s I • Sl l .01 ·" .96 . .06 

.u .38 .65 1.00 .a a 1.43 1.83 . .11 

llORIZON'l'AL DP:FLECTION l\BADING IN lNCJilUI 

• 01 I 

0 
-.OJ 

.oa 

.os 
0 

0 
.OJ 

.07 I 

.05 I 

.ll ~ 

.oa · 

! ' I ~ . 

.11 :-.02 • 24' .30 .04 

.12 1·.03 • JO I .44 . 0 

.22 I .01 .47; • 67 ~ • .03 

.lJ ' 0 .48 .to . 0 

# "I' , .r• 

.· . ..£! I , 
.. .,.. . ,/ 



I 
--------

1 
I 
I 

Page determined to be Unclassified 
Reviewed Chref, ROD, WHS 
lAW EO 13S26, Section ~.5 

... ~~-~~~~-r~onate~:n~~l~19~~~-~i[J:~~~-i 
DAft \ 

----- l-~--c-~=+-------t---·-----·· 

, ,, 

.... ., 



Page determined to be Uncltlllfted 
Reviewed Chief, ROD. WHS 
lAW EO 13526. Section 3.5. 
Uate: 

~~~----.--n~-~~-----·J-UL--19--~-~----~~~~~1 
~~~6~.~~~~.~--~~--------------~~~~~:1 

i 

··---··~···· ···--...._, .. 
•·' 

I 
I, 
I 
1\. 
1(. 
il· 
I' 

. ~-. l· 



Page determined to be Unclassified 
Reviewed Chief, ROD. WHS 
iAW EO 13526. Section 3.5 
Oate: JUL 1 9 201! 



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

Date: JUL 1 9 201S 

~·. ~' 1.• ; . 

\ 

ru TCHER A\'1-'TIO • CORP 
- -·----- . --··--f ,. ... 

. ...... . 

,., ... 

I, 

I 

\ 



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. 
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