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FORRWORD

Btaff members of the Reseurch and Development Departments
who have participated in directing and conducting the iavasti.
8ations end preparing the discussiocns Presented in thia report
includs Mr. 8. P. Jones, Jre, Nr. G. Whitnsh, Mr. A. Anderson,
Dr. J. Beumstark, Ir. J. Park, Mr. J. Upton, Mr. W. 1. Torgescn,
Mr. J. Nash, Mr. C. Hagberg, Mr. P. Strocm, Mr. G. Morfitt,

Mr. L. Graf, Mr. R. ariffith, Nr. I. Hall, Mr. J. Piloey,

Mr. R, Dahlberg, Mr. J. Ungs and Miss X. Johnson.
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ATBTRACT

This Tourth Quarterly Progress Report prosents ths ressarch on
digsensination of solid and liquid sgeuts. The resesrcx ou this pro-
Joct is Airected toward the davelopment of wespon systems for line-
source dissamination from high-speed, low=-flying aircraft.

It has besn found that ithe viability of 8m subjeciad to air atreams
simulating a jet eugine sxhaust is redically affected. Campection tests
on Bm showsd some viability reductiocn.

Measurements vere made of the coefficient of frietion and the bulk
dengity of various powders.

A theoretical analysis of the force required to 1ift 2 A4isk am-
bedded in & dilatant material vas conducted. Theoretical results vere
in good egreement with experimental data.

Thexmal conductivity and viscosity measurements of egg slurries
vere oprried out. Rheclogical properties of Sm slurries ware inves-
tigated and dats are presanted.

Boundary lsyer studiss azre reported vhich indicats that wind tun-
nel tests on dsagglomeration are slightly couservative as compared to
actual flight conditioas.

High-speed motion pictures preseated in this report give an in-
sight into the breakup of 8z agglomerates. Deagglomeretion to primary
particles of Om has been observed.
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A pathematical model of a line dissemination mten was studied.
Compuied dals of infection probadility as a function of dowawind dis-
tance are also given in this report.

An investigation of the store-carrying capacities of sn unmanned
airereft and s preliminary design of a liquid disseninating unit is
included in the Appendices.
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1.

IITROXICTION

This is the Fourth Quarterly Progress Report on the program of re-
search on dissemination of solid and liquid SW agents, being conducted
under Coatract No. DA-18-06M-CML-275. This resesrch is Qirected toward
the development of disseminating stores to be carried extermally om high-
performance dslivary sircraft.

The three-month period covered by this report 1s a part of Phase II,
viich was started in Decembar 1960. The obJjective of Phase II, in the
field of s0lid agent dissamination, 1s to advence the statie of knovledge
in the areas of charscterizaticn, dslivery, metering, dissemination and
deagglomeration of finely-dividsd solid materials, to provide data for
design of & research prototype Aisseminator. In the field of liguid
agent disseminstion, Phase II includes the design of a research proto-
type dissaminator and the fabrication of one unit.

This report preseats progress in several investigations currently
being conducted to meet these objectives. Because of the large scope
of this project, a number of relatively independent studiss are required.
¥ost of the subjects discussed in this report were introduced in our
Thinrd Quarterly Progress Report 1'1, to vhich the readsr is referred
for additionsl beckground infoymation.

1,1 Qenaral Mills, Isc. Report No. 2200, Dissemination of Solld and
Liquid BW Agsuts, (unclagsified titls) May 15, 1961 (Confidential).
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2. - EFFEOT OF EIAVATED AIR ETREAN TEMFERATURES OF THE VIABILITY OF SXRRATIA
- MARCESCENS ARROBOLIFZXD FRON LIQUIT SUSFENSION

nuing or urbomn bomru by nlu of disinfectants in uro-ol form

or ‘by @ames, wWireviolet mtzoa and incinsration has besz and contintws to

be an important ares of interest in the field of microbdiology. It is xecog-
niged that incinerstion br.‘lm-lbout ocmplate sterilizaticn of comteminated
air, However, to the suthor's knowledge, information on the effect of expos-
4ng biological eerosols for short periods of time to temperatures below that
of incinsmtion is nonexistent.

The purpose of ths experiments reported here vas to obtain data vhich
wil]l enable predioction of the effect of mixing a viabla biocloglcal serosal
with tﬁ hot exhaust gases of a jet engins. The present report explores tae
poapibility of viadility loss in an serosol ci:npond of g_o_zz_-t_l_; narcescens
(Bn) vhen the orgaxisms are exposed for @ period of 1.7 secoads to various
ﬁminntmi. M'.1.7 second exposure time used in these sxperiments was choe
gen from an analysis .of the jet plume of tha North American P-100,as presented
in Forth Americen Aireraft Raport RA-60-1403, An exposure time &s large as
1.7 seconds was cansidered naceasary in order %o account for turbdulent mixing
effects waich sxist at the point of interdeption of the serceol stresmlines
with the plume, It is planned to continue this work by studying the effect
of shorter exposure times at various temperatures.

2,1 Experimental

Call suspensions of Sm vhich wvexe used in thess serosol studies vare pre-
pared from pellats of the orgmnism furnished by Fort Detrick, The spperatus
used in these experimants is shovn schematically in Figwe 2.1.1. A five gallonm

-2- DECLASSIFIED IN FULL
Authority: EO 13526
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glass carboy, vhich serves as the sarosol chamber, 1_; conngoted to two ideati.
eal 91.5 x 2.5 cu glass tubes by moans of & "Y* tube.. Hested sir is mixed
vith asroscl in cne of the tubes while room &ir is mixwd with the other half
of the asrosol. The unhn‘s«d aor080l, which receives room air, serves as
the control semple. During ths courss of expsrimants uviuch Yvoth legs of
the apparatus received unheatsd air it was found that the control lag of the
apparatus received spproximately 1.3 times as mush seroscl as the hested leg.
If the serosol ohsmber with "Y” tube wvas turnsd through 180°, than with both
lags unheated 1t vas found that the control lag received only 1/1.3 times as
mich asroscl as the haated leg. Therefore, unequal flow through the two legs
was caused by the "Y" tube flow-splitter. Censequently, all percent recovery
data from heated runs were multiplied by the factor 0.76.

Asroscle were ganersted using a modified Vapcnephrin nabulizer charged
vith six ml of the cell suspensica.

2.1.1 Sampling of Asrcsols
Aesrosols wers saapled aimultanscusly from both the heated leg of the

apparatus and the unhemated oonbrol leg using All Glass impingers. The

flow rate in a)l cases was 12,5 liters per minute with all rune having

a duration of 15 minutes. An individual particls or organism was exposed
for & period of 1.7 seconds to the heated air stream. This was trw for
all rups to be discussed. Approximately 1027 viable organisms wers scl-
lected in the control impinger during a 15 minute run. The colls cting fluid
vas 10 a1 of sterils tryptose aaline dilusnt (empoutich dascribed below)
plus tvo drope of startle olive oll to 7aducs foaming., After the 15 minute
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I ‘sempling period had elspsed, the impingers were ramoved from the apparatus

snd coolsd in an ice bath. After cooling, the contents vere quantitatively
transferred to 50 ml volumetric flasks snd diluted to valume with tryptose

saline Ailuent. After thorough mixing, the omihnti of the volumetric flasks
were sarially diluted for viability dstemminations,

2.1.2 yiudility Determinations

The mediua used in viability determinations vwas compossd of the following:

Wilson's peptons 2.0 ¢
Cerelose 0.5¢g
KaCl 0.5¢g
Agar 25 g

Distillad water to 100 ml

pH adjusted to 6.8
Berial dilutions wvers made in tryptoss saline dilusnt of the following compo-~
sition:

Tryptose c.lg

NaCl 0.5 g

Distilled vater to 100 ml

ALl visbility deteminations vere made using sterile plastic petri

dishes. After the plates vere poured, thay were plsced in a 3T7°C incubatoxr
for a period of two hours prior to plating. This treatment mmd aly ex-
cess moisture which might interfere vith subsaguent development of colonies.
Samples of 0.1 ml from the final diluticn werw streskad on the surface of the
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agar plates with sterils glass streaking rods. The ;:J.Mm wvere then incubated
at a temperature of 37°C. ’

2‘.2 Results and Disoussion

The effect of heated air stremms on the viability of Sm in aerosol form
is presented in Tabls 2.2,1. These dats represent the sverage percent ra-
soveries determined from at least six separate tests at each tewpsrature.
Each determination wes based on the serosolisstion and collection of approxi-
mately 1010 viedle organisms. The same results showing the mean percent re~
covexy and the devistion of the sesan sre presented in Pigure 2.2.1. The
decrease in visbility at 50°C amounted to about 51f, st 75°C 72%, at 100°C
92%, and at the maximm temperature of 125°C, a decrease of 996 From these
Tesults it is resdily spparent that sercsals of Sm are significaatly affected
by heated air.

8ince it is gensrally known that serosols of vegetative organisms ex-
hibit an sppreciable decay rate sven undsr optimum conditions, the esults
obtained in thess experiments were not unexpected. As in other types of ex~
perimants vhere bacteria in sercsol fomm are subjected to letbal sgents, e.8.,
UV radiation, the susceptibility of the organimas is usually a function of
the mediun in which the organisms are grown, the pbass in the growth gycle
at vhich the orgsnisms are harvasted, the matrix surrounding the organima(s)
after the vater surrounding the zshulized droplet has evaporsted, and the
conditions of the experiment.
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TARIE 2.2.1

EFFECT OF EIEVATRD AIR STREAN TRMFERATURES ON THE
VIABILITY OF EERRATTA HARCESCERS AEROSOLIZED FRON LIQUID SUSPERSION

Temperature, °C Recovery, Pergent® Mean Deviation
25 : 100 -
50 49 V 2.8
7 28 1.5
100 . 8 1.6
125 0.8 0.5

Duraticn of all runs was 15 ninutes.
vorags of six deterainations

It vas previgusly stated thlt the ingubation temperwture was 37°C.
Since this tempermture vould be considered by some investigators to be slightly
hiﬁcr than optimum for §., marcescens, the possidility existed that ecmewhat
ddfferent results might bs found if the organimms vere incubated at a lower
temperature. Such & possibility exists decause of the results of Merlon.e'l'l
vho found fahlt. !schorl.ohu coli B, following 1MMW with ultravioclet
1ight, produced sigaificantly mcre colonies when inoubated at 40°C-rather than
the customary 30°C, In ordn' to dsterming vhether or not ths results of thess
experiments vere influenced by the 37°C incubstion temperature, tvo addtticnal
daterminations vere mede at an alr streaa tempersture of 75°C. From each run,

12 plates vers prepared fram the control leg and 12 plates from the heated

J. Bacteriod. &1, 399 (195.).
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anpla.. 81x oontrol plates and aix plates from the heated ssapls wers placed
1n the 37°C incubator. The remaining six plates from each of the samples
vers incubated at room temporaturs. The results of this experiment ave pre-
sented in Tadle 2.2.2.

TABIE 2.2,2
XITECT OF INCUBATION TEMPERATURE ON THE RECOVERY OF
AERCSOLS OF | EXFOSED TO
AN AIR § 7;‘0
Beccvery, Percent
Run 8 37°C (Inoubation Temp,) 25°C_(TInoubation Temp.)
i o2 n
2 30 28

From these results it oan be sesn that a lower temperature of inoubstion
Troduces fewer colonies ©f the orgenisms from the heated sample, Whether
thess results are _ltlt:l.ptiully signifigant or not must swslt further ex-
perimantatics. Eowever, it does appesr thas the 37°C incubstion tempersture
in not deleterious to optimm growth of the organiem.

Bince the results of these experimsnts indicate an mnczub;e decrense
in the viability of the Organisms even at fairly lov temperstures, the proxi-
a1ty of the disssminating device to the jet angins will be a significant
parsaster in the dssign of & BW delivery systea.
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3. EXPERDENTS OR THE CEARACTERISTICS O PONDERS

In ordsr to dsternine thase fundgmental propertiss of finsly-divided
4dry powders vhich affect their feeding and :andling chavecteristics, iafor-
mation 1s being cbtained on the cosfficient of friction of powders sliding
against various matarials, the bulk density of powders as s function of ocme
Pressive load, and the shear atrength of povder beds. Corralaticn will then
be sought between these characteristics and the output and enersy required
to operate feeding dsvioces such ss pistoms snd screw feedsrs.

3.1 PFrictional Porces Betwesn Powdsrs and Channal Walls
In a previous rcyort.:"l'l results vere given for the friational foroes

Batween talc povder axd & glass cylinder, The experimental tectuigis ves
described and s theoretical relationship derived for the forces involved.

This relationabip is:
“% !
o D " (3.1)
b}

vhere: ¥) = force applied st one and of & plug of povder confined in s
: cylinder

Fp = resistive force at the otherendocf the plug of powder
[L = coeffiatent of frictics between powder and oylinder vall
c]'_ = constant
D = dismater o‘r contining cylinder
L = langth of sompressed plug of powdar.
According to this equaticn, & plot of the logaritim of ¥)/¥g vs L/D
should de a straight line.

3.1.1 General Mills, Inc. Report No, 2200, Third Quarterly Progress Rsport on
"Disswmination of Sclid and liquid B/ Agants (Unclassified Title) May 15,
1961, pp. 516 (Confidestisl).

-10-
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The term ) [l can be caleulsted from the slope of the 1ime. The axact
value. of the coofficient of friction [/ cannot be dstermined because G is
not knowvn. C; 1s the ratio of the forces within the powder ved vhich are
perpendicular and parsllel to th-o applied force (1.e., C) = ;'ﬁ'- ).

During the period oovered by this report, tests wvere performed in &yl-
inders of various materimls using talo powdar and finely ground Sm, The
Tesults of these tests m shown in Figuves 3,1.1 and 3.1.2 (in the forw of
the beat streight lins through the data points for a given cylinder material).
The cmn&p used vere not all- the same langth or diasmeter. The physical
&imensions of the varicus cylinders are presentsd in Tabls 3.1.1,

TARIE 3.1.1

FHYSICAL DIMERSIONS OF CYLINDERS AND PIBTONS
USED IN FRICTION MEASUREMENTS

z:.:m m E-gi zi;)._ nctonigumzu
Glass 1 1.185 1.37 1.182
Aluminum 18 1.500 1.90 1.486
Teflon 12 0.895 .50 0.891.
Stainless Steel 18 1.500 ' 1.90 1.h86

Tha velues for the term Cy/L vere csloulated from the slopes of the linmes in
F‘im. 30101 and 3!1:2 and are ﬂ.“n in T‘bl. 3.1-20
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TARIE 3.1.2 4
ﬁ VALURS OF TEE TR C) [l FOR TALC PONIER i
!p AYD 8 POR VARTOUS MATERTALS ;

i y

Fowdar Cylinder C

ﬁ Talce ‘ Oluss :.fr; J
Talc Alvinun 0.319
E Talo Teflon 0.358

; E Talo Stainless Stael 0,315 !
Bo Glass 0.301
h f 8n Alaioum 0.256
i B Teflon 0.306

(o]

In all of the tests st . least four different values of Fp ware tssted.
Thass valuas for the different cylindess are:

e e i o kil - gt e ks < mwor e bh

i Olass 35.0, 84,2, 13k4.1, and 183,3 ga |
| = Aminum T7, 170, 357, and 450 &

;{ Teflon 21.7, 49.5, 76.7, snd 104.5 gn
E Stainless Stesl 7, 170, 357, and 430 @

There vas scme quastion as t0 vhat effect the surface roughness of the

amemtlakden = A iam - msme o

cylindar material had on the fricticn measuremants. To study this effect, an
slumimm oylindsr of similar dimension to the ome previously ussd vas polished
on the inside and a series of tasta were msds vith tala povder. The dats ob- :

tained are shown in Figure 3.1.3, indicating that the surface roughness, as

vy peimy  pudy  peny

encounterwd in these tests with aluminum, is not sn influsncing factor. The
surface roughnass cf the insids of all the oylinders vas measured vith the 1
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FIWRE 3.1.3
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Surfisdicator Model BL-1103'1'2 yhich measures "the aritimetical aversge
Geviation from the mean line" in micro-inches. Table 3.1.3 shows the surface
roughness of the cylinders.

TARIE 3.1.3

AVERAGE SURFACE ROUGHNERSS (F TER IRNSIIE OF
VARIOUS CYLIRIERS USED IN EXFERDENTS

Cylindey gurface Roughness of
Material Insids of Cylinder
Glass 2.5 « I midro-inches
Adumd oan 40 « 100 micro-inches
Teflon 75 - 130 nicro-'inchu*
Stainlecs Steel 10 - 15 micro-inohes
Polished Aluminum b - 6 micro-inches

* Istimated. Teflon is too 80f%t to be measured with the instrument.

" A test vas also conducted to dstermine vhab effect the inside dismeter
of the cylinder had on the results. Ascording to the thaory dsveloped, for
any given powder and cylinder material, all points of the plot of log Fp/Fu
vs 1/D should be on the ssme straight line regexdless of the cylinder dia-
meter. Another alumimm cylinder was obtained vhich was 12 indhes long by
0.625 inches inside diameter, and had an averages surfece roughness oz the
ﬁum of 20=25 aicro=inches. The cylinder was tested with talo powder and
the results are compared with thoss of the 1.500 inches 1no;an dismeter alumi.
mum tube in Figure 3.1.4. As can be sesn, all the points can De adsguately
Tepresanted Dy the same straight line, ind{cating that cylinder diameter has
no effect on the results.

3.1.Z2_ Nanufsctured by Brush Electronics Campany, Cleveland, Chio.

.16 -
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3.2 Coefficient of FPriction Between Fowdsrs and Variocus Meterials

A method of dstermining the cosfficient of friction directly betwesn
povisrs and various materials is dsscribed by Cremer ot al.3'2l In tnis
method & plate of the material to bde tested is sprinkled with powder and

tilted until the mess of powder slides off. Figure 3.2,1 shows the foroe
ategraz.

FIRRE 3.2.1

If the static friction is bassd on the conventional theory of Coulomb, then
X = the frictional force B and:

La/lX=|/lug cos -8 (3.2)

3.2.1 Gremer, E., F. Conred and T. Kraus. "Die Haftfhhigkeit von Pulvern und

ihre Anvendung sur Bestimmung von Korngrissen," Angswanite Chemie, Vol.
64, 1952, pps 10-11.
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vhere: [/ = coefficient of fricticn
n = muss of the powder
€ = accelsration of gravity.
From Figure 3.2.1 it can de seen that:

K « ng stn B, (3.3)
Bubatituting for XK and 1 we have: -

ng s1a 6« Ling oo-ﬁ (3.%)
or

[Ty (3.5)

An attenpt was mada to messure the ccefficient of friction of talc and
8m Dy this manner with very 11%_10 success. The difficulties encountered were:

1. For mall masses of powdar, there vas no angls &t which the mass
wvould slide (up to 90°).

2. rorhrprl;uu, tha powder would bresk ewey from the mass in
varying smounts and slids off. Tha entire mass of powder vorld seldom slide
off at the same time. It was alsc Aifficult to maintain uniform thickness of
the mass of powdaer.

In oxder t0 solve these prodlems, it was deqidsd to compress a plug of
povder in a hydraulic press and thsn use this plug of mr to Geterine the
coafficient of tr;i.etion by noting the angle at vhich it slides. A stesl oyli-

inder was O‘bb“u‘ vhich had the dimensions: l.n'th 9“' I.D. 1-&", 0.D. 2037". ’

The powder vas sifted into this cylinder, compressed in the hydraulic press
using & piston L.57" in diameter, placed on & tilting table,3'*2 ana tne
angle of slide measured. Tbe sngls of slids was measured by placing the plug
3.2.2 Naoufactured by The Angle Camputer Co., Glendale, Californis.

-19 -
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of powder on a clasn, dry surface, and also by usting the surface Zirst vith
the poviar under test. In either case, the angle of slide vas the sems, ipad-
oating that the coefficient of friction of the actual powdsr vas being mea-
sured.

No msasurement of the compressive foree was male for the measurements
with tale powder. However, it 1b estimated that the force used Vs sbaut
1.7 % 107 dynes/ix®. Tor Bu,the force vas varied from 1.7 x 106 0 1.0 x 10°
a;mn/ue, with no apprecisble variation in the angle of slide. Thezeafter,
s foros of 1.7 x 107 dynes/ca? vas used for the tests. In Teule 3.2.1 are
the results of these testa. At lsast 10 messurexents on the angle of slida
weye mads mmhmﬂﬂdmw valua givon is the sverage of thess msa~

suremsnts.

BDEE 3.2.1

CCEFFICTINT OF FRICTION OF TALC POVIER AND
Sa FROX TIIZING TAME METHOD.

‘Tals Powdss
Materiel Awm’:p Deviaticn :;cm:t:::
Alumimm 33.6° 2.4 0.664
Qlass 30.7' b8 0,554
Teflon 36.2 1.2 0. T3
gtainless Steel 33.0 ‘3.5 649

8m
Alusima 33.2 8.8° 0.65h
Glass 35.8 5.8 0.705
Teflon 35.9 b 0. 724
-20 -
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From the Tesults of these experimants and the resulte of the piston cyl-
inder experiments, the valus of the constant C; (defined Ybelow ) can be.
caloulated. Tabla 3.2.,2 gives the valuas ‘dnuwmd for C;.

TARIE 3.2.2 .
VALUES OF THE CONSTANT C;

Talc
Naterial c?nr:%::;nt of Sl_‘f. —c_,_—
Aluminum 0,664 0.319 0.481
Glass . 0.50% 0.286 0.hé2
Teflon 0.732 0.358 0.489
Stainless Stesl 0.649 0.315 0.486

B
Alusinum 0,654 0.256 0.392
Glass 0.705 0.301 0.487

Teflon 0.7k 0.306 0.4

' The average value of Oy for talc powder is 0,484 and for Su 1s 0.4k,
The varistion of the valus of Oy for talo is much less than for S, indicating
inat the valuss for the cosfficient of friction for talc snd the various ms-
terials is probably more relisble (campare deviations in augle of slide,

Table 3.2.1).

These valuss for the constant, C;, indicate that with both talc and Sm
stress transmission in the powder ded is much that a fong slightly less than
one kal? of the applied forcs is created in a direction parpendiculer to that
of the applied force.
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3.3 Average Bulk Dansity of Talo Powder and Bum Under Various Compressive Forces

In these teats the dulk dansity of the powder was determined as a function
of the caapressed length of the plug of povder under various losds. Tha appa-

ratus used was an 18 ineh length of aluminum pipe of 1,500 inch I.D., a 1.486
inch dimmater piston, and various weights.

The proceduze was to sift a known weight of powiler into the cylindes,
place the piston oo top of the powder, and measure the length of the conpressed
powdey. Then additional weights vere adisd and the langth of the qapreased
powder plug was agein measured, The compresssd plug was removed from the cyle
inder and the process repeated with a different quantity of powder. Knowing
the veight of the powlar and the ({imensions af the powder plug, the bulk dene
sity can be computed. This is the average bulk density since the density will
vary along the entire hnsth, being highest at a cross section next to the
piston.

—p

A plot of the logarithm of bulk denstty (f)) ve the length of the com-
pressed plug (L) vos mads for each oupnnuvc‘tox"u, resulting in & curve
vhich could be i‘pz'ounm by the relationship:

. Pact+fJex? ] (3.6)

mna,/,?, ard k are constants, If O is assimed to be the bulk density

caal bt

of the lcose, uncompressed powder (/),), then ths equation can be written:
P.Pyapekr? (3.7)

A plot of log (/) - Do) vs I® should be a stralght line with intercapt [
and slope k. '

8
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The lcose bulk dezsity of talc vas found to be 0.153 go/em3 and that of
Bm to be 0.285 gm/om. A plot of log (/J-[Jo) vs Ll/s éave a straight line,
indicating that the average bulk deasity of these powvdars undsy compression 14:

p Py pex?

Figure 3.3.1 18 & typical plot of log /2 vs L for & specified sompressive
load, snd Figure 3.3.2 48 & plot of dog ( - /Jo) vs L1/3 for the same com-
pressive lomd. Figure 3.3,3 is a plot of the sverags bulk dengity of talc ver-

(3.8)

sus the length of compressed plug of powdsr under varicus campressive forces.

T.gure 3.3.4 1s the same type of plot for Sm. Table 3.3,1 gives the
values of the comstants ﬂ and k for the various sapressive forces for bath
talo povder snd Sm. The value of /J(ho) 1 also given. This Quantity is
dsfinsd as the bulk density of the powder at a oross section next to the pis-
ton or compressive forcs. It is dstermined by adding the value of the loose
bulk density of the povder (/) to the value of the intercept /3.

The valus of the term k seams 40 be fairly constant for tale powdsr
vith an everage valus of 0.46h, - This ia not true for Bm. Thare is o defintte
decrease in k with increasing compressive force. Figure 3.3.5 4s a plot of
the valuss of &, 3, and /2(;_q for talo yovder, and Figsve 3.3.6 ie & simtlar
plot for &m.

In the future, it 16 Dlanded to make tasts on polyvinyl aloohol powdsr
using the pistan-cylindsr snd tilting table methods to massure the frictional
praperties, and also datarstineg the budk density under various compressive
forces. It is slso planned to measure the shear strength of tale powder, Sm,
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FIGURE 3.3.1 AVERAGE BULX DERSITY (/D) OF TALC A8 A FUNCTION OF
PII0 LENOTH (L) UNDER A COMPRESSIVE FPORCE OF
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and P.V.A. An sttempt will be mads to correlate these properties of the

thyee povdsra to the feed rate

and with tho' torque required to operate the screv feader.

TABIE 3.3.1

VALUES OF THE CORSTANTS AJ, k,

ors

A 418 rencss

of & screV feeder a8 yeportsd pnvions1y3 3.2

- e e

- — s o § i S ibn) e S s it i o d 7

' TALC POMIER AND fn URDER VARZOUS C
. Tale fwdnr
' Compressive Force ﬂ X D g:.-o)
: 1.01 x 20° dynes/cn® 0.227 0.483 0.380
H l 2.73 x 10% aynes/cn? 0.297 0.h51 0.450
‘ 5,32 x 10% dynes/ca® 0.35% 0.467 0.507
9.61 x 10* dynas/cn? 0.426 0.480 0.579
[ 2,00 x 10° dynes/ca? 0.473 0.449 0.626
» 3,72 x 10° dynes/ex’ 0.557 0.4s6 0.TL0
] Ba
1.01 x 0% aynes/c? 0.291 0.676 0.576
- 2.73 x 10% aynes/a® 0,339 0.542 0,62k
[ 5.32 x 10" aynes/cx? 0.362 0.486 0.667
t 9.61 x 10% dynes/ed? 0.501 0.432 0.686
[ 2.00 x 105 dynes/cn® 0.432 0.381 0.1.7
F E 3,72 x 10° dynes/cn? 0.458 0.346 0.743
E 3-301 Ceneral Mills, Inc. mﬁ No. 2161, Second Mm Progress m on
! Disseminaticn of Solid and Liquid BW Agents (Unclassified T™tle) Fed. 13,
IE 1961, pp. 2-13 (Contiantm).
]
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b, THEORETICAL STUDY OF POWDER MECHANICS

In previcus reporta two btasia approaches for atudying the mschanical

e P~ |

behavior of particulate materials have basn exsnined. The first was bassd

4.1 ynile the second dealt with

upon intersctions among 1:34“1&;-.1 particles,
bulk properties of povders.’'2 During the current report period, additioal
theoretical and experimental vork has been carried out along the lines of t.he
second spproach. ‘

A theoretical study has been mada of ths force required to lift e disk
inbeddsd in material having dilstant properties. The results were found ¢o
agres well vith experiments conducted with glass beads. Thesa theoretical

gevelopmants and possibilities for further research along theoretical lirms

L o

are discussed herein.

L.2  Analysis of the Force Required to Iift a long Cylindrical Rod from e
Granular Bed

Coneider a long cylindrical rod imbedded in an alastic granular bed at

TE e ey
e

a depth y, vhich is large compared with the diameter of the rod. The axis of

] ﬁ the rod 1is parallel with the bed surface; also, ths gramiler material is as-
B gumed to have a shear strength characteristic of the form; ¥ 2 )

1
_ I T = Ctan ¢d (b.2)

The force required por wiit length to 1ift the rod from the bed may be deter-

)

nined as follows., For & line load of magnituds P grams/cm, applisd to an

F.1 GeneTal Ml1ls, Inc. Report No. 2161, Second Quarterly Progress Report on
Dissemination of Solid and Liquid BW Agents (Unclassifisd Title), Feb. 13,
1961, pp. 46-55, (CONFIDENTIAL). .

4.2 General Mills, Inc. Report nb.‘azoo, Third Quarterly Progress ao‘ort on
Dissemination of Solid and Liquid IV Agents (Unclassified Title}, May 15,
1961, pp. 22-38 (cmwmmg .

[ ]
Ll
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elastic medium as shown in Figure 4.1.1, the stress st a point dafined by the
poler coordinates (r, ©) 1s 1n the radial direction and defined by the squa-
tions:¥-2

Grﬂ% E‘O%-o"doﬂtr‘lo (1&.2)

The local condition for sheer failure within the bed ia definsd dy tha ax-

xzmunon:""2

sin ¢ = %‘:765 (4.3)

where 61 and 62 are major and minor principel stresses at a point within
the granular bed (see Figure 4.1.1)., If it is assumed that the initial stxwss

&istributicn in ths bed Aue to 1ts weight 1s hydrostatic, the slip condition
fran Equations (4.2) and (4.3) becomes:

50 O - 1

J.-r——a-Tr yg (L) Q-
P Yo! “cos

: (bob)

whera T is the density of the material.

From an analysis ofi Equation (4.4) it is found that, for a given load
P.,‘ thers exists a region of nesrly circulsr cross-section within which the
material is in a state of shear failure, and an external region vhich is in

statical equilibrium under the load P. The shape of the wurface separating
thess regions is dafined by the equation:

1.
";. 8 /(;}) (:_ L) (4.5)
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FIGURE 4.1.1 NOMENCIATURE FOR ANALYSIS OF STRESEES IN A
GRANULAR FED - TWO DIMENSIONAL LOADING P g/om

va 4
1.0 7

0.54

— — %
0.5

FIGURE b.1.2 THEGRETTCAL TMO-DIMENSIGHAL SLIP
SURRACE; (D= 30°, B/TT /0% = 5
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whare yl is obtained by solving the quadratic:

Py

ylfl-v‘l)-ﬁzg 1;1;1; . (4.6) !

el

P:'o = 5, the shape of the slip boundary is ss shown in

Figure 4.1.2, The force per unit langth required to 1ift a smooth rod having
8 cross-sectional shape defined by the alip surface (Equation 4.5) fs, froem
Equation (4.4): :

4 sin f
Pe 777:'0 e @ -y I-_u%i (4.7)

wvhere 4 = y“‘ defines the "diameter” of the nearly-circular rod.
This equstion {s valid anly for very small values of &/y,, since the

For § = 30° and

=

G R g

boundary conditions at the surface of the bed ave not satiafied by the ap-
proximate solution given above. This defect can be ramoved by applying an
imags 10ad P' » P at the point y w 2 y, as shown in Pigure 4.1.3. With thia
loadaing, the stresses at the surface y = ¥, vanish as required at the fres
swisce. Carrying out an analysis similar to that given above, it is found
that ths required load per unit length 1s:

Py, a(1- Fdé) 1—:'%' (4.8) 7

These results are particularly interesting in that the loed P varies ;

— T

linearly vith the depth of immerston y,. !
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OF POWDER WITH A VIRTUAL
THE SURF

FORCE TO CORRECT FOR Bm CONDITIOND

Surface of Bed .

t P'  Virtusl Force Zqual to P
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k.2 Asalysis of the Force Requived to Lift sn Tmbdeddsd Disk from a Gradular
Bed

An apyroxizate analysis o;f the foroe required to 1ift sn imdedded disk
from & bed composed of gh_qt_ie granulas can de casrrisd out along the lines of
the above two-dimensionsl svalysis. For a point load spplied normal to the
surface of a semt-infinite elastic solid, Boussinesg''3 obtained the stress
components :

a e *2
b ’
2Tl (a2 + £2)5/2

G - 3p 3
R T G g 1171
2
-r“ . 3p 12 (5.9)

all (& + 202

vhere r and 3 are cylindrical coordisates {see Figure 4.2.1).
Taking the origin at s point at depth z fron tha surface of the bhad, the
requirement that the stresses be zero st the bed surface may be satisfied, as

" in the two-dimensicunal case, by considerings fictitious load P! « P to act at
" the point 3 = 2 3,. The stress distritution is then obtsined Dy superposition )

using Equation (4.9). ‘
The slip condition i again given by Equation (14.2),. on the assumption of
& linear shesr strength charavteristic ss expressed by Equetlom (k.;).
_ Carzying out an enalysis sinilar to those previously dsscribed, it vas
found that the Zorce peeded to 11ft an approximately -pher:.cnl objact of
5.3 Timcahenko, 5. end J. N. Goodisr. Theory of Elasticity, 2od xmm,
Megraw -H411 (1951), p. 85.
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PIGURE 4.2.1 FPOINT LOAD X% A THREE DIMENSICNAL FED OF POVDER
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disneter 4, hhddndtoahpthsaulmnuubed, ds:

M3 st 2
: ( ‘°) . {%.10)

Pa ?
3 l-sing a

e fungticn f = (31_'2)(1 + & 12 45 piotted 4 Figare 4.2.2, tndscating
the vay in which P varies with the dspth z,. .

Although the load spproaches s linesr dspendsnceon depth for large
values of 15/d in the axisymmetric case, it is apparent that s consider-
able dsparture from linearity occurs for small velues of s,/d. In the
range 1.1 « zo/d < B.0, the thecratical load is represented quite apcurately
by the pover law: Q_md.l‘&s ° l°1'375.

4.3 Discussion of the Theory snd Comparison with Experiment

The snalytical results presented above conflict aomewhat with esrlier
disk-11fting experiments’ 'Y vhich indiceted that the force requized to
1ift sn imbedded disk from finely=divided msteriils such as talec, saccharin,
stc., varies approximately ss the 3/2 pover of the depth.

In ordsr to check the validity of the theoretical oonelusicns for dilse
tant materials, disk-lifting experiments were conducted using glass bteads of
dismeter 100 and 200 microns, respectively. The apparatus end tachniqus
smployed in these tests ars desaribed ln sn esrlier roporth‘l. The zuultl

are shown in Figure 4.3.1. Within the range covered by the experimants,
the sgreement batween theory and experiment is very good.

The shesr strength characteristic employed in the theory (Equaticm b.1)
.wu8 2180 cheaked experimentally for the 200 micrcn glass besds using the
apperatus shown in Figure k.3.2, The results of these tests sre shown in
Figure 4.3.3. The shear azgle obtained from the test date is § = 26.8%,
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Soms caution is necessary in interpreting thess sheexr strength measure~
mants Decause of possible limitaticns in the experimentsl techaigque. It
eppears that a direct shear test of this type, in which g tangential shear

stross is applisd to a thin lsysr of the meterial unday test, as indicated
iz Pigure 4.3.2, may constrain the meterial so as to prevent natural shear
Iallure. Another diffisulty with this type of test 15 that since the state '
of stress in the horisontel plane is not defined, the ngtural shesr sngle
cannot be inferred from the test results. In spite of thess possidle shorte _
comings, direct shesxr t48sts should be satisfactory for measuring the rell--
tive shear strengih of granular and particulate materisls.

In gomparing the behavicr of dilstant msterisla compossd of relatively
lazge particles with that of finely-divided organic powdsrs, it is observed

_that the dilatent msterials tend to flov whereas the latter mpterials often

exhibit a tendency te dresk up and form lumpy aggregates when displaced.
This difference 4n bandling quslities may be attributed, st least in part,
to two fundamental factors: (1) occmpsctibility snd (2) interpertioulste
forces. The role played by interparticulate forces is -dfficult to iso-
late from other factors vhen desling with finsly-ground powders. Hovaver,
1t 1 ‘entirely feasible to genorate somtrolled interparticle forces mmoog
relatively large rigid particlss such as glass beads or pteel shot. Binee
these materials are dllatant, the influence of cowpaction is eliminated,
thus enabling s study of the sffects of interparticle forces ot the be-
havior of particulate materials.

By conducting experiments with such materials, it '4s believed possible
to gain considersbls insight into factors responsible for the handling
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charaoteristics of dry materialss Accordingly, tests of this nature are
plenned in future work. At the ssms tizme, an effort wvill be mads to extend

the theory described hersin to inolude sffects of interparticle forces.
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Se INVESTIGATIONS OF PROFERTIES OF SLURRIES

During this reporting period, the viscosity and themmel conductivity of
four egg slurry samples wers datermined. Additional information on the rheology

and density of Su slurries in & 11quid fluorochemical vas cbtained.

5.1 ZProperties of Egg Blurries

The viscosity of four egg slurries (W.E.B. #1, ¥2, #3 and $l) was re-
determined using a nav shipmant of frozen ssxples 1voeived from Fort Detrick.
One of the egg slwrriss used for previsusly reported viscosity dstearmins-

' ticus 2.2 contaiosd large lolid. particles vhioh clogaed the capillary vias-

cameter, theredy preventing ltc?:unont of meaningful msaguremants. Current
data on the other three samples are pressnted for comparison purposes,

The nev egg slurry samplos uluﬁ vere used in the datermination of ther.
mal conductivity as & function of temperature.

5.1.1 Yiscosity of Xgs Slurries

. Toe egg slurry eamples designated W.E.8. §1, #2, #3 axd i vere evalu-
atad using aa Ostwald capillary vASGmetar. The vo MOSG viscous slurries
(W.2.8. #1 end §2) vere also evaluated.in s concentric aylinder mmaul
viacomatar (modifisd Stormer viscometer).

Sampls W.X.8. #1, vhen analysed in the Stoxmer viscomster at 20°C, vas
found 0 b mon-Nevtonisn in the shear rate rangs of 32 to 310 seo™l. The
spparent viscosities st different shear rates are presented in mm's.:..z.
.11 denaral W1ls Report No. 2161, Second Quarterly Progress Report on

Dissemination of 80118 and liquid BW Agents (Unclassified title) Feb,
i3, lm, P 8. (Oonfidantill .
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TARIE 5.1.1
APPANENT VISCOSITY OF W.E.8. #1 VERSUS BHEAR RATR

Shear Rate Apparent Viscosity
{sec-1) {cantipoise)

32 6.6

79 ‘ 26.2
134 b1.0
190 38.5
251 36.5
310 35.5

The apparent viscosity d.tcmimd in the Ostwald viscometer was 43.1 centi-
poise.

Sample ¥.2.8, §2 also was found to exhibit non-Newtonian flovr behavior
4n tbe Stormer visccmetir at 20°C. Table 5.1.2 shows the variation in appar~

- ent viscosity with shear rate for this slurry.

TABIE 5.1.2
APPARENT VIBCOSITY OF W.E.8. §2 VERSUB SHEAR RATE

Shear Rate Apparent Viscosity
(sec=1) (centipoise)
78 Ted
165 1.0
299 12,2
%Y . 3.2

The sppaTent viscosity obtained in the Ostwald visccmeter was 7.79 centipolise
at 20°C.

Figure 5.1.1 is a plot of the shasr Tate varsus ghear stress data ob-
4ained from the Stormer visoometer cn smmples W.E.B.-#1 and f2.

The viscosity of slurries W.E.8. #3 and #4 vas t00 low to be accurataly
evaluated in the Btormer viscamster. At 20°C, values of 1,66 and 1.35 centi

- 16 -
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poise vere determined iz the Ostwald viscometsr for the apparent viseosities
of slurries W.B.8. #3 and f4 respactively.

5.1.2 Thermal Confuotivity of Egg Blurries

The thermal conductivity of egg slurry satmles W.E.8. #2, #2, #3 acd #&
vas detemined using the experimental apparstus and technique dssoribed in an

earitor report.” " Tne themal conductivity cell (Pigure 5.1.2) camtains
tvo 1iquid canisters which are formsd by three copper &isas. The upper can-
ister vas filled vith & reference liquid (vater) and the lower canister vith
cne of the four agg slurries usder test. Watar 'was chosen as s reference
liquid becmase its themmal conductivity is well known, and its absolute velue
vas belisved to be close to that of the egg siurries. The upper sclid line
in nm 5:1.3 1a the average valus for ths thermsl conductivity'of watar az
reported in the literature, and the 4otted lines represent the minimm and
nexizua valuss vhich have been fqund.s‘l'3

By placing the cell on its side with the copper diacs in a vertieaml
position, the cell vas easily filled without entrapping air bubbles. ILigquid
van slovly forced intothe cell from the bottam umtil the canister overflowed.
The caniaster openings were then sealed and the cell was inserted into o Sty-
rofosm insulation sleeve. Constant tempersture water from a large, ucastant
temperature bath vas circulated through the heat sink. Readings from the six
thermocouples in the copper discs were checked periodically for about forty-
five minutes. Whan no further change in temperature vas noted, the tamperature

drops scross the canisters vere :néonbi.

5.1.2 Gensral Mills Report No. 2200, Third Quarterly Progress Report on Dissemi.
nation of Solid snd Liguid BJ Agents (Unclasaified title) May 15, 1961,
pp. 56- 8L (Confilential).

5+1.3 International Critical Tsdblaes, Vol. 5, p. £27
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The call vas calibrated by filling doth canisters with dcuble-distilled
vater. Results of tha calibration revealed a 2 percent aystemic error as cal-
culated from the following relatioaships which were presented in sn sarlier
report - 1ed

q-xﬂé-m-’--x 2 D5 (5.1)
Ax A x .
whers:  q = beat flux throughthe ocell
Ky = thermal conductivity of water
| Ky ~ thermal conductivity of siuery
Arv = tezperature Arop aoross the water layer
A!‘. = tamperature 4rcp asross the slurxy layer
A = ares through viich heat flows (equal for bdoth liquids)
Ax - atstance vetveen the discs (equal for both liquids).

Thus: x, Az, = x, Az, (5.2)
Az,
and:
K‘Ai‘u > 3?

In calibrating with water iz both canisters, Ky = K, and therefore it would
Yo expected that A7, « AT,. Hovever, » larger temperature drop vas recorded
acroes the upper canister for all runs regardless of vhether the mean tampera-
ture °£. the vater in sither layer was above or belovw the mxbient tempersture.
In esch case, the error could bs accounted for by applying a correction fastor
as follows:

K_ (0.9786). (5.4)

5.1 4 (hmul )(1113, Inc. Report 2200,  Third Quartsrly Progress Repcrt on
Dissemination of Bolid and Liquid BJ Agents (Unclassified title) May 15,
1961, p. 59 (Confidential).
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Tt has been caloulsted that if the distance between the disks of the upper
layer exceedsd the thickness of the lover water layer by 0.002 inch, this
difference could account for the consistent error. Such a small variation
in thickness ie beyond the ability to measure once the cell is asgexbled. In

o e ——

i viev of the constancy of the error, Nquaticn 5.4 was used in calculating the
thermal conductivity of the egg slwrry saaples. oy

D

The thermal conductivity of egg slurry saaples W.E.8. #1, §2, #3 and N

v

are presanted in Table 5.1.3.

[pe—

, TABIR 5.1.3 '
H 'x?m CONDUCTIVITY OF X003 SLURRY BAMPIE '
gn wln‘a. u.!.s. M .
| = PR |
I ¢ sg-_l.-_celezs:.g;__l S_.L L._;sL_ug._l
’- 5.9 1,069 5.2 1.105
3 15.9 1.102 6.0 1,092 '
E 1 2.9 1.133 18.9 1.188 .
31.5 1.182 22.6 1.199
: 32.2 1.182 25.9 1.206
T 28.2 1.2028
3
3 ¥.E.8. fa VB8, .
i W - [ 103 [ ] x 103
l_: z'cs (cal g[nc-un ! E'c; (cal- g[uc-uat'c) :
6.0 1.213 6.8 1.285 f
I 11.8 1.277 10.9 1.299
1 12.7 1.2 19.1 1.329 \
J.z.é. 1.32 24,5 . 1,355 .
T 2h.5 1.329 2.9 1.367
L 29.0 1.357 27.9 1,392
32.4 1.418
E i The data of Teble 5.1.3 are presentad in graphical form in Figurs 5.1.3.
3 - The straight lines through the experimental points were calculated by the
E‘ !n method of least squares and appesr to be an adequate representation of the data.
T
3 8

Mo AL Lakes.
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All of the lines have approximstely the sams slope, and the thermal conduc-
tivity valuse of tha egg slurry sapples fall within a ranges between 78 snd 97
percent of the value for water,

5.2 Hbeologioal Behavior of Sn Slurries
Additional information on the flow characteristics of Swu slurries in a

fluorochemical 1liguid have been dstermined. The density of thess slurries
has been measured, and an apparatus has been designed and is being built %o
study the flow dehavior thrpugh capillary tudes.

5.2.1 Effect of Surface Active Agent on the Rheclogy of Sm Slurries
Praviously xeported ralultl5'2‘l on the flow debavior of Sm slurries

wers obtained vith ssmpiss containing a surface sctive agent dssignated 11161
and manufactured by Minnesots Mining and Manufacturing Company. This feot was
insdvertently omitisd from the discussion of experimental results. Tha surface
active agent wes sspecially compounded by 3M for use with their fluorochemical
liguids. Ssmples have beea sant to Fort Detrick for dstermination of ccmpatie
bility of tha agent with biological matarials. One tenth of ons percant by
weight of the fluorochemiocal liquid, FC~75, was used in the preparation of
slurries £or ths escltsr rheclogiosl investigations. It vas asrumed at the
start of those investigations that a surfacs active sgent would be nmeded to
prevent phase separation since a small emount of Sm added to FC~75 and dlended
thoroughly came out Of suspensicn rapidly. Investigations conducted during
this zeport period have been designed to detemine the stability of thiok Bm
slurries vithout & surface active agaat, and the change in rheological propers
ties caused by the amission of thie agent.

5.2.1 Oeneral Mills, Inc. Report No. 2200, Third Quarterly Progress Report on
Dissemination of Solid and Iiquid BW Agents (Unclassified titls), May 15,

1961, pp. 62-75).
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An attexpt also was nade to measure the viscosity of Sz slurries con-
taining & concentration of solida greater than 25 percent by weight, the upper
lintt previously investigated.

Tha sama techniqus was followsd in preparing the slu:rhu vluc.:h bas besn
reported pieviously, except that 1o surface astive agent was added. Results
indicated that the apparsnt viscosity of slurries without additive vas stromgly
dspendent upon mechanical history, Tharefore, it was necessary to obtein imi-
tial cmaistency curves at increaging ’nnd dacreasing shear stress as vell as
congistency curves after axtended psriods of shearing at a constant shemr
stress, The initial copaistency curves indicated that thiok slurriss (25 per-
cent by weight 8m), subjected to only a small amount of pricr sbearing, ox-.
hibit thixotropy, 1.s., apparent vigeosity decreases with shear. However,
upon shearing thuse slurries for oamndod periods of tima at a coustant
sheay stress, the initial trend towsrd a dscresse in apparent viscosity ia’
reversed and the apparent viscosity begins 1o increase. This latter phenoms-
non is called rheopexy:. According 4o the litersture, rhsopexy can be ex-
hibited by suspensions vhich contain sniscmetric particles. The incresss in
apparent viscosity is believed to e caused by shear-induced orientaticn of
aniscaetric particles. Rheopectlc materials have been observed to rebein this
orientation for considerable periods of time following the removal of the
shear stress.

Consistency curves for Sm slurriss without a surface active imt'md
containing 16.7, 25.6 and 28.6 pexcent by weight Sa are pressnted in Figure
5.2.1. All data were chtained at a tempsrature of 20°C, The experimental
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data vhich were obtained shortly after the sluxry had reached the equilibrium

texperature of the bath axe representcd by solid lines in Mlgure 5.2.1. The

consigtency curves obtained after extensive shearing are represanted by baxoken

linan.

Tt was found that slurxies containing .‘1.6.'( percent by weight 8m have
nsarly the sams congistency curve with or without the surface setive agent.
Furthermore, the consistency curves obitained at increasing and then dscreas-
ing shear stTess agree quite well for doth slurries, but with some slight
evidazce of ehixoﬁropy in the case of thn alurry without sdditive. After
shearing the slurry camimiously for 3000 revolutions at a shear streds of
sbout 200 dynes/ax®, the cwrve was shifted tovard higher apperent viscosity.

A slurry containing no afditive and 25 percent by weight Sm initially
exhibits considerable thixotrﬁ as avidanced by the form of the consistercy
curves obtained at inoreasing and then decreasing shear atress. After shear-
ing contimuously for 3000 revolutions st a shear stress of about 1100 dynes/
cn®, the curve is shifted considerably Toward higher epparent Viscosities.

Thus, the phancmenon of rheopexy becomes aore prominent with increasing solids

conasntaration.

The consistency gurve obﬁuﬁa on & slurry containing no afgitive and
28.6 percent by veight Sm 18 also presented in Figure 5.2.1. This slurry vas
much t00 thick to handle in the coaxiasl aylinder viscometer. The apparent
high yield point made it difficult to remove air trapped below the dob upon
imneraion and prevénted the slurry from fiowing over the top of the bob whan

it vas lovered into the cup. The curve prwssnted was cbtained st incressing
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shear stress auwd probably is only a crude reprezantsticn of the true flow
balavior. Attempts vill be made in the future to obtsin data on these thicker
slurries using capillary viscometry.

Minimum yield points for Smu slurries containing 16.7 aud 25 percent by

= - v %

veight of solids are indfcated on the shear etress axis of Figure 5.2.1.
Thesa values vere obtained by increasing the torque to the critical vmlue
vhich would inducs rotation of the bob, even though rotation would subsequantly
casse. . '

The changé in apparent viscosity with shearing for ths 25 percent by
veight tm slurry is pressnted in l‘imﬁo 5.2.2 in terms of changs in shear
rate with mmber of had revolutions. As wvas stated previously, the unp;a
vas sheared for 3000 revoluticns of the bob at & constant shear stress of
about 2100 dynes/em®. Both the initial thixotropis behavior and subsequent
rheopexy are svidant from this figure.

Quearvetion of the slurry samples after campletion of the tasts revealsd
7o visual evidencs of pomse separation of the &m and FG-75.

Upon discovering the rhecpactic bebavior of these eomnt'r;nud Bm ;
sluwrries without surface active agent, an investigation was made of the
amount: of FC-75 1iquid vhick evaporatsd frem the slurry during the experimant,
Tisa vesults showed that a changs in slurry concentration from 25.0 to 25.2
percent could be sxpacted during the time period of ths experiment, Buch &
small change cannot account for the increase in epparent viscosity with time.
Thexefore, the phencmencn of rhecpexy is a real characteristic of Sa slurries

_ vithout additives. The initial yield point and thixotropic behavior of these
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slurries is probably dus to the break-up of flocoulated particles, and the
subsequant rhacpectic bdehavior to the crientstion of aniaomescric Sr particles
upon additional shearing.

The complexity of the flow bebavior of Ba slurries without surface active
agent renlsrs impossibls the extrapolation of flow dats obtaizned from experi-
ments in the coaxial cylinder vissometer to flow behavior through tubes and
orifi. Therefors, future expariments will be confined to investigating flovw
through capillaxy tubes.

5.2.2 Apparatus for Capillary Viscomerry Btudies

Capillary viscametry will bs employed to extend the rheologlcal invea-
tigation of Sm slurries to higher shear rates and greater salids concentration.
Because Bm slurries are non-Nevtonian fluide, a rangs of shear stresses must
be used, This will be sccomplished by vaerying the pressure drop across the
capillary.

The viscometay that will be ueed 18 being conatructed at the present

d5'2'2 to be convenient, absclute and accurste and is

tima. It is reporte
capable of covering a vwids range of ghear styess in a single dstermination.
The appsxatus is shown schematically in F4gure 5.2.3. A celumn of marcury
forces the sample through tha capillary tube. Measurement of the height of
the mercury column as a function of time yields both the pressure drop and
flow rate.

The relstion between the shear styess T sud the shear rate £(T) for

this ipatriment is given by:

b ¢ m 3 - E‘:— .
’Lp"i_l’m Pre . (5.5)
5.2.2 Mayon, B,, J. Krieger and A. 8isko. J. Appl. FPhys. 25: 971 (195%)
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dlogh
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h » height of mercury solumn

vhare: na=

t w time
B » constant.,

5.2,3 Densities of Bm Blurriss

Iz ordsr to permit caloulation of the weight penalty involwed in slurry
aystems as compared to Ary powdar stores, density measurements of Sa in ¥FC-75
for various solida cancentration have been made st 20.0°C. From this data the
weight of biological material per unit volume oan be calculated as a function
of solids concantration.

The slurriés vare Irepatsd by veighing the ingredients on ao analytical
valance and then mixing thorcughly with s perforated plate stirrer vhich vas
described in the previous quarterly report. The end of & pipette was inserted
well belov the surface of the slurry, and the pipette was £1lled by applying
suctica through the top. When full, the pipette vus sealed at both ends and
weighed. The densities cbtained are recordsd in Table 5.2.1.

TABIE 5.2.1
DENSITY OF Sa SLURRIES
Welgnt Density at_£0.0°C
percent of gm am3)
° 1.77 at 25°C

16.7 l'gg .

20.0 1.

25-0 1.58
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BOUNDARY IAYER STUDIES

Growth of the boundary layer on the disseminating store is of consider-
sble interest in this program, becsuss the Parformance of the disseminstor
may be substantially affected by the local flow conditions at the point of
release of the agsnt. A imowledgs of the boundary layer growth is useful
1n (1) selecting a suitable location for the discharge of the disseminating
store, and (1) corrslating tho results of experiments in a wind tunnel vith
the performance of a full=-sige store under flight conditicns.

In 8action 6.1 below, caloulailons of Boundsry layer growth cn & air-
craft store are presentsd. In Section 6.2, caloulations of boundery layer
growth in the wing tunuel are given. This informaticn 1s considered impor-
tant in interpreting the results of the wind tunnel deagglomerstion studies
discussed in Section 7. '

6.1 Boundary leyer oa an Alrcraft Store

The boundary lmysr thicimess ou an MACA scriles 654 siore cf fineness
ratio 8.0 was calculslud for a Mach nusber of 0.9 at sea level with air
temparature of 8Q°F. The length selected for these illustrative calcul-
aticne was 17 ft. Two methods wers uged, the first aesumes the boundary
layer 1s similar to that formed over a flat plate in one-dimensionsl in-
compressidvle flov with Zero streamwise pressure gradient. For this case,

the thickness of the boundary laysr is given by the following relations:

&, » 464% .3 for 1aminer flow (6:1)
Hoy
end
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6*' - .'.3.'@‘.7. - 2 for turbulent flov (6.2)

/5
(Re,)

vhere:

X = digtance maasure along store surface in fiow direction
¥x
Rex - D- a Reynolds' numbex based on X.

As the boundary layer develops from the stagnation point, it chenges
Zrom laminar to turbulent at some location x, depending on the stream
turbulence, strean Mach oumber and the surface conditicn. The point of
transition vas datermined by using & critical Reynolds' number of 8000
according to Reference 1. JYor this Reynolds' number, transition occurs
at approximately 0.0L in, from the atagnation point; thus, for purposes
of calculation the laminar regime was neglected. fThe boundary lasyex
thickness, using only Equation 6.2 above, 1s shown in Fig. 6.1.1 as &
function of distance along the store axis. Bgustion 6 2 does not
repTeaent the actual situaticn acor the ostogmadticn poist and for thip
reason the curve aterta st x =« .20 ft. The boundary lsyer separates
from the body at some point beyond the wmeximus body thickness. ILocation
of the separation point can be estimated by examining surface pressure
distribution dete for the store. Such dsta was not available for this
stors, however, and the separation point was estimated by examining
the pressure distribution data for prolate spheroids as given in Refer-

ence 2. By this method ve find that the boundary layer should separate

1. Hemslet, M. and Nitzberg, G., The Caloulation of Drag for Airfoll Bections

and Bodies of Reduction et Subcritical Speeds, NACA RM ATBOS, 1947.

2. Cole, R. I., Presaure Distributions on Bodies of Revolution at Subacnic

and Transonic Speeds, NACA RM 152D30, 19%2.
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from the body at between 8C and 90 percent of the axisl chord. By
draving the separated siream lines parallel to the store axis, the size
of the turbulent wake csn be approximeted. Actually, the waks would
converge slightly, bacsuse the static pressure in the vake is less then
the free strean static pressure. The boundary laysr is drawn to scals
on the store shown in Fig. 6.1.2 for compariscn of ths relative sizea
of the boundary layer thickness ead the store. Effacts of pylonm boune
dary layer and sircraft wing down wask are neglected, because it is
essumad that the houndary layer devaloping oun the under sids of the
wing and on the pylon will not be thick encugh to affect the store
boundary layer and also that the store will be mounted ahead of the
wing down wash field.

The second method used to calculste the boundary layer thickness
includes the compressibility end 3-dimensional effects thet occur in
the mctusl situation. The method wos presented by Buglert in Refer~
Gust 5 a6 en eatensiou of an eariier work by Truckenbrodt in Reference
b. In spplying this method 1t was necessary to stert with the pressure-
Aistribution deta and daduce the local Msch number aand sonic velocity
along the surfece by assuming isentiropic flow. Pressure distribution
data were again teken from Reference 2. The thickness of the fully
turbulent boundary layer is givez byt

3. Englert, G. ¥W., Estimation of Compressitle Boundary Layer Growth
‘over Tusulsted Surfecss with Pressure Gradient, NACA TK %022, 1957.

4. Truckenbrodt, E., A Method of Quadrature for Calculation of the
Laminar and Turbulent. Soundary lLaysr in Case of Plane end Rote-
ticnally Symmetrical Flow, NACA ™ 1373, 1955.
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0, - '? —H{/T;"'" (6.3)
vhere: x y
n- % ‘;‘j 1/6 10/3 27/6 {;_:_‘?7 " (6 1)
B

and:

8, = local free stream sonic veloclty
8, - sonic velocity et stagoation
Vo = xinematic viscosity at stagoation
x = distence along flow direction
r = body radius at X
M= local free stream ﬁnch nusber

7 « mtic of specific huats of air = 1.h1

The results of our csloulstions from Equation 6.3 are also shown
4n Pig. 6.1.1. A comperison of the boundary layer thickness estimetions
from Fig. 6.1.1 shovs that the 3-dimensiopal compréssible boundary layer
(Equation 6.3) 1a thinmer for %/L & 0.565, because the flow area nor-
mal to the surface of the body of revolution increases as the square of
the distance, vhersas, the flov area i;\cx%am directly with the distance
shove a flst plate. The rapid growth of the coupresaivle boundazry layer

for a/L > 0.565 1s due to the adverss pressure gredient snd the onset of
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toundary layer separstion which, according to the compressibls theory,
ocours at some position beyond x/'I. > .T5.

Velocity distribution within the boundary laysr is shown in PFig.
6.1.3. This distribution vas caloulated from Prandtl's empirical

ﬁ - %} (6.5)

In the following section, this veloaity distribution is comparsd

equation;

with that existing in the wind tunnsl.

6.2 Boundary layer in Wind Tunnel

Boundary thicknass predictions based cn Equations 6.1 and 6.3
were 2180 made for the high-velooity wind tunnel used in our deagglom-
eretion studies. Agreepent with measuremsnt £or this case should de
g00d, dus to the negligibls compressibilily effects assoclated with
persllel- flov along the tunnel valls. Results of the cslculations are
shown in Pig. 6.2.1 for the various tunnsl Mach nmba}u used in our
studies. Ipcation of the sgent ejeator is shown on the abcissis; notice
that ejection occurs well within the turbulent flow regime. The tran-
sition to turbulent flow occurs approximatsly at the locstion shown for
each of the three Mach numbers. These transition locations were ob-
tained by essuming a transition Reynolds' number of 5 X 10°. Trausition
to turbulent flow may occur earlier, but not latar than the locations
shown, bacsuse of the modarately largs free-stream turbulence in our
tuonel.
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A compariscn betveen the bhoundary layer velccities ocourdng in the
funpel and on the egent store for a tunnel Mach nuaber of 0.8 at the
yofut of ejection is shown in Pig. 6.2.2. Agent ejecticn is assumed to
occur fyom the surfacs at one half the axisl chord (x = 8.5 £3.) in this
exsrple. Both bdundary laysys are turbulent, but ths gtors boundary
layer is appraximately 10 times thicker, due to the grsater distance
that the air has travelad at the ejectiom point. The effect of the
diffsrent Mach numbers (0.3 in tumnel, 0.9 for atoge) is smell.

?ig. 6.2,2 {ndicates that the veloclities are. quits similary in the
two cases at distances of 0.02 to 0.0h f£t. frem the surface. This re-

‘glon is of conaiderable iaterest, since it hes been found that the

finely-divided materisl can bte injected approximately this digtance.
It is belisved that the :’elg.!.tl shovn on Fig. 6.2.2 indicate that the
desgglomeration effects measured in the wind tunnel will be slightly
sonsexvative since the velocity gradient in the region is asasntially
zaro, vhile thers is a modast valoocity gradient indicated for the
actual flight case.
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DIBSENINATION AND DEAGOLOMERATION STUDIRS

Studies oo the disseninaticn of Sn similant in the high-subsonic velo-
city vind tunnel vere initiated during this reporting period. A -pruo of
bigh speed motion pictures wers taken of the sarosolization process within
thq tunnel and samples of Sm were obtained with the high veloeity sampling
systen.

T.1 Notion Plcture Study of Sm Dissemination

Viausl observations of the serodynsmic btreaskeup process during the dis-
seminetion of Sm have been sccomplished by photographing the area of injac-
tion insids the wind tunsel at 3000 frames per gecond. The photomraphic
oquipment employed in this work cousisted of an Dastmen High Speed Camera
(Xo. 3) and an gagerton, Germeshaussn, and Grier Inc. lighting system.

The latter 2as 2 spasd of 1.5/ sec., which vas fast encugh to stop agglom~
erates larger than O.1 mm in thase pictures. Three factors vere investi-
gated in this study: (i) oulk density, (2) tunnel Mach number, and (3)
moisture content.

Sumples from two separats batches of Sm, "A"# and "3'#+, were used

in this vork. The meterial vas injected into the wind tunsel with a piston-

Tedel gt an averags velocity of 4 meters/sec. The ssmples were

type dovice
prepared in three Aiffarent bulk dansities: 0.33, 0.43, snd 0.49 gm/co.

At the low density, ths materisl wvas in its lovse form while at the higher

» Shipment OBL A-3416691
% Jun 8l-fn-1342

7.1.1 (Qenersl Mills Report No. 2161, Second Quarterly Progress Report on
"Dissemination of 801id and Liguid BY Agents® (Unclassifisd Title)
Feb. 13, 1961, p. 36 (Confidential).

-73-

Page determined to be Unciassified
Raviewsd Chief, RDD, WHS
IAW EO 13526, Section 3.5

Late: 2 6 APR 2013

o

- v

c e -




D i ki B CHE 2 o L L )

A RS

FIOURE 7,1.1

DISBEMINATION OF Sm "A” WITR BULK DENSITY
0.33 gnfcc IN MACH 0,50 AIR STREAM
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densities it was compacted into cylindricel slugs, 0.63 ca dia., by tsing

® lov friction piston dsvice. Since compaction studies shov that it 1s
necessary to form oonpﬁued slugs in etepwise manner to assure a uniform
dansity throughout, (see Saction3 ), sevan steps vers used and each seg-
ment vas cmp:nne‘dv toa ﬁnsth-to-dimtu ratio of 0.3. Bach of the
donsity groups was photographed at tunnel Mech numbers 0.5, 0.65, and 0.80.

The Sm moisture contents wars dstermined by the Flosdorf-Webster
vacuum oven method. Approxmteli 2 gmn of Sm was ftlied in & bottle which
had s kuown tare weight. The sample was placed in an oveu maintained at
5050, at an absolute pressure of about 100 microns of mercury. After 22
hours it vas weighed again. The reduction in weight of Sm divided by its
original weight save the molsture content which for am "A" was 4.0 percent
and Sm "B" 1.0 percent.

From the standpolint of dissemination, an Sm moigture content of 4
percent ic considered to be high, This motion picture atudy shows that
such material can form strong agglomerstes which are diffigult to bresk
up completely in a high veloaity air etrsam. Thus, the impartance of con-
trolling moisture content is demcnstrated ia this work.

Figures 7.1,1, T.1.2 snd 7.1.3 shov injections of locse 8z "A". Much
of the materisl sppsars to be serosolized within a short time, 3 frames or
0.001 sec. Hovever, thers sre some relatively large agglomerates, approx-
inmately 0.50 mm in size, which seem to be unaffected by the uir stream.
These are shown in Pigure 7.1.1, in the upper part of Fresnme 10.

In comparison, Pigures 7.1.4 snd 7.1.5 shov that 8m "B" hes fev of
thess hard sgglomerates and the msterial seems to break up faster. This
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difference is atsriduted to their 'moilture contents given above.

Figures 7.1.6, 7.1.7 and 7.1.8 ahow the dissesination of Bm "A", ccm-
pacted to & density 0.43 ga/ce. Note thet the end of the slug is sheared
or eroded very rapidly as it enters the eir stream. Aerodynemic break-up
appears 1o 19 as setisfmotory as that of the lower density.

The results ;f.. density O.49 gm/ee, Figures 7.1.9, T7.1.10 and 7.1.11,
can be compsred with the previous group to show the significant effsct of
compaction of relatively moist Sm bayond the demsity O.43 gm/co. At Mach
number 0,50, the Bm slug protrudss into the stream an estimated 0.5 cm
before baing hrokea by serodynamic drag forces. This is bsycad the boundary
layer which vas calculated to bs 0.33 cm thick at the poiat of injection.
As the compscted pieces flow farther into, the stzesm they bresk up rapidly.
Por‘exsmple, nots the changs betwesn Fremes L snd 6 in Figure 7.1.9.

With increasing Msch number the slugs ars broken up closer to the tunnel
wall. Iz this group of pictures there sppears to be o significent numder
of particles formed in the 0.1 to 0.5 om size range which do not show signs
of ocapletsly deagglomerating. Thus, it seems likely that this combin-
ation of compaction density and molsture content may he beyond the limits
for satisfactory dissemination with a lhph injaction-type apparatus

such as vaa employsd in this study.

Gcgenny, the maxizun particle injection distence from the well into
the tunnel dscremses with incressing Mach numdber. For example, in Figure
7.1.1 (M = 0.5), the material flowes out as far as 2.0 cm before passing ‘
out of view, while in Pigure 7.1.3 (M = 0.8), it flows to 1.2 em. It

-8 - Page determined to be Unclassifiad
Reviewed Chief, ROD, WHS
JAW EQ 13528, Section 3s

Late: "2 6 PR 2013

T

Z.m tpsimes » m Ao et S A aliam

RN IT R e L

iy




mmw&!mmummummlmmﬂww .

7

PICURE 7.1.6

- =

DISSOMINATION OF Sm "A" WITH BULK DENSBITY
0.43 ga/cc I8 MACH 0.50 AIR STREAM

- 86 ~ Page

R
JAW EO 13526, 9
vate: 9 6 APR B3

TP LY R RR L  L

[ PAVE R

ki




FIOURE 7.1.6 CONTINUED

871 - Page determined to ba Unclassifiod
) Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5
Date:

28 APR 2013

O om N e
WP W

VAT TR TP IENTAISCTE T CA T T e
v T PP ISR R S O
1 T T m'anIWWF-mm




poeting

) Patd Pern

-

bl el

TSR YT Y ey

L |

e TR o I T

FIOURR 7.1.7

DISSBMINATION OF 8Sm "A" WITH SULK DENSITY
0.53 gm/ce IN MACHE 0.65 AIR STREAM

-8 - Page determined to be Ui
Reviewed Chiaf, RDD, WHS
IAW EO 13826, Saction 3.5

Late: 9 6 APR 2013

1

. e —— . —— = ot b

. e ——




E
i
i
E
k
B
;
E_

FIGURE 7.1.7

- 89 -

CONTINUVED

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

Late: 2 6 APR 2013

ot

s wa e mmw am—




£ TN TR S I R mimnmmmmmi'
bod e bt Dot sl bus g bnd oml

PIOURE 7.1.8 D
a.

TON OF Sm "A® WITR BULK DENATTY

43 ga/cc IN MACH 0,80 AIR STREAM
-90 -
Page determined 1o ba Unclassified
Reviewed Chvef, ROD,

|AW EO 13526, Section 38
Date:
2126 APR 213

T

o

. e b = i




Mwm
fie o
3 m.w..
mmm

CONTINUED

-91 -

PIGURB 7.1.8

e e Mo A BT T i e 1 a0 A LML 0 o s o7 AN artaadix,

1 00 TR G D A b 11 B 0, B b



PR PRI N U S e IR Y TR -

- v -

TIUUNR 7.1.9 DINERMCIBATTON QF Sm "A" WITM BUIX DRNSITY
0.49 majcc TH MACH 0,50 ATR STREAN

- 92 -

Page determined to be Unclassified
Reviewed Chief, RDD, WHS
1AW EO 13526, Saction 3.5

Late: 2 6 APR 2013

- ——— -
- —— e Al oty e e e




FIOURE 7.1.9 CONTINUED

-9‘,~

Page detsrmined to be Unclassified

" Reviewed Chief, ROD, WHS
‘JAW EQ 13526, Section 3.6

Liate:

26 APR 2013




e e —— s e e 2 1Y, £t e s

e o —a e Kb 4 e S e

PIOVRE 7.1.10 DISSBENDIATION CF Sm *A" WITR BULX DENSITY
0.49 ga/cc TN MACE 0.65 AIR STREAM

-S4 - ' P edetemhod\obeUndudﬂﬁd
R:?rw-d Chief, RDD, WHS
|AW BO 13826, Saction 3.8

vaw: 2 6 APR 2013

TR RIR smzmsmmmmmsmw




14

— ——— e e e e m. em e memes g a hemate veme oo B

Unclassified

Reviewed Chief, RDD, WHS
26 APR 2013

IAW EO 13626, Section 3.5

Date:

Page determinad to be

. b gy sremmaras [ B S

COBTINVED

-

YIGURZ 7.1.1C
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should be noted here that 5a does collect oo the wall es & result of
its close proximity.

In careful study of these pictures, possibly two of the chief mecha-
nisms by which desgglomeration occurs in the wind tunnel may be obgerved.
.nrst, it appears that unequal pressure distributicns arcund large slugs
during accelaraticn cause them to bresk up suddenly iunto & lsrge number
of finer particles. Figure-7.1.9, Fremés 4 sud 5, shows this phenomenom,
whexre a piece of slug was shattered in the period of 0.0003 sec. It
should be noted that this mechanisa doaes uoi appear to fully dsagglomer-
ate the matarisl in this case. Numerous particles, on the order of 0.2 mm,
veore producad in the process.

Bacondly, the mechanism of fluid shear, in connection with fiuid boun-
dary layers around sgglowerates snd clusters, 18 considered to be very
inportant in Adissemination. It causes erosion of small perticles from the
material during the acceleration procesa. For exampls, Figure 7.1.1,

Freme 15, shows clearly the formation of clouds of fine particles arcvud
clusters of Bm, A large percentags of the bresk up of Sm into its besle
particls size appears to occur ia this manner. Due to the high accelers
ation of these fine particles, the cloud is oriented in the downstrzem
direction.

The motion of 0.5 am sgglowerates has been traced in thess moticn
plctures to destarmine their acceleration {n the air stream. For the flow -
condition Mech number 0.5, culculations show that they undergo accelarations
greater than 3000 times gravity. FRvaluations of their pressure and frictiom
drag coefficients fndicate that the formex is epproximately SO times greater
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than the latter. Thus, nculputian is primarily caused by non-uniform
pressure ddatridutions sround the agglemarates.

It has 0ot been datermined whether fluid shesr in turtuwlent or lame
inar boundary layers ls most affective ln dsagglomeration; however, it is
a vell mown fact that the shear stress at & boundary is higher in the

formar case.

7.2 Bm Dissemination - Particle Size Distribution

EXperinents have been conducted to determine the degree of deagglom-
eration of Sm similgnt in the wind tunnel. In these studies Sm "B" was
injected st an spproximate velocity of 4 m/sec into sn air streem main-
tained st Mach aumber 0.50. The resulting asrosol was then gampled &t
a distsnce of 67 cm Aownstream of the injector with che high velocity
sampling probe and 76 mm Millipore rilters.

Ths degree of deagglomerstion was dstermined by studying the material
undar a microscops. Segments of the samples wers prepared for the obaerva=
tions by luverting them on slides and dissolving the filter material with
one drop of acetona. By Bealing a cover slip over the sample, gocd partie-
cle contrast could be maintained for long pariods of time. The anslysis
vas nade by first scanning the prepared slides to determine the type of
particln' that were present. Agglomerates could bs distisguished from
basic particles 'so that & qualitative understanding could be obt_'.uined of
the degree of desggiomeratiom. The ssomd step vas Lo determine the parii-

cle size distribution (by mumber) of the ssmple.
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Thesa tests :lnd:l.clf:‘n that dry (one percent moisture) sm vith a density
of about 0.33 gn/co can be dissemineted to produce an serceol in the wind
tunnel which is fully desgglomersted. Tha uml.u vers found to consu_t
of ba-'io Bn particles. On & nuaber basis, where the statistical Martiv's
disveter* was measured vith a Filar micrometer eyspiscas, approximately
90 percent of the perticles vers smeller then SiL.

Tais work will be continued with both loose and compacted Sm at
8ir stresm velocities, Mach 0.30 and 0.80. The results should provide
& good understanding of the dsgree of deagglamerstion of dry 8m in a

high velocity airstieanm.

* Langth of & 1ine intarcepted by ths particla profile bouadary which
approximately bisects tha area of the profile. The messurement is
taken in the seme direction for all particles.
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8. A STUDY OF THE EYFRCT OF COMPACTION OX THR VIABILITY OF A IRY STMURANT

MATERIAL

OQur Third Quarterly Progress Report included & study of the influence
‘of affective £1lling density on serodynamic drag of solid agent external
stores. The £illing density is a product of the mean Wik density of a
rinely-divided solid sgent and the frection of the total volume enclosed
by the skin of the store vhich is occupied by the agent. This study pointed
ocut that drag 1is zinimized if the externsl store has & large filling den~
sity. ¥rom a structural poiunt of viev, it 1s desirable to have the store
as omall as possible. It omn De conuluded from this thet it is desiratle
tc use the most danse agent that can be produced.

Our vork on the physical characteristics of powdexrs shows that the
higher povdasr dsnsitias regquire increasing higher compaction forces. Pre-~
liminery vork by Fort Detrick suggasts that these high compaction forces

‘may greatly reduce the visbility of agant. To explore ths effects pro-

duced on s sinulant, a series of compaction-viability tests using am
have besn initiated.

Figure 8.1 shows the coumpaction device which vas fabricsted f£or the
compaction~-viability tests. It is composed of five separate parts: the
base, cylinder, closure plug, piston, and funmnel. Thils particular design
was chosen to allow for accurate density measurexent, eass of applying
a load, eese of handling, and prov:!;nim for keeplng the agent under
test sufificiantly cool. (ooling was considared since viability nmay De
greatly affacted by the heat genersted during compressilon.
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In sll tests mede to date the compaction device and Sm vas Yrought
to approximately 4°C prior to conducting the tests at rocm temperature.
his has appeared to be adaquate cooling for the low loading rate used
in these tests. The procedure is to inseri the closure plug into the
cylinder snd in turm insert thess into the basa. The 8am is poursd into
the cylinder in small lots. Tasts in this type appsrstus have shown
that density decressas with distance from the piston. To keep the den~
sity varistion acceptably small the pellet wes formed in layers, each
sbout 1/3 the 250 mg total, The pistomn vas than inserted sad slowly
loaded with the mass capabla of producing the desired density. The pis-
ton was removed and the procsdure repeated until the full 250 mg peilet
vas formed.

The length of the pellet was measured with an optical height gage
so that tha voluze and subsequantly the density of the test pellet could
be determined. The resulting pallet Was next welghed and placed into a
dispersing solution from which viability asasssments were conducted.

Compaction tests, using loading rates as low es 16 grams per second
and piston loads up to approximately 16 atmospheres, gove 8m densities
up t0 0.65 grems per cubic centimeter. Preliminary results suggest that
the effect of zompaction on viability is not excessive. Based on the
procedurs dssarided above and a content ssmple, it appeers that the via-
bility recovery of Sm may be as high as 80 percent. Further tests are
surrently being mads to firmly establish this compactica-viability
relstionship.
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SYSTEMS STUDY

Ip Gutain a numerical evaluation of target ares cocversge as & runc-
tion of the various parameters (flow rate, serosol diffusion, height of
release, stc.), the appropriate equations wers progrsmmed on & Dendix G-15
digital computer. The model used was similar to the oge used vy North
American Avisticn, :l'.m:.,l but vith a diffarent sxpression for the lethal
dosage as & function of down wind distance. 7The model used in this re-
port 18 the one due to X. Caldar with the sdditionsl modification of a
variable decay rate. The symbols used are defiued in Table I below.

We asgsume that the plane is flying crosswind end disgemingtes a
line source. The line source strepngth ia given by:

q " flen (9.1)

Assuming that thig line scurce is effectively infinite in length, we
obtain the ground level lethal dosage via tha aquation:

b= (/2 [q/guwxl)ﬂ] o [ w*rg® (,,,1)26]. (9.2)
exp [-dscay flctor.]

We have a variable dacay rate and the "dacay factor" is asssumed to bde:
—‘-3-2 ter 0 2k % 0.5,
OL (5 - 0.5) + .025 for 0.5 ¢ x/u & 6.0,

and .00L (F - 6.0) + .025 + .055 for 6.0 < x/u. (9.3)

1, North Amarican Aviaticn, Ine., Report No. NA-59~632, "Airborme
Rinlogical Warfare at Low Altitudms®, Vol. IT, 16 June 1959, pp- 183
and folloving.
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. l Nunericel Velus Used
gymbol psfinition Units for this Report
- 1 P Probability of infsotion Uuitless
1D5° No. of organisms required
- I t0 infect 50% of the pecpls  Organisms
- Bource strength Org/tt. Variable
{ X Agent dacay rate $/ar. 5fr0 & t S ,5hx.
1 for0.5< t = 6hrs.
E 0.1 for 6 hrs. < ¢
" i x Down wind cloud travel Miles Yariable
I u Wind speed Miles/ar.  Varisble
& h Reight of release Foet 100
I o} Veather paramater Foet .66
[
%, p Weather parsmeter Unitless 3.8
T_.'
£oL % deign for which g'wafy Miles .0622
i are dstermine
£ 1 b Breathing rate of man n.3/h:-. 25.43
g T 4 Dissemination flow rais ?t.s/min. Yariable
E i c Agent concentration o:g/ﬁ.3
% I B Dissemination efficiency Unitless 0.20
t v Delivery speed Ft./min. 48,000 (=545 mph = Mach .76)
; I b, Ground level dosage of Org-hr./rt.a
lethal agent
i
1
% 1
3
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That 1s, the decay rats is £ive percent per hour uring the fivst belf =
hour, cue percest per hour for the next five and one half hours, and !

cne tenth of one parcent thereafter.

It should be noted that time hss besn integrated out of the expres-
sion for nl. and hencs DL is in terms of viable organisms present per

—— —

cubie foot for one hour. If we multiply DI. by the total intake of aiyr

of cas person “or one hour wve obtain the dosage, 4, Tor that persoa.
Knowing 4, ve obtain the probability of infection, P, from the equation

Pe1-2 Y0y (9.4)

In the exponent 4/IDgy the quantity c/znﬁo occurs and this will be
treated as a variable.

Cwrves of P versus down wind mm&, %, are platted and shown
in Pig. 9.1. The parsueters cre-c/mso, ¥ind spead u, and flow nt.._t.
These curves can be related toc a specific agent through the parameter
c/mso, assuning ve have used the proper dscey rate. 8ince these
curves are not restricted {0 s pazticular agent they can de thought
of as uaiversal curves.

It is of considerable interest to compare these curves with the
e:mriﬁlntll results contained in the North American Report, pp. 103~

117, especially Figure O=5, p. 115. We observe that all dats has &
characteristic shape vhich rises sharply in the beginning, starts to
drop, rises aguin and then falls into an exponantial decsy. This
structure is precisely that exhibited in our computed curves. This
agreement with experimentsl data gives considerable credsnce to the
theory of a variadls dacay ratas.
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. Ifi. gince the theory of & variable dscay rate seems even XOTe plaus=
atle now, & mathematicel model is being daveloped which vill acoount
for this. This model entails particle sise as one of its parameters.
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10. WOBK QN LIQUID AGRF® DISSRMINATING STCRE

As reported in our Third Quarterly FProgress Report, Gensrel Mills,
Ine. was asked to consider tha potentisl store-carrying capabiiities of
the AN/USBD-5 Drone, before seleoting the final configuration of the re-
search prototyps liquid agent disseminating store. In order to thoroughly
investigate this potantisl applicatioca, Gemeral Nills, Inc. issued sub-
contracts to Pairchild Aircrafi snd Kissiles Division snd North American
Avistion, Inc. for studiss on this subject. The vork statements for each
of these studies vwere included in our Third Quarterly Progress Report.

Both of these studies have been ccupleted. The finel report pre-
pared by Fairchild is included as Appendix A. The Pinal report prepared
by Horth Amsrican Aviaticn is includsd as Appendix B. The readsr is re-
ferred to thess appendices for the detailed findings of these studies.

Conclusions are suamarized in Section 1l.
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11, SUMMARY AND CONOLUBIONS

During this reporting period, the Fnase II studies vere acntinued.
Tais phsse includes resesrch related to eolid agent dissemimtion snd
the design and fabrication of a research modsl of & liquid agent stors,
intended for future field experinants.

Experimental studies of the effest of axposure to heated air
streams on the viability of Sm asrosols have been mads. Results fo2
an axposure time of 1.7 seconds shov & very sudbstantial loss of vi-
ability at elevated temperstures, FPor example, &xposure st 125°C cawses
99 percent loss of viability, This wozk indicates that mixing of the
4070801 with the Jet plume of & carrier alrcraft should de avoided.
(Bection 2)

The study of frictional forces bhetween various powders and various
nwrfgcu bas baen continued. With the use of a piaton-cylinday appar-
atus, msasursnsnts vere mads of the produst c,#, where Cy is the conr~
stant of proportionality betwsen lforges astirg perbdendicular to and
parallel to the direction of the applied force, and /. %s the aceffictent
of frictica. Neasuroments vere also made of [/ directly, using & tiliing-

table method. It vas possidle to calculate C, from these neasuremwats,

1
The average valus for C, vas found to be 0.484 for talc and O.41l4 for Sa.
A‘ study vas mads Of sverage bulk density of a column of compressed
povder, as s function of column length, for various compressive stresses.
Nessursments vere mads on both talc and Sm, An empirical formula was

foma4 to fit the experimental date quite vell, (Section 3)
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A theoretical snslysis of the force required to 1ift an imbedded
disk from a bed of dilatant meterisl was carried out, undsr the assump-
tion that attractive forces bDetween particles are negligidls. The re-
moval force was found to dapend on the density 7 snd the shear angle ¢
of the particulate material, tne forcs being proporticual to tne fmstort

8in
~8in @ .

The agreemsut betwsen theory snd experiment was found to be good
for glass beads of 100 and 200 aicron dismeter. (Section 4)

The viscosity of egg slurzries W.B.S. fl, #2, 43 and f4 vas re-
datermined, using a nev shipment of frozen uup:.u; The thermal con=
ductivity of these slurries ulso was determined at intervals of 1.5°C
in the tempsxmture range from O to 32°C. The thermal conductivity
velues varied frem T8 to 97 percent of the valus for vater.

The Theologicsl properties of Sm slurries without a surface active
sgent wers investigated at 20°C. The slurriss eXbidbited initial tnixo-
tropy (apparent viscosity dacreasss witn shear) followed by rheopectic
bshavior (incrsase in apparent viscosity with shear). A slurry com-
taining 28.6 percent by weigat Sm was too thick to handle in the co-
axial cylinder viscometer. A capillary viscometer is being constructed
to ex;end. the rheclogical investigation t0 greater solids conceatration
and higher shear rataa. (Section 5)

Boundary layer studies showed that the boundary layer of an aire
craft external store is approximately 10 times thicker than the boun-

dary layer in our wind tummel. However, with a reduced viud tunoel
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Mach number, the deaggicmeration messured in the wind tunnsl is con-
servative, since the velocity aradient at the apparent: injection distance !
(0.02 to 0.0h £¢£.) is greater for the agent stdre than for the wind

iunnal, while the velocity ot th;.n distance 1s almoat identical.
(Becticn 6) ‘

Studles on the dissenination of Sm simulant in the high-veloeity

wind tunnel were couducted during this reporting perfod. A series of
high-speed moticn pictures, taken of the serosolization process within '
the tumnel, showed the aerodynamic breskup characteristics of @m at f
various bulk densities, moisturs contents, apd tumnal Mach numbers. '
The degree of deagglomeration is atyangly dapendant on the moisture

content of Sm; values in the range of 1-2 perceut by wem't; appear to '
be most satlisfactory for dissemination. The two mechanisms which seem
t0 be primerily responsidle for desgglomeration are non-uniform pres-
sure distributions eround agglomerates and fluid shear siresses at
their boundaries.

jlmj  pean} il  pue] ey

S8amples were taken of Sm aerosols produced in the tunnel at an

air stream veloecity, Mach mumber O.5. For the case of dry Sm with

¥
u

density 0.33 gu/ce, it was found that the sample coneisted of hasic
Sm particles; i.e., full desgaglomeration vas obtained. (Section 7)
Experiments were conducted to detemine the affact of compaction

g -

o

on the viability of dry Sm. Esrly resulis indicate that the viadbility

Sery

recovery for samples subjected to approximately 16 atmospheres pressure

vas in the order of 80 percent. (Section 8)
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A nuperical evaluation of the t_l.rpt arsa coversge vas conducted as
a g\mctinn of the various parameters, including the factor of m varisble
decay gatq. ‘I‘pc result of this study is a faaily of infecticn prob-
ability curves, vith a charscteristic shape which hes Veen demonstrated
in sctual field oxﬁuimnti. This agresmsnt with experimental results
adds considerable strength to the variable decay rate theory.

(Seation 9) '

The USD-5 1s capable of carrying external stores at three locations
wvith very small penalties in structure weight. It vas detersined that
the near optimum stora rgr universal use on manned airoraft is nubltl.p-
tislly lsrger than the near optimum store for the USD-5. In additiom,
the manned sircraft store can ressonably include an independent power
source. On this basis, it vas deoided that the most useful wait for
this program is one designed for a mamned aircraft. (Section 10)
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EXTERNAL WING-MOUNTED B4 STORES
WITK THE AN/USD-5 (XE=1) IRONE

Coaducted Under Genaral Mills, Inc.
Furchase Order No. MD-82550

BY

Fairchild Btratos Corporation
Hagerstown, Maryland

DECLASSIFIED IN FULL
AM: EO 13526
Chief, Records & Declass Div, WHS

corw s Date: 2.6 APR 2013

ol s S et Listiie e 4




i

PTG it | A IR ST TRARY | JIMSOF B S AYS TR S IRSERIPRITE T2 TV X PR 1S LN SRR RO YR S NS G

ﬂvr‘ '%,y

AIRORAFT EMISSILES DIVISION + HAGERSTOWN MARVLAND
PAIROHILD STRATOS GORPORATION

susJgCT__STUDY OF COMPATIBILITY OF EXTERNAL WING-

MOUNTED BW STORES WITH THE AN/USD-8 (XE-1)

DRONE

REPCRT No. R 361-000

f IP TNAM et —eith
. . Mo ",7 i AC?..:’.-
ey o Laal me o’ COPY NO.

NO. OF PAGES

DATE May 26, 1861

APPROVED 8Y -

APPROVED BY

REVISIONS

RMVISION DATE PAGES AFFECTED APROVED

i CORPIDENTHAE

DECLASSIFIED IN FULL
Authority: EO 13526
Chief, Records & Declags Div, WHS

Date: 2 6 APR 20'3

""{nj

e e —

—— et Atam

. e




1

A — . _——

| ~BONFIRRTIT™
] REFORT 0. R 381-000 "MV, N RonetT sy ek comemarion- B, e |
) Study of Compatibility of External Wing-Mounted oatg _May 26, 1961
. I suneer:-  BW Stores with the AN/USD-8 (XE-1) Drone REYVISED, :
' I TABLE OF CONTENTS
, 1 SECTION . TITLR PAGE
_ 1. SUMMARY 1-1
| a, INTRODUCTION 2-1
3, SYMBOLS 3-1
£ | s FACTUAL DATA 4-1
E 4.1. . PARAMETRIC ANALYSIS OF TANK SIZE AND
' 1 LOCATION - PHASE I 4-1
i 4.1.1, PERFORMANCE ANALYSIS 4-1
i‘- I 4.1.3. STABILITY AND CONTROL 4-14
§ 4.1,3. STRESS 4-18
‘ I 4.1.4. THERMODYNAMICS 4-18
% 4.1.5. WEIGHTS 4-20
H I 4.2.  STUDY OF SELCCTED CONFIGURATION - PHASE IT  4-27
E 4.2.1, DESIGN 4-27
P I 4.2.3. FLUTTER STABILITY | 4-30
| 4.2.3. LATERAL STABILITY 4-31
| { 4,2.4, STRESS 4-49
, 4.2.5. WEIGHTS 4-56
I 4.2.6, BEA-LEVEL MISSION 4-58
5. REFERENCES §-1
6. APPENDIX 8-1

DECLASSIFIED IN FULL
MW: EO 13526
Chief, Records & Declass Div, WHS

Date: 26 APR 2013

§-800-23A

TR § LB W N S QT VRV 1P B ARSETRY. Mo TN

Ll

e —— e s AR b bt e e e

P—.



SPITRR ITEe T T ARSI PRI REAT IR 4 et AT SN R AN TR I 1IN IO R T S R

|

REPORT Ro.R 381-000 FA 07 PAIACHILS ENSINE & AIRPLANE CORPORAPIAW

FATROHILD 'A!ln! munm-ufm;‘—"*u-un Biv. paces [oast 1-1

Study of Compatibility of External Wing-Mounted
suseeT:. BW Stores with the AN/USD-8 (XE-1) Drone

osreMay 28, 1961

AEVI 36D

SECTION1. SUMMARY.

To assess the compatibility of external wing-mounted BW
stores with the AN/USD-8 (XB-1) drone, the initial investijation
considered the installation of tanks 18, 20 and 12 inches in diameter
located at wing butt lines 37, 74 and 88. Parametric analysis of
these tank aizes and locations at 0. 7 Mach number indicated the
most desirable configuration to be a 22-inch diameter tank lacated
at wing butt line 88, Further investigation based on the selected
configuration indicated 2 sea level radius of action capability ot
111 nautical miles with a BW agent capacity of 1240 pounds,
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M-361. . N. Rothenberger tna RN
Study of Compatibtlity of External Wing-Mounted sate May 26, 1961 ;
suyeey:..  BW Stores with the AN/USD-8 ({E-1) Drone REVISED .

SECTION 2. INTRODUCTION.

This report presents the remults of & study to fovestigate
the compatibility of external wing-mounted BW stores with
the AN/USD-8 (XE-1) Drone.

Under a contract with the United States Army Chemical
Corps, General Mills undertock the development of external
stores for line-source dissemination of solld and liquid BW
agents from low {lying manned and unmanned aircraft. In
order that the resulting stores be adaptable to a large number
of delivery vehicles, inveatigation of the potential capabilities
of the AN/USD-B (XE-1) drone for carrying external stores
was roquested.

The primary mission ia line-source dissemination of BW
agents from a low altitude drone. Basic assumptions are:

a. Modification of drone components other than the
wing structure will be minimized.

b. Weight allowance will be made for inatallation of
functional BW control package.

¢, Normal surveillance equipmont will be instailed,

d. Installation of a wind determination system will be
conaidered.

8, Drone will be returned and recovered,

f. Launch will be made at the highest practical gross weight
consistent with the operating limitations of the AN/USD-6
(XE-1) drone.

g. Agent dissemination will be made at minimum feasible

altitude and 0.7 Mach number,

External BW tanks will be ejected aftexr dissemination run.

Minimum radius of operation will be 300 nautical miles.

A'C.E.P. of three nautical miles for a 80-mimte flight

duration will be acceptable.

&

[ =
. »

Basic design data of the BW external {anks as compiled by
North American Aviation Company is contained in Appendix I of this
report. The following additional data was furnished by
General Mills - - - ;

a. Denasity of payload: 8.33 pounds per gallos.
b. Rate of payload dissemination: 8 gal/min/tank.
¢. Tank drag (isolated store drag coefficient); 0,08

d. _Electrical power requiramznts of tanksand control; 28 voltsde,2amy.
§-800- 234 m
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|~ SECTION 2. (Continued)

e. Tank size and weight:

Tank Size Tank Wi.. AgentWt. Tank Cap Total Wt.

(diametar) (Ib) {lb) {gal) 2 m’nits)
18 {n. 440 233 28 1346
20 in. 820 491 69 2022
22 in. 600 788 . 2766

* 22 in, 460 1241 149 3401

* Alternate tank weight and capacily supplied after completion
of preliminary investigation,

The etudy was conducted in two phases, The objective of
Phase [ was the determination of the best tank configuration con-
sidertng tank size and location on the wing. Tanks of 18, 20 and
22-inch diameter located at wing butt Ines 37, 74 and 85 were
investigated. The effect of each configuration on drone structure,
stability and control, and performance was analyzed (o establish
the moat deairahle tank configuration,

The objective of Phase [I was a study of the selected cunfigura-
tion considering the design, {luttor atability, lateral stability,
load analysis and atress checks, weight, center of gravity and
moment of lnertia. A asea-level dissemination mission was cal-
culated utilizing the selected BW tank configuration ag well as a
summary of design load factors for the tanks,
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SECTION 3.

Bn L. .
%) .

SYMBOLS,

. + « butt line
. + drag coefflcient = EIDE

C.E.P. ¢« » « « circular error probability
c,, . .. . lft coeffictent = L
8

g . « . . center Mne
C c o e it = M

m pitching moment i
Ca v+« . yawing moment = &Nﬁ
Cn’ . . ... static directional stability parameter = ¢ Sl

A

cy + + « + 8ide force coefficient = q!g-
c x « +» . » axial force coefficient
D .. ..drag
F.8, . « « » luselage station
G. W . « « » gross weight
1 « « « . moment of inertia
I x » « » » roll moment of inertia
ly + » « » pitehing moment of inartia
Iz s+ « « . yawing moment of inertia
Ix . « .+ . mass moment of inertia of the drone about a centroidal axia

o parallel to the x datum axis
L.E, .+ « « lending edge
M . « » Mach mimber 0,7
MAC . « . . mean aerodynamic chord '

DECLASSIFIED IN FULL
Mi/lb . . nautical mile per pound of fuel guthonty EO 13526
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| svaseer:. BW Btorus with the AN =1) Drone REVISED
SECTION 8, (Coutinued)
M; « » + +» fuselage moment about horizontal axis
M. . + + » Wing momant about vertical axis
N, Mt + « + » nautical mile
NRP « + + « normal rated power
B . « + + . product of inertia in ths x plane with respect to centroidal
e0 Xl & wxon
R/A « « . . radius of action
R/C .+ . . Tate of climb
8 » « » » Ares in square feet
T. B. « o o, trailing edge
T‘T.E. + + + .+ Wing torque about trajling edge
\'A + o« » alrspeed
v, .+ . . vertical shear
Wwt. « o+ o Welght
) « + » o incremental change
a, . + » » angle of attack in degrees
cag « + «+ o Birplane angle of attack
a «+ « +» o angle of sideship - degrees
] + « « « contro] surface deflection angle .
r PN Indtcntu a coefficient based on maximum cross-sectional ares.
) e e rou angle - degrees
¢=p . + .+ . rolling velocity of drone about longitudinal m- - rad/sec
' 4 ., + . + Angle of roll
¥ . rolling velocity
'3 . + . . rolling acceleration
¢sr . . . yawing velocity of drone about vertical axis - rad/sec
=GONPIDEN MR
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SECTION 3. (Continued)
a + o « » adleron
c.g. . .« « . contexr of gravity
1 v o o o longth’
n, . . . . longitudinal load factor; positive - forward
n, . « + » lateral load factor; pesitive - right -
n, . « « . normal load factor; positive - up
q . . + . dynamic pressure = 1/3 ,Vz
r * » ¢ « fudder
w .« oo Wing
x . « o » longitudinal cecter of gravity
y « « « . lateral center of gravity
] R vertical ceuter of gravity
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N0 & FYtnam

SECTION 4.
4.1

4.1.8

4,1.1.1

FACTUAL DATA

PARAMETRIC ANALYSIS OF TANK SIZE AND LOCATION -
PHASE I

PERFORMANCE ANALYSIS

The performance analysis consisted of a study of the effects
of tank 8ize, tank location and cruise altitude on radius of
action (Phase I) and the calculation of the mission performance
for one selacted tank size, weight and wing location (Phase II).

Baaic Performance Data

The thrust required for the drone without tanks installed s
based on the lift and drag coefficients obtained from wind tunnel

" tests of & AN/USD-8 (XE-1) model. The thrust requirements

with tanks installed are based on the addition of an Incremental
drag coefficient due to the tank installation to the baaic AN/USD-
(XB-1) data. The drag breakdown is given in Table I and aplot
of incremental drag coefficient versus tank capacity is presentsd
in Figure 4-1. The tank capacities used in this figure and Iater
figures are the agent capacities specified by General Mills for
the Phase I parametric study. The drag coefficients are based
primarily on data supplied by North American Aviation and
Qeueral Mills. The drag coefficients are applicable up to
M=0.7. ’

The thruat available is the same as that used for the
AN/USD-3 (XE-~1), When calculating cruise performance, the
present normal rated powsr (NRP) of the engine was excecded
when neceggary to mest the M = 0.7 speed requirement; how-
aver, military rated power (MRP) was not exceeded.

Specific range data are presented in Figures 4-3 thru 4-8.
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TABLE [. INCREMENTAL TANK INSTALLATION DRAG COEFFICIENTS
. TANK DIAMETER
ITEM ‘ 18 Inch 20 Inch 32 Inch COMMENTS
Usable tank capacity per tank 28 gal 58 gal g4 gal Specified by General
Tank frountal area 1.1625qft | 2.182sqft | 2.640sqs| MilLs for Phase I Study
CD {or isclated tank 0.05 0.05 *0.05 NAA data per TWX dated
w March 31, 1981
CD for fins 0.01 0.01 a.01 NAA data supplied by
w General Mills
CD Ior_yylons .0.0103 0.0103 0.0103 General Mills allowed
w 0.0703 0.0703 0.0703 | 0.08 per TWX dated
March 31, 1961
CD for ram air torbine drag 0.15817 0.1281 0.1039 CD = 0.013 based on area
W ——— of 21,5 sq ft
Total & CD yper tank 0.2290 0.1984 0.1762
W
Total 4 CD for cruise out 0.00402 0.00432 0.00463 | Two tanks
(Based on wing area) .
Acniordissemimumnozdes 0.00070 0.00070 G.00070 | Based on drag of two
: faired cylinders per tank,
42 in Jong, 1 in.diam.
and inclined 80° to
vertical
Total 4 CD Ior dissemination 0.004T72 0.00502 0.00533
(Based on wing area) '
Usable tank capacity, two 58 gal 118 gal 188 gal
tanks
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4.1.1.2 Missions

The missions investigated were all radius-of-action
misslons and consisted, basically, of a booated launch, cruise
out to dissemination point, disseminate liquid agent, drop tanks
and pylons 238 nautical miles after dissemination, and return to
base {or recovery, The rules for the missions are given
below:

4.1,1,2.1  Sea Lavel Cruiss Mission
2. Fuel allowance (67 Ibe) is provided for two minutes opera-
tion at NRP for pre-launch check out.
b. Launch and cruise out at Mach number = 0. T at sea level,

¢. Disseminate agent at Mach number = 0,7 at sea level. Agent
is disseminated from both tanks simulitaneously at rate of
8 gal/min/tank.

d. Range does not include digsemination distance.

v. Drop tanks rod pylons after 26 nautical miles of cruise back,
{. Cruise back at Mach number =0.7.

g. Recover.

h. No reserve fuel,

4,1.1.2.2 Altitude Cruise Mission
a. Fuel allowance (87 1b) 18 provided for two minutes operation
at NRP for pra-launch check out,

b. Launch and climb to 30,000 ft with MRP at best rate of climb.

¢. Cruise at 30,000 ft and Mach number = 0.7 until weight de-
creases to polnt where nrv!co ceiling (R/C = 100 ft/min at
NRP) 1 33,000 {t.

d. Climb to 38,000 {t with MRP,
8. Crulge lo disssmination point at Mach number = 0, 7.

t. Descend to dissemination area, NoO credit is taken for range
in descent.
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8. Disseminate agent at Mach number = 0. 7 at sea level.
Agent i8 disseminated from both tanks simultaneocusly at
rate of 8 gal/min/tank,

h. Range does not include dissemination distance.

f. Climb to 36,000 ft with MRP. Drop tanks and pylons
after 36 navtical miles range in climb.

§. Cruise back at 36,000 ft and Mach mumber = 0. 7 to recovery
area,

k. No credit is taken for range during descent to recavery area.
1. No reserve fuel.

Typical mission profiles and the results of the radius-of-
action calculations are given in Figures 4-0 thru 4-0. Weight
and fuel data are given in the Gross Weight Summary.

NOTE: Groas Weight Bummary has heen submitted by Weights
Bection,

It should be nnted that none of the tank lnsﬁllatlonu con-
sidered wera abla to meet the minimum desired radius of action
of 300 nautical miles at sea level.
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SECTION 4.

4.1.2

4.1.2.1

4.1.2,2

4.1.2.3

" FACTUAL DATA (Continuéd)
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STATIC STABILITY AND CONTROL CHARACTERISTICS

A brief static stability and control analysis was made of the
various tank configurations in order to determine their feasi-
bility. The study was made without consideration of aero-
elastic effects. The results are given below.

Longitudinal

The addttion of tanks with horizontal fins is estimated to
producs a forward shift of the nsutral point as much as 3.5%
MAC (see Flgure 4-10). The greatest effect {s obtained with
the large tanks in the outborrd location. The shift in neutral
point will be handled by restricting the aft c.g. limit. This
golution is expected to introduce problems in c.g. control. It
is recommended that horizontal fine be used to minimize the
adverae effect of tanks on longitudinal stability.

No coatrol problems are indicated based on static
considerations.

Lateral-Directional.
The static diractional stability parameter, Cn‘

slgnificantly when tanks without vertical fins are added to the
basic AN/USD-6 (XE-1) configuration, See Figurs 4-10,
Further study may indicate the desirability of adding vertical
fins to the tanks.

is reduced.

Lateral control is suffietent to handle unsymmetrical dia-
serpination of agent.

QGeneral.

The changes to the AN/USD-6 (XE-1) stahility and control
characteristics become greater as the tanks are moved outboard
on the wing; bowever, the results of this siatic analysis has not
indicated any insurmountable difficulties.

The results of a brief lateral dynamic-stability study indicate
2 potential problem at V = 300 kts. The lateral oscillation is
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" "SECTION 4.
4. lls
4,131

4,1.3.2

1 stisgeer:- BW Btores with the AN/UﬂD B8 (XE-L[______ 1EViaen

" FACTUAL DATA {(Continued)

STRESS
Structural Modifications Required to Fuselage

For all stores at all locations on the wing the fuselage
bending moments and shears are higher than the design values
for the AN/USD-8 (XE-1). The ares atlected 18 between Station
207.8 and 2560.5. Therefore, there will he some changes in the
longerona and shear panels in this area,

For the 1388 1b store at either B. L., 85 or B.L. 74, the Ha
bar in the tuselage frame at the {ront spar (Btation 207. 3) must.
be increased in size,

For all siores thers may be & slight change in the fasteners
where the rear spar fitting attaches to the fuselage lower
longeron.

Structural Modifications Required to Wing

For all stores at all locations on the wing it is necesaary to
increage the strength of the root rib at the joint where the lead-
ing edge portion atlaches to the main porilon of the rib,

For all stores at B. L. 37 the existing fuel bulkhead must be
converted into a gtructural rib,

For all stores at B. L. 74 or B L. 85 a structural rib must
be added.

For the 1011 Ib store at B, L. 74 an 0. 02 inch doubler must
be added to the wing skin for 10 {nches inboard ot the rib.

For the 1383 1b gtore at B. L. 74 an 0. 03 inch doubler must
be added to wing skin for 10 inches inboard of the rib,

For the 1011 1b store.at B. L. 85 an 0. 02 inch doubler must
be added to the wing skin for 10 anhe. inboard of the b.

For the 1383 Ib atore at B. L. 88 the wing skin gage muat be
increaged from the existing 0. 08 inch thickneas to 0.07 (an
0.01 tnch increase) from B. L. 86 to the root rib, and an 0,08
inch doubler must be added for 10 inches inboard of B. L. 48§,

For all storeg at B, L. 85 and B. L. 74 the front spar fiiting
would have to be changed slightly to add more material,
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S “Study ozComputhmty ol -External th¢- Mounted oare _Mav 26, 1061 |
" | susseey:- BW Stores withi the AN/USD-8 (XE-1) Drone REVISED ;

~T SECTION 4. FACTUAL DATA (Continued)
4.1.3.2 Structurnl Modificatiqns Required to Wing (Continued)

For all stores at B. L. 74 or B. L. 8%, a swept pylon i8
required because the store c.g. is so far forward in relation to
the wing section, A swept pylon is far more complex than a
straight pylon from both a design and a manufacturing standpoint
and, due to the fact that the c.g. 18 so far forward in relation
to the wing section, the greatly increased moments and torques
require much heavier structure in the pylon.
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supsecr:. _BW-Stores with the AN/USD-S (XE-1) Drone REVISED
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SECTION 4. FACTUAL DATA (Continued)

4.1.4° THERMODYNAMICS,

4.1.4.1 J-60 Turbojet Engine Estimated Jet Wake Diagram

An estimated jet wake dlagram on the J-80 turbojet engine,
baged on sea-level condition und M = 0.7, was obtained by cross-
plotting Pratt and Whitmey data for other conditions and is, (n
the opinion of Thermodynamics, conservative for the purpose
since it does not account for the effects of the secondary air-
flow in the cooling ejector. See Figure 4-11. The cooling
ejector ts part of the bastc design of the AN/USD-8 (XE-1) in !
all its versions. ;
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"\ Study of Compatibility of Externa} Wing-Mounted ~ | oare _May 26, 1061 |
.| supoeer:. _BW Stores withi the AN/UBD-8 (XE-1) Drone REVigED N |
| sECTION 4. FACTUAL DATA (Continued)

‘n 1. B WEIGHN-
4,1.8.1 Basis for Anslysis,
2, Maximum launch gross weight shall be 10,800 .
b. RBasic drona shall be the operational AN/USD-§ (XE-1).
¢. Agent tanks shall be full (96%) for launch,
d. Fuel tanks shall be partially full for launch.
e. C. Q. of all external atores shall be at F. 3. 228.0
(20.9 % MAC). Refer to Figure 4-14,
f. Maximum diameter of tank at B. L. 37.0 shall be 22 inches.
g. Pylon constant for all tank diameters at a given butt line
location.
4.1.8.2 Applied Changes to Operational AN/USD-8 (XE-1) Drone,
Refer to Figure 4-~13.
a, Add circuitry in guidance and electrical syatems for stores
functions.
b, Revise wing fuel plumbing to provide for partially filled
wing fuel tanks at launch.
¢. Add beel-up in skin panels and longerons ( F. §. 187-270)
of fuselage to sustain increage in bending loads.
d. Wing structural heef-up is required and varies with agent
tank size and location as follows:
(1) All conditions require changes to root rib joints and
the rear spar {itting.
(2) For all storos at B. L. 37 the existing fuel bulkhead
must be converter into a structural rib,
(3) For ail stores at B. L. 74 a structural rib and local
skin doublers must be added.
(4) For tho 18 and 20-inch diameter tanks at B. L. 85 a
structural rib and local skin doublers must ba added.
$-800-23A Bl
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~{"sumect;. _BW Stores with the AN/USD-8 (XE-1 _ EvisEs -

g-Mounted

FACTUAL DATA (Continued)

Applied Changes to Operational AN/USD-5 (XE-1) Drone.
(Refer to Figure 4-13) (Continued)

(8) For the 20-inch diamaeter tank at B. L. 85 a structural
rib will be added and the wing skin increased by 0.01
inches from the root rib to B, L. 85 rib.

(8) Design of the structural ribs at B. L, 37, 74 and 86
is based on the 22-inch diameter tank,

&. A atraight pylon can beused from B, L, 37 thru B. L. 80.8
and the welght is estimated as a constant. For all stores
outboard of B. L. 00.65 a canted pylon is reguired because
the tank center of gravity is projected-forward of the wing
by the sweep back of the wing leading edge and the pylon
becomes lar more complex and heavier, Figure 4-13
shows the influence of the pylon weight on the expendable
stores configuration and Figure 4-13 reflects the penality to
the empty drone weight.

Summary Bulld Up of Drone Gross Weight,

Refor to Table I for the summary build up of drone gross
weight {from the AN/USD-5 (XE-1) weight empty to the M-361
launch groaa weight,

Longitudinal Balance.

Longitudinal balance of the nine recovery gross weight con-
ditions {alls between 22 and 23% MAC and appears to be satis-
factory. Until such time that c.g. envelopes can be established,
it is assumed that the Jongitudinal centers of gravity for flight
can be satisfied by selective placement and programming of the
drone fusl.

Alignment Angle,

The effsct of agent tank size, agent tank location and place-
ment of drone fuel on the booster alignment angle has not been
included {n this phase of study, Once a configuration has been
selected, hooster alignment will be resolved.
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3 Study of Compaubmty of mtemx Wing-Mounted oate -_May zg._mx__, -
l SusJEoT:. Stor the AN/USD-5 (XE-1) Drone REVISED ‘
TABLE II. GROSS WEIGHT SUMMARY
' B,L, 87,0 4 B,1, 8 ]
: ' Basic AN/USD-0 (XE-1)| 4408 | 4408 | 4400 | 4408 | 4498 | 4495 | 4408 | 4496] 4408}
(Cale.) Per/Nov/11/80 __— -
l M-3061 Modifications(Est) 65 ) 65| 65] 93| - 03 gs | 101 101] 133
Electrical System 4 4 4 4 4 4 4 4 4
& Guldance System ' 1 1 1 1 1 1 1 i 1
l Fuel System 10 10 10f 10| 10| 10} 10} 10} 10
, Fuselage Structure 10 10 10] 10} 10] 10] 10] 10] 10
‘ l Wing Structure 40 40 40 68 68} 68 ) 76] 98
. [Total Empty Weight 4600 | 4580 | 4560 | 4888 | 4888 | 4588 | 4806 | 4506 4616
Fuel - Unusable 50 50 60)] 60;, S0} 60] 80} 50 50
E l Total Recovery GQ.W. | 4610 | 4610 | 4610 | 4638 | 4838 | 4638 | 4646 | 4046) 4668
Fuel - Usable 3531 | 2866 | 3111 | 3481 | 2808 { 2081 | 3446 | 2TO0| 2003
3 l Stores - Expendable | 1428 | 2102 | 2846 | 1448 | 2124 | 2868 | 1476 | 3153 2898
Pylon (2) 80 80| a0 102| 102{ 02| 130 130{ 130
Tank (3) 880 | 1040 [ 1200 | 880 { 1040 | 1200 { 880 | 1040 1200
i Agent 8.331b/Gal 466 | 082 | 1666 | 466 | 082 | 1866 | 466} 63| 1860
Total Drone G.W. 9567 | 9587 | 0547 | 9887 | 0667 | 9687 | 0667 | 9567} 9867
! (less booster)
, Booster 1300 | 1300 | 1300 | 1300 | 1300 | 1300 | 1300 } 1300} 1300 ;
Total Drone G.W, 10867 {10887 |10867 (108687 (10887 |10667 |10867 [10867]10867 i
l {plus booster) i
Booster Drop Oft G.W. : ' !
(lavel attitude) ' . :
{ - W, -1 oso0| |
- Ixg (roll) - slug-ft3 7513 ;
« Izg (yaw) - slug-ntd , 16648 !
l - alug- -~ 180 i
] ‘ Agent Tanks Empty G.W :
(leve) attitude) ;
! ~ Wt - 1b 8487 |
« Ixg (roll) - slug~nd 3464 i
, - Iz (yaw) - smg-n2 11063 |
& l - Pxoz - shg-td : -
¥ Tank Dh. - inches 18| 20f 22| 18| 20] 22| 18| 20{ 23] |
E Length - Inches 159 ) 170 | 187 | 183 | 170 | 187 | 188 | 170| 187 i
1 l Volume - gal 105 ] 148 § 100 | 108 | 148 | 190 | 108 | 148] 190 :
(to outside skin contour) i
3 l Volume - gal 28 60| 94| 28 50| o4 | 28| 50)] 04 f
é (usable)
-HONPIDENTIAL |
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Study of Compatibility of Bxtcrnal Wing-Mounted pare May 36, 1061

waicn- BW Stores with the AN/USD-6 (XE-1) Drone AEvISED
SECTION 4. FACTUAL DATA (Continued)
4.2 STUDY OF SELECTED CONFIGURATION - PHASE II
4,2.1  DESIGN
4.2.1.1 General Arrangsment,
'The general arrangement and overall dimensions of the
M-361 modified drone are shown on Figure 4-18,

4.2.1.3 Mobile Launcher Clearances. '

The launcher clearances are given in Figure 4-17. The
M-3681 modified drone is shown in the launch and also the
transport positions,
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Study of Compatibility of External Wing-Mounted oATE 26, 196
sysueer.. _BW Stores with the AN/USD-8 (XR-1) Drone REVISED :

......

t

SECTION 4, FACTUAL DATA (Continued)
4.2.2 FLUTTER STABILITY

) The addition of concentrated masses to a wing will

g generally affact the flutter stability of the wing. The effect can

e beneliclal in some cages, but often it will adversely affect
i the flutter apeed. No flutter analysis of concentrated masses

! on the AN/USD-8 (XE-1) wing has been accomplished, Be-
cause no simplified method exiata for estimating the effects of
concentrated masses on a delta wing, a formal flutter inveati-

I gation must be made before the final design is frozen in regard
to spanwiso and chordwise loc.tion of the externsl stores center
of gravity and (lexibility of the pylon mouating atructure. Since

I the AN/USD-5 (XE-1) wing {s free from flutter without external
stores, it is reasonable to agsume that a flutter-free design can
be achieved with external stpres. A parameter study will be ;

I required to obtain the correct pylon flexibility consiatent with i
the requirements for location of the external stores center of !

I gruvity,

B it o cahtns b sl a0 e

bl

AR IR TOg g

.

The only general rule of thumb availaile in regard to
external stores ie that the center of gravity should always be fus -~
ward of the "effective” torsional axis of the wing, The present
design does not violate this rule,
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SECTION 4.

1.2.3
4‘2.3.1

Lateral Stability Study

FACTUAL DATA (Continued)
LATERAL STABILITY

The following presents the results of a PACE analog
computer study of the lateral stabtlity of the selected configura-
tion, allowing three degroees of freedom. The basic equations
of airframe motion are listed below:

In the classical dynamic equations for ajirframe motion all
aerodynamic coefficionts are assumed constant for any particu.
lar conditton of Mach mumber and gross weight and small angle
approximations (l.e., cos a:z1, sin a 2tan a:z o (radians)
are employed, The two orientation angle computations are:

ésp
vor
Transfer functions of the lateral autopilot used in the
slmulatlcn are derived from Reference 8.3

L] -

g 2 (1017 4. 61 8) ]

.

The steering loop has bnn omitisd Irom the analysis, Itis
also noted that no coupling between the lateral and longitudinal
modes has been constdered.

The aerodynamic coefficients are taken from References §.1
and 5.3.

The configuration inveatigated was the 23 inch wing tank
located at B. L. 88. Groas weights of 6800 1b and 9800 1b at
speeds of 0.3 MN and 0.7 MN were chosen as the conditions to
be investigated. Weight and Moment of Inertia data are supplied
by Reference 5.4.
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BW Stores with the AN/USD-8 (XE-1) Drone REVI S£D

SECTION 4. FACTUAL DATA (Cantinued)

4,2.8.1 Lateral Stability Study (Continued)

Step inputs were applied to 3, 2, p and r individually while
the resulting responses were monitored by observing the traces
on & brush recorder. The step inputs were as follows:

step input to magnitude of step
9 + 10°

8 + 4°
P + .4 rad/sec
r +. 2 rad/sec

The rasulting traces, Figures 4-18 thyu 4-33, show that
the system investigated is stable in the lateral modes for the
conditions considered,
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swaECT:. _BW Stores with the AN -8 (XE-1} Drone REVISED
SECTION 4.

4.3.4

FACTUAL DATA (Continued)
STRESS

4.2.4.1 Load Analysis

4.2.402

A loads analysia was made of the AN/USD-§ (XE-1)
drone with three ditferent stores (873 I, 1011 1b and 1383 Ib)
at three difforent locations ( B.L. 37, B.L. 74, and B. L, 85).
In each casge it was assumed that the top of the store was at
W.L. - 18. 78, This anslysis was done for several loading
conditions which appéared to be the most critical for the drone
with external stores.

Following the loads analysis, stresa checks were made on
items in the most critically loaded areas to determine what
modifications would be required to insure positive margins of
safety in all of the structure,

Loads

The curves on Flgures 4-34 hru 4-30 show the increases in
loads on the wing and fuselage uue to the varlous stores at the
various butt lines.

The wing moment about the fore and aft axis is not increased
48 a result of mounting these atores on tha wing at any butt line,

The wing fore and aft shear 18 greater than that for which
the AN/UBSD~5 (XE-1) wing was designed, especially when the
stores are mounted at one of the outboard locations. However,
due to the long chord of the delta wing, thia is not an important
design consideration.

In no case is the wing vertical shear greater than that for
which the wing was designed, '

Wing moments ahout the vertical axis and wing torque ahout

the trailing edge for stores at B. L. 37 are not groater than
those [or which the wing was designed.
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) studyo:Compmbuuy ol Exleml WIng-Mountad pate _May 26 1901 ,

syseeei-  BW Stores with ths AN/USD-8 =1) Drone 11860

SECTION 4. FACTUAL DATA (Continued)
4.2.6  WEIGHTS

4.2.5.1 Drone Configuration

—

The weight, center of gravity and moment of inertia were
compiled on the busis of A drone configuration aa defined by
Reference 6.5. The conditions et forth in the drone configura~
tion are as follows:

R. A 22-inch diamster tank located at drone B, L. 88,

b. A redesign of the agent tank, empty welght 460 pounds was
600 pounds, and usable volume 149 gallons was 64 gallons
in lieu of the tank shown in Phase ! study. Refer to
Table 11, Section 4.1.5,

' ¢. Partial lilling of the redesigned agent ianka In preference
to reducing the drone fuel load to maintain the fixed launch
gross weight of 10, 800 pounds,

Item Weight
Tolnl Recovery Gross Weight 4088
Fuel - Usable @ 8.8 Ib/gal h (308. 2 gal) (2008)
Wing Inboard 179. 7 gal 1168
Wing Outboard az 0 gal 409
Fwd. Fuseiags 0l . 351
Sump 12. b gal 81
Stores - Expendable (2884)
Pylon (2) 130
Tank (149 gal usable volume) {2) 920
Agent © 8.33 Ib/gal (110.8 gal}  (3) 1848
Total Drone Gross wu&nt (less booater) 8567
| Booster ‘ 1300
i Total Drone Gross Weight (plus booster) : 10887
Fuel - Prelaunch checkout ’ 87

Total Launch Gross Weight 10800

wGONFIBENTIAE=
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Study of COmp;tlblllty of Extemal Wing-Mounted
SURECT:- BW Storea with the AN/USD-G (XE-QDmne

m", ", R 381 000 umorm.o Alrernft and Wiselies Dlv.

SECTION 4. FACTUAL DATA (Continued)
4.2.8.1 Drone Configuration (Continued)

Booater Drop Off GW (level attitude) - Weight

Ixc(Roll)
I zo(Yaw)

P .
Xolo

Agent Tanks Fmpty GW (level attitude) - Weight

0
xz
o
P
X5%o
Agent Tank Diamoter
Length

Volume (outside skin contours)
Volume (usabie)

“E."E, Morton
oate . May 28, 1961

9, 600 1b
7, 813 glugHt 2

18, 848 slug-t a
=160 alug-ft 2

8,457 1b
3,464 shug-t 2

11,063 slugt 2
- 79 slug-ft 3

21 inchea
187 inches
180 gal
140 gal

NOTE: The drone center of gruvity and moment of inertia as influenced
by partially filled agent tanks has not been investigated.
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Study of Compatibllty of External Wing-Mounted | are __May 26, 1501 |

. SECTION 4. FACTUAL DATA (Continued)

4.2.8 BEA-LEVEL MISSION.

. One sea-level mission was calculated for the 23-inch 5
diameter tank located at butt line 85. The agent weight and tank :
weights are different from those used in the Phage I study; :
however, the sum of the agent and tank welghts are the same. i
The calculation of this mission is shown in Table I and the :
mission profile {s given in Figure 4-40, i
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A

2nbergs R, : PUSDAN ‘" LMomn.
Study of Compatibility of External Wing-Moun aars __May 28, 1961 |
mmmﬂw Stores with the AN/USD-8 (XE-1) Drone REViSED .
SECTION 4. FACTUAL DATA (Continued)
TABLE1
SEA-LEVEL MISSION CALCULATION
Butt Line 8§ Tank Diameter 22 Inches
Take-Off Gross Welght ib 10,847
Total Fuel ib 2,003
Fuel for Reserve 1b 0
Fuel Used For Check Out b a7
Climb QGross Weight b 10,800
Drop Booster Ib 1,300
Gross Wt. @ Stast of Crulse Out b 9,500
Fuel Assumed For Cruise Qut ib B )
Avg. G. W. For Cruise Out b 9, 140
Naut. Mi/Lb of Fuel 0. 1543
Range In Cruise Out n. mf, 111.1
Avarage Speed kn 463.2
Time to Cruigse Out hr 0.2398
End of Cruiaa G. W, b 8,780
Arrival Qross Weight b 8,780
Digpense Agent (Cargo) b 1,846
. Dissemination Spesd kn 463.2
Dissemination Rate gal/min/drone 18
Usabls Agent gal/tank 110.8
Dissemination Time hr 0, 20587
Disgemination Range n, mi. 98.3
Avg. Wt. During Dissemination b 7,841
Naut. Mi/Lb of Fusl 0. 1507
Fuel Uged During Digs, b 832.3
G.W. @ End of Dissemination Ib 8,302
Wt. @ Start of Cruise Back Ib 8,302
Naut. Mi/Lb of Fuel 0.1807
Range in Crujse Back n, mi. 36
Average Speed kn 483.2
Time ta Crutse 25 n. mi. hr 0.0539
Fuel Used to Cruise 25 n. mi. b 168.8
Wt. @ ind of 25 n. mi. Cruiae b 8,136
Drop Tanks Ib 1,050
£nd Weight b 5,088
3 -500-234
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Study of campauhimy ot Exterml Wlng-uounted

suaseer:- BW-Stores with the AN/USD-8 (XE-1) Drone

SECTION 4. FACTUAL DATA (Continued)

TABLEI (Continued) .
SEA-LEVEL MISSION CALCULATION

PR R L AR Y

races |Paes 4-80

'DW'! fort ;
DATE ._Y_Z!.J&L__.

Butt Line 88 Tank Diameter 22 Inches
. G. W, for Return b 8,086
Fuel for Return b 418
Avg. Gross Weaight b 4,81
Naut, mi/lb of Fuel 0.2063
Range in Cruise Back n. mi, B6.2
Avg. Speed kn 463.2
Time to Crulse Back hr 0.1881
Radius of Action n. mi, 111.2
Total Mission Time hr 0. 6858
Recovery Weight b 4,688
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- Study of Compaubuw at Extarmu ng-Mounted vare May 20,1088 |
SUBJECT:» BW Stores with the ‘ USD-8 (XE 1) Drone REYISED

SECTION 4, FACTUAL DATA (Continued)

4.2,6.1 Tank Loada.

A summary of the design load factors for the tanks is pre-
gented in Table II. These load factors are based on the design
conditiona for the basic drone. Inertia loads and airloads on
the tanks are presented in Table III.

8 -800-23A
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$ TABLE [I. DESIGN LOAD FACTORS FOR FINAL TANKS e (A3
> -
(] Design Ultimate i 3
Loading Drone . Mach Limit Load Factor of W w
Condition Gross Wt., 1b Altitude | Number Factor Safety |€ g 2
Launch Phase 10,800 (with max. agent) | S.L. | 200 knots|n_ = 5.0 15 [Sald%
q
n, 2233 & o [F48
€ n
Flight Phase _ _ g-g >
. Symmetrical Flight | 8,500 (with max. agent} | S.L. maximum|n, = 4.72, - 2.72 15 |2 20
[ -x
R EAE
Sideslipping Flight | 8,500 (with max. agent) | S.L. maximum{n = 1.0 1.5 %e -3
n - 1.0 = °!
: Seihsly, |
Rolling Flight | 8,500 {with max. agent) B.L. maximumin = 3.0 1.5 “'5 i3
(A 1 '
Accelerated ¥ - %86.8 rad/sec? Eﬂ -1 !
Steady n_ - 233 . 9'?‘- 5;
é = 13.05rad/sec %g ;:
n_ - longitudinal load factor; positive-forward g1 [
ng - lateral load factor; positive - right g
[9] h
§§%’3 nz-nnmalloadhctor;poaiﬁve-up p—
° = =
:Ngg ¥ - rolling acceleration; positive - right wing down §~=
ms= -
529% 5 Lal3
Bmgg w e 1=
S£%3 1
2 F e |5 IR
o &1 1o
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ABRSTRACT
TITLE: The Preliminary Design of an Airborme

‘Univarsal External Store for Line Source
Dissemination of Liquid BW Agents.

AUTHOR : Marshall H. Roe, Aero-Thermo Special Projects

This report presents ganeralized aerodynamic,
weight, and inertia characteristics of a
univeraal external aircrart store for 4
dissemination of liquid biological agents.
Theas data were prepared to examine
gompatidbility of the store with an Army
survelillance drone, Also included are the
resulta of a eonfiguration study preliminary
1 to detailed engineering design of the store.

i -

DESCRIPTIVE TERAZ }

Blologloal warfare :
External stores for alreraflt !
Line-gourca dissemination !
General Mills, Inas, :
Liquiad BW agents
BW/CW

v FOREWQRD i

The studies -described in this report were )
conducted in’ accuriance with Amendment 2 '
of the QJeneral Mills, Ine., Contract !
MD-78766, subeontract to Army Chemiocal Corps )
Contract No. DA-18-06L-CML-2745. The
study period was from 13 February 1961
through 26 May 1961
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INTRODUCTION

North American Aviation, Ine., is partisipating as
a subaontractor to General Mills, Ine,, in an
Chemical Corps program to davelop external stores for
the line source dissemination of liquid and ary BW agents.
NAA has completed the phase of this development progran
of design studies of & univarsal ligquid agent dissemi-
nation store for use with operational manned siroraft.
The present work is concerned with examining the cém-
padibility of the Army SD-5 surve{llsnas drone with =
liquid agent store, and proeeeding with the prelimtnary
design of & prototype store. It is planned that the
datailed design and fabrication of the prototype stors
will follow review and appraval by GMY and the Biologioal
Laboratories of the preliminary design resul ting. f'rom
this phase of the program,
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DISCUSSION

The mépo of the work covered by this report is defined
by the work statement of Amendment 2 of UMI Contract MD 78766,
whish 1s quated below: '

"l. Complets the design requirements for s prototype
external store liquid agent dissemination systam.,
The results already odtained under this contrast
with General Mills, Inc. shall be used, The
'den.?: requiremsnts to be sstablished shall apply
insofar as possidble to a universal atore; however,
detalled design shall eonsidsr installation of the
store on the AN/USD-5 drone and also the P-100D
airplane, which is anticipated as 2 test vehiole,

&. As part of this work, data shall be submitted to
General Mills, Ine, for purposes of evaluati
compatability with the drone, Thens data shall
eonsist of preliminary aercdynamic, weight and
ineprtia charasteristics,

b. Coordinate with deneral Mills, Inec., the Army
Chemical Corps, and the drone manufastursr in
establishing a mutally acqeptable store gom-
figuration at General Mills, Ina, direation.

¢. Preparation of Layout Drawings - Layout drawings .
of the external store shall be prepared, which
shall include sxternal geometyy, dsfinition of
components {suoh as turbine, generator, valves,
pumps, nozzle assembly and actuators), controls
and centrol sequencing, Jettison provisions, ]
capaaity, insulation, agitation and heating an
aatntenanae provisions.

2. Frepars a reproduycibvle technical report covsring the
work under Item ] above,"

Upon acmpletion of items la and 1B, NAA was redigswotad by
GMI to eliminate any further consideration of store aompatibility
with the U3D-5 drvne as required by item )},
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GENERALIZED STORE DATA POR DRONE COMPATIBILITY SWDY - . -.

. For purpoaes of a comparative evaluation of satore charac-
twrigtics versus drone oapabliities, -aercdynanio,-weight, an¢ -—
inertia charaateristiocs as a t'unotion of store sizs wers prepared,
These. data are baned an the atore conyiguration as shown in an
earlisr proposal report, reference 8, and rerltet s somewhat
heavier empty weight than tne store that has evolvea f'rom the
prasent wory, g .

[y . A
Geometrical data del'ining the genersilzaa store are shown
in s1gures 1 and 2. A rineness ratioc of 8.5:1 wus chosen
since 4t has an adequately hign arag - divergenace Macn number
as well as acequate capaecity. The stabdilizing fins shown are ;
optionai, aepending on the need lop reduction ot the destabilizing i
effects of the stores and ror free arop Jettsisoning of the stores. i

Asrodynanis Charactersitias

. Aerodynamic charactariatics conalsting of 1ift, drag, and !
. pitohing moment coefficisnts for the isolated store are shown i
' a8 & fungtion of Mach number and angle of attmask in figures 3

. through 6,

' The isolated store asrodynamio zharacteristics consiating of i
1114, drag and pitohing moment coefficisnts of the finliess con- !
figuration were initially estimated on tha basis of data son- :

l tainad in reference {1} which dealt with the high subscnio Mach ‘

nunber wind tunnel testing of a similar extemal store model. i
The fins-on data were also derived from the adbove refarensed re-
port with necessary corrections made for the {in effecta, A {
North Americsn report, WA-55-1108, was also referenced in the ;
soxparison of the body alone (finleas) data. (These initiml !
data were forwarded to GMI by cover laetter and later revissag by , i

]

wire.) .

' Subsequant analysis of the drag da%a in the referenced :
Douglas report and & somparison of those data with data in i
referengea (3), (3) and {5) indicated tinat the Jdrag data of ;
reference (1) ars optimistic, prodably becasuse of improper j
sorreciions lor the base drag. All of references g?, fu) and

(5) show the low speed zero-lift drag level of 0,05 of a fins-
of'? low-drag body aimilar to the store shapes concarned naw:
partioularly, the configuration #7 in reference (3) 18 nlmost .
the exaot shaps. Therefore, the initial drag estimate was !
revised to that shown in figura 3, which gives a drag cocelflecient ;
of 0,05 at low apeed, zero lift, Effects of angle of attaek and
fins on the store arag remaln the game as estimated {rom re-
ference (1).
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Weignt and Inértis Characterisbvios

Velght and inartia data are shown as & funotion of
agent eapasity in figure 7.

These data were estimsted {rom an arrvangsment as
deplated in NAA drawing No. 2521-900001, as shown in
refsrence 8. Using this confi tion as & reference model,
variations ia tank capaciiy and geometry were established
angd are ldentified in the following manner, .

‘‘ank No, 1 50 Gals Agent Capeeity
“Tank No, 2 ! 125 Gals Agent Capaaity
Tank ¥o. 3 190 Gals Agent Capaoity

L] mmnummﬁmnmﬁwwmm

»
PIENTIG GN GLAGHFIRAT MO TR .

2ok 10-0-1 ARy-B-47

3inee the preliminary design phase did not inocluds detatiled
desizn information, the strustural welights were estimated
fyom previous North American Aviation tank configurations.
Weights for the sscondary powsr supply and pumping equipe
ment wers obtained from equivalent off-the-shelf units and

hardware items,

A summary of weight, C.0., and inertla data is shown in
Table 1 balow, VWeight Wmild-ups for the three stores are
shown in Tadles II through 1V,

\.
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PABLE 1 _
WEIOR?, IRERTIA AND BALANCE SUMMARY }
' X z. 1:, - i
WBIONT m& S L xcn. su%
CoxITICH 138  mysxs  1acaxs AL PR awon‘sxmn’ !
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: l TABLE IT
| TR £ (50 oAL)
‘ ’ ITZM VP-L2S
. ' Body Oroup (Outer Shell Struct) 166
Tize 10
- i . Insulation 11
B TR Tenk Assembly - 155
} 5 Turdine Assesdly 29
- R Geperetar Assew (Inal Supte) X0
. ‘ Elwctronic Prov. 1
- Sprey PFrovisions
' Pumps & Piping 12
' Poom Assen, 0
Actuators & Controls 13
fudicators & Controls 5
' MIEC. 18
: l TOTAL TANK ABSEMBLY (EMPTY) ' 499
ACRNT 50 GAL w7
" ' TOTAL TARK ASHEMBLY (INCL, ACENT) 216
| ,
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PADLE IIT
| WEIGEE SUMARY IR
3 E " oam fe (125 GAL)
| TN YI-L38
Sody Group (Cuter Shell 3truat) 210
—~2 Fins 1
E Insuistice 18
Tank Assemdly . 2hs
§ fower Bupply -
Turbine Asaew 2%
Cenarator Asten {Inal Supts) Y]
' Llsetrical Mrov 15
-3 Bpray frevisions
Punge & Piping 1h
Soow Asses »
Aatuators & Controls 3
% Injicators & Controls 6
nrse, ) 19
TOTAL TANX ASSEMBLY (RMPTY) 649
% AGEN? 125 GAL 10
3 SUTAL TANK ASSRMALY (INCL, AGENT) 1691
:
%
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TABLE 1V
VEION? SNGIRY JOR
TANK 43 (390 GAL)
ITEN WPsLS.
Body Group (Outer Shell Strust) 250
ying 16
Insulatics 2%
Tank igsenbly 28h
Pover 3upply
Turbine Aseen 25
Cenaetor Asaem (Inel Supts) ]
Rleotriss) Frov 15
Sprsy Provisions
Punps & Plping, etc. 16
POOR AASEN. X
Aatuaters & Controls 12
Indicatore & Contyols
Msc., 20
POPAL TANK ARSEMBLY (EMPTY) 1%
AQEXT 190 GAL 1583
TOTAL TANK ASSEMBLY (INCI AGRWT) 2319
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DRSJON PARAMETER3 FOR MANNED AIRCRAFYT STORE

’ ' ) ..
. Following the decision by the Blological laboratories
to delete the requirement for store compatibility with the
3D-5 drons, destign ng:imuma for the prototype store for
manned airaraft were daterminad and applied in the design
,layout shown in figure 8, A dlgauasion of these require-
ments follows.

»

QJea cal P tera

In establishing the overall store 4imensions’the follow-
ing eriteria were considered:

- . 1., The store shkould be napable of operational
demonstration on the first-line tactioal
airorsCt (fighter-bombors, ground support
33900 of the Air Porce, Mavy, and Narine
arps.

2. Since area coverage regquirements have not

, been esteblished by tha vsing cocmmands, tha
amount of agent t0 be carried was assmpwed

' ’ o be the mexinws pudsible, aonsistent with

the requitremsnt of Ltem (13 abovs.

. % alrsraft considerad in ttem {1) wara: F.1000, D
‘and P, F=1058 and D, B-66B, AT~l, PJ-4B, and tha A4D.
feference 6 shows the following capabilities of these parti~
sular airoraft,

Store Fuel Tank Store Weight ILug
Airplune  Station Capsbiliby _Capability 3masing

F-100C,D & F 106 in. 1450 Oal. 3170 1b,  14%,20,30 1in.
F-105 8 & D o bso 2170 30
138 450 3170 30
B-G68 254 150 3200 30
A33-1 110 400 4%000" 30
PJI-UB 122° 3k 2450 14,30
A4D 0 300 3575 14,30
BT DECLASSIFIED IN FULL
ot  Daglees DV, WHS

Date 3 § APR
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From conaideratian of these capabilitisce evolved the store
geowetry of 226 in. length, 26 in. diameter, 190 gallon volume
of agent tanlt, and 30 inch lug apacing.

Preliminary Strugtural Design

*  The atrusture of the BW Store, as shown on NAA drawing
2533-900001 figurs 8, was based on the following preliminary
loads analyssis. Air loads used in this atudy were based on a
275 gal fusl tank which is simllar to the proposed BW astore.
Thae amount of inertia for the 275 gal fuel tank was aleo usaed
as a basis for the externsl shell of the BW store, The innor
tank values were computed and incorporated into the overall
results which wera the basis for the design conaideration made.

Following 18 a discussion of the loads uscd and the method
of analyais.

Symbols

W =» welght of atore including all Qlsposable
loads, 1bs. .

Nx = load factor in fore-and-aft direotion
Ny = load fastor in lateral direction
- Ny = load faator in vertical direction
g = pitohing ac;oelemnon, rad/sec?
Y . vawing an'ce;oraucn, rad/sec?
s = angle of attack of store, degmees
24 = angle of 3ldesllp of store, degroes
q = 1/2°V2, dynamic press 1b/ft?
S =  air density, slugs/ft3
V = air velocity, [t/sec ‘

DEGLASSIFIED IN FULL
Shuithomy: E0 13528

ef, Records & Declass Div, WHS
Date 2 6 APR 2013
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v
“Pank: 190 Gallon Ca t
Sta Ref
3° T :
c.a. (B ~ (o) ;r
— } : |
l 4" - %‘ 21" et
] ' .
Computing the Volume and Centar of Oravity:
Porsion Volume (ind) x (vel.)x
(r) " 9720 -1601 ~15.7 xlo"'
() 28,100 37 104.0 xlou
_{e) 7280 84.3  61.4 xa0”
149.7 X107
% xw“ 33,2"
Agent Yt = Capacity of Tank w 196 gal

1 0al = 231 tn. Wt of Agent = 1630 1b.

Assume Inner Tank 1/8" Thick
Fiverglass Wt = .0701p/'n
Portion (A) 3

Volume = 270 in

Portion (B)
Volume = 600 {n3

Portion (C)
Volume =
IU'503 {n3

"Wt = 1050%.07 » 73,5 1b.
use a weipght of 100 1b.

Authority: EO 13526

Date:
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- g

Inner Tank
[ ‘and I,=

Tasume Cylinder 22° die x 129" long

Wt = 1730 1b, 2
WG .as dnase

Iy=Iga i;’ + Ig} - 4.5 {,1,32 + lﬁz} - 6300 1b. beo? 1n.

Iy {Ia =,6300 x 386 = 2,470,000 1b. -in,2

»

Loaa ' Composite C.Q. of Inner Tank, Outer Tank and Liquid.
Outes Tani:
1] .0. 't Stl. 110 wt. - 300 1b.

Inner Tank C.G. &t Sta 30+34_33.2 = Sta. 97.2 Wt - 1730 1b,

X' = J300Xx10041 2 = 99" (3ta. 99)
17304300
Use tank sta 100 aa C.0.
Air load reference point is at .4 x 220 = Sta 88
For symmotrical lugs about tank C¢.0. lugs should be at Ste 85

and 115
. At
) W‘ ) Lu‘ )
s | 30 5" e
ams—— . 1 ) A ; -
' C.P. . !
SR N
q
, 100 At
Fm ' "“.
80 : 120 .

r 20° «A=8
use "i%.?-‘e‘ﬁ' o glolteg ?‘?o:"’:giorﬁnn%malﬁg
u,.l?. ¥ - 25200 Mg = 2520

for inng» tank ,
53.2,50.0004.63005 M, = 6300 ¥
' DECLASSIFIED IN FULL

' Authority: EO 13528
’ Chief. Records & Declass Div, WHS

L ' Date' 9 g APR 2013
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N . Page
Limit Load Factors (Reference MIL-A-8591B)
Wt = 2030 lbs (estimated)
—iDerila L ki ARN Tag¥ Catapull®
N, 8.67 . 4.0 6.0 +3 or -1 +3or =)
“y tlos tl-s 'tSio t1.5 ’ tlns
Nx ta.o t?.o tﬂ.o 9.0 '9-0
¥ 16.0 6.0 6,0 +12.0 +12.0
{ 2B 90 0 Q $6.0 4.0
Signs
+Ng Down +6  Noee Up
+Ny Left +y Nose Left
+Nx *wd ’

*"Max- Design Limit Load Pactors from Page 11 of MIL-A-9591B ( !

Air loads For a 275 Oallon Tank from NA 52-186 (Reference 9)
" Conditieon 3BOR (M .90 at 3000 re.,lggz 980 1b/ft?)

P, = 643 11,
' My w 9611 4n. 1b, W - E38e in. 1b.

Px - 1993 1b¢

ctnaxtaen 329n (4 .96 at 3noo re., q * 1220 1b/rtl)
Pz = 764 1 = 1472 1b,

Hy = 934 . 1b. n’ 52716 1n. 1b.

, - 1 1 lbu

condition 3008 (M 1,10 at 10000 ft.é ar 1220 1b/tz2)

= 982
A 59079 in. 1b, W - 98161 in. 1b,

Px - 2821 lbo

For Nogative gsondition, use oondition 420 multsplied oy 1.44
(for 1220q)

3335 LM '-12-123,000 in, 1b.

3 1 Ilm 51 000 in, 1b
‘ L[] L]
. ? X 1.44 = 1080 ib.

DECLASSIFIED IN FULL
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, " Tage 1
P100A Alrloads for q = 12208v/rtd- fop 273 0al Tank
Condition® Py M, P, M,
1042 . 860 -83619 640 14722 2271 )
3008 -902 59079 7M1 98161 2821 )  Pos. Ny
J28R  -768  MSAS 1472 52T16 1881 ) '
420 3 -123000 -878 -51000 1080  -Neg N,
Coabine Airload Condition 1082 With Inertia Condition 1
n " ] aao ”n L " 2
" " " 10.2 [} " " 3
For Condition 1 and gg_iy_lg_gm
Max Verdioal Loads on Pwd, Frame for -N,, -9 g, 49
Max ﬂOl‘iMﬂCd " TR " # +“¥ .y _",1 - a‘
Max Vertical " U APE " " 4Ny +0 N, -0
Max Morizontal " " " Y Ny - “Ny -y
D‘I.h o (X
Condition o Ny Ny 0
-1 - + - +
1
-2 + - +
=1 ¥ = ¥ :
2 k)
-a - <4 - -
-1 - + - +
3 .
-3 + - + -
* ¢ondition
1042 13 a nymenui flight maneuver without pitching
acoeleration

3008 18 an unsymmetrical f1ight msneuver, steady roll
3242 1s an unsymmetrical f1ight maneuver, steady roll
420 1s an unsymzetrical flight maneuver, abrupt roll

DECLASSIFIED IN FULL

Authority: EO 13526
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Akent Tank Design

The selection of a filament wound fiher glass agent tank
was based on considerations of strength (safety), sorrosion,
welght, sealing, desontamination, heat transfer, and produsi-~
bility. The Lamtex Corporation of Fammingdale, ¥,Y., was gon-
aui:od on dssign, fadbrication, and strucstural testing of this
unit.

Other materials gonsidered, but rejscted in favor of the
f1lament wound fider-glass were: aluainum alloys, stainless
alb:ol, self sealing cells, Wladler cells, and honeyoomd fiber-
giR8n,

ERATING AND DNOVLATION

To fulfill the rsquirement of maintaining the temperature
of the liquid agent within 35°F to TO0°F, the agent t is
insvlated and the nozsle and plumbing somponents are heatad,

The heat transfler ctiaracteriatios of the BW ss‘on‘ are &

. function of the outside Iilm coerfioient, the amount of insulse

tion, the heat oa»otm and film occeffiolient of the nt.
The sffact of the insulation is to negats the effect of the
outaids £1ilm cosfficient.

Pigure 9 shows the affect of various thicknesaes of fiber-
glass datting insulation on agent erature after a three
sour exposure at 43,000 £t eruise altitude with a ram tempera-
ture of «7°F, As can bs noted, the changs in agent tempers-
ture is nsignificant for insulation thickresses in azctss of
1/2@ ineh. However, when the atore is partlally full as shown
on figure 9, the agent reachss its limit sooner, as ths heat
sapasity is not availadble in tha agent.

4 time - towperature history for agent temperature with s
1/2 inoh thick insulation and oniy 25 gal, of agent in the
atore is shown on figure iC, surve asaumes that the
ibarting agent rature was 40°F and the atrplane was cruise
ing above 35,000 £t with a ram tenperaturm of -7°F,

As oan be noted, the agent will reach 3%°F after 105
atnutes. ¥With the full tank of course, the agant taperature
a1d not approash 35°F in three hours,

The amount of heat requirsd to maintain the tenpegrmture
level of the dissewinating booms almve fraesing L & function
of ths mmbient temperature, airplane speed ant ths Iilm
coefficlent of the booms, Figure 11 graphioally llustrates
the heating requirements for the most gritical condition of
mintaining ths extended disseminating booms at 33*F for a

DECLASSIFIED IN FULL
Authority: EO 13528

Chief, Records & Daclass Div, WHS

Date:
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gea lsvel run. - The ordinate of figure 11 is the 85% rem
sdcovery temperature, whish 1a a function of both amhient

. femperature and alrplane speed. The heating required will
vary then in relation to the ram temperature and the airplane
speed. These values ars also related to the anbient tempera-
ture which is cross plotted on the curve.

A Teview of the minimum tempersture for llke mre areas
indiocates that -40°F i3 the lowest temperature that need be cone
sidered, Reference to figure 1l indicates that a:nhsating den~
sity of 8 watts per square inoh will de adequate for all alr-
speads of spprogimately 0.7 Mach number and higher. It can be
seen that 8 watts per square inch will provide uung;ctory
beating at any speed for ambient tsmperatures of -28°F or
higher,

Puap_ond Nogsle Augaphly

’

. .The design flow rate of the dissemination systenm has bdeen
taken as 18 gallons par minute in agoordance with the findings
of referenae 6. The pump seleated is nominally rated at 20
gallons per minute at 50 psi. An adjuatment of plus-or-ainus

» two gallona per atnute is provided sa that the desired rate san
be set during benoh tests.

The noszle design 18 dasad on earlier tost results as re~
ported in reference 7. On ths basla of that infarmation the
noasle assembly incorporates 50 individual slit-type orifices,
0.360 Lnehes in length and 0.005 inches in width, This will
result in s flow rate of 10 gallona per minute at approximately
3% psi at the noazle.

Turbine-Osnsrator

Analysis of the eleotrical load imposed on the gensrating
+ system indicates that a  KVA cutput is adequate. Zstimated
br:gutmunu for the variocus electrical components are listed
' oW,

" pump 2,16 XVA
" astuator 1.15 KVA
Boom hsaters 1.32 KVA max (boom extended)
Flex 1ine heaters 0.34 XVA max

Valve and plumbing heaters 0.60 KVA max

Solenoid valves(per valve) 1.00 KVA starting,
0.06 KVA holding

AONPIDEIAL

DECLASSIFIED IN FULL
Authority: EO 13826
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The funationing of the controls, as dssoribed u_rl.:-z_hu i
portion of this report, iy sequenced 30 that the eleoty¥ical load | |
does not exceed the 4 KVA output of the generater. ‘

The Alligon Division of the Genersl Notors Gorporation and
nm ;&hmh nto'““n of th: ‘gmot: corpont::g were u‘n:;‘
e e ve 1lying turdine-gansre aystent,
bath gompanies Mv.m:\';gntua ¢ost and sohedule sstimmtes.

Sentiols
he contrel 1 to be lgoated 1ia the pilots M‘ ]

shawn -oh-nucugy in figuye g. In .mmﬁ" to the iwo lr‘ﬂun

shown on the panel, the pilota triggsr awitoh will He w:;s?hd

as the prime disseminating sontrol. The control switehas :
utilize the airplanh’s d.c. power to activate control relays. !

A gohematic of the ecireuitry is shawn in figure 12.

‘ ' Funotions of the sontrols and indicator lights are
! dasseribed below. )

Master control switch (3 position ewiteh)

Position 1 generator 31‘1‘ (no power to store
soxponents

Position 2: generator on {power available to
stors componants, sssuming alr
speed 1p 250 knots IAS or greatar)

Position 3: generator on, puwmp on, recireula~
tion valve open

- wem W

e a L

' Boom control switeh (2 postition switoh)

o Positlon 1: nozszle boom extends (assuming
oo, generator on)

2 Vo Fosition @5 nozsle boom retracts (assuming
o ‘  generator on) .'

—r— -t ——— o—— —— Imnnn -——— s
-

) Trigger switch (on-off switoh)

Suitch depressed: hsaters off, pump on,
dischargs valve openad ‘

Switeh reloased: punp off, Gischorgs valve ‘
closed, heaters on ;

DECLASSIFIED IN FULL
Authority: EO 13526
Chief, Recortis & Declass Div, WHS
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I‘ndiutlnc 1ights

: "Generator off"” light 1lluminatas if generator
: , i3 not oparating and Master Control awiteh is
in "Qenerator On" or "Recirculate” position.

, "Boom not extended" light illuminates if "Boom
. Extend” switch is sctuated and boom Ls not
' fally extended,

"Plow" light 1llumimtes when liquid iz flowing
from pump discharga line.

Precautionary cirsultry interconnecta:

Dissharge valve can not be opened unless boom
is extanded. : .

Baoom can not be retracted unless discharge valve
is closed.

Reoiroculate valve is closed (1f open) when trigger
awitoh L8 depressed

Héaters:

Heatear controls are actuated automatically, when
the g::trltor 18 on, by tamperature sensing
switohes.

" 8 . t

' Provisions for filling are illustrated schematically in
figure 8. Gonnections from the f1lling pump are madn to the
flex 1line which goes into the regirowlating aystem. As the tank

is rilled, 1t i3 vented through a flex line in the vent system
to the return side of the f1lling system.

For dsocontamination of the stors after use, the inner tank
and plumbing may bs flushed with a’ dscontaminating liquid by
puaping it through the reciroulating, disseminating and vent
syatens. The aft compartments of the store containing the »
actuator, valves, ete., may be decontaminated by acsess thro
do0rs in these compartments. The center compartment housing
the agent tank is sealed off from the aft compartment se that
agsnt or decontaminant in the aft oompartmant will not seep
into the insulating material in the center section. The
axterior of tha store can be decontaminated by hoalng wish a

decontaminating liquid.
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