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ABSTRACT

This Pifth Quarterly Progress Report presents the results
of continued work on the dissemination of solid snd liquid EW
agents., This project is directed tovard advencement of the
knovledge in the dissemination field and development of weapon
systems for line source digssemination from high speed, low-
flying eircraft.

Theoretical studies of the mechanics of particulate msterials
have resulted in equations for predicting the force required to
move a compressed plug of povder in a cylinder; theoratical limits
on a resistance parsmeter are given.

Zxperimentel results on tle shear strength of powders ss
affected by compaction snd humldity are reported.

Wind tunnel studiles of deagglomeration of finely divided
sompacted solids axrs covered. Particle size data and values for
the frequency of occurrence of agglomerates, determined micro-
scopically, are given.

A design concept for the first dry-agent disseminating store
to be designed and fabricated on this progrem is presented and
discussed.

Studies of the jet-plume problem as it reslates to loss of
viability of biological aerosols are described. Experimental
date on viebility lcss and a theoretical enslysis of the fluid
mixing prcblem are reporied.

Experimental results from s study of the rheclogical behavior
of Sm slurries made with a fluorocarbon liquid are reported and
& conclusion on the feasibility of this approach for disseminating
solids is given.

Progress on the detailed design and fabrication of a liquid
agent disseminating store is reported and the apprnach helng used
to fabricate inis unit 18 outlined.

The results of computatlions mede on the systems analysis psrt
of the progrem are given. A variable decay-rate mathemstical model
is discussed.
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L.  INTRODUCTION

This 1s tha Fifth Quarterly Progress Report on the program of re-
sesrch on dissemination of solid and liguid BW agents being conducted by
Gemsrel Mills, Inc. under Contract No. DA-18-O64-CML-2745. The overall
objectives of this program are (1) to sdvance the state of knowlsdge in
the BW dissemination field and (2) to provide experimental external stores
for line-source dissemination of both liquid and solid agents from high-
apeed low-flying aircraft.

The work conducted during this reporting period is & part of Phase II
of the program, which includes a continuation of research on sclid agent
characterization, delivery, mestering, disseminaticn and deegglomeration
and slso the dssign and fabrication of an experimental 1iquid egent dis~
seminating store. It 18 planned that Phases III and IV will fellow the
current work and will include design, fabrication, functionml teating and
flight testing of axperimental solid-agent disseminating stores and alsc
& continuous and intensive research program on the important espects of
dissemination of solid EW agents.

The progress during this reporting period is covered in the discus-
sions which follow. Highlights of the progress include new theoretical
snalyses and experimental results on the characteristics of dry powders,
establishment of & design concept for a dry-agent disseminating store and
selection of the configuration and design features of the liquid-agent

store.

-1- DECLASSIFIED IN FULL
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2. THRORETICAL STUDY OF THE MECHANICS OF PARTICULATE MATERIALS

Theoretical studies have bsen continued toverd development of a compre-
hensive theory of powder machanica. Two specific problems were examined in
some detail: (1) determination of the force required tc displace a plug of
povder contained in a cylindricel tube and (2) preliminary study of the re-
latiouship between the energy of compaction and the bulk density of parti-
culate matarials. The results of these inveatigations are reported below.

2.1 Resistence of Powder Plug Contained Within a Cylindrical Tube

One proposed means for feeding particulate msterisls 1s to use a pis-
ton to force the materisl from the storags chamber at a controlled rate. The
force required to displace the powder plug under these conditlons have been
determined approximetely by means of the following snalysis. Referring to
Figure 2.1.1, suppose that the powder is contained within a e¢ylindrical tube
of dlameter D with a piston at each end. We wish to determine the rstic of
applied to resistive load FA/FR when the powder plug is at the poj.nt of mov-

ing. Denoting the axial and radial stress components by o"z and @7, re=

P

spectively, and the shear stress at the wall by 'L, we have:
a T, .7
2 Y (2.1)
dz D

where G, 13 the mean axial stress.
Movement of the powder plug may te due either to shearing of the powder
at the wall or to slipping of the powder plug. In the latter case the shear

angle @ of the powder must axceed the friction angle 6 = tan~1 Mg 88
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illustrated by Pigure 2.1.2-v%'*}, latting o, = C &, snd vriting

Ty = Mg Op, Equation 2.1 takes the form:

da’zg htzc/‘f
4z D

(2.2)

If it is assuwed thet C is a constant, Equestion 2.2 may be integrated,

yielding: be 4 &

T, (0 om0 gze)  (23)

The constant ¢ in this equation cen be eagily evoluated in terms of
the shear angle ¢ and the friction angle §. The stress conditions exist~
ing st the wall in the physical plsne are shown in Figure 2.1.2-s8. Figure
2.1.2-b 1lluatrates the corresponding conditions in the stress plane, if it
is assumed that the material near the wall is at the point of shearing.

From the geometry of Figurs 2.1.2-b, it is possible to compute the con-
stant C; the result 1s: -

2 £ ]
C = S08 [1+ ‘\[1-...__03_'.2_.L_. (coaa¢+htnneeil(2.

1+s8in? ¢ (1 + sin? ¢)?

If the friction sngle @ = tan'l /U-r 18 equal to the shear angle §, Equation

2.4 reduces to:

2.1.1 General Milla, Inc. Report No. 2200, Third Quarterly Progress Report
on Dissemination of Solid and Liquid BW Agents (Unclassified Title),
May 15, 1961 {Confidentisl).
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C, = <082 9 (0 = @) (2.5)
1+8in? ¢

Raturning to Hguation 2.1, if we have @ > ¢, T, = O tan @ end
Equation 2.2 must be rodified es follows:
aT, btang &, C

- S (2.6)
d z D

On integration, we obtain:

E .o ? ) (2.7)
FR
Equations 2.3 and 2.4 define the force ratio FA/FR for g 2 @
while Equations 2.5 and 2.7 apply for # S . These results can be com-
bined by expressing the force ratio in the following form:
LXL

FA D 8)
2 = 2.
) 4 ¢ (

R

vhere K 18 & function of $ end 8. For § S 0, K = C, ten § whils for

g 2 9, XK= C tan 8. The wall resistance parsmeter X is plotted in
Figure 2.1.3 as a function of @ and 6. The theory indicates that & max-
fmum wall resiatance exists, for which K = 0.356. Also, the wall resis~
tance falls off rapidly with increasing § for ¢ > @

2.1.
The general form of Equation 2.8 has been confirmed experimentally 1.1

-e
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however, insufficient dsta are available on the shesr strength of povders
at high stresses to anable a detailed comparison of the theory with experw
iment at this time. 'The required shesr strength properties of powders
will be determined in the future under controlled envircumental conditiocns.
For the present, sn approximatse comparison between theory and experiment
is possible for tale powder. Using the apparatus described in s previous

reporta'l'a, the shear strength of talc was measured in a series of exper=

iments for compressive stresses up to about 6000 dynea/cmz. From these

tests, the shear angle for talc was found to be § = 35°. Also, values of
S end K are available from piston-cylinder tests reported in Reference
2.1.2. These values for talc on aluminum are: © = 33.6 degrees and

K = 0.319. From thecry, we obtain K., = 0.266. On the other hand, using
dsta for talc on Teflon from Reference 2.1.2, we find @ = 36 degrees and
Kexp = 0-358. The thecretical value in thia case 1s K = 0.356, Thus,
the agresement between theory and experiment is quite good for the limited
data available at the tims of writilng.

2.2 cCompaction Energy of Farticulate Madia

During this reporting period we heve studied the relationship between
the degrees of compaction (axpressed by the bulk density, /J) of a powder
and the energy required to produce this compactlon. Experiments were con-

ducted in sddition to theoretical snalyses.

2.1.2 (General Mills, Inc. Report No. 2216, Fourth Quarterly Progress Report

on Dissemination of Solid and Liquid BW Agents, (Unclassified Title)
August 10, 1961 (Confidential).
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In setting up an sxperiment to determine this relationship cne en-
counters ths problem of sccurately detsrmining the energy adsorved by
the powder. Normally when a powder bed is compacted s certain portion
of the energy input is expended in overcoming the friction between the
povder and the walls of the containar enclosing the bed. However, by

rmaking the bed depth sufficiently small, this energy may be neglected.

F
'/—Vei@t
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i l Guides .
b
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Z N l
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FIGURE 2.2.1 Measurement of Compacticn Energy
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The experimental arrengsment employed in this preliminary study is
sketched in Figure 2.2.1. The powder s contained within s cylindrical
cavity formed by placing aan sluminum template 0.433 cm thick, in vhich
a hole 6.3% cm in diameter had been cut, on 8 flat surfmce as shawn in
the sketch. A piston having a diameter approximately 0.005 cm smaller
then the dismeter of the hole in the template was used for applying the
load to the powdsr. Movement of the piston was msasured by means of a
cathetcmeter which could be resd to within 0.005 cm.

The tests were carried out by filling the powder cavity with the pow-
der to be tested (in this cass, talc) and observing the displacement of
the piston resulting from the spplication of known compressive stresses %o
the powder. fThe powder used in each loading sequence was weighed on an
analytical balance at the completion of the experiment., The results of
these tests are sumerized in Table 2.2.1.

These data are presented in Figure 2.2.2 with the stress plotted as &
function cf the inverse demnsity, 1/0. The experimental results may be

expressed with satisfactory accuramcy by an empirieal equation of the form:

¢ = 5.5%8 x 105 0546 (2.9)

The enorgy E sbaorbed by the powder bed is glven by:

%o
B(x) = f F dx (2.10)
x
where F is the force acting on the piston and x 18 the depth of the powder

ted.
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TABLE 2.2.1

COMPACTION ENERGY DATA

Mass of Powder

Used, grams = 2.k3 2.58 2.52 2.46 2.43 2.52
Ax
Stress, dynes/cu® Bulk Density, grams[an3 (Aversge)
0 0.16 0.17 .17 0.16 0.16 0.17 o]
0.512 x 10“ 0.27 0.28 0.28 0.28 0.29 0.28 4]
1.1k 0.31 0.32 0.32 0.30 0.33 0.32 0
. 2.07 0-34 0.37 0.35 0.35 0.35 0.36 o
e 3.62 0.39 0.39 0.ho 0.38 0.39 0.39 0.005
13
5.19 0.41 0.k2 o.k2 0.40 0.k1 - 0.42 0.005
CERT 9.1k 0.4k 0.47 0.48 0.Lh 0.4 0.h6 0.010
T =<a
® me 3 17.75 0.52 0.53 0.54 0.51 0.54 0.56 . 0.015
=gae
=293
23
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FIGURE 2.2.2 (Compressive Stress versus the Reciprocal
of Bulk Density for Talc
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Since the srea, A, of the bed remains coustent we have X, O, = X0
vhere /Oo is the lanitial bulk density and x 1a the initial dapth of the
povder bed. Writing dx = x, 4 (’;?.) eud F = ¢-A, Equation 2.10 gives:

Lo, Yp,
E ()= f Ax, P U)W, f 5 (o) & (1/0) (2.11)
1/0 /0

where LA 18 the mass of the powder 1n the bed and ¢ is the applied com=

presaive stress.

e

It was noted during the course of the experiments that the powder

£ Y

exhibited a marked elastic behavior particulerly et high stresses. Thus,
with a certain load applied an associated amount of energy is stored in

the material in a recoverabls form. If it is aasumed that the materiel

z

hes a linear elastic characteristic, this energy can be expressed &as:

[ AR RS s Mt O T

¥
Ee-fl"&y-cf y'dy'ncaﬁ n%‘x -Aa"y/a (2.12)
E 0
5, where y ia the distsnce that the piston springs back after the removal of
| S
v the forcs F. This distance was measured in each run for the different
;.K.

N

forces applied and {8 given in Table 2.2.1 under the Ax column.

Y

The energy of compaction is thus given by:

¢ 6 AT lx
Vi
i s, - ¥ [0 g0 e - o @19
L i o
|
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Putting Bquation 2.9 into Bquation 2.13, dividing by “o snd intae-

grating, ve gat for the energy of compsction per gram:

E -}‘ob6 ‘h-ué A rax
= . 125x108 | (&) v () - (2.14)
" =4 Po Uy 2
o
or
& BN, = BN, - E N
& 1 1 :
Using (=t~ —— w 5.0Tand ¥W_= (W) = 2,6 grams, we
g sl =5 0™ o), erage ’
% ‘ get the following table from Equation 2.1h.
4
% Table 2.2.2
= CCMPACTION ENERGY AS A PUNCTION OF BULK DENSTTY
b By /Wy x 107% BpMg x 107 Eo/My % 1074
g 1/0
T ergs/gram ergs/gram er m
= 3,55 0.41 0 0.41
A 3.1 0.77 0 0. 77
= 2.8 1.2 0 1.21
_ 2.55 1.9% 0.11 1.80
‘ ' 2.35 2.72 0.16 2.5
- ! 2.12 .38 0.58 3.80
ﬁ ' 1.87 7.58 1.68 5.90
1f E/Yylo is plotted versus 1// ass lLogelog graph peper, s straight line
- l with g slope of minus 4.37 i3 cbtained as shown in Flgure 2.2.3. Thus, the
B energy of compaction, a8 determined from these experiments, is given by thae
L l ' .
et empirical formila: Page determined to be Unclassified
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J. 8. Derr, Jr.,2‘2'1 has dsrivad an expression for the compaciion

energy as a function of the density which is of the form:

o

Where /Jo is the initial bulk density of the powder and °1 depends
on the initial dulk density of the powder, the absolute density of the
besic psrticle, the diameter of ths basic pariicle, and an undetermined
constant B, which is the energy per comtact between two particles.

Thig relatiouship i1s compared with the experimental results in

Figurs 2.2.3 using the experimentally determined value of /Oy = 0.1265 gx‘t:ms/c:m3

and assuming Cp = 1.92 x 102, It is interssting to note that both the
experimental deta for talc and the theory give s power law relationship
betveen the energy and the btulk density, although the exponents are aome-
what different.

It appears likely that considerable insight into the behavior of pow-
ders may be obtained from a study of the compaction process. The experi-
mental investigation of compaction energy will therefore be continued,
using improved experimental spparatus which will enable more precise mea-

surement of displacements and forces. Some of the effects which will be

investigated are:

2.2.1 barr, J. 8., Mathematical Model for Energy of Compaction of a Bed
of Powdsr, B. L. Tech. Memo. 9-22, Phyaical Science Div, Ft. Detrick,

Prederick, Maryland.
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PIQURE 2.2.3 Energy of Compaction per Gram versus the
Reciprocal of Bulk Density for Talc
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1)

2)

3)

k)

Copperison of various powdsrs with respect to ccmpaction
energy under controlled conditions and correlation, if any,
vetwesen coopaction energies and tulk physical properties.

Effect of moisture content on compaction energy for various
naterials.

Nature of elastic behavior of powders and aasociated hystere-
sis effects, if any.

Influence of loading history on net compaction energy change
betwean two density states.
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3. EXPERD{EN'IB O THE CHARACTERISTICS OF POWDERS

In connection with both the theoreticsl analyses of force trans-
mission in powders and the experimsatal studies of deagglomeration of
finely divided solids with slipstreem enerdy, there has dsveloped a grest
{pterest in the property of shear strength. For this reeson effort has
peen concentrated on obtaining experimental megsursments of this property
during +his reporting period.

3.1 8hear Strenggh of Powders

Figure 3.1.1 is s sketch of the apparatus used in making the shear
strength measurements, The disc and surface are roughened by cementing
places of $#100 sandpaper to the surfaces. The roughened surface is
necessary to insure ahearing of the powder, rather than sliding »f the

powdar on the metal surface. The force necessary to ghear the povder

e 2 AR

is determined by measuring the output of the full bridge formed by four
SR-4 strain gages which are cemented to the aluminum cantilever beam.
The procedure for making the ghear sirength measurements is as
follows: A mask, consisting of & piece of 0.1 cm thick eluminum with
a 6.3 cm diemeter hole in 1t, is pleced on the roughened surface. The
powder is sifted onto the mask, leveled with a apatula, and the mask
then removed. The roughened disc, which 18 4.57 co in dismeter, is
carefully pleced on the powder. Addilional weights are then placed on
top of the disc io give the desired compressive load. Care must be

token to properly align the disc so that it will not ba subjected to

‘s torque when the shear gtrength is measured. Force is then applied
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to the disc by means of the cantilever beam until the digc moves, thus
shearing the povder.

The shear strength of Sw, tale, and polyvinyl alcohol powders was
determined during the current report psriod, and the results are pre-
sented in Figure 3.1.2. These tests were made at rocm conditicus, i.e.,
75°F and about 50% relative humidity. Each point plotted in Figure 3.1.2
18 the average of four measurementa.

3.2 Effsct of Humidity on Sheer Strength

8ince it is expected that the mechsaical properties of most powders
will be affscted by humidity, *he shear strength 0f powdsrs is being
studied under controlled humidity conditions. A controlled atmosphere
cabinet has been obtsined and a system has been built to coatrol the
humidity in the cebinet in the range from 1% to 75% relative humidity.
Figure 3.2.1 is a sketch of the epparatus. BSaturated and dry air are
amixed in the propsr ratio to obtain the desired humidity. Drying Uﬁit #i
contains about four liters of "Drierite” déssicant. The final drying
Unit #2 containe Linde Moleculsr Sieve, Type 13X. The atmosphere in
the cabinet is monitored by an infrared hygrometer which records the
humidity with an sccuracy of +54 of the absolute humidity.

During conditioning of the powder, the cabinet is maintained at a
very alight positive pressure {0.2 - 1.0 in. of water). It is maintained
at the desired humidity for at lesst 48 hours prior to measurements ia
order to lst tha powder attain equilibrium with the environzment inaide

the cabinet. During the sctual shear atrength measurements,the cabinet
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is maintained at a very slight negative pressurs to facilitate working
with the rubber gloves. |

By using this system, the shear strength of Sm powder vs. compres-
give load has been determined st verivus relative humidities. Figure
3.2.2 is e plot of the results obtained (esch point representing the
average of four determinations). It will be noticed that the shear
strength incresses with increasing humidity up to 30% ralative humidity.
However, at U5% and greater relative humidity, the shear strength decreases
to a value lower than that recorded for any of the other conditions. Other

investigations- o't

have obtiined similar regults with finely ground
Cervovax 6000. A possible explanation for this spparent drop in the shear
strength can be offered in terms of the condition of the powder. At the
lower humidities the powder is in the form of individual particles. At

the higher humidities the powdsr becomes caked and contains many relatively
large aggregetes. These can be broken up by sifting the material through

a screen, but the sifted materisl still contains many eggregetes which

are the gize of the screen openings. When the shear stresngth measurements
are made, 1t is possible that these sggregates roll with the movement of
the disc. Therefors, it is likely that some combination of shear strength

and rolling friction is being measured ratle r than pure shear strength.

3.2.1 Genersl Mills, Inc., Report No. 2229, Fundamentsl Studies of the
Dispersibility of Powdered Materials, Fifth Quarterly Progress
Report, Contract No. DA-18-108-405-CML-824 (30 September 1961).
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filobigii versus compressive load will be determined as a fuuction of
relative humidity. To supplement thege experiments, the moisture con-
tent of both Sm end Bg will be measured after sxposure %o constant tem-
peratury snvircuments of different relative humidity.

Teasts also will be made on the shear strength of Sm containing vary-
ing amounta of Cab-0-8i1, a deagglomerstion agent, to determine the opti-

mum concantration for minimum sheer strength.

& l During the next qusrterly period, the sheer strength of Bacillus
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L. DISSIMINATION AND DRAGGILMERATION STUDIES
h.,1 Introduction

Studies on the dissemination of Sm simulant vere conducted in the
high-subsonic wind tunnel during this reporting period. These experiments
ware concerned with determination of the degree of dzagg].cdcntion FTO"
duced by the sir stream when compacted and uncompacted Sm tiere disseminated
by the piston-type diseeminator, described in our earlier mport.u"l'l

All of the evaluation of deagglomeration was performed by microscopic
examingtion of particles collected cn Millipore filters, placed iz the iso-
rinetiec particle sampling probe. This procedure, although it is much more
difficult than the Nhitby eantrimga method (which 18 also in use on the
project) vas considered necessary for this phsse of the work. The micro-
scopic analysis technique minimizes the probebility of bresking agzlomerates
collected from the airstreem and permits examination of the naturs of
individual sgglomerates.

T™wo types of studies were made. In the first, the particle aize dis-
tribution of the collected particles wss determined by direct counting.
In the second, spscific attention was given to the presence of agglomerates,
and the number of agglomerates ccmpared to the total particles was dster-
minad. Compscted §m samples up to 0.65 grams /cm3 varé studied The results

of these studles are given helow:

4,1.1 General Mills, Inc. Report No. 2161, Second Quarterly Progress
Report, Dissemination of Solid and Liquid BW Agents (Unclassified
title) Feb. 13, 1961, p. 36 (confidential).
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L.2 gp Dissemination - Particle Size Distribution

The dngg‘lcnerﬁtion of 81 in a high veloeity air streem was deter-
mined by comparing the particle size distribution of the material before
and aefter dissemination in the wind tunnel. In thess tests Sm "B"* vas
injected at an approximste velooity of 4 maters/sec 1ato an air stream
maintained at Mach number 0.50. The resulting aeroscl vas samiad. at tha
iungel exit on Millipore filters used with the high velocity sampling
probe.

A microscopic method wes employed in anslyzing the samplexs. The
specific techniques used in preparing slides fram the wind tunnel sampler
and the method of measuring the particles ere discussed in the previcus
Progress rcportu‘a‘l. For analysis of the écntrol material before dis-
semination, Sm was dispersed in benzene with & Wuring blender. One drop
of the suspension vas placed on a Millipore filter from which a slide
vas prepared using the technique discussed in the refarence.

The Bm simulant was disseminated in both its loose and campacted
forms, at bulk densities of Q.33 snd 0.50 gm/ce respectively. In the
latter casa the meaterial was compacted with a low=friction, piston devﬁice

in cylindrical segments with & length to diameter ratio of 0.15.

#Run Sl-Sm-342

4.2.1 OCeneral Mills Report No. 2216, Fourth Quarterly Progress Report,
Dissemination of Bolid and Liquid BW Agents, (Unclassified title)
August 10, 1961, pp. 99-100 (Confidentisl).
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Since the moisture content of Sm has been found tO be extremely
important in desgglomeration, this factor was comtrolled by storing and
vorking with the meterisl in e dry “ox at dew point temperatures below
-23°C (Relative Humidity, 3 percent). In thess tests the Sm moisture
content was thereby maintained at 1.7 percent.

A slight modification of the pistone-type dissemirnator discussed in

b.2.1 was made for these tests so as to provide

an sarller progress report
a close control over the injection of small quantities of material. A%’
the bottom end of tho.pilton, a spacial screw was inatalled st the axis.
It has a dlsc shaped head which is of the same diameter as the piston.

A space of 0.63 om is provided betwesn the end of the piston and the
disc, into which the Sm is loaded. During ejection the disc truvels

Q.7 em intc the tunnel eir stream and smell quantities of materiel, such
as 0.0l gn, are released during periods less than 1.5 m sec.

In these tests the average mese flov rate of Sm during dissemination
was about 450 ga/min (1 1b/min). As in previous tests, the resulting
asrosol was concentrated near the upper tunnel wall. Thersfore, the
samples wers taken at s position 0.63 cm below this surface.

Pigurs 4.2.1 shows the particle size distribution of Sm "B" bvefore
and after disseminatiocn, plotted on log probebility paper on a number

tasls. For each test 5 microscoplc slides were prepared and a total of

1000 particles were measured. Each treatment represents an average of

L.2.1 General Mills Report No. 2161, Second Quarterly Progress Report,
Dissemination of Solid and Liquid BW Agent (lUnclassified title)
Feb. 13, 1961, pp. 35-36 (confidentinl).
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cles vere smaller than 5/0,

samples of the same traatment.

3.50 - n.h/u. For the analysis each

vide a better estimate. The P

in sll cases.
For further insight into these data,

formed. The components of variance that e

Thus, the

two tests. The results show that approximstely g4 percent of the parti-

an snslysis of varisnce was per-

xigt are batween trestments

(bulk densitiese and control), between samples (replicats runs of a glven
trestment) and the residual (bvetween dieferent microscope slides prepared
from the sape sauple). TO facilitate this analysis, the distribution re-
sulting from each microscope s1ide was reduced toO a basis of 100 particles
and discretized into three fractions: 0.88 - 1.75/1., 1.75 = 3-50/& and
fraction was treated geparately.

At the 10% confidence level no significant difference exists between

veriances may be pocled to pro-

arcent of psrticles in each fraction under

the effect of each treatment is glven in Table h.2.1 together with the

overall means, pooled gtandard deviations and coefficienta of variation.

TABIE 4.2.1

TABULATION OF DISPERSED DATA

Treatment
gontrol
wind Tunnel (/S = 0.5)
wind Tuanel ( A = 0.3)
Overall Mean

Pooled Std. Deviation

Coeff. of Varistion

Fraction
0.88 - 1. T75 - 3.0 3.0 = Ll.bK
0.7 31.9 17.5
56.8 31.8 11.5
53.6 33.h 13.0
53-7 2.4 14.0
5.2 3.7 3.0
0.10 0.11 0.21
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The results of the anslysis of varisnce plus inspection of Pigure k.2.1
and Table 4.2.1 may be suzmsrized by:

1. Each trestaent is reproducible. There exist no statistically
significant differences vetween samples of each trestwent.

2. The differsnce between dispersion in all the wind tunnel tests
is nagligible.

3. The control sample distribution 1s coarser than those obtaired in
the wind tunnel. This impliss a better dispersion was obtained
in the wind tunnel than in preparation of control ssmples. It
is felt this difference arises from difficultles in preparing s
microscopic control sample. The difference is considered to be
within ancsptable limits from the practical standpoint of
deagglcmeration.

4.3 gm Disseminstion - Agglomerate Study.

The degree of desgglomeration was alsc studied over the range of gm
bulk densities, 0.30 - 0.65 gm/ce, by determining the relative number of
agglomerates and tasic particles present ou Millipore filter semples.

The sempling probe was again located 0.63 cm belov the top wall. At 7
this location the ctserved agglomerates were all below 20 microns in size,
with the mmjority in the range l-5 microns. Also, they primarily consisted
of doublets and tripleta. The possibility of doublets forming as a result
of two basic particles falling at the seme point on the filter means that
the data obtained should ve on the comservative side,

Figure 4.3.1 shows the percentage of particulats materisl sampled
that consisted of agglomeratas. For esch data point 2000 particles were
counted under the microscope. Thare appears to be very good deagglcmer-
ation at bulk densitles up to 0.6 gm/cc. Howaver, at higher densities a

sharp increase in the presenca of sgglomerates was found. Also, it was
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oteserved that a very small number of agglomerates, on the order of

' 200 microns were sampled at the higher deusitiess. In future experi-

3
:
.
‘

ments, these will be studied further to sstablish ths amount of nsss

they represaent.
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5. DESIGN CONCEPT FOR DRY-AGENT DISSEMINATCR

5,1 Introduct ion

In ths field of dry agent disseminaticn, one of the principal chjec~

1
!
B

tives ca this project is to provide a solid-ugent external disseninating

o TR

store which will te es nearly 8@ possible universal with respect to the

the type of missicn veing performed. Research coanducted under this pro= _
gram has provided data in several sreas related to disseminator design

which now make it possible to establish a design concept for the first

full-gize airborne dry agent disseminating stor: to e fabricated under
u later phase of this project. These findinge exe briefly sunmarized
below:

(1) Deagglomeration studles in the high-subsonic wind tunnel have
shown (Section 4) that dry Sm sixulsnt (with mositure content
of 1.7 percent.) is satisfactorily deagglomerated by an air-
stresm at Mach number 0.5, when compacted to a pulk density
of 0.5 gau/cm3.

=

Met7 210 AR PP A

l carrier sircraft, the characteristics of the agent veing disssmingted and

(2) Experimental studies of the effect of compaction on the
‘ vigbility of Sm reported praviously?-1:l have shown thst
approximately 0O percent of the originel viability is re-
tained aftar compaction with pressures as high as 16 atmos~
\ pherssa. Independent work at Fort Detrick {indicates that bulk
densities of approximately 0.5 are feasidble (from the vi-
ability standpoint) with dry Ul ageut.

(g T R S

{ (3) In connection with the above studies it has been observed
that compacted plugs of Sm (with lov moisture enntent) can
ts readily broken into agglomerates which are generally in

TR

e ———————

5.1.1 General Mills, Inc. Report No. 2216, Fourth Quarterly Progreas
Report on Disseminstion of Solid snd Liquid BW Ageunts {Unclassi-
£ied titls) August 10, 1961 (Confidnntial) p. 113.

P S
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the millimater size range. High spsed photographs have
shown that compacted plugs several millimeters in dismeter
are readily domzglomerated in the wind tunnel if the mols«
ture conteunt is maintained bslow approximately 2 percent.

raon

The sbove work indicates that provision should be mads in the

et

design of the zirborne disseminating store for hendling compacted

solid agents. PFor meximum flexibility it 18 ulso desirable that the
store be copable of disseminating unimpacted asgents. It is antici-
pated that the design concept dsacribed below will be anitable for
both spplicatiouns.
5.2 Design Concept

Plgure 5.2.1 shows the principal features of the dry agent dis-

seminating store currently under study. A cylindrical agent container

mwwmkmgwlmwmlm N : .

; is located inside the aserodynamically shaped outer skin. The space

“ ,' outside the agent conteiner is filled with low-dsnsity foam insulatiocn
; to minimize heat transfer into the agent before arrival at the target.
:T The agent container is fitted with two pistous which are mounted
ii on a lead screw which extends the full length of the cylinder. Rota-
:' tion of the screw advances the pistons toward the center of the stors.

This is accomplished by providing s left-hand thread on one side and

[rifaeny iy

a right-hand thrsad on the other. A guide fixed to the cylinder pre~

vents the pistons from turning relative to tha cylinder.

SR e

A At the center of the agent storage container, a disaggregstor is
mounted on the shaft which screpes the sgent from the two plugs which
are sdvanced from sach side. The loose material falls to the bottom

of the central section where it is discharged through an orifice in

- 34 -
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FIGURE 5.2.1 Design Councept of Airborne
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8 tvo-phase mixture with the motivating gas (probably dry nitrogen)
wiich 18 mtored in a cylinder in the aft-section of the stors.

The central shaeft of the disseminator is driven by an electric
motor through a high-torque variable speed transmission. The power for

the system is generated by a rem-sir turbine located in the nose of the

_ atore.

This configurstion appears to have several advantages, the mcast im-

portant of which are listed bvelow:

1. The length-to-diameter ratio of the plug of materisl being trana-
lated by the piston is approximately 3, which is compatible with
moderate frictional forces. Research ianvestigations on this con=
tract have shown that the force required on the piston in such
syatems increasss exponentially with the length-to-diameter ratic
and beccmes prohibitively high at values (L/D ~6) which would be
required in a single-piston system designed for beet utilization
of an optimum external store shape.

2. This configuration vill maintain the center of gravity within
narrow limits during tha entire dissemination rum, in contrast
with a system in which the nmaterial is transferred to the aft
end of the store. This feature will minimize the required cor-
rections to the flight countrols during dissemination.

3. The arrangement of pistons iz convenlent for experimental use
of the disseminating store with smal’ -~usntities of solid agent.
The residusl quantities of materisl should be minimal and f£ill-

ing with a smell gquantity will be possible.
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4. Materimls with a wide range of bulk density ahould be compat-

{ble with this configuration giving a maximum flexibility to

the disseminator.

5. The power required to drive the mechanism is low, and will be

compatible with that available from a small rem-alr turbine.

The pistons and the slow-speed disaggregator put s very low

energy into the dry agent, minimizing heating of the agent.

6. By providing a spesd-gelasction feature, a wids range of feed

rates will be gveilable. We are currently planning to provide

speeds of 100%, 75%, 50%, 37.5% and 25% of the maximm rate.

5.3 Other Degign Consideraticns

Preliminary study has been given to several aspects of the dry-agent

disseminator design, as summarized below:

5+3.1 External Shape

g1ix axternal store shapes have teen ccnsidered, as listed below:

Sticrs Designation

NACA - 635A
NACA ~ 65A
NACA ~ 654
NACA = 65A
Cyiindrical Body

DAC Store

- 37 -
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Ordinates for the NACA - 65A series vere presented in the Second Quarterly
Progress Report.s'a'l Ordinates for the cylindrical body end the Dougles

. Aircraft (DAC) store are given in Table 5.3.1.

With respect to these store shapes, two importent conaideratlons are:

1. The asercdynamic drag, and

2. The volume of the largest cylindrical agent storage containex
that can be placed inside the shell (see Figure 5.2.1).

The aerodynamic drag of these store shapes 1s summarized in Figure 5.3.1.
It may he seen that at subsonic velocities below M = 0.9, all of these bodiea
have low drag coefficients (below ch_ = 0,1), In supersonic flight there
is a considerable increase in the drag coefficient, and the spread between
the scversl configurations is lsrger. The DAC store and the NACA - £3A store
with £/d = 10 have the hest supersonic performance.

A study was also mede to determine the volume of the largest cylindrical
agent storage container that would fit in the stores., For illustrative pur-
poses a fixed maximun outer dlameter of 22 lnches was used. Table 5.3.2 pre-
sents ths resulta.for the six zases studied. The highest sgent volume was
for the cylindrical body. Jn final selection of the store shape, this
desirable characteristic must be weighed ageinat the dreg advantage of the
DAC store in supersonic flight. The NACA - 654 store with £/d « 12 15 favor-
able {considering agent volume) but ia not a very practical design because

of clearance problems assoclated with tha greater length.

5.3.1 Ceneral Mills, Inc. Report No. 2161, Dissemination of Solid and
Liquid BW Agents (Unclassified title), Feb. 13, 1961 (Confidential)

p. 1.
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TABLE 5.3.1

ORDINATES, IN PERCENT OF LENGTH, FOR CYLINDRICAL
BODY AND DAC STORE

Sylindrical Body DAC Btore
Fineness Rstio 9.33 Fineness Ratio 8.57
%x/1, percent r/l, percent x/1, percent »/1, psreent

o. Q. 0. 0.
. 360 .300 1.94% k6
1.210 .70 4,722 2,033
3.040 1.440 7.500 2.869
k.370 2.090 10.278 3.513
6.700 2.650 13.056 4016
; 8.260 3.070 15.833 L.416
' 9.150 3.290 18.611 b.7h5
“ 9.630 3,440 21.369 5,026
“‘» 10.840 3.7700 2h,167 5.272
11.990 5 26.944 5.485
13.240 L.120 29.722 5,661
N 14.290 k. 300 32.500 5. 785
15.440 b.Lbo 35.218 5.833
17.740 b 700 12, 500 5.833
20.040 b.920 4g9.722 5.833
22,340 5.080 52,500 5.812
24 .640 5,200 55,278 5. 749

- 39 -
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Table 5.3.1 Continued

x/1l, percent r/l, percent
26.940 54300
29.240 5.340
31.540 5.360
61.700 5.360
68.690 5.200
™.950 4.760
81,220 3.940
87.480 2.760
90.600 2.110
93.720 1.h20
96.8%0 .720
98. 440 360
100,000 0.
Source:

e e i m e TTa———

%/1, percent r/L, percent
58.0u6 5.646
60.833 5.507
63.611 5.332
66.389 5,125
£9.167 4.808
TL.Ohl k.623
o722 b, 334
77,500 4.023
80.278 3.693
83.056 3.347
85.833 2.989
88.611 2.620
91.389 2.246
93.611 1.944
95.833 1.6%
98.056 1.208
100.000 0.

Stevens, J. B. end P. E. Purser, "Flight Measurements of the
Transonic Dreag of Models of Several Isolated External Stores and Nacelles”,
NACA Research Memorandum RM L5SAKLOT7, 1955, p. 1l.
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DAC Store

NACA=G5A

Cylindrica
Serieas £/4 = 5§ - 8
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Mach Number

FIOURE £.3.1. Trensonic Drag Coefficients

Source:

of Isclasted Stores

Stevens, J. E. and P. E. Purser,"Flight Messurements of
Transonic Drag of Models of Seversl Isolated Externsl
Stores and Nacalles", MACA Research Memorandum RMLSLLO7,
1955.
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TABLE 5.3.2

DIMENSIONS FOR MAXTMUM VOLUME TANKS ITITINQ
INSIDE DODIES OF REVOLUTICN 22-IN. MAX. DIA.
{1=-In. Min. Clearance at Ends of Tank)

Body Pinensss 353; Length Diameter

Designation Ratio {(cu. m.) {(In.) (m.) L/a
NACA - 65A 6 11,440 58.0 15.8 3.67
NACA = 65A 8 15,420 81L.2 15.2 5.23
NACA ~ 65A 10 18,500 94%.0 15.8 6.07
NACA - 65A 12 23,150 116.5 15.8 7.37
Cylindrical 9.33 28, 500 111.1 18.1 6.15
DAC 8.57 19, 50 g4.8 16.3 5.83

5.3.2 Discussion of the Retating Mechanisma

It is ocurrently planned that the rotational speed of the central
shaft wlll be used as the main control of feed rate. The function of
the gas flow will be to discharge the msterial into the slipstream at
the ssme rate it is delivered by the pistons. It is planned that the
unit vill be provided with a speed selection feature Lo permit operation
at 100%, 75%, 0%, 37.5% and 254 of the maximum speed. Considering the
possibility of intenticnally varying tue bulk density of the agent over
a range of approximetely 2 to 1, these 5 speeds could provide a rangs of
agent mass flow rates varying by a factor of eight (8).

Tne process cof removal of material‘ from tne advancing slugs 18 a

glow-speed low-energy process which should have s minimum effect on the

DECLASSIFIED IN FULL
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viability of the agent. For illustrative purposes we may sssuxe that the
sgent mass flow rate 1s 4o be 30 pounds per minuts, the diameter of the
agent container is 18 inches, and the agent is initially compacted to &
bulk density of 0.5 ga/cmd (31.2 pounds/t). Each piston must then de-
liver 0.482 rt3/min, which corresponds to a rate of advance of 0.272 ft/min.
A rotational speed of 16 rpm would be cémpatidle with a rate of advance of
0.017 £% (.20 inch)/revolution. A variety of designs for the disaggresator
suggest themselves. Multiple cutter-blades are perhaps the mcst straight-

forward design. An arrsy of spikes or nsedles is also & possibility. BSuch

,designs will ba evaluated in future laboratory lnvestigations.

With the lead screw running through the cylinder, it will de necessary
to devise a method for cleaning out the thread just ahead of the piston. If
this 18 not fsesible, the screw will have to be covered by a telescoping or
collapsing shroud.

It will be necessary to seal off the snds of the cylinders to prevent
escaping material adhering tc the cylinder walls. This might be done by
placing a bulkhead at the ands of the cylindser. An alternate solution would
te to use a pleated sleeve nealed to the piston at ona end and the cylinder
at the other. As the piston moves toward the center, the sleeve would unfold_.

As the piston moveas toward the ceuter, the spsce behind the piston must
be filled with air (or other gas) %0 equalize the pressure.

COne aspect of the proposed concept which nseds to be inveatigmted more
fully is the force required tc move the pisions when the cylinder is losded

with compacted materisl. Data presently available on piston forces pertain

DECLASSIFIED IN FULL
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t0 small-diameter cylinders initlally f£1lled with looee material. Tests
are needed in which material u ccipacted into cylinders spproximstely
18 inches in diameter and forces requirsd to move the compa‘et.ed load are
mepsured. In the ¢vant that sxcessively large cylinder vall resisvive
forces are encountered, methods will be sou'ght for reducing these forces,
Some thought has been given to methods for eccomplishing this.

Since thess forces result from rsdial pressurs of the compacted
material egainst the inner cylinder well, it should be possible to lower
tk.xe force if the cylinder of material is allowa;l tc expand slightly after
the material is compacted. This could be acccuwplished by compecting
the material in an auxiliary loading cylinder which is slightly smsller in
Qismeter than the cylinder in the store. Whea the compacted plug is pushed
into the store, the plug can de expsnded, without crsating high radial
pressures.,

5.3.3 Estimate of Power Required to Drive Feeding 9!'“‘]‘
Becausa of the low rotational spead (npproxmte';.y: 16 rpm) of the

diugsr;gntor, the power consumed by this portion of the \ii;it is expscted
to be amsll relative to ths powar requirsd to move the material along the
cylindsr by means of the screw-driven pistons. An estimate of the power
required to drive the pistons can be made if the experimental values of
piston forces obtained with small-dismetsr cylinders are assumed %0 apply
0 large-diametar cylinders as well. This relationship will be studied in
datail before final designs are made. However, preliminary indications from
tests with tale (compressed to 0.5 ga/cm3) sre that a pressure of 20pad . .
wiil be adequute.
- 4k ~ DECLASSIF!ED IN FULL
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To exert a pressure of 20 psi, a piston 18 inches in diameter must
be driven by an sxisl force of 5090 lbs. The screv which drives the platon
has a pitch of 0.2 inches. If we assume a coaservative value of 15 percent"
for the efficiency of the screw, it is possible to calculate the torquse
vhich must be applied to the screw from the following equations

T w Sl
21e

vhere:
= applied torque

axial force

‘o W 3
]

= Dpitch of sorew

o
[

efficiency of screw

Thus;

M » 1080 inch 1bs.

217(.15)
Since there are two pistons om the screw, the total torque required is

2160 inch 1vs.

The horsepover required to drive the screw is calculated by means

of the following equation:

217N T

Horsepower =
33,000

where:
N =» speed in rpm

T = torque in ft lbas.
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Therefore,
2160
Horsepower = 2MWx16x =3~ | 55
33,000

Pover of this magnitude is resdily attainable with the ram-air
turbo-gsnerator proposed ss the power source. It is quite possibls thet
experimental results will demonstrate that values selectsd for the abcve
caslculgtions were too conservative and that a lcwer power requiremsunt can

be assigned to thae serew drive.
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6. STUDIRS OF THE JET PLUME PROBLEM
6.1 Introduction '

We have been very much interested in evalusting the potentisl
delsterious affects of hot geses frcm Jet engine exhsusts om the visbility
of BW serosols. Thia congiderstion is believed to be importaat in cases
where the disseminator is located in close proximity to en engine; such
a® a center-line instellation on a single engine aircraft or on inboard
pylon installation on small aircraft where the separation distance s
short.

We have experimentally studied the effect of elevated air strean

temperatures on the viebility of Serratie marcescens, serosolized from s

1iquid suspension, and have found substantial losses in viability, for
exposure durations as low as 0.6 seconds. The most recent work is dis-
cussed in Paragraph 6.2 below. An analysis hes also been made which
indicates that, in cases where the sercsol is released close to the
engine, mixing of the ssroscl cloud and the engine exhaust is very likely
to expose the biological matarirl to tamperatures which are high enough

to reduce the viability of the eercsol. This work 1s discussed in Para-

graph 6.3,

6.2 Effact of Elevated Air Stresm Temperatures on the Viability of
Serratia marcescens Aerosolized from ngﬁ Suspansicn -
In the pravious repertS:2:l {t vas shown that the viability of

Serrsiia marcescens aerosolized from a liquid suspensiocn was gignifi-

cantly reduced by exposure to temperatures of 50°, 75°%, 100°* and 125°C

6.2.1 Guneral Mills Report No. 2214, Fourth Quarterly Progress Report
vu Dissemination of Sclid snd Liquid B¢ Agents (Unclamsified title),
August 10, 1961, pp. 2-9 (Confidential).
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for a period of 1.7 socondg,. The purpose of these expsriments vas to
Obtain data which would emble'prediction of the effsct of mixing a viable
biological aeiosol with the hot exhaust guses of & jet engine. An exposure
time as large as 1.7 ssconds was considered necessary in order to account
for turbulent mixing effects which exist at the point of interception of
the aerosol streamlines with the Jet plume. These experiments have been
continued &uring the present report period to investigate the effect of
shortar exposure times at various temperatures. Data rcportad here were
obteined at expoaure times of 1.1 and 0.6 seconds in the temperature rangs
from 50* to 125°C.

6.2.1 Experimental
The experimental setup wes identical to that previously describs

d6’2‘1.
Aerosols were generated using a modified Vaponephrin nebulizer charged with
6.0 ml of the Sm suspension. The aercsols were sampled simultanecusly from
toth the heated leg of the apparatus and the unheated control leg using
All Gless impingers. Flow rata in all experiments vas 12.5 liters per minute
and the duratica of each run was 15 minutes. Viability determinations were
made in the manner discussed in the above referenced raport.
6.2.2 Results and Discussion

The effect on viability of exposure of Sl aerosols to heated air
streame for pericds of 1.1 and 0.6 seconds ia presentad la Tadle 6.2.1.
These data on the mean percent recovery as a function of temperature are

plotted in Figure 6.2.1 along with the data previously obtained gt an

exposure time of 1.7 seconds. It 1s apparent from this figure that,
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FIOURE 6.2.1 Effect of Heated Air Streams on the
Viability of Aerosols of 8, marcescens
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regardless of the exposurs tims to hemted air, the viability decreases

rapidly with increasing tempersturs.

TABLE 6.2.1
EFFECT OF ELEVATED AIR STREAM TEMPERATURES

ON THE VIABILITY OF 8. MARCESCENS
AEROSOLIZED FROM LIQUTD SUSPENSICHS#*

Racovery, Parcent

Temperature Exposure Time, Saconds
c* 1.1 Jeconds 0.6 Seconds
25 100 100
50 95 95
5 0 68
100 25 4b
125 7 10

*Duration of all runs was 15 minutes

The results obieined to date indicate that a viable aercsol, formed
from liquid suspension and then exposed to heated air, attains temperature
equilibrium with its surroundings very rapidly ( < 0.6 seconds). As a
result, there is an appreciastls decrease in the.viabuity of the organisma
even for short exposure times at fairly low temperatures.

The conclusions reached as @& result of this study are based on the
experimentally determined behavior of aerosols produced from a liquid sus-
pension of the one simulant, Sm., Similar experiments will be performed in

the future on serosols of Serrstla marcescens and Bacillus globigii produced
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from the dry material. This future work will provids information on
the behavior of an additional simulant, and also will dstermine the sus-
ceptibility of these orgsnisms vhea they are digsenmingted directly from s

dry agent store into a heated air stream.

6.3 Anslysis of Jet Plume Mixing
After raviewing the earlier work on this subject we found thet a ‘

gecmetric approach was being used; that is, the degres of interacticn : .
between the asrosol cloud and the jet exhaust was being determined by '
estimating the geometrical shape of ths aerosol cloud and superimposing the
average temperature profiles of the ezigine on this cloud. Conclusicns were
then drawn as to the proportion of the serosol cloud vhich would be exposed
to temperatures above a selected critical level. We feel that thls epproach
does not properly cousider the turbulent nature of the exhaust plume, which
(once mixing of the gerosol with the plume occurred) could bdring the bio-
logical material into regions of much higher temporature than indicated by
the plot of the aversge tempersture distribution. Therefore, it appears
that the boundary of the Jjet plume established by the velocity discontine
uities are more important to this problem than that established by a
selected aversge temperature profile.

The boundary of the jet plume cen be defined as the surface on vhich

V=Y

the velocity ratio - S a 0.10 vhere V is the local mean velocity, V o
a o ’

is the flight speed and V, 1s the mean velocity on the axis of the Jet.

According to Kuchemnn,6’3'l this conditicn 1s obtained on a conicsl aur-

face having a semi-vertical angle given by:

6.3-1 i((‘JCh‘-‘!;ﬂﬂﬂ. D. and Webder, J., Aercdynsmics of Propulsicn, McOraw-Hill
1953).
- 51 -
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1=A
T =9.0 Y {degrees)

vhere ) = ;9-, V, being the velocity at the exit of the engine. As an
1llustrative gase, taking A = 0.5, @ = 3 dsgrees.

At this dboundary of the plume, air 18 entrmined from the surrounding
a"mosphera. A study of ths entraimment of air by the et exhsust indicates
that stresmlines originating upstresm of the plume tand to be dsflected to-
ward the axis of the st before entering the plume. However, neglecting
this tendancy for the sercsol to he drawn into the plume, the point of
entry into the plums may be calculated by essuming that these streamlines
are straight lines parallel with the engine axis. For an example case of
a small dro.a, where the disseminator mounting station is approximately
three feet from the center line of the ungine, this point of antry into
the plume would be at a distance of X = 57 £t downstreem from the englne
exhaust nozzle.

Using results from Refarsace 6.3.1, the temperature diatribution elong

the axis of the plume can be represented by the empirical equation:

™{x) - Ty u 5 (for%— > 5)
T - T (l-l)(é—-) ¢

where T(x) is the meen tempersture on the sxis at a distance x from the
engine exhaust nozzle, T, i the ambient temperature, and '1'e 1is the
engine exhaust temperaturs. The engine nozzle dlameter is De’ For thae

drone, e have T, = 1200°F; thus for X = 57 ft, T, = 80°F, T(X) = L20°F.
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Experimental investigations cited in Reference 6.3.1 have shown that
the temperature distribution in the plume is broadsr than the velocity

distritution. Thus, a 10 percent tempersture ris. occurs on & conical

et L el L Tlb G B JoS

surface of semi-angle & . - 4o while the 50 psrcent rise occurs at an

angle of about 2 degrees. This temperature distribution is indicative

s asum PIE O

of the turbulent mixing process taking place in the plume, since thermal

energy 1s transported largely by turbulent diffusiom. It follows that

material entering the plume will be subject to mixing throughout the
plume and may therefovra be exposed to the full range of temperatures

TEUTERE TR Rl ey e

sxigting within the plume.
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T. RHEOLOGICAL EERAVIOR CF SERRATIA MARCESCENS SLURRIES
The investigation of the flow characteristics of slurries of

Serratie marcescens in a flucrochemical liquid was concluded during

the present report period. An extrusion rhecmster was used to study
the flow propertiss of glurries of high solids concentration.

7.1 Extrusion Rhecometer

The zapillary viscometerY'l'l and rotational viscometers prsviously
employed in studying the rheologicel behavior of Sm slurries in the
fluorochemical liquid FC~75 were not cepable of handling slurries of
greater solids concentration them 25 - 30 percent by weight. To axtend
the investigation to slurries of higher solids concentration, a simple
extrusion rhecmeter wes constructed for use with an Instron tensile
tester. The rhecmeter consistsd of a 1.625 inch (L.1lk cm) diemeter
eylinder capped at one end mnd containing & small orifice in the cyline
der wall, and a close-fitting piston. The cylindsr vas loaded with the
slurry under examination, the piston was inserted, end the davice was
placed in the compression test cage of the Instron. The force required
to extruds the slurry through the orifice at a constant flcw rate was
recorded automatically as a function of the plaston travel.

The orifice initially uced was 0.078 tnches (0.198 cm)} in diameter.
By varying the rate of jav travel of the Instron, the volumetric flow

rate through this orifice could be chsnged from 0.1 to 2.8 m3/sec.

7.1.1 Genersl Mills Report No. 2216, Fourth Quarterly Progress Report
on Disseminution of Solid and Liquid I¥ Agents (Unclassificd
title) August 10, 1961, p. 59-61 (Confidential),
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Additional testa vere performed with an orifice 0.1 inches (0.25 om)

in diametsr.

7.2 Rxperimental Results
Force versus flow rate curves were obtained on slurries of 33-1/3 and

40 percent by weight Sm. An attempt was made to prepere slurries of Sm

more highly concentrated than 4O percent by weight vith no success. At
higher concentrations there is not sufficient liquid ~;:z'eun‘a to suspend
the dry materdisl.

The resvlts obtained with the rhecmeter showed that the force required
to extruds the slurries at & constant volumetric flow rate increased con-
tinuously with the amount of material extruded. Figure 7.2.1 presents the
results of a typical experiment with a 33-1/3 percent by weight Sm slurry.
The pressure required to initimte flow through the orifice was about 10
psi (D.68 atm). The pressure required to maintain flow rcse continuously
to a value of 1000 psi (68 atm), the 1limit of the loed cell, after 23 cm3
of slurry had been axtruded. Similayr behavior was cbserved at other flow
rates and with the 4O percent by weight Sm slurry. At higher flow rates
and solids concentrstion, the riss in force occurred more rapidly.

It was thought that the phenomenon described above might be due to
g prefereatial displacement of the fluorochemical liquid which would de-
plets the Sm slurry remaining in the rhecmeter of liquid FC-75. This
hypothesis was tested by taking samples of the extruded Sm slurry in
welghing bottles periodically throughout one of the runs. The slurry

tegted was initially 33-1/3 percent by welght Sm. The samples which were
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snalyzed were richer in FC~TS tham the originsl mixture. The sample taken -
from the first material extruded was only 29.2 percent by weight Sm. The
83 content increased gradually ss more slurry was extruded reaching s
value of 32.3 percent st the 1000 psig limit of tha Instzon. At this
point considerable unextrudsd slurry remained in the cylinder which had
an Sm content in excess of 33-1/3 percent by weight.

Extrusion tests made with the 0.1 inch (0.25 cm) dismeter orifice
yielded similar results to those desoribed above.

7.3 gonclustons
These rather simple testis described sbove were made to determine the
feasibility of feeding highly concentrated Sm aslurries through restrictions
such as an orifice. From the information obtained it is concluded that it
would not be feasible to handle slurries more highly concentrated than
25 - 30 percent by weight of Sm. At higher concentrations extremely large
pressures would be requirsd to move the slurry through an orifice, and the
extruded slurry would vary In Sm concentration throughout the sxtrusion
procesas. Finally, a alurry of higher Sm content then 40 parceant by weight
cannot te preparsd because there is not sufficient liquid present to suspend

the naterial.
In vievw of these findings, it appears that the maximum concentration
of Sm which cen dbe conveyed and metered by the slurry technigue lies in

the range of 25-30 percent hy weight. A slurry containing 25 percent by
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weight Sm has a density of 1.58 gn/cm3.7'3']' Since 25 percent of the
slurry 1is Sm, 1t follows that there vould be 0.40 gn of Sm per cm.
Hovever, the density of Sm in its dry, uncompacted form is 0.33 m/en>.7-3:2
Therefore, use of Sm in slurry form to deliver a given rass of the ainm-
ulant would require carrying sbout four times the total veight of material

than vould be required in using dry, uncompacted material.

T.3.1 Genersl Mills Report No. 2216, Fourth Quarterly Proaress Report
on Disseminstion of Solid and Liquid B Agents (Unclassified
titla) August 10, 1961, p. 61 (Confidentisl).

7.3.2 1Ibid, p. T3.
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8. PROGRESS ON THE LIQUID DISSENIMATING STORB
8.1 Introduction

In our Fourth Quarterly Progress Report it vas pointed out that the
disseminating s>ore to be fabricated on this progrem would be one de=
signed for use on manned aircraft, rather than for the USD-5 Drone. The
general configuration of this external store vas shown in a drawing, |
included as part of Appendix B of that reporta'l']'.

The external shape of the store which was selected is known as the
Douglas (DAC) shape. This design has a subsonic drag coefficlent which
is comparable to other good shapes and e very low supersonic drag co-
efficient, asg discussed in Section ‘5 of this report., The generalized
coordinates of this store shape are also given in Section 5.

The disseminator will have a length of 227 inches and a maximum
diameter of 26.5 inches. The liquid agent will be contained iz an
inner tank (filament wound glase fib er construction) which will have a
capacity of 180 gallons of liguid agent. The space between the inner
tank and the skin will ve filled with a low-density, fcamed-in-place
insulation. A rem air turbine-generator, mouated in the ncse of the
gtore will provide 400 cycle, 3-phase power for the other electridl
components in the s+*ore. The liguid agent will be discharged at a flow
rats of 18 zm through slit-type nozzles located in two booms which
extend below the store during operation and are retractable into the

store. A motor driven pump will deliver the agent toc the booms during

3.1.1 Genersl Mllls, Inc., Report No. 2216, Pourth Quarterly Progress
Report, Dissemination of Solid and Liguid BW Agents (Unclassified
title), August 10, 1961 (Confidentisl) p. 28 of Appemdix B.
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d1gsamination and will also provide a recirculation feature during flight
before disseminetion, toc minimize settling of the solids in the agent.
The booms snd the plumbing compartment will be electrically heated to
prevent frsezing.

8.2 pesign Approach
It has teen decided that the detsiled design and fabricaticn of this

disgeninating store will be performed as an in-house effort at Oeneral
Mills, Inc. The oversll design configuration has been esteblished and
layout and detailing is proceeding in all areas of the design. Several
of the componeats will be purchaae& from other organizations. OQrders
have been placed for major purchased parts, including the outer tank
agsembly, the inner glass fiber tenk and the ram air turbine-generutor.
The specifications for thesse purchased items are included as Appendices
A, B and C to this report. The quoted delivery datea om all of these
items are compatible with the overall project schedule.

The disseminator will be separsble into thrse sections: (1) the
noso section, (2) the center sectién, and (3).the tail section. The
nose end tail sections will be bolted t0 the center section at section
Joint rings. The cuter sluminum shell and associated structural mombers
for all three sections will be fabricasted and assembled by Fletcher
Aviation Corporation. Iletcher will also install tha imner tank and fill
the space between inner tank and outer shell with foam type insulation.
8.2.1 Nose Section

The nosc secticn consists of the ram alr turbine generator and the

forvard compartment. The Allison Division of General Motors will supply
DECLASSIFIED IN FULL
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the turbine generstor which will have a L.5 KVA capacity. The forvard
compartment will house electrical connections to the generator, circuit
breakers, and the generator voltage regulator. A door in the forvard
compartment will provide access to the elsctrical components mounted in
the compartment and to the bolts attaching the nose gection to the center
section.
8.2.2 Center Saction

Te centar section of the liquid agent disseminator extends from
station 23 to station 171.5 and includes the inuer taok, the lug attache-
ment and "strong back" siructure, Qnd the aft compartiment housing the
plumbing and fluid hendling system.

The filament-wound fiberglass inner tank will be supplied by Lamtex
Industries, Inc. The space batween the inner tank and the outer shell
will be filled with fomm insulation. This insulation will perform three
main functions (1) provide structural support to the outer shell, (2)

provide support for the inner tank, nnd {3) prevent heat loss from the

S \

inner tenk. The military specifications for aircraft wire and installation

have been reviewed, and wire and conduit aizes have teen determined for the

purt of the system which passes through the Iinsulated sectlon of the store.

Considerable engineering effort nhes been devoted to design of the fluid
Liendling system, located in the aft compartment of the center section.
Space is limited in this area, requiring careful stteation to selection
and placement of components.
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The severe leak-tightness requiremant, as dstermined by the
General Elsctric He-l halogen detector has been the most importsat
considerstion in selection of components for the fluid handling system.

It has been determined that thie pump unit which is most suitable
for this epplicetion i3 s rotary vane-type pump manufactured by Isar-
Romec. With respect to leaketightness, the manufacturer has assured
conformence to a leakage test using soap solution and air at 20 peig
air pressure, but has not performed the halogen test. We have elected
to purchase this pump because ve be'lieve it to be the bast svailadbie
and subject it to the hologen leakz;ga test in our laboratories. As a
back-up measure, we have considered enclosing the entire pump and motor
in a sealed casing. This will be done only if tests prove the necessity,
since it makes the space problems more critical.

The 28 volt DC sclcnoid valves will be suppliad by the Marcita
Valve Co. This manufacturer is confident that these valves will meat
the severe leakage tests. However vthe tests will have tc be paerformed
by General Mills, Inc. If these valves do not pass the leaskage test,
modifications to improve them will be investigated.

Hydropoise, Incorporated will supply the flow indicator. The pri-
nmary factors considered in selection of the flov indicator were pressure
drop across the instrument, size and weight. The meter selccted 18 of
the turbine flow transducer type. It will provide the flow/ano~flow
indication required and will also permit instrumentation to he attached

during ground test, which will permit mctering of the fluid flow.

DECLASSIFIED IN FULL
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The manual vslves will be of the packless diaphragm type supplied
Ly Hills-McCenna Company. This type valve is widely used in the chemi-
cal process industry. |

The plumbing fittings have not as yet been ordered and vill not
until the more detailed layouts have been completed. Basically,
they will be 37° flare and welded or silver soldered fittings with
some atra.ight threaded "0" ring fittings to mate the pump and other
established bosses.

A8 an aid to establishing the configuration of the plumbing and
fluid handling system a full scale wooden mackup of the aft compartment
vas made. At the present time detailed drawlngs are being made to
finalize the fitting requirements and to establish the structural sup-
port for the plumbing system.

Heating of the plumbing system will ba accomplished by heeting the
aft compartment. The compartment will be insulated with a 0.5 inch
thick leyer of foem insulation. An inner sluminum shell will serve aa
a prt:;‘cective covering for the insulation.

Hesting requirements for the aft compartment are based on a cone
figuration 22 inches in dismeter and 15 luchss long. The compartment
wall cross section and temperature gradient was ssaumed to be as shown
velow. To be on the conservative side it was epssumed that the inside
snd outside surface temperatures were equal to ihe ambient air temper-
ature in each case. It was further assumed that there is no.heat flow

to the forward area, 1.e., the fluid store area.
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Preliminery calculations based on these assumptions indicate that a
heat requirement of 60 to 65 watts will te necessary to maintain temper-

ature levels in the pump end plumbing compartments.
The aft compsrtment will have two dcors, one to permit extension of

the f1lling hoses and the other to provide access to the manual valvus.

8.2.3 Tail Section
The tail section houses the actuator system. The actustor system

consists of the Pfollowing major components: (1) actuator, (2) two booms

and lever arm attached to a torque tube, {3) support structurs for mount-
ing the actustor and booms inside the tank.
The design has progressed to a point where a layout of a workable

system 13 completed. Individual compoments may have to be changed but

the basic geometry of the system has been declided upen.
The actuator will te a modification of one that i3 preseatly in pro-
duetion by AiResearch Manufescturing Company of los Angeles, California.

This actuator was chosen because it fits well into the design and the

quoted price and delivery time was favorabla.
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The support structure vas designed with the idea of combining the
actustor snd booms in & structurs that cen be installed and removed from
the tapk as a unit. It is belleved that +this will simplify assembly
and servicing.

A wooden mockup of the actuator system is veing made and will be
instelled in a mockup of the tail section. The tail section mockup
includes the section between sta. 171.5 to sta. 220. The mockup will
closely resemble the actual system as to size and ghape so that any
clearance and structure problems will become evident. Also the mockup
will aid in the final design of the boam well structure.

The booms and lever arm will be welded to the torque tube and pivot
a8 a unit about two bearings mounted in the support frame. The lever aIm
will be locsted midway between the bearings. A stress snalysis lndicated
that the bending stress with an 1l~inch torque tube span between besringe
would be 31,000 psi. It was desired to reduce the stress to approximately
15,000 psi. Therefore, the tube span betweeun bearings was reduced fronm
11 inches to 6-1/2 inches. In order to do this e booms had to be moved
in soc that they will be parallel and L inches apart. Proviously, they
were 6-1/2 inches apart at the torque Lube and tapered to b inches apart
a8t their ends.

A number of problems have been considered in the design and fabri-
cation of the boom. The main problems areas &re (1) obtaining suitable
voon meterial, (2) machining of the nozzle slits, (3) boom hesting and

{4) boom covers.
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8.2.3.1 Boom Meterisl

The stress levels in the boom due to the serodynamic loading will
be quite high. Conmidsration was given to the deaign of a boam which would
have low enough stress levels to sllow the use of 300 serles of stainlees
steel tubing. Hovever, with a 300 series yield strength on the order of
35,000 psi, even a boom of 1-1/4 0.D. and 1/4 iach wall would have ex-
cessively high stress levels, on the order of 51,000 psi. The contribut-
ing factors to this high stress level are first thec boom length of 36
inches which provides a substantial moment arm. Fore and aft stressen
can be lowered by the addition of stiffener plates. In addition, the
lataral forces caused by the von Karman éf!‘ect and the genaral alr turbu-
lence are an unknown quamtity; since the von Karmen forces may equal the
aserodyanmic drag forees in their worst condition, a conservetive approach
lias been takem in requiring the boom to withstand full drag force in the
lateral Airection as well.

To sustain the high stress levels, a high strength stainless vateel
tubing is nacesssry. A check of tubing and steel manufucturers revealed
that the size ranges of tubing required were not avaeilable from stock and
the only way to obtain the matarial is by a special mill run. The materials
conoldered most suitable are sight 17«TPH or AM350. A mill which will furnish
the tubing in the desired quantities war found with the help of the Carpenter
Stecl Company. From the available choices, a 1.000 inch dia. x 0.083 (wall)
tubing was selected.
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3.2.3.2 Machininlot Nozale Slits

Several technigues have been considered for machining the 0.005
inch (width) nozale slits in the booms. Samples have been made by spark
srosion machining and by chemical etching. A taird sample will be made d
by ultrasonic grinding. These three semples will be evalueted i1 the

near future by microscopic examination and by flow tests o determine

the beat technigue for this application.

8.2,3.3 poom Heating
It was poirited ocut 1n our Fourth Quarterly Progress Report

8.2.1
that the tooms should be heated with 8 watis per square inch to protect
againat freezing. In contacts with Electrofilm, Iuc., {North Hollywood,
talifornis) it hes been determined that it is femsible to provide
heating at this level with film type resistance heaters. The thickness
of the total hester installation is expected to be 0.015 to 0.020 inches,
which includes the heating film (of thickuess 0.005 inches) and an inner
and outer coating. Further work 1s planned on the evact pattern of eppli-
cation of the heaters near the disseminating nozzles.
8.2.3.4 Poom Covers

The problem of protecting the vooms when in a retracted poeition,
prior to the disseminaticn run, centers around providing some Lype of
cover over the storage wells. The desirability of a protective covering
is primerily besed on preventing the boom dlscharge slits from becoming
clogged with dusi, or o'iar foreign waterisl, or iced over during the

period prior toc the aclual dissemination.

$.2.1 Caeneral Mills, Inc., Report No. 2215, Fourth Quarterly Progress
Report, Dissemination of 80lid and Liquid EW Agents (Unclsesified
title) August 10, 1961 (Confidential) p. 17 of Appendix B.
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An e@ation of several possible soluticns t¢ this problem,
including retracta"bla'doors, expendable doors, flexible doors and film
or fabric replaceabls covers has indicated that ths film or fabric
covers would be the simplest and most satisfactory method.

A moekup is being fabricated to investigate the forces required
to bresk various film end fabric covers. It is important that the torgue
required I‘rom the bocm sctuator for this purpose be well within the avail-

able limit.
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9. SYSTEMS BTUDY
A mthmtical' model for an infective dose dcwn wind of a release line
wes introduced in the last quarterly progress report. 3y means of this model
the probability of criticsl infaction of the populstion v'n determined as 8
function of down wind cl'oud travel for various psrameters such as agent cone
centration to infective dose ratio, discharge rate, wind speed, otc. In this
report essentially the same model is used and for the same purpose with addli-
tional factors, however, being taken into account. These factors are: -
. {1) the efficiency of particle retention of & man,
(2) the length of release,
(3) the initial downward cloud displucement.
Previcualy it was assumed that the efficiency of particle retention is 100%,
<he length of release 1s infinite, and the initial eloud displacement is zero.

5.1 Model Develorment and Basic Asgumptions

The number of bacteris available for a man oa ground level at a time i
due 10 un instantaneous point source located st the point (o, 2 , h) for totsl

nusber of bacteria q rcleased at t = O, 18 governed by the equation

3/2 \ E,

(o /5y )3 ey

DL s (?-'r) exp. [ -kt - ((%-= ut)2 + (¥ '2?

+ h2)/ af (ut/xl)gﬁ] (9-1)

where the nomenclature is defined in Table 9.1 and the coordinate gystem
is =mhown in Flgure 3.1.1. If it is assumecd that the time taken by en air-

craft Lo lay out the line source is negligible, the bscteria concentration

-39 -
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TABLE 9.1

Dafinition

Bresthing rate of a man

Agent concentration .-
Agent dosage per person

ground level dosage of the agent
Disgemination efficiency

Efficiency of retention of particles with

Mean afficiency of retention o0

"gize" 1

2
Complementary error fuamction l:exp (-2 /o) at

.
M1

Dissemination flow rate
Height of an aircraft

Ad justed height of relemse

Number of organisms required to infect 50% of the people

Agent dscay

Half of length of releese line
Dimtance slong the aircraft path
Probavillty of infection
Source strength

Particle "size"

Time after releasse

Wind speed

Alrcraft speed

Weather psraneter

Waather psrgmeter

Haight for which ¢ nnd /3 are determined
- 70 -
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at time t for the assumed instantsneous 1ine source can be ovtained from

Equaticn 9.1 by integrating over ﬁ from - L to L, which becones

V‘i’- q Er ijP‘ {- kt - [(x - U‘h)a + hg]/aaa(utlxl)zﬁ}

ER TP BT
- L
Aerfe {VE T (ut/x, ) }

where

> -5 -L .. + L )
Aerfc {-V’g W] erfc[\/-é- W] rfe [va—- W] (9 2)

expressed In units of

| It is noted that 4 nov is thé 1ine source atrength
ch the above

number of bacteria per unit time. Additional assumptions on whi

AR S L] Nﬁ‘*'!"'"»“%ﬁ“&‘*?mﬂmmmm;gmnmm, g
TR e LML Al e ."N!'l. "

l equation depends are that:

(1) the wind speed is unidirectional (positive % direction) and constant,

i (2) the terrsin is smooth, aad

L ‘ (3) the bacterial particles axe small enough to exhivit a Brownian motion.

Of these items, (1) is the most serious since in reality wind speed is not a

! constant but dependent on height ag well as other paramsters such 88 time.

N p->]
: The total dosage per man is exprosded as b[ DI. (%, ¥, t) dt. With
0

ithe assumpticn that the spread of the cloud 1s small compared with the cloud

displacement, thise expression becomes

a =\/§’.T: % By axp. [- Ty nejea’ (x/xl)M] Aerte (\/5___.___/3.;' )

au ( x/xl)a 0';(5 xl)

ij -

9.3)

-

y E e

-2 - DECLASSIFIED IN FULL
Authority: EO 13526
COMELIMISL Chief, Records & Declass Div, WHS

Date: \’UL ‘9 m



Ny

ALY P

i
|

LR R SOTL (v o0 T L

U e e

vhere the aource strength, q, is obtained from the equation

g~ IE (9.4)

v

Equation 9.3 reduces to 9.2 of the previous quarterly report for Er
equal to umty and L equel to infinity. The probability of infection is
related to the lethal dosage by

Pal-2- YDy ' (9.5)

9.2 The Bfficiency of Particle Retention of a Man

For the previous mathematical model it was agsumed that a man retains
all of the particles that are inhaled. Since only a fraction of particles
remain in the lungs, a better model is obtained if this fact is taken into
account. This may be accomplished by introducing a mean gfficlency of
particle rateation which would be a function of particle size, r. If Er(r)
is particle retention efficiency for size r and N(r) is the size distributionm,
then the mean efficlency of all particles is defined as

=) o
1 4 1]
E’r- fErNu/ho (9.6)
cg 0
For normalized N, 'E'r - f B - N dr'. As e numerical example, lat us sssune
o}
a nomol breathing rate and particlss on the ordsr of 1.5/4.. In this caaeg 2.1

L, (r- 1.5)2

1 = Q.1 2. [0 ol
Br 1s epproximated by E. 5% » + 0 For N(r) = VT“' the

nmean efficiency bvecomas 0.33, in which case the probability of infection 18

diminished considsrably as compared to the ideal case of 100% particle

retention. For u = 5 mph, C/mso = 1012 ft.-a, f a5 ft.B/min., h = 100 ft.,

g.2.1 lucien Dantrebande, Studies of Aerosols, AEC Research and Davelopment
Report, p. 33.
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"weather condition" good, end the “"decay factor" as defined in the previous
report, the comparison is shown graphically in Figure 9.2.1.

The curve for the probability of infsction, s seen ia Figure 5.2.1,
has the mame form for partial retention of particles as for the totsl re-
tenticn; however, there is a considerably greater decressing rate in the
probability from the maximum value in the former case.

9.3 The length of Release

For most of the flight conditioms the length of releese cen be con-
gidered as infinite so that the factor, A erfc, in Equation 9.3 assumes
unity. In case of large O, and /2, though, this factor camnot be considered
as unity. Nesr the source it 1s nesr unity but for larger down wind cloud
travel it dimishes to zero with tha rats depending on values of J7 and 2.
For averags and poor "weather conditions", as defined in Reference 9.3.1,
this factor is plotted as a function of cloud travel in Pigure 9.3.1 for
a center line (y = 0). In case of good "westher" the length can be ccn-
sidered as infinite. In general Aerfc is greater than or equal to 0.999
at the center line when the inaquality, \/—5 L/ G'z(x/xl)ﬁ > 3.300, is

satisfied.

9.4 Initial Dowmward Cloud Displacsment
The cloud of particles upon releasse from an aircraft accelerates downe

ward. The motion is due to displaced air by en aircraft. An estimate has

9.3.1 North American Aviation, Inc., Report No. NA-Sg~632, "Alrborne
Blological Warfare at Low Altitudes,™ Vol. 11, 15 June 1959,
pp. 165-6 (Secret).
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teen obtained by other vorkersg'u'l of the downward velocity of the cloud
as a function of time. Initially it is approximately 7 ft/sec but then.
dtminishes exponsntially with time to about 1 ft/gec in 20 seconds, This
study indicates that the initial displscement of the cloud is about 55 ft,
80 that the height of an aircraft, h, in our medel must be diminished by
thet emount.

9.5 Rumerical Results

To determine the probability of infection ss & functica of down wind
cloud travel, the same values are ussd for the parsmeters as in the Fourth
Quarterly Report except for particle retention efficlency and the aircrsft
helght, which ars taken to be 0.33 and 55 ft, respectively. Equations 9.3
and 9.5 were progrermad on 8 Bendix G-15 digital computer and the results
plotted by PA-3 plottier durling program executicn., These graphs were ree-
dravn and are presented in Pigures 9.5.1 and 9.5.2.

9.6 Comperison of Bxperimontal and Theoretical Results

It is of gresatest interest tc compare the experimental results for
vacteris intake per men with the theoretical results. The valuea for the
parameters are teken for trial A-L conducted by North American Aviation,

Inc.g'}*‘l These values are:

Length of release 15 mi.
Height of an aircraft 110 f£t.
Wind speed 15 mi./he.

Bacteria concentration

Flov rate

————ep—t—

9.k.1 See Refereance 9.3.1, pp. 165-6.

1.6 % I.Olo org./ml.

17.25 gal./min.
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Alrcraft speed 400 knots
Nozzle ufficiency 11%°
Retention efficiency of particles 100%
Breathing rate .012 m3/min.

A mild temperature inversion was present in an open terrain

g0 that 03 = 3.8 m. and S = .66.

Bacteria decay conatant 1% per min.
The comparison of the experimental and +heoretical results is showm in
Flg. 9.6.1. As would be suspected no correlation exista betweer the theory
and the experiments. As pointed out in the last quarterly report and a
report on agent charactaristicl,g's'l k is not a constant so that this fact
in itself would lead to a discrepancy. Also the correlations between the
tempereture end wind speed profiles with parsmeters oz, A2, and X, are poor.
Tt 18 1l4kewisa not known how much bacteris is lost que to exposure tc the
Jet of an aircraft. The decay constant, k, which enables a least square
fit by Equation 9.3 to the data for log d/2 vs. logm %X in this particular

trial is

k(t) = (4.83 - .k11 10510 1%.8 t)/t

That {8, if the decay constent is taken to be of the above form rather
than 1% per min, then the theoretical result agrees with the experimental
in the least square senpe. From this result it appears that the decay rate

varies even mora rapidly than what was originslly suspected. More laboratory

9.6.1 TFort Detrick Report April 1, 1961, Biologicsl Warfare Agents II.
Agent Characteristics, No. 61-FDS-392.
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end field experiments are needed in this arss s8¢ that more precise

conclusions can be made.
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10. SUMMARY AND CONCIUBIONS

During this reporting period, Fhase II work was contioued, lmcluding
resesrch in several areas associsted with dissemination of solid HW sgents
and also the initisl work on the detailed design and fubrication of & liquid
agent disseminating store.

The theoretical studles of the mechanics of pertlculate msteriels were
cuntinued. Two'apecific problems were examined: (1) determination of the
force required to displace a plug of powder contained in a cylindrical tube
and (2) a preliminary study of the relationship between the energy of com~
paction and the bulk density of particulete materials. A3 a result of the
first analysis, an equation for the forcs required to translate a powder
plug, vhich is of the same form as earlier empirical equations, was derived
theoretically. Furthermore, limiting values of a resistance perameter, K,
wers theoretically derived and have been confirmed by experiments of limited
scope. With respect to the role of the energy of compactiocn, the theoretical
analysis of J. 8. Derr, Jr. wes compared wilh recent experimental date and
good agreement was found (Section 2).

As part of the experimental program on the physical characteristics of
powders, extensive shear stirength measurements were made, which included
investigation of the relationship of shear strength to compressive streas
and the atmospheric humidity im which the material is astored. It was found
that the shesr strsngth incresses nearly linearly with compressive stress
in the range investigated. Preliminary indications are that more repid in-

creases in shear strength src found st higher compressive stresses. These
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will be inveastigated in the near future. With respect to humidity, it
was found thet shear strength increases with increasing bhumidity up to {
30 percent, but that it dacreases again at 45 percent (Section 3). '

The wind tunnel studies of dissemination and deasgglcmeration were
continued, and included investigation of particle size distribution of
aerosols generated from loose and compacted Sm simulant, and alsc a study
of the frequency of occurrence of agglomerates in the asroscl. These
studles were made by microscopic examination of particles collected on
Millipore filters in the isokinetic sempling probe. It was found that
the particle size distribution of the collected material agreed very closely
with that or the ¢ontrol sample from the ‘bulk material, indicating essen-
tislly complete deagglomeration for samples with bulk density up to 0;5 gn/cm3.
Studies of the frequency of occurrence of agglomerates, as a function of the
bulk density of the compacted Sm, revealed the existence of a critical region
at approximately 0.6 gn/cma, above which the number of agglomerates increases
rapidly (Section %).

During this reporting period a design concept for the first dry agent
disseminating store was developed. This concept appears to meet the original
objectives of providing maximum flexibility cof epplication with respect to
agent properties, carrier aircraft capsbilities and missions. This design
concept is based on the use of compacted dry agents and employs a dual~
piston feeding system with provisions for selecticn of 5 operating speads.

The psyload ig cotimated ta be 90 pounds of dry agenl compacted to a bulk

density of 0.55 gm/am3 (Section 5).
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Studies of the jet plume problem were contigued with further experi-

mental work on determination of the losses of viability in an aerosol gene-
erated from a liquid suspension of Sm., It was found that substantial losses

occurred for exposure durations as low as 0.5 seconds at temperatures of

50-125°C. An anslysis of the Jet-plume mixing problem indicates that, for
cases vhere the serosol ls released close to the engine s it i3 reasonedlie

t0 expect mixing to expose the aercacl to tamperatures which will cause lcas

of viability (Secticn 6).
The inveatigation of the rheological tehavior of Sm slurries, made with

fluorocarbon liquids, were completed during this reporting period. Ii was

found that the maximum concentration of Sm in the liquid 13 25-30 percent by

velght. Above these concentrations, the pressures required %5 extrude the |
slurry through an orifica 1s very high aud variable. It was concluded that

the weight penalty in a system of this type would bes tco high to permit

1ts use (Section 7).

Considerable progress was made during this period on the design amd
fabrication of the liquid disseminating store, which 1s part of the Phase II
program. The genarsl design features weres established and the approach for
fabrication was determined. The external shape of this ctors is known as
the Dougles (DAC) store shape and the principal dimenaiona are a length of
227 inches end a maximum dismeter of 26.5 inches. The liguid capacity is
130 gallons and the flow rate is 10 gellons per minute. The main purchased
components have been ordered and detailcd work on many of the aubemssemblies

has been initiated (Section 3).
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The syatems analysis, employing a& verisble-decay-rate mathematical model
has been continued. Celculations have been made, comparing ths predictions
of this model with aveilable field data. It sppears that the varimble-decay=-
rate approsch offers scme improvement in mathematical modele for this come

plex problem (Section 9).
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STATEMENT OF WORK

| EXTERAL REMOVABLE AIRCRAFT TANK ASSEMBLY FOR GENERAL MILLS ELECTRONICS GROUP
o 1.0 SCOPE

] This document daescribes the design, performance and delivery require-
I ments for the engineering and manufacturing of an exterzal, removable
aircraft tank asseably and the accoupanying requirements for dscumentation.

' 2.0 APPLICABLE DOCUMENTS

2.1 Confarence at Fletcher Avistion Corp. attended by J. McGillicuddy
and H. Benjamin cn August 7th and 8th, 1961,

2.2 Quotation from Fletcher Aircraft Corporation (T. Derlachter) to
Geneysl Mills dated August 17, 1961.

l 2.3 Specifications MIL-A-85913, MIL-T-7378A, MIL-T-18847A.
, . 2.5 GCeneral M{lls, Inc. drawings Ro. §K29100-018 and €K29100-026.
3,0 REQUIREMENTSB

I 3.1 The contractor is to supply assemblies consisting of the outer tank
or shell, various structural elements, access doors, and an inner f1ilament
vound tank fcamed in place; hereinafter these assemblies vill be referred to

| ainmply As tank assaemblies, or tank assembly. Esch tank sssembly vill com-

i gist of three subassemblies designated the noss section, the center section,
and the tail section. Construction shall be such as to allow repeated dis-
assembly of the main tank assembly into the thies subassemblies and reassembly.

l Design and construction is to be in accordance with the requirements of this
work statemant including referenced portions of the applicable documents.

3,2 The tenk nssembly when carrying the loads designated on Genersl
Mills, Inc. drawing §K29100-026 shall be suitadble for tlight oa the P-100,
F=105, B=66, A-4D, and the A3 aircraft, including arrested landing and
catapult take off conditicns, and at speeds of up to 0.95 Mach mmber at ses
level. load factors no less stringent than those in MIL-A-8591B and MIL~T-73T8A
shall be used, The tank assemblies shall satisfactorily withstand tho full
range of enviromments the above 1isted aircraft are designed to withstaad. The
1ank assexbly shall be suitable for installation at ving station 106 on the
F-100D airceraft.
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3.3 The veights and locations ¢f loads for vhich mountiing provisions
mst b6 made and wilch the tank sssembly must be suitable for carrying are
shown in Geoersl Mills drawing SK29100-026.

3.4 The inner filament wound tank is to be supported in place and
fnsulated from the outer skin or shell by the foamed-in-place insulatiocn
desigrated on GMI 29100-026 unless the contractor's structural analysis
reveals an inadequacy in thia insulation. In such case, the contractor is
to notify GCenaral Mills, Inc.

3.5 The maximm weight of the tank and assemdly including the outer
skin, all styuctural elemsnts, access doors, and all parts descrided in
paragraph 4.0 excluding the inper filsment vound tank shall not exceed 273
pounds.

3.6 The contractor shall provide all materials exclusive of the filament
wound tank. (GMI drawing SK29100-018) electrical conduit, and electrical con-
nectors which will be supplied by Genersal Mills, Inc.

3.7 Ths tank sssembly shall moet the requiremeuts of all applicable
portions of MIL-T-18847A. The applicable portiona are limited only to those
requirements that exist if the liquid carried is water instead of fuel and
with no requiremenis sade for handling the water but only for storing it ia
varying quantities in the inner tank to be supplied by General Mills, Inc,
This excludes all requirements that result from the peculisr characteristics
of aviation fuel in contrast to the charecteristics of water, that arise
from direct contact of a liquid load with any part of the skin and structure
and that arise from the provisions that must be made for bandling fuel. No
cousideration need be given to the freezing characteristics of the liquid
load.

3.8 The tank assembly 1a to meet the requirements of the following
paragraphs of MIL-T-7378A. Wherever reference in those parsgraphs is made
to “fuel tmnks” it shall Le coastrusd to refer to the tank assembly that ia
the subject of this work statement. Also, the {nterpretation of parsgraph
3.7 of this vork s:atement applies to the applicable paregrapis of MIL-T-7378A.

303, 303-1, 303-2' 30!‘, 3.“;1, 3'2“111

3.5 Design (Modified) - Tanka with access 4oors
attached ahall be sc designed as to not admit water
during flight in rain and during washing by hosing
vith vater, The tank assembly including the exterior
skin, the structural alemeants, the foamed-in-place
insulation, and the intarior tank shall comprise the
necessary strength to provide adequately for cozbined
loads and stresoes as outlined in Parsgrsph 3.5.6.
Page determined to be Unclassified
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3.5.2 Veight (Modified) - Emphbasis shall be placed
on design to create the lightest veight tank that will
meet the requirements of this specificasion.

3563 3.5.3.1

3.5.6 with 3.5.6.d deletad

3454601, 3.5.6.2, 3¢5.6.3, 3.5.6.%, 3.5.6.5
3.5.6.6 with "load" substituted for "fuel
3.5.6.8 with “or its internal components’ delated

3‘507] 305:7.1

3.5.7:.2 Flutter (Modified) - The tank assembly ahall

be designed to have safs flutter cheracteristics
throughout the speed and altitude range and for all
attitudes and maneuvers wvhich the aircraft will performs
vith the tank installed. Full and empty internal tank
conditiocns as vell as partially full, level flight
conditions shall be considered. In addition, for partially
full conditions, the forward cemter of gravity condition
caused by all the¢ load moving forward and the aft center
of gravity casused dy aft shift of the load, shall be con-
sidered. In the event that the design appears to have
lov flutier speeds or marginal flutter safety due to
adverss frequency ratiocs, General Nills, Inc. sball be
informed of this before further vork is cearried on.

3.5.7:3, 3.5.7.3.1, 3.6, 3.6.1, 3.6.23, 3.7

3.8, 3.8.1, 3.8.1.1, 3.10, 3.10.1, 3.12

bebol Exeamination of Product (Modified) - Each tank
ssaembly shall be examined to determine conformmnce with

all the parsgraphs and modifications of paragraphs of
MIL-T-T378A Lerein listed.
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5.2 Class 2 Tanks (Modified) - All Class 2 tenks
unless othervise apecified, shall de packed in
Z [ vooden cretes coaforming to Specification NIL-C-9437

' or equivalent in unit quantities of 1 each. Contrary
I to ths requirements of YIL-C-9437 no samples are
required, no identification markings and no tests

B | are required.
i 5.2,2, 5.5

l 3.9 Thme lug spacing on the hangar £ittinge shall be 30 inches in
- agcordance with MIL-A-35918.

3.10 Any holes made and used for the pwpose of instelling the fosmed-
SO in-place insulation sre to be neatly and smocthly coversd vith a dursble
material.

| 4.0 DRSCRIPTION

? The tank assembly will consist of the following and will incorporste
;' atmtulel provisions for equipment to be mounted:

t k.1 Nose Section

! 4.1.1 Turbine Genmerator Support Ring Station 15.5

l 4.1.2 Access Door and Frame

l k.1.3 Section Joint Ring Station 23.5

I‘ : helch Outer dhell Assembly Station 15.5 to Station 23.5
b.2 Center Section

k.2.1 Section Joint Ring Station 23.5

k,2,2 Forwerd Bulkheed Station 23.5

4.2.3 Main Bupport Structure Including Lug Attacheents, Sway
Brace and Rjection Areas, and Inner Tank Support Rings.

h.2.4 Credling Ares Beinforcement
4.2,5 Ianer Tank Attachment Ring Station 156.5

Page determined to be Unclassified
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3.2,6 Aft Bulkhead and Bulkbesd Attschment Ring Statios 159
4,2.7 Two Access Doors and Fraues

4.2.8 Aft Compartment Innsr Ehell Station 159 to Station 171.5
k.2.9 Section Joint and Bulkheed Attachment Riung 3tstiom 171.5

3.2,10 Brackets in Aft Coppartment to support pump, valves,
tubin‘, etc,

4.2,11 Tvo 3/4 " Diameter Conduits - Ope from Station 23.5 to
Station 159 snd a second from Station 159 to o Station suitable for Umbilical
connection provisions.

4.2,12 Installation of Inaer Tapk

4.2.13 Insulation, in Space Between Inner Tenk and Outer Shell
Station 23.5 to Station 159.

4,2,1% Insulation fn Space Between Ianer and Quter Shells of Aft
Compartment Station 159 to SBtation 171.5.
4.2.15 Outer Suell Assembly Station 23.5 to Station 171.5.
kos Tail Section
4,3.1 Section Joint Ring Station 171.5
4,3.2 Access Door and Frame

h.3.3 Two Doom Structure Support Rings - One at Station 178.5
and the sscond at Station 204.25.

4.3.4 Boam Aperture Covers
4.3.5 Boom Access Door and Frame
k.3,6 Outer Shell Assembly Station 171.5 to Station 227
k.4 Additional Structural Members
L.4.1 Any structural reinforcement members in sddition to thoss

l1isted in b.1, 4.2 and 4.3 vhich may bde required in order for the tank
agsembly to mset the specified loading and flight conditions.

i Unclassified
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5.0 SIRUCTURAL ARALYSIS

Three copies of the analysis of styuctural charactaristics of ths tank
assewbly shall de supplied Ceneral Mills, Inc. at least, ten days prior to
the running of any structural tests, or at least 10 days before shipment of

the first item to Genersl Mills, mc.‘hi mm 1%1 include:

a) A list of loading conditicns conaidersd
b} A list of any asaumptions made
c) Formulae and equations used with source refsrences
4) Actual calculations
e} Tabulaticn of resulis
: 6.0 TESTING

Requirements {or testing will be made the subject of a separste work
statement.

7.0 DRAWINGS

* A reproducible and tvo priants of sach assembly and detail part drawing
for the tank assembly and its constituent sssemblies and parts shall de
submitted to Ceneral Mills fifteen days after delivery of the hardware.
The drawings shall depict the final deaign condition of the hsrdware supplied.

The top ussexbly draving shall be approved by General Mills, Inc.

8.0 INSPECTION

[ Ganeral Mills, Inc. shall have the right to monitor at any time between
letting of the contract and the delivery of the haydware, the fadrication
of parts, processes, assembly work, and any testing required to be dome,
this monitoring to he done through a representative designated by Ceneral
Mills, Inc.

9.0 DELIVERY

Tank assembliea ordered shall be saipped to Ceneral mns, Inc., within
90 days of receipt of order.

lassified
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Pure. 2.31 Delete MIL-2-188KTA
Pwwe. 3.6. shall resd: "The Ceutrector shall provide all mterials exslusive

of the filamert woond tank, 3.M.I. Draving SX29100-018, wire, and the alsclrical

smrsctors fer the lover conduit vhish will be supplied by Gensral Nills ne.”
fare. 3.7 shall resd: *Requirements of referenced portions of applicable

'memlmmmtomsetmtmni?%emmmu

nmmadmlmuwmmqummmsmrm-munsmnw
Ntahmmumnrymgquanuties intheinmtanktobempued
by Gemeral Mlls, Ine. This excludes all requirexments that result from the
peculiar charecteristics < aviation #sel in contrast to the characterists
af water, that arise from direct comtsct of o 1iquid loed with any part of
the akin apd structure and that erise from previsions that must be mde for
hendling fusl. No consideration need be given to the freezing characteristics

Para. 3.5.7.2 (Modified), MIL-T-T37C1, shzil comtain the following exclusiont
e Goutracter sball not be responsible for flutter problens arising from
rylon or aliorwflY charscteristics.”

uw Ml 3¢507-3v1' m.TBT&

Pere. 3.6.1, MIL2-T3T8A, delete "rivcting through the tank wall shall not
be permitted”.

Poara. 3.6.2, MIL-Z-T3T8A, delste seccnd senbence.

Pars. 3.7., MOLP-T378A, Performance (Modified) - The tank assembly shall
satisfy the performance requireueats of Parz, 3.7.3 (¥edified), 1.7:7, and,
3.7.8 nrt testing to these requirements is nob required by this work statamomt.

A4 Para. 3.7.3 (Modified), MIL-T-73784 deleting " evidense of liakagze”.
Add Para. 3.7.T and 3.7.8 of YIL-2~-T3TCA

Pare. 3.10.1, MIL-P-T3TEA, delete "plus” from line 7 smi Gelstle completsly
lines 8 thru 12.

Pern z " " Page determined to be Unclassified
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CRANSES 20 SPRUIFICATION GMS - 29100-027 (Comtimued)

Para. 4.l.1 « Station 13.0 instead of Bation 19.3.

Para. 4.1.5 « Statism 13.0 instead of Basien 15.3.

MA 5.,1.5 "Drusketsy in forvard compartment.

farm. b.2.11, add “The umbilical connegticn canfuit shall be installmd
complete with wiring and quick disssnnect cermacterfor cennection %0 the
mim, 4.1, will agply vire for tho wbilisal cenduit.

A4 Para. 4.3 Seetion jeint ownmectioms are to be holt seeured.

A Pare. 5.6 Access 40ars sre to be secured vith quick Liscemmsot fastensys
and are 20 Do chain sesved to the tank assenbly.

A4 Perw. 10,0 Spaye Parts: Oue 1) rpare set of aperture dowrs ia 6 be
movided. (

Add Pure 5,7 Drain fittings muupma.unmmm‘mamo.ou.
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APPENDIX B

Specification for
Filament Wound Fiberglass Tank
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TANK, FIIAMENT WOUND, FIBERGLASS

Iamtex Industries, Ine., vill design, fabricate and deliver to Censral
Mi1ls two filament wound fiterglass tanks conforming to the following
sequizementse:

1. Tank dimensions and configuration will be in accordance with
Genaral Mills drawing Ro. SK29100-018, Tuank dimensions not specified on
draving No. K29100-018, such as wall thickneases, are to be dstermined by
lratex 30 a8 to be compatible with tank design and performance requirements.

2. The volume of the tank shall be the maximm volume ccmpatible with
the space envelope shown on drawing No. SK29100-018 and strength requirements,
but should not be less than 185 gallons. The residual liquid should not
execod 7 galleons when the aircraft is in level flight at the end of & dig-
senination run.

8 3. Anti-slosh dulkhcads vill be provided as shown on drawing No.SK29100-
015,

4. A stainless steel ring will be provided at the larger end of the
tank. The dimensions and contiguration of the part of ithe steel ring external
to the tank shall b: as shown on draving No. SK29100-018.

5. The teak (empty, partially full or full) must be able to withatand
the following loading conditions in any combination without damage or leakage:

(a) Inertia load factors in accordance with MIL-A-8591 for a
2000 pound atore including arrested landing and catapuls
take off.

(b) Slosh and vibration conditions as specified in MIL-T-7378.

(c) Internal pressure up to 15 psi due to altitude change.

6, The tank shsll be capsble of being subjected to the folloving
temperature environments without damage or deterf{oration:

(a) When full or partially full, upder flight or storage
conditions, 33“ F to 70° F.

L

(b) When empty, under flight or storsge conditions,
-65% P to 160° F,

Page determined to be Unclassified
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(¢} for decontamination exposure to ot mm at 2§O° P for
4 hours.

(d) Thermal shock, intorior surface of tank at 65° F
exposed to steam at 250° F.

7. The tank weight shall be the minimus weight consistent with volume
and strength requiruvments.

8. Thke operating, proofing, and bursting pressures of the tank shall
be compstible vith the loading requiroments given above.

9. The tank, when full and mounted in the under wing store as shown
in draving No. SK29100-017, shall not rupture or develop & leak if the
store is dropped 10 feet outc a concrete surface.

10. The tank will be constructed of Lamtex "Hystran” material.

11. Fhe mold release material used in the fabrication of the tank shall
be the Stoner Rubber Company Buna base product SMR1.

12. lamtex will furnish to General Mills s complete set of engineering

design drawings for the tank including & reproducible and tvo prints of
2ach draving.

13. Lantex will furnish to General Mills three coples of the design
and stress analysis calculations made on the tank.

1b. Lamtex will furnish to General Mills in triplicate data on any
tests, such as pressure tests, made on the tank as part of their normal

deaign procedurc. Ceneral Mills does not require that any special tests
be made on the tank.

15. Packing of tanka for shipment to General Mills chall be in & manner
sultable for train or truck transportation.
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APPENDIX C

Specification for
Ram Air Driven Generator
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ENGINCERING DEPANTMENT

l

CENERATOR, RAM AIR DRIVEN
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1350 CENTRAL AVENVE, MINNEAROLIS 15, MINNKSOTA

sHEeT__ 1 or 12

RELCASE DATE SOpt: 21, 1961

ENGINKERING DEPARTMENT

SPECIFICATION__ _CM8-29100-020

LY.

e e

GENERATOR, RAM AIR DRIVEN

1.0 B8COPB

1.1 Scope - This upecification covers the requirements for a raa air-
driven gencrator. Specificelly, the specification pertains to the Allison
Division of Genersl Motors Corporation, Model GAl2uGH-92.

1.2 Claseification - The GAl2UGH-92 generator assembly consists of & ram

air turbine unubiy driving a
pover source.

2.0 APPLICABLE DOCUMENT3S

4.5 KVA generator intended for use as a prinary

The following documents of the date specified shall form a part of this
specification to the extent specified herein:

Specifications:
MIL-E-5272A

MIL-G-605%)

MIL-8-TT42A

MIL-B-7894A

MIL-D-70327(1)

Envirommental Testing, Aeronautical and
Associated Equipment, General Specification
for, dated 16 September 1952

Generators end Regulators, Aircooled A-(,
Aircraft General Specification for, dated
19 April 1950

Screv Threads, Standard Optimum Selected
Series, General Specification for, dated
3 December 1959

Blectrical Pover, Aircraft Characteristics of,
dated 17 May 1955

Drawings, Engineering and Associated Tests,
dated 1 July 1959
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Standards:
MIL-STD-130A Identification Markings of U.S. Military

Property, lated 8 September 1958

MIL-STD-210A,Chg. 1 Climatic Extremes for M{litary Equipmeat
dated 30 Hovember 1958

i

Dravings:

GMI SX29100-019 Generator-Ram Air Driven dated 9/21/61
Revision A

-

3.0 REQUIREMENTS

3.1 Components - The generator asgsembly shall consist of a ram air
turbine drive unit coupled to a 115/200 volt, LOC cps, 3-phase, wy: connected
‘generator. ’

3.1.1 Ram Air Turbine - The ram air turbine shall be a two blade unit
with a self-contained mechanical governor. The governor shall be housed in
the turbine spinper and act to change the turbine blade pitch to maintain the
generator rpm between 11,400 and 12,900 rpm.

3.1.2 Generator - The generator shall be rated at 4.5 KVA at .75 power
factor and a noaminal 115/200 volts. The electrical characteristics of the
generator shall be identical to the Allison Model PGAI2ULGH-TA gencrator assembly.
The generator shall be made up of a three-phase, 'wye"” connected stator and a
built-up permanent magnet rotor and it shall have no brushes, slip rings, or
rotor windings. The ocutput voultege shall be controlled by a solid state volt-

age regulator.

3.1.2.1 Voltsge Regulator - The voltage regulator shall be a solid state
device. The entire voltage regulator assembly shall be encapsulated in a
material designed to withstand the eavircnmental conditions outlined in
MIL-STD-21CA Chg. 1. The voltage regulalor shall be housed in a moisture-
proof container suitable for mounting on a flat heat conductive surface. The
physical dimensicne of the regulmtor shall not exceed the following:

Length - four inches i
Width - Three and one-half inches pagedaennmedtobeUncmSwﬁed

Height - three inches Reviewed Chief, RDD, WHS
JAW EO 13526, Section 3.5
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The weight of the regulator shall not exceed three pounds. A Bendix Scinflex
PVN 10-42220-7P type connector shall be used to provide necessary electrical
connections.

3.2 Standard Parts - AN and M5 standard parts sball e uged whers suitsblc
for the purpose. These parts shall be identified by the standard parts number.

3.3 Material and Processes - The materials and processes used shall be of
high quality, suitable for the purpose, 'and shall conform to government speci-
fications vhere applicable., Material conforming to Allison or AMS specifi-
cations may be used. Approved materials or processes shall be those materials
or processes used in the manufacture of the unit which passes the official quali-
fication test specified herein or are subsequently approved through & material

change.

3.3.1 Protective Treatment and Coatings - All parts not in constant contact
vith oil, except working surfaces, thrcads, or drive pad faces, shall be corresion
resistant or suitably protectecd.

3.4 Design and Construction

3.4.1 Operation - The generator assembly provides electrical power by
means of a ram ailr turbine consisting of blades, hub, spinner, shaft, and a
fly-weight spring governor which maintains approximately constant rpm by con-
trolling blade pitch.

3.4.1.1 Operating Speed - The ram air turbine governor shall be capable
'of maintaining turbine speed withiu the range of 11,400 to 12,900 rpm (380-430
cps) under steady state operating conditicns with ram afr inlet vezliocities
vithin the range of 300 Lo 650 KTAS at an altftude of 500 feet.

3.4.1.1.1 Overspeed - During loal transfents and during starting the ram
air turbine governor shall maintain turbine speed within the range of 10,800
to 13,500 rpm {360-45C cps). Following a loal transient or starting, stesdy
state opcration shall be established within 3 saconds.

3.4.1.2 Direction of Rotation - When viewed from the rear the direction
of rotation of the air turbine and the aiternator shall be counter-clockwise.

3.4.2 Balance - The amount of unbalance of rotating components shall not
exceed 0.0l oz. in.
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3.k.3 lubrication -.An ludrication points shall be permanently lubricated
at assembly.

3.4.4 Connectors - The electrical connectors on the generator shall be as
shown on the outline drawing, (OMI SK29100-01S).

3.4.5 Structure

3.4.5.2 Mounting Provisions - Generator mounting provisions shall bde as
shovn on the outline draving, (GMI SX29100-019).

3.4.5.2 Overspeed Integrity - The unit shall be capable of operation at
15000 rpm for a period of one minute with no outpul “load. )

3.4.5.3 Ultimate Structural Load - The generstor unit and its mounting
provision shall be capable of withstanling an ultimate accelervation of 40 g's
parallel to the mounting base and along the transverse axis and & eimultaneously
applied air load drag based upon an airspeed of 800 Kts EAS.

3.5 Performance - The performance specified herein is based upon operatiocn
of the geperator with its axis of rotation within tl degree of the direction of
airflov: All air velocities specified are free stream velocities.

3.5.-1 Ratings - The performance ratings shall be as follows:

4

Standard Conditions

Airspeei Turbine Rotor Electrical Load Power
Rating Kts, EA3 Speed rpa KVA (Min.) Factor
Continuous 300 - 630 12,000 4.5 <75
Condition T 300 - 650 12,000 10.0 .65
Coendition IT 300 - 650 12,00C L.8 .65

During pover transients a peak load as defined by Condition I shall be
permitted for 50 milliseconds followed by a secondary load, Condition 11, the
duration of which shall not exceed 12 geconds.

3.5.2 Altitude - Temperature Limits for Operating - The generator assembly
shall be capable cf operation at all altitudes uetween sea level and 45,000 feet
pressure-altitude, at all airspeeds between 300 and 65C Kts EAS,and throughout
the temperature range cpecified in MIL-STD-21CA Chg. 1.

Page determined to be Unclassified
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3.5.3 Drag - The drag force of the ram air turbine generator shall be the
minimua valus compatible with good turbine design and iz no case shall it exceed

100 1bs. at 650 Kts EAS.

3.5.4 Environment - The ram air turbine generator shall be c.zcble of
passing the requirements of paragraph 4.1.3 after being subjected to the environ-
mental tests of paragraphs 3.5.4.1 through 3.5.4.9. However, testing to para-
graphs 3.5.4.1 through 3.5.4.9 is not required if previocus ram air turbine genersator
units of the same design and materials have passed these tests.

3.5.4,1 Temperature Shock - (Ref. Para. 4.3.1 of MIL-E-5272) - The turbine
generator assembly shall be capable of being subjected to (3) three temperature
‘cycles consisting of four (4) hours in a chamber maintained at 185 T ard four
(4) nours in a chamber maintained at -40® F with a maximum of five {5) minutes
between temperature changes. Within one (1) hour of completion of this test,
the uniy shall be capable of meeting requircments of paragraph .1.3.

3.5.4.2 Salt Spray - The turbine generator assembly shall be capable of
being subjected to a salt spray test which meets the conditions outlined in
paragraph 4.6 cf MIL-E-5272. The test period shall te for a duration of 100
hours at a temperature of 95° F. Upon completion of the tect the unit shall
pass the requirements of paragraph 4.1.3.

3.5.4.3 Shock -~ (Ref. Para. 4.15.2.1 of MIL-E-5272) - The turbine gener-
ator assembly shall be capable of withstanding 18 impact shocks of 15 G, con-
cisting of three shocks applied in each directioun along each of the three
mntgally perpendicular axes. kEach shock impulse shall have a time duration of
11 7} milliseconds. The "G"” value shall be within %10 percent when measured
with 8 100 cps filter and the maximum "G" value shall occur at approximately
5.5 milliseconds. There shall be no mechanical failure. The unit shall be
capable of meeting the requircments of paragraph k.1.3 upon completion of this
test.

3.5.4.4 Sand and Dust - The turbine gencrator assembly shall be capable
of being placed in a test chamber and sudblected to a sand dust concentration
for six hours. The -onditions in the test chamber shall be as follows:

a. The relative humidity shall rnot exceed 30 percent.

b. The sand dust concentratioa shail be raised to and
maintained at 0.3 '0.2 grams per cubic foct.

c. The internal temperature shall te 77Y !3C F,

d. The sand and dust laden air velooity shail be 100
to 500 feet per minute,

Page determined to be Unclassified
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The sand and dust mixture shall have the characteristics outlined 1la para-

greph b.11.1 of MIL-E-5272. This test shall be repeated with an internali
temperature of 1600 #3° F. The unit shall pass the requirements of paragraph

b.1.3 upon completion of this test.

3.5.4.5 Bumidity - The turbine generator assemdbly shall De capable of
being placed in & suitable test chamber (per paragraph 4,4.1 of MIL-E-5272)
and subjected to 15 cycles (360 hours). Each cycle shall consict of the
following: ’ J

(a) The internal test chamber temperature shall be uniformly
raised from 840 * 160 P to0.160° F during a 2 hour period.

(b) The 160° temperature and relative humidity of 95 percent
shall be maintained during the following six hour period.

Distilled or demineralized wvater having a pH value of
7 0.5 at 77° P shall be uscd to obtain the desired humidity.

(c) The internal test chamber temperature shall be uniformly
reduced to 84° * 16° F during the following 16 hour period.

The unit shall pass the requirements of peragraph 4.1.3 upon completion
of this test.

3.5.4.6 Fungus - The turbine generntor assembly chall be capable of
being sprayed or dipped in & spore suspension prepared in accordance with the
requirements of paragraph 4.8.1 of MIL-£-5272, and then placed in a test
chamber capablie of maintaining the relative humidity at 95 percent end the
internnl temperature at S6° P for a test period of 28 days. The unit shall
pess the requirements of paragraph 4,1.3 upon completion of this test.

3.5.4.7 Vibration - {(Ref. Para. 4.7.1 of MIL-E-5272) - The turbine
generator assembly shall be capable of being subjected to the tests defined
{n {a) and (b) below. The unit shall not be operated during these tests.

(a) Resonance The unit sha.l be scanned along each of its three (3)

autually perpendicular axes for resonant f{requencies throughout.
the range of 10 %o 500 cps &t an applied double amplitude of
.025 inch or an spplied acceleration of Y10 G, whichever is the
limiting value. 'The unit shall be vibrated at the resonant
frequency along cach axis as foilows:

Reviewed Chief, RDD, WHS
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When more than one resonant frequency is encountered vith
vibration applied along any one axis, the test period may de
accomplished at the most severe resonance or the period may

be divided among the resonant frequencies, whicizver is con-
sidered most likely to produce failure, When resonaal fre-
quencies are not apparent within the above range of frequencies,
the generator shall be vibrated for pericds twice as long a8
those specified in (1), (2); and (3) above at a frequency of

55 cps and an applied double amplitude of .060 inch.

cli The unit shall be cyclic vibrated along each of 1ts
three mutually perpendicular axcs between 10 and 500 cps in
15 minute cycles at an applied double smplitude of 0.036 inch
or an applied acceleration of -10 G, whichever is the limiting
value. The testing period and temperatures shall be the same
as specified in paragraph 3.5.L4.7 (a), (1), (2), and (3). The
linear acceleration along either of the other two mutually
perpendicular axes shall not exceed 15% of the linear acceler-
ation along the axis being excited. The angular acceleration
shall not exceed 2.5% of the linear acceleration along the
axis being excited, per inch, as measured along o radius of the
angular acceleration. (For example: If the linear acceleration
is 10 G's along the axis being excited, no angular acceleration
can exceed .25 G's at a one inch radius from the axis of the
angular acceleration.) The above linear and angular acceleration
limits apply to the fixture surface against which the unit mounts,
over the area of contact between the unit and this surface.
There shall be no indication of damage or mechanical failure.
The unit shall pass the requirements of paragraph 4.1.3 upon
compietlivn of this test.

3.5.4.8 Low Temperature Start - The unit shall be capable of being mounted
in a suitable wind tunncl at a stabilized amdbient temperature of -65° ¥ and
undergo the following tests:

(a)

With the turbine rotor blocked, establish vwithin 30 seconds a
steady state air velocity of 360 Kts EAS and remove blockage.
The unit shall sta=ri end accelerate to 11,400 rpm with a

4500 VA (at .79 P.F.) losd applied within L seconds from removal
~f blockage. The unit shall complete ten such starts. In place
of biocked rotor cperation it shall be permissible to suddenly
ejact the unit inte the established airstrcam.
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(b) Upon completion of ten starts, the unit shail meet the
requirements of parsgraph L.l.3. i
3.5.4.9 h Temperature Start - The unit shall be capable of being
mounted in a suitable vind tumnel at a stabilized ambient temperatize of
160° P and undergo the following tests:
(a) With the turbine rotor blocked, establish within 30 seconds
a steady state air veloeity of 360 Kts EAS and remove
blockage. The unit shall start and accelerate to 11, k00
rpm vith a 4500 VA (at .75 P.F.) load applied within L4 seconds.
The unit shall complete 10 such starts. In place of blocked
rotor operation it shall be permissible to suddenly eJect the
unit into the established airstream.
(b) Upon completion of )M ntarts, the unit shall meet the require-
ments of paragraph L.l.3. !
. 3.5.5 Generator Performance i
4 3.5.5.1 Wave Form - The crest factor and harmonic content line-to-line
and line-to-neutrasl of the output voltage shall conform to the requirements of |
specification MIL-G-6099. i
3.5.5.2 Short Circuit Capacity - The generetor shall be capable of
supplying 300 percent rated current during o single or three-phase fault con-
dition lor three seconds without impairment of generator characteristics.
3.5.5.3 Unbalanced Load - The generator shall be capable of meeting the
following unbalanced load requirements at 400 c¢ps, 115 volts nominal and 12,000 .
rpm. The percent unbslance of lime voltag: shall be defined as 100 times the i
maximun deviation of the line voltage from the average of the three line |
voltages divided by the average of the three line voliages. f
(a) With a 1500 VA, 1.0 P.F., 3 phase load applied and an additional
singlc phase 1.0 P.F. 1'ne to neutral load of 500 VA and il00 VA
added individually, the maximum value of voltage unbalance shail
not exceed 6.0 percent.
(v) With the generatcr carrying no three phase load, a single phasc
line to neutral 1.0 P.F. load =f 500 VA and 10C0 VA shall te
added individually. The paximum value of voltage undalance
shall not exceed 6.0 percent. g
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(¢) With s 3000 VA, 1.0 P.F. 3 phase load applied and an additional
single phase line to neutral 1.0 P.F. load of 500 VA and 1000

VA added individusily, the maximum value of voltage unbalance
I shall not exceed 6.0 per cent.

—

_ 3.5.5.4 Generator Cooling - Generator cooling during operaticz shall be
obtained by providing a suitable means for conducting the heat from the gener-
i ator to the outer shroud. Heat removal by means of ram air cooling, cooling
ports, will not be utilirzed. The maximum allowable surrounding atr ambient
tezperature when not operating will de 250° F. The maximum allowable operating
l. . temperature will be 160° F.

3.5.5.5 Voltage Regulation - The voltage regulator shall maintsin the
i generator voltage within the limits of 12.5% during steady state conditions
| and betveen the following voltage limits and load conditions for all designed
‘ operating speeds and environments as defined in MIL-STD-210A Chg. 1.

1]

I ; Conditions Voltage
b.O KVA, 7. £. = .75-1.0 103-121
l L.5 KVA, p. £. = .{5-1.C 103-124

3.6 Interchangeability - All parts havirg the same manufacturer's part
l number shell be functionally and Jdimensionally interchangcable. The drawing
pumber requirements of specification MIL-D-70327 shall govern changes in
manufacturer 's part ngumbers. )

| 3.7 Dravings - Allison Division of Ceneral Motors will furnish to General
Mills, Inc. a complete set of engineering design drawings for the ram air
turbine generstor, (Model GA 12LCK-92) including a reproducible and two prints

’ of each drawing.

3.0 Weight of Complete Unit - The maximum weight of the complete ram air
i turbine generator assembly chall nc* exceed 43 pounds.

3.9 Identification of Product - Eguipment assemblies, and parts shall be
{ marked tor ideutification in accordance with standard MIL-STD-130.

3.10 Screw Threads - All conventional straight screw threads shall be

ot -

in accordance with the requirements of specificetlion MIL-S-7T4k2.

3.11 VWorkmanchip - The workmanship and finish on all perts shall be in
accordance with nigh grade aircraft practice.
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4.0 QUALITY ASSURANCE PROVISIONS

k,1 Acceptance Tests - Acceptance tests are those tests conducted by
Allison Division of General Motors, on the ram air turbine generator assembly
{reguired by General Mills, Inc.) to demonstrate suitable quality control,
correct assembly and performance.

b.1.1 Accuracy of Data - All instrumentation shall be suitabls for the
testing to be conducted and shall not be detrimental to test tolerances.

4.1.2 Test Conditions

4.1.2,1 Opersting Test Conditions - All tests shall be conducted st
approximately sea level altitudes and oll data used to establish power output
shall be corrected to NACA Standard Day sea level conditions. All eir
velocities specified herein are free stream and all tunnel air velocitics
used for testing shall be equivalent to free stream velocities. The test
shall be conducted at ambient temperatures.

4.1.2.2 Mounting - The unit shail be mounted in a suitable wind tunncl
with its axis of rotation parallel within 1° to the direction of air flow.
Mounting facilities mre to have negiigible effect on power performance.

k.1.2.3 GCenerator lLoads - The following loads shall be used for deter-
mining the performance of the unit during testing.

load I - No load
load 1I - Balanced 3 phase, 4000 VA at .80 PF
Load 1I1 - Balanced 3 phase, 4800 VA, at .&6SPF

L,1.3 Test Methods - The following tests chall be pertormed on the unit.

4,5.3.1 Balance - The unit shall be tested for dynamic unbalance. The
amount of unbalance of rotating components shall not exceed 0.0 oz. in. The
measured vibration anceleration of the unit when opersted at 12,000 ¥0.5% rpm
and [oad T applied shall not exceed 40.0 G's.

4.1,3.2 GCoverning - The unit shall be subjected to the following test
operation:

(a) With Load I applied tc the unit, incresse the air velocity
to 650 Xts EAS minimum. The unit rotational speed shall
not ex:ead 12,900 rpa.

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
JAW EO 13526, Section 3.5

Date: JUL ‘9 m




sHeEET___ X1 oF__ 12

‘ELECTRONIC DIVISION General

1628 CENTRAL AVENUE, MINNEAROLIS 12, MINNESOTA

I ls RELEASE DATE_S€pt. 21, 196

| ENGINEERING DEPARTMENT SPECIFICATION __CMS§-29100-020 . = _ _  —

T,

| I |
() With Ioad II applied to the unit, decrease the air velocity
' : from 650 Kts EAS to 300 Kts EAS maximum. The unit rotational
speed shall pot be less than 11,400 rmm.

(c) With ILoad II applied to the unit operating 1. n air velocity
t of 650 Kts EAS minimum, suddenly apply Iocad I. The transient
rotational speed of the unit shall be within the limits of
10,800 to 13,500 rpm and shall return to steady state con-
] i ' ditions within 3 seconds after load change. The steady state
rotational speed shall be within the limits of 11,400 to

12,900 rpm.

1 ' (d) With load I applied to the unit operating in en air velocity

of 300 Kts EAS minimum, suddenly apply Load III. The transient

rotational speed of the unit shall be within the limits of

E S 20,800 to 13,500 rpm and shall return to stcady state conditions

e within 3 seconds after lcad change. The steady state rotational
speed shall be within the limits of 11,400 to 12,900 rpm.

—
-

(e) With Load II applied to the unit, slowly increase the air
velocity to 650 Kis. EAS minimum, then slowly decrease the air

: velocity at a uniform rate. There shall be no evidence of

i governor oscillation above 300 Kts XAS minimunm.

4,1.3.3 Voltage Regulaticn - The unit shall be subjected to the following
test operation:

(a) With load I applied to'the unit, and vith an eir velocity of
i 650 Kts EAS, the stcady statc line to neutral voltage of any
1 of the three phases shall not exceed 118 volts.

| (b) With load III applied to the unit and with an air velocity
of 300 Kts EAS, the steady state line to neutral voltage of

H L,1.4 Rejection and Retez. - If the unit does not pass the requirements

' of paragraph 4.1.3 it shall be rejected. A rejected unit may be reworked or -
have parts replaced to correct the defecta, and resubmitted for acceptance.

( Before resubmitting, full particulars concerning previous rejection and the

action takea to correct th2 defects found in the original unit shall be fur-

nished Ceneral Mills, Inc.
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b.2 Qualification Tests - Qualification Tests arc those tests accomplished
on the generator assembly to demonstrate suitability for production. The gener-
ator assembly to be s0ld to Gemeral Mills, Iuc. shall be identical in material
and vorkmanship to similar generator asscmblies which have passed gualificaticn
tests for production tbereby precluding any requirement for such tests on this

model.
i

. k.3 Reports - A complete record shall be kept of the progress and results
of all tests. Upon completion of testing, & completc test report shall be
prepared and three copies sutmitt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>