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ABSTRACT

This Fifth Quarterly Progress Report presents the results
of continued work on the disseminetion of sclid and ligquid B#
agents. This project is directed toward advancement of the
knovledgs in the dissemination field and development of weapon
systems for line source digssemination from high speed, low-
flying sircraft.

Theoretical studies of the mechanics of particulate materials
have resulted in equations for predicting the force required to
move a compressed plug of powder in a cylinder; theoretical limits
on a resistance psrameter are given.

Experimental results on tl®» phear strength of powders aa
affected by compaction snd humldity are rsported.

Wind tunnel studies of deegglomeratiom of finely dividea
compacted solids ars coversd., DParticle size data and values for
the frequency of occurrence of agglomerates, determined micro-
scoplically, are given.

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

Studies of the jot-plums problem as it rslates to loss of
viability of biological aercsols sre degeribed. Rxperimental
date on viability loes end & theoretical anslysis of the fluid
nixing provlem are reported.

Experimental rasults from s study of the rheological behavior
of §m slurries made with a fluorccerbon liquid are reported and
a conclusion on the feagibility of this approach for dissemineting
solids is given.

Progrees on the detailed design aud fabrication of a liquid
egent disseminsting store is reported and the approach being used
to fabricate inis unit is outlined.

The results of computations made on tha systems analysis part
of the program are given. A variable decay-rate mathemsticsl model
is discussed.

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

Date
JuL 19 28

111




.
§
[
3

e tm—————— p—

L

Lasamde
1 —

)

4

TABLR 07 CONTENTS

Secticn
mm - L] - L] . L] . * . - L] L] L * . L] . L3 L] . . » L] *
Am 1 » . * » . . . L] L] - » . . L ) * L] L) L[] . L[] [ ] [ L)

1. THTRODUCTIOR « & ¢ « & ¢ o v o s « o v s o« ¢ 4

2, THEORETICAL STUDY OF THE MECHANICS OF PARTICULATE

MATERIAIS . o o ¢ s o ¢ o o s 1 9 v o o o o s 0

2.1 Resistance of Powder Plug Contained Within a
Cylindrical TUDS « + « o« o « o « s o o ¢ & o s ¢

2.2 Compaction Energy of Particulate Media . . . «
3. EXPERIMENTS ON THE CRARACTERISTICS OF POWIERS . .
3. Shear Strength of Powders . . « + « « » ¢ ¢ o o ¢
3.2 Effect of Humidity on Shear Strength . . . . . .
4. DISBEMINATION AND DEAGGLOMERATION STUDIES . . . .
ha INtTOAUEELON .+ « s o 2 b s s st e @ W s e e e
k.2 §m Dissemination - Particle S8ize Distribution . .
4.3 Sn Dissemination - Agglomerste Study . . . . » -
3. DRSIGN CONCEPT POR DRY-AGENT DISSEMINATOR . . . .
5.1 Introduetion « ¢ o o ¢ ¢ o o w8 e 0 e a8 0
5.2 Deslgn Comempt o » o« « v o o 8 ¢ o 4 0 0 0.
5.3 Other Design Considerstions . . . « « « + « o « o
5.3.1 External Shape . . « « - o+ « + o . .
5.3.2 Discussion of the Rotating Mechanisms . . . . - -

Page
e 11
A EE ]
B |
e 2
o 4 s 2
o .. T
e i
A
.. 19
e s . 25
ca . 25
s 0 26
. . 30
e .. 33
e o 33
R
o« . 37
e . 37
. s . b2

5.3.3 Estimete of Power Required %c Drive -eeding 5 7ter )

DECLASSIFIED IN FULL

Authority:

£0 13526

- ————— e sty

iv Chief, Records & Declass Div, WHS

Date:

JuL 19 28

«

e 3




TABLE OF CONTENTS (Continued)

;

- h
E |
'; ;

P

ey

6' SWWMMPMW e 9 8 5 * & o 9 & 9 o s “T
6.1 TOLTOdUEtLOn . + .« b 4 ¢t b 1 b sk e e b e e s s e a e BT
6.2 Bffect of Bleveted Alr Stream Temperstures on the

viability of Serratis marcescens Aerosclizsed from
Tiquid BuspenBIOn . « « + « « » s o« e o bbb .o e s . WY

6.2.1 EXpOTIMEOLABL . 4 » o x v s o e e 0 s b e e 0 4 e s e e 43

nas B oue BN oo |

65242 m.ﬂlulndmcuiﬂicnc.-.-...-..--...-. ha
6.3 Anelysis of Jet Plume Mixing .« « « « ¢ + &+ ¢ « 4+ o o o o« 51

o !
Sk ey
1

P Ts RHEOLOGICAL EEHAVIOR OF SERRATIA MARCESCENS BLURRIES . . . 5k
7.1 Extrusion RhGOESLEr . . o« « o « « « » « o s a s » s ¢ o o« 5b

7.2 Experimental Results . . . + « ¢« ¢ o ¢ ¢ o s ¢+ e s s s o 59

7.3 CONCIUBAONB & ¢ o 5 & 2 % & @ 4 s 4 4o 4 4 e e e 5T
‘ 8. PROGRESS ON THE LTOUID DISSEMINATING STORE . . . « - + « « 59
8.1 TOLTOAUCLLON o « « ¢ ¢ o o o 4 2 e 0 o s e e s e s e 59

8.2 DeBAEN ADPTOBCE  + « o s s s 4 s s o b s o o e s v« v . 60
8.2, NeB@a 88CLION « o « v » s s s s s s s bt e s s e e e s e . 60
B.2.2 Centor 8action .+ + = + ¢ « + s o s s e s s 4 v e s 61
8.2.3 Tall S€ctdon « « + » o 4 o s o n v o e b 0 et 0 s n s e G

el s ne TR sen BN o BN aan

9. SYSTEME BTUDY + o « « v ¢ ¢ ¢ « o s ¢ o s a a o o s 0 6 o4 69
9.1 Model Developmwent and Basic Assumptions . . . « « + . . . « &9
9.2 The Efficiency of Particle Ratention of a Man . . + + » » « T3

9.3 The Length of REle@BE  « + » « o 1 o o v o o s s o v o oo Th

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

D 5L 19 21

e e

|

-




————— . . - e —— e M ATLRETS

|

e R BN )

TABLE OF CONTENTS (Continued)
| ‘ Section Page
3 9.4 Initisl Dowuward Cloud Displecement . . . . . 4 . . .., . 7h
“ 9.5 Mamerical Results « « v v o o v v i L v e .. T
9.6 Comparison of Bxperimental and Theoretical Results . . . 77
1;’ 10. BUMMARY AND CONCIUBIONS « - « « » v o v 4 v 0o, . ... 83
{' AFFENDIX A - Specification for EXternal Afrcreft Tank Assembly .

APFENDIX B - Specification for Filament Wound Fiberglass Tank . .
AFPENDIX C ~ Specification for Ram Air Driven Generator . . SN

R e S,

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

Date: JUL 19 m

XS P T




-

PR i

w3 LR il NPT e R

Tigure
2.1.1

2-1.2‘.
2.1.2-b
2.1.3

2.2.1
2.2.2

2.2.3

3.1.1
3.1.2

3.2.1
3.2 .a

421

4.3.1

5.2.1

5.3.1
6.2.1

Pegs
Piston-Cylinder Test Configuretion . « ¢« + s « o « o 3
Vllll S‘bz\lll Cmutim - m.ial Phﬁ! e 2 v 2 s o s 2 3
wluatm.cmtim-ﬂﬁm“muo-.-..... 3
Wall Resistance Parameter es s Function of Shear
Angle § and Friction Angle 9, Piston«Cylinder Test . . 6
Measurenent of Compaction BuerEY « ¢ ¢ ¢ v o6 b oo oo 8
Compressive Stress versus the Reciprocal of
wn.nlityfor’f.‘llc.-..............- ll
Energy of Compaction per Qram versus the
Reciprocal of Bulk Density for T8le « « « v ¢« + 4 « o « 15
Wurstnnmwrlﬂl ® 8 e 4 8 et & e v e ¢ 4 o 18
thear Strength of Various Povders versus Compressive
md L} - - » L] - - - L] . . L] L] L] L] . - L] - L] . L] L] . » 20
Controlled Hupidity Appaxetus . o « « ¢ ¢ s « ¢ « o o o« 21
ghear Strength of Sm Powder as a Function
omereBsiv-Ima-............a-.-.. 23
Particle Size Distribution for Sm "B" Before
Dissemination and After Bampling in Wind Tunnel
.t ".ch M.r °l5 - L) * . . - 4 . L] L ] L) L] . - L] . . . 28
Amount of 8m Agglomerates Present in Wind Tunnel
Aexosol as Compared to Basic Particles . « ¢« « » « + kI8
Design Concept of Airborne Dry Agent Disseminating
awmlo-cl‘cqaaaocn-vooooov-on 35
Trensondc Drag Coefficisnts of Isolated Stores . . . . ki
Effect of Heated Air Streams on the Viability of
. BAXCOSCONS « .+ .« .« o s e v o e 0 s 00 e k9

DECLASSIFIED IN PULL
vii Authority: EO 13626

Chief, Records & Declass Div, WHS

Dot JUL 19 208




R OB T N G GOt e

(el emiid GHE VDN DED wDow eaw asn oen eun BN N R M

TR N g s e 1ee
v

v

Lt

peee e, T

Al T

(il

Figure
7.2.1

9.1.1

9.2.1

9.3.1

9.5.1

9- 502

90601

LIST 0F ILLUSTRATIONS (Continued)

Pressure Required to Extruds 33-1/3 Percent by
weimt“slw--novoooo.oio-bcttl

Rectengulay Coordinate SYBLEm « « o ¢ ¢ ¢ o o s v s o »

ﬁ&'g

Probability of Infaction for Two Different Particle
Retention Efficiencies as a Function of Down Wind
Cloud Travel . « ¢ + ¢ o+ ¢ o ¢ ¢ « s o v 2 0 o ¢ o v v

A Diminishing Factor of lethal Dosage for Finlte
Length of Line=Source versus Cloud Travel . . . +« &+ + «

Provability o? Inteﬂion vgnu- Cioud Travel
for 6/IDsg = 1 x 10

e 9 » 0 ¥ ¢ 0 6 > ¢ & b o

d @ & I

Probability of :mfeﬁion gersua Cloud Trasvel
for c/m5° =1x10

@ 8 2 F o @ s & 4 b 2 s e

Comperiscn of Dosage Between Theoretical and
Bxperimental Results . . . « « » o 2 ¢ ¢ o s s 0 0 4o 8L

DECLASSIFIED IN FULL
Aughon‘ty: EO 13528
it Chief, Records & Declass Div, WHS

P L 19 28

'j,__:::f..._}—




< e ki b O

ik

Compaction Energy DRt& . + + « ¢ « « ¢ s o s 1 e o oo 10
2.,2.2 Compaction Energy as a Function of Bulk Demeity . . . . 13
L,2.1 Tebulotion of Dispersed Deta . . . . « + o + s & » . 29

5.3.1 Ordinates, in Percent of langth, for Cylindrical
Body and DAC 8tOre . + « = o« s s o s s s o o s o oo 39

5.3.2 Dimensions for Maximum Volume Tanks Fitting
Inside Bodies of Revolution 22-in. Mex. Dia. . . « . . 42

6.2.1 Effect of Elevated Air Stream Temperatures on
the Viebility of 8. Msrcescens Aerosolized from
Liquid BuSpenBlond . . . - o+ ¢ > v 0 e e 00 oo 50

L 1D A S A et SLesir SR  lsa

9.1 Bymbols and Definitions . + « + ¢ ¢ ¢ 4 v 0 e 0. e 0
:
. DECLASSIFIED IN PULL
Authority: EO 13526
! 1x ghiel. Records & Declass Div, WHS
i e UL 19 2m

o YOS RN ERS TR SA VR LN S

s

[ %

RIS

S s e t— 4 i o

v ame e o e b



LI [N o s e D ety

~

&

PR RO

1
1

¥

BT

i st 2
— i i

-.~—n-_..

1, INTRODUOTTION

This is the Firth Quarterly Prognu Report on the preogram of re-
search on dissemination of sclid end liguid B4 agents being conducted by
General Mills, Inc. under Contrsct No. DA-18~064-CML~2745. The overall
objectives of this program are (1) to advance the state of knovledgs in
the BV dissemination field and (2) to provide experimental external stores
for line-source dissemination of both liquid and solid agents from high-
speed low-~flying aireraft.

Ths work conducted during this reporting period is & part of Phase II
of the program, which includes a continuation of research pn solid agent
characterigation, delivery, metering, digseminaticn and deagglomeration
and slso the design snd fabrication of an experimentel liquid agent dis-
seminating store. It 1s planned that Phages III and IV will follow the
current work snd will include design, febrication, functional testing and
flight testingz of experimental solid-agent dissemineting stores and also
& continuous and intensive research program on the important aepects of
dissemination of solid EW agents.

The progress during this reporting period is covered iu the dlscus-
sions which follow. Highlights of the progress include new theorstical
snalyses and experimentsl results on the characterietics of dry powders,
eateblishment of a design concept for a dry-agent disseminating store and
selection of the configuration end design features of the liquld-agent

store.
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2. THRORETICAL STUDY OF THE MECHANICS OF PARTICUIATE MATERIALS

Theoretical atudies have bsen continued toward development of a compre-
hensive theory of powdsr mechamics. Two specific problems were examined in
sope datail: (1) determination of the force required to displace a plug of
povder contained in & cylindrical tube and (2) preliminary study of the re-
lationship betwsen the enargy of compaction and the bulk density of parti-
culate matarisls. The resulis of these inveatigations are reported below.

2.1 Resistance of Powder Plug Contained Within 8 Cylindricel Tube

One proposed meeans for feading particulate materisls is to use a pis-
ton to force the material from the storage chamber at a controlled rate. The
force requirsad to displace ths powder plug under these conditions have been
deternined spproximately by means of the following analysls. Referring to
Figure 2.1.1, suppose that the powder is contained within a cylindrical tube
of diameter D with s piston at each end. We wish to determine the rstio of
applied to resistive load FA/FR when the powder plug is st the point of mov-
ing. Denoting the axisl and resdiel strese components by o’z snd @7, re=-

spectively, end the shear stress at the wall by Ty, we have:

= o~
a o, . 4, (2.1)
dz D

where 0, 1s the meen axial stress.
Movement of the powder plug may be due either to shearing of the powder

at the wall or to slipping of the powder plug. In the latter cese the shear

angle § of the powder must exceed the friction sngle ¢ = tan~1 /“f as
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FIOGURE 2.1.1 Piston-Cylinder Test Configuraticn
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; Physical Plane FICGURE 2.1.2=b Wall Stress Conditions
gtress Plane

-3 Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5

Date: JuL 19 201

st F

l Page determined to be Unclassified

P

PR -



;

NYSF AR s ey

< o~

TR i e sy

T

e

-.—--——--n—nbﬂl‘“’!m

e

R L 1 o

R TR S NG W R T oy ey e A T ) N Y 1 T, S ST S pmaey = oo
f

=
vl

o . - ___...._::.;‘\‘-
!
i
illustrated by Pigare 2.1.2:0°° %1, Letttng ¢, = C @, end vriting
Ty = fig Oy, Equation 2.1 tekes the form:
4?2 o b v‘z c/uf
(2.2)
42 D
If it is assuxed that ¢ is a constant, Equation 2.2 may be integrated,
yielding: bC @
7]
T (D m L. @ze)  (2.3)
T, ) !3

The oconstent € in this equetion can be easily evolusted in terms of
the shear sngle § and the friction angle ¢. The stress conditions exist-
ing st the wall in the physical plane are shown in Figure 2.1.2-a. Figure
2.1.2-b illustretes ths corresponding conditions in the gtress plane, if it
i3 assumed that the material near the wall is at the point of shesring.
From ths geometry of Pigurs 2.1.2-b, it 19 possible to compute the con-

stant C; the reault ls:

ca S {1+ -\ﬁ-__zoﬁ_.L_ (coa2¢+hunzﬂi-1 (2.
1+ei0? ¢ (1 + 8122 )2

If the friction angle O = tan"t JAt 18 equal to the shear angle §, Equation

2.4 reduces to:

2.1.1 Ceneral Mills, Inc. Report No. 2200, Third Quarterly Progress Report
on Disseminstion of Solid and lLiquid BW Agents (Unclaseified Title),
May 15, 1961 (Confidentisl).
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C, = —m082 ¢ (0= @) (2.5)

l+8in? ¢

Raturning to Hquation 2.1, 1L wehave ¢ > §, T, = O tan § end

v
Equation 2.2 must be rmodified as follows:

az, 4 tan ¢ T,

[]
- > (2.6)

On integration, we obtgin:

F
2 e (4 % 9) (2.7)
Ty

Equations 2.3 and 2.4 define the force rutio F,/Pp for § 2 ¢
while Bquations 2.5 and 2.7 apply for § % Q. These results can be com-
bined by expressing the force ratio in the following form:
44X 1L

F D
;A P (2.8)
R

where K 18 a function of fend 8. For § S 9, K = C, ten § while for
@ 2 0, K= C tan 9. The wall resistance parsmeter K is plotted in
Figure 2.1.3 as a function of @ and 6. The theory indicates that & mex-
imum wall resistence exists, for which K = 0.356. Also, the wall resis-
tance falls off rapidly with increasing § for ¢ > 0.

2.1.
The general form of Equation 2.8 has been confirmed experimentally l;
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however, insufficient data are availadle on the shear strength of powders
et high stresses to enable a detailed comparison of the theory with expers
iment et this time. 'The required shesr streagth propertiem af powders
will be determined in the future under controlled envircnmental conditions.
For the present, an spproximate comparison between theory and experiment
is possible for tele powder. Using the apparatus described in & previous
reporhz'l'a, the shear llntrongth of talc waes measpured it a series cf exper=-
iments for compressive stresses up to about 6000 dynes/em®. From these
tests, the shear angle for talc was found 4o be @ = 35°. Also, values of
© eand K axe available from piston-cylinder tests reported in Reference
2.1.2. These values for talc on aluminum ere: © = 33.6 degrees and
K = 0.319. From thecry, we obtain K., = 0.266. On the other hand, using
data for tale on Teflon from Reference 2.1.2, we find O = 36 degrees and
Koxp = 0.358. The thecretical value in this case is Ky, = 0.356. Thus,
the agreement between theory and experiment is quite good for the limited
date aveilable st the tims of writing.
2.2 Compaction Energy of Farticulate Media

During this reporting period we have studied the relationship betieen
the degrees of compecticn (expressed by the bulk density, ©) of a powder
and the energy required to produce this compaction. Experiments were con-

ducted in addition to theoreticsl analyses.

2.1.2 (General Mills, Inc. Report No. 2216, Faurth Quarterly Progress Report
on Dissemination of Solid and Liquid BW Agents, (Unclassified Title)
August 10, 1961 (Confidential).
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In setting up an sxperiment to detemine this relationship ons en-
_ counters tha problem of accuretely determining the energy adsorted by
the powder. Nomally when a powder bed is compacted a certain portiom
of the emargy input is expended in overcoming the friction between the

powder and the walls of the container enclosing the bed. However, by

l making the bed depth suffictently small, this energy may be neglected.
* v F

i Ve N |
! .
f“ : | Teflon Cathstometer
Pl } Guides
: I
||r Support A
o —— = /
o 4 L
kS Z .
- P/
| iy
~
2 L
: {...__

/— 8teel Rod

Circular Piston
l Powder 44
C ¥
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FIGURE 2.2.1 Measurement of Compsction Energy
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The experimental arrengement employed in this preliminary study is

sketched in Figure 2.2.1. e povder i3 contained within s cylindrical
cavity formed by plecing an aluminum template 0.433 cm thick, in which

a hole 6.3% em in dimmeter had been cut, on @ flat surfuce as showm in

the aketch. A piston having a dismeter approximately 0.005 cm smaller

then the diemeter of the hole in the template was used for spplying the
load to the powdsr. MNovement of the piston was msasured by means of a

cathetometer which could bs resd to within 0,005 cm.

The teats were carried out by filling the powder cavity with the pow=
der to ve tested (in this case, talc) and observing the displacement of
the piston resulting from the application of known compressive stresses to
the powdar. The powder used in each losding sequence was weighed on an
analytical balence at the completion of the experiment. The results of
these tests are summerized in Teble 2.2.1.

These data are presented in PFigure 2.2.2 with the siress plotied as a
function of the inverse density, 1/0. The experimental results mey be

expressed with satisfactory accursecy by an empiriral egquation of the form:

o = 5.558 x 100 0 5:46 (2.9)
Tae enorgy E absorbed by the powdar bad is given by:

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

bed.
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Mass of Powder

TABLE 2.2.1

COMPACTION EMERGY DATA

e A I R ot bt S L '
z ' MR e o —

Used, grams =p 2.k3 2.58 2.52 2.46 2.43 2.52
Stress, dynes/a Blk Density, grems/en’ (sversage)
0 0.16 0.17 0.17 0.16 0.16 0.17 0
0.52 x 0% 0.27 0.28 0.28 0.28 0.29 o._aB 0
1.1 0.31 0.32 0.32 0.3 0.33 0.32 o
2.07 0.3 0.37 0.35 0.35 0.35 0.36 0
3.62 0.39 Q.39 0.40 0.38 0.39 0.39 0.005
5.19 0.h1 0.k2 0.h2 0.40 0.l 0.42 0.005
9.1k 0.k 0.47 0.48 0.5h 0.46 0.46 0.010
17.75 0.52 0.53 a.5h 0.51 0.54 0.56 0.015
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Since the area, A, of the bed remains coustant we have X, Lo =% /o

vhare /Oo is the initisl bulk density and X, 1s the initial depth of the
povder bed. Writing &x = Xy 4 (%.) sud F = ¢g"A, Bquation 2.10 gives:

Lo Y,
E (5) = f Ax, P CU3) = W, j o (o) 4 (140) (2.11)
1fo 1/0

vwhers W, 18 the mess of the powder in the bed and ¢” is the applied com-

pressive strass.

w

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

Y

exhidited a marked elastic bebavior particularly at high stresses. Thus,
with a certain load spplied an mssociated amouni of energy is stored in

the material in a recoverable form. If it is assumed that the materisl

F

hes a linear elastic characteristic, this energy cen be axpressed as:
y
Ee-deJ-Cf y'dy'acg -é& = ACy/2 (2.12)

Q

where y is the distence that the piston springs back after the removal of
the force F. This dis’unco was messured in each run for ths different

forces applied and 18 given in Table 2.2.1 under the Ax column.,

I e _5Q4|i~.m!¥|m~.r» - LE .q;,,m Mhm”mm

The energy of coapaction 18 thus given dby:

B, = ¥, f’gm (o) 4 (14) - ATEX (2.13)
' llﬂ

s,
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Butting Equation 2.9 into Bguation 2.13, dividing by W, and inte~
greting, ve gat for the energy of compaction per gram:

;f = 1.25 x 168 [ (é)'u'% + (71,;.) .MG] - ‘H:g’ (2.14)
or
By = B, - BN,
Using (-/:,IL;) - (-bl:) overags = 6.07Tend W = (wo)"‘"” = 2.6 grams, we

get the following table from Equation 2.1k,

Table 2.2.2
COMPACTION ENERGY AS A FUNCTION OF BULK DENSTTY

0 B, /iy x 107 Ba/Mg x 107 E. My x 1074
- —ergs/graw ergs /gren ergs/gran
3.55 o.41 ) 0.k
3.1 0.77 0 Q.71
2.8 1.21 0 1.2
2.55 1.91 0.11 1.8
2.35 2.72 0.16 2.5
2.12 k.38 0.58 3.80
1.87 7.58 1.68 5.90

1f E/Ho is plotted versus 1//° s8 Log=log graph peper, s straight line
with s slope of minus 4.37 18 obtained as shown in Figure 2.2.3. Thus, the
energy of compaction, as determined from these experiments, is given by the

empirical fo : Page determined to be Unclassified
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W, = 9.75x10° (3) args/gram (1.B7<2 < 3.55) (2.15)

2.2.1

J. 8. Dexrr, Jr., * hes derived an expression for the compaction

snergy 68 & function of the density vhich is of thes form:

- [ (= 3 —1] (2.16)

tlﬂ

Q

Where ﬁo is the initial bulk density of the powder snd c1 dspends
on the initisl bulk Aemsity of the powder, the absolute density of the
basic particle, the dismeter of the basic particle, and an undatermined
constant Ep, which 1s the energy per contact between two particles.

This relatiouship is compared with the experimental results $n
Figure 2.2.3 using the experimentally determined value of /I, = 0.165 grems /en3
and sssuming C, = 1.92 x 10°. It 1s interesting to uote that both the
experimental data for talc and the theory give a power lav relationship
between the energy and the bulk density, although the exponents are same-
vwhat different.

It appears likely that coneiderable insight into'tbo bshavior of pow-
ders may be obtained from s study of the compaction process. The experi-
mental investigation of compaction energy will therefore be continued,
using improved experimental apparstus which will enable more precise mea-

surement of displacements and forcea. Some ¢f the offects which will be

investigated are:

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

Frederick, Maryland.
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1)

2)
3)

4)

Copperison of various powders with respect to compsction
anergy under controlled conditions and correlation, if any,
Yetveen coupaction energiss an? Yulk physicel properties.

Bffect of moisture content on compaction enargy for verious
materials,

Nature of slastic behavior of powders and sssociated hystere-
sis effects, if any.

Influence of loading history on net compection energy change
betwean two density states.
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3. EXPERIMENTS 0N THE CHARACTERISTICS OF POWDERS

In connection with both the theoretical snalyses of force trens-
migsion in powders and the experimnental studies of deagglomeration of ;
finely divided solids with slipstresm energy, there has dsveloped a greet
intersst in the property of shesr strength. For this reason effort has
besti concentrated on obtaining experimental measursments of this property
during this reporting period.

3.1 ghear Strength of Powdsrs

Flgure 3.1.1 is & sketch of tbe apparatus used in making the shear

strength measuremeuts. The disc and surfuce are roughensd by cementing

places of §100 sandpaper to tha surfaces. The roughensd surface is
necedsary to insure shearing of the powder, rather than sliding of the

powder on the metal surface. The force necsssary to shear the povder

- —

is determined by measuring the output of the full bridgs formed by four
8R~4 strain gages which ars cemenied to the aluminum cantilever beam.
The procedure for making the shear strength measurements is as
follows: A maek, consisting of e piece of 0.1 om thick aluminws with
a 6.3 om diemeter hole in 1t, is placed on the roughened surface. Tha
povder is sifted onto the mask, leveled with a spatula, and the mask
then removed. The roughened disc, which 1s 4.57 e in diemeter, 1ia
carefully pleced on the powder. AddilLionsl veights are then placed on
top of the disc Lo give the desired compressive loed. Care must be

token to properly align the d%ac so that it will oot be subjected to

‘a torque when the shear gtrength is messured. Force is then applied

Page determined to be Unclassified
-17 = Reviewed Chief, RDD, WHS
IAW EO 13526, Section 3.5

Date: JU!.. ]g m

PR 1T UL AT



snezeddv mBusiss xeens . T-1-€ MNKLX
|

o
(]
&
4
mH%m
=
| _ ! T 348
— — 253 o
4 A
X, e M&.-
le} . Juax) pueg m%mm
™ mdm
eeo
TEw .
5 - @
o570 peuayinoy mnmmw
oPRog _ |
08IING pauABnOY .
fupadg o °
anr1 ;
1 . :
= ]
ol ==r
IBASTEIQND
== <&————spav] Bney ureass wmsg BUTTIL
|
|
ﬁ
|
]
{
|
i
!
e s SN M .- —_— .

dadlan L ROAHH: o fret g Nitpy ke i B 1Y Rk e SPETIRAL 4




-

e

B

et P, R ey

AL

T R R UL S o

to the dise by means of the centilever beam until the digc moves, thus
ghearing the povder.

The shear strength of gm, talc, and polyvinyl slcohol povders was
deternined during the curreunt report psriod, &nd the results are pre-
sented in Figure 3.1.2. These tests wepe mede st room comditicas, L.s.,
75°F and about 50% relative humidity. Eech point plotted im Figure 3.1.2
i8 the averegs of four measurements.

3.2 Effect of Humidity on Sheer Strengih

8ince it is expected that the mechauicsl propertiss of most powders
will be affected by humidity, the shesr strength bOf powdars is being
studied undsr controlled humidity conditions. A controlled atmosphere
cabinet hss been obtained and & system hes been built to contrel the
humidity in the cebinet in the renge from 1% to 75% relative humidity.
Figure 3.2.1 1s s sketch of the apparatus. gSaturated and dry air are
mixed in the proper ratio to obtain the desired humidity. Drying Unit fi
contains abcut four liters of "Drierite" déssicant. The final drying
tnit f2 containg Linde Moleculer Sieve, Type 13X. The stmosphere in
the cabinet is monitored by an infrered hygrometer which records the
humidity with an scouracy of +5% of the absolute humidity.

During conditioning of the powdsr, the cabinet is maintained at &
very slight positive pressure (0.2 - 1.0 in. of water). It is maintained
at the desired humidity for at lesst 48 hours prior to measurements in
order to lat the powder attain equilibrium with the environment insids

the cabinet. During the actual shear strength messurements,the cabinet
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is maintained at a very alight negative presaure to facilitate working
with the yubbar gloves.

By using this system, the shear strength of Sm powder vs. compres~
sive 1lcad las been determined at verious relative humidities. Pigure

3.2.2 1s & plot of the results obtained (sach point representing the

average of four determinations). It will be moticed that the shear
strength incresses with inereesing humidity up to 30% relative humidity.
However, at 45¢ and greater relative humidity, the shear strength decreases
t0 & value lower than that recorded for sny of the other conditioms. Other

{nvestigations '2*d

have obtiined similsr regults with finely ground
Cerbowax 6000. A possible explanstion for this spparent drop in the shear

strength can be offered iu terms of the condition of the powder. At the

lover humidities the powder is in the form of individual particles. At

i the higher humidities the powder beccmes ceksd and contains many relatively
large aggregates. These can be broken up by sifting the material through

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

ares the aize of the screen openings. When the shear strength measurements

are made, 1t is possible that these sggregates roll with the movement of

Cop RO R R dprgrudts - S A R A v "

the disc. Therefore, it is likely that some combination of shear strength
and rolling friction ia being measured ratle r than pure shear strength.

3.2.1 Genersl Mills, Inc., Report No. 2229, Fundamentsl Studies of the
I Disparsibility of Powdered Materials, Fifth Quarterly Progress
Heport, Contract No. DA-18-108-405-CML-82L4 {30 September 1961).

e 1 .o
[ Sard 2 I R N L
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During the next quarterly period, the shesr strength of Bacillus
flobigil versus compressive load will be determined as a function of
relative humidity. To supplement thess experiments, the moisture con-
teut of both Sm end Bg will be measured after expesurs to constant tem-
persture envirooments of different relative humidity.

Tests also will be made on the shear strength of Sm containing very-
ing emounta of Cab-0-81l, a deagglomra.tion «gent, to determine the opti-
mum concsntration for minimum shesr strength.
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L, DISSEMINATION AND DEAGGLOMERATION STUDIRS
h,1 Introduction

Studies on the dissemination of Sm simulant were conducted in the
high=subscnic wind tunnel during this reporting period. These experimsnts
vers concerned with determinatiocn of the desgree of desgglomeraticn proe
duced by the air stresm when compacted and uncompacted Sm Were disseminated
by the piston-type disseminator, described in our earlier nport.“"l'l

All of the evaluation of deagglomeration was performed by microseopic
examingtion of particles collected cu Millipore filters, placed 1a the isc-
kinetic particles sampling procbe. This procedure, although it is much more
difficult than the Whitby centrifugs method (which i3 also in use on the
project) vas considered necessary for this phsse of the work. The miero-
scopic enalysis technigue minimizes the probabillity of bresking agglomerates
collected from the airstresm snd perwits examination of the nature of
individual egglomerstes.

T™wo types of studies were made. In the first, the perticle size dis-
tribution ot the collected perticles was determined by Airect counting.
In the second, specific attention was given to the presence of agglomerates,
and the number of agglomeretes coompsred to the total particles was deter-

mined. Compacted Sm semples up to 0.55 grems/cm3 ware studied The results

of theses studies are given helow:

4,1.1 General Mills, Inc. Report No. 2161, Second Quarterly Progress
Report, Dissemination of Bolid and Liquid BW Agents (Unclassified
title) Peb. 13, 1961, p. 36 (Confidentisl).
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L.2 §g Disseminetion - Burticle Sime Distribution

The desgglomeration of Sm in a high velocity air streem wes deter-
mined by compering the particle size distrivution of the materisl before
snd after dissemination in the vind tunnel. In these tests Sm "B"* vas
injected at an approximate velooity of 4 meters/sec into an eir stream
maintained at Mach number 0.50. The resulting aerosol was aampied at the
Lunael exit on Millipore filters used with the high velocity sampling
probe.

A micyoscopic method was employed in anslyzing the semplers. The
specific techniques used in preparing slides from the vind tunnel sampler
and the method of measuring the particles sre discussed in the previcus
Progress. nporth'z'l. For anslysis of the control material befors dis-
seminetion, Sm ves dispersed in benzene vith a Wering blender. One drop
of the suspension vas pPlaced on a Millipore filter from vwhich & sllde
vwae prepared using the technique discussed in the reference.

The §m similant vas disseminsted in both its looss and campacted
forms, at bulk densities of 0.33 esnd 0.50 gn/ce respectively. In the
latter case the material was compacted with a low=friction, plston deviice

in eylindrical segments with a length to diameter retio of 0.15.

*Run S1-8m-342

%.2.1 GCeneral Mills Report No. 2216, Fourth Quarterly Progress Report,
Diesemination of Solid end Liquid BV Agents, (Uncleseified title)
August 10, 1961, pp. 99-1C0 (Confidential).
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Sines the moisture content of Sm has been found to be axtremely
important in desgglomerstion, this factor was comtrollsd by storing and
vorking with the materisl in & dry box at dew point temperstures below
~23°C (Relative Humidity, 3 percent). In these tests the Sm moisture
content wes thereby maintained at 1.7 percenmt.

A 8light modification of the piston-type disseminatcr discussed in
an earlier progress reporth'a‘l was made for these tests so as to provide
a close control over the injection of smell quantities of materisl. At
the bottom end of the piston, a spacisl screw was installed at the axis.
It hes a diasc shaped head which is of the same dismeter as the piston.
A space of 0.63 om 1s provided hetween the end of the piston and the
disc, into vhich the Sm 1s loaded. During ejecticn the disc travels
Q.7 em into the tunnel air stream and small quantities of materisl, such
a8 0.0L gm, are released Juring perioda less than 1.5 m sec.

In theae tests the aversge mess flow rate of Sm during dissemization
vwas about 450 ga/min (1 lb/min). As in previocus tests, the resulting
aerosol was concentrated near the upper tunnel wall. Therefore, the
samples were taken at m positioun 0.63 cm below this surface.

Pigura L4.2.1 shows the particle size distribution of Sm "B" befors
and after dissemination, plotted on log probability paper on a number
basis. For sach test 5 microscopic slides were prepered and a totsl of

1000 particles were messured. Esch treatment represents an aversge of

4.2.1 General Mills Report No. 2161, Second Quarterly Progress Report,
Dissemination of S0lid and Liquid BW Agent (Unclassified title)
Feb. 13, 1961, pp. 35-36 (Confidentinl).
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two tests. The results show that appraximately 94 percent of the parti-

clee vere smaller then 5/&, in sll cases.

Yor further insight into these data, en enslysis of varisnce was per-

formad. The components of variance that exist are betvween treatments

(bulk densities end control), between samples (replicete runs of & given

trestwent) and the residual (betwesn differsnt microscope slides prepsred

from the same sample). To facilitate this snalysis, the distribution re-

sulting from each microscope slide was reduced to a basis of 100 particles

and discretized into three fractions: ©.85 - 1.75/1., 1.75 = 3«50/! anéd
3.50 - ll.k/t. For the anslyais each fraction was treated separately.

At the 10% confidence level no significent difference exists between

samples of the same treatment.

Thus, the variances mey be pooled to pro-

vide a better estimate. The percent of particles in each fraction under

the effect of each treatment is given in Teble L.2.1 together with the

overall means, poclad standard deviations end coeffliclents of variation.

TABULATION OF DISFERSED DATA

Treatment

Control

Wind Tunnel (2, = 0.5)

Wind Tuanel ( A = 0.3)
Qversll Mean
Pooled Std. Deviation

Coeff. of Varistion

TABLE 4.2.1

0.88 - 1 1075 - S-EF ;.2 - 11-“&

0.7
56.8
53.6
53.7

5.2

0.10

Fraction

31.9
31.8
33.h
2.4
3.7
0.1

17.5
1.5
13.0
14.0
3.0
0.21
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The results of the anslysis of varisnce plus inspection of Pigure 4.2.1

snd Table 4.2.1 pey be sumssrised by:

1. Bach treatment is reproducible. There exist no statistically
significant differences betwsen sauples Of each trestment.

2. The difference between dispersion in all the wind tunnel tests
is negligibla.

3. The control sample disxibution is cocarser than those cbtained in
the wind tunnel. This implies a better disperasion wes obtained
in the wind tunnel than in preparation of control samples. It
is felt this difference arises from difficultles in prepering s
microscopic control sample. The difference is considared to be
within aczoptable 1limits from the practical standpoint of
deaggloweration.

k.3 §m Dissemination - Agglcwerate Study
The degres of dssgglomeration wes also studled over the rsuge of Bm

bulk densities, 0.30 - 0.65 gnfec, by determining the relative number of
sgglomerates and basic particles present cti Millipore filter samples.

The sempling probe was again located 0.63 cm below the top wall. At

this locetion the obtserved sgglomerates were all below 20 microns in size,
with the mejority in the renge l-5 microns. Also, they primerily congisted
of doublets and triplets. The possibllity of doublets forming =s a result
of two basic particles falling at the seme point on the filter mesns that
the date obteined should pe on the comservative aide.

Figure 4.3.1 shows the percentage of particulste material sampled
that consisted of sgglomerates. For esch data point 1000 particles were
counted under the microscope. There appesrs to be very good desgglomer-
ation at bulk densities up to 0.6 u/cc. Howaver, at higher densities a

sharp incresse in the presence df agglomerates wes found. Also, it wae

Pagg determined to be Unclassified
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obgerved that & very small number of agglomerstes, om the order of

200 microms vers sampled at the higher densities. In future experi-

ments, thess will be studied further to establish the amount of nass

they represent.
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5. DESIGN CONCEPT FOR DRY-AGENT DISSEMINATOR
5.1 Int;odmuon

In the field of dry agent dissemination, one of the principal cbjec~
tives on this project 1s to provide a solid-agent externel disseminsting
store which will be @8 nearly ss possible universal with respect to the
carrier aircraft, the characteristics of the agent being disssminsted and
the type of mission being performed. Research conducted under this pro=-
grem has provided data in several sreas related to disseminator design
which now make 1t possible to establish a design concept for the first
full-size eirborne dry sgent disseminating stor. tc be fabricated under
u later phase of this project. These findings ere briefly sumuarized
below:

(1) Deagglomersiion studies in the high-subsonic wind tuanel have

shown (Section 4) that dry Sm simulsnt (with mositure content

of 1.7 percent) is satisfactorily deagglomerated by an air-
stream at Mach number 0.5, vhen compacted to & bulk density

of 0.5 ga/em3.

(2) Experimental studies of the effect of compaction on the
viability of Sm reported previously’-l-l have shown thst
approximately 5O percent of the original viability is re-
tained sftar compaction with pressures as high as 16 atmos-
pheres. Independent work at Fort Detrick indicates that bulk
densities of spproximately 0.5 sre feasidble (from the vi-
ability steandpoint) with dry UL agent.

(3) In conmnection with the abova studies it has been observed
that canmpacted plugs of 8am (with lov moisture coatent)can
te resdily broken into sgglomerstes which are generally in

5.1.1 Qeneral Mills, Inc. Report No. 2216, Fourth Quarterly Progresss
Report on Dissemination of Solid and Liquid BW Agents (Unclessi-
fied title) August 10, 1961 (Confidential) p. 113.
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the millimeter aize range. High speed photographs have
shown thet caupacted plugs several millimete:s in diameter
are readlly doagglomerated in the wind tunnel if the moise
ture content is maintained below approximately 2 percent.
The sbove work indicates that provision should be mede in the
design of the airborne disseminsting store for hendling compacted
solid agents. Por meximum Llexibility it is alao desirsble that the
store be capable of disseminating unimpacted agents. It is sntici-
pated that the design concept described below will be suitable for
both spplications.
3.2 Design Concept
Plgure 5.2.1 shows the principal fsatures of the dry agent dis-
seminating atore currently under etudy. A cylindrical ageat contasiner
is located inside the aerodynamicelly sheped cuter skin. The space
outgide the ugent container is filled with low-dsnsity foam insulation
to minimize heat transfer into the agent before arrival at the targst.
The agent conteiner is fitted with tvo pistous which are mounted
on a lead acrew which extends the full length of the cylinder. Rota-
tion of the screw advances the pistons towerd the center of the store.
This is accomplished by providing @ left-hsnd thread on one side and
8 right-hand thresd on the other. A guide fixed to the cylinder pre~
vents the pistons from turning relative to the cylinder.
At the center of the agent storage container, a disaggregator ia
mounted on the shaft which scrapes the agent from the two plugs which
arec edvanced from cech side. The loose meterial falls to the bottom

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

-3 -
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¢ two-phase mixture with the motivating gas (probably dry nitrogen)
wiich is stored in a cylinder in the sft-section of the store.
The central shafs of ths disseminstor is driven by an eleciric

!
|
|
' woter through a high-torque variable speed transuission. The power for
the system is genersted by a rem-sir turbine located in the noee of the
I store.
This econfigurstion appears to have several advantages, the mcst inm~
l portant of which sre listed below:
1. The length-to-diameter ratic of the plug of meterisl being trens=-
l lated by the piston is approximstely 3, which i3 compatible with
' moderate frictional forces. Research investigations on this con=

treact have shown that the force required on the piston in such

E
3
|
'

l aystems incresases exponantially with the length-to-dismeter ratio
and becomes prohibitively high at values (L/D ~6) which would be
required in a single-piston system designed for beet utilization
of sn optimum external store shepe.

This configuration vill maintain the center of gravity within
narrow limits during tha antire dissemination rum, in contrast

with a system in which the material 1s tranaferred to the aft

AL TN SRt AT RR L SR I
n
.

end of the store. This festure will minimize the required cor-
rections to the flight controls during dissemination.

The arrangement of pistons is convenient for experimental use

t, Bl P
w

< ’ of the disseminating store with smal’ -~uantities of solid agent.
' The residusl quantities of meterisl should be minimel snd fill-

ing with a small quantity will be possible.

- 36 - DECLASSIFIED IN FULL
Au'thority: EO 13526
- m g:::f Records & Declags Div, WHS
CoJuL 19 2m



*onemansmre . S
B e |
!

SDMumewITRE

4. Materisls with s wide range of btulk density should be compat-
ible with this configuration giving a maximuwe flexibility to
the disseminator.

5. The power required to drive the mecheniem is low, and will be
compatible with that available from & small rem-air turbine.
The pistons and the slow-speed disaggregator put a very low
energy inte the dry agent, minimizing heating of the agent.

6. By providing s spesd-selection feature, a wids range of feed
rates will be available. We are currently plenning to provide
speeds of 100%, 75%, 50%, 37.5% and 25% of the maximm rate.

5.3 Other Design Conasiderations
Preliminary study has heen given to seversl aspects of the dry-agent

R ARG L S UL L . ;

disseminsicr design, ss summarized below:

9.3.1 Externsal Shepe
Six external siore shapes have been considered, as listed dvelow:

AP g

g

: Stcre Designation . Fineness Ratio
. NACA - 65A 6
- NACA - 65A 8
”_ l NACA - 65A 10
) NACA = 65A 12
' ‘ Cylindrical Body 9.33
' nAC Btore 8.57
I
I
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Ordinates for the NACA -~ G5A series were presented in the Second Quarterly
Progress Rsport..s'3'1 Ordinates for the cylindrical body and the Dougles

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

With respect to these store shapes, two importeant considerations are:

1. The aserodynsmic drag, end

2., The volume of the largest cylindricsl agent storage container
that can bs placed inside the shell (see Figure 5.2.1).

The aercdynamic drag of these store shapes is summarized in Figure 5.3.1.

It may he seen that st subsonic velocities Ybelow M = 0.9, all of these bodies
have low drag coefficients (below cn'h‘ = 0.1). 1In supersonic flight there

is a considerable increase in the drag coefficient, and the spread between
the seversl configuraticns 18 larger. The DAC store amd the NACA - €5A store
with /4 = 10 have the hest supersonic performance.

A study vas also made t¢ determine the volume of the largest cylindrical
agent storage container that would £it in the stores. For illustrative pura
poses a Fixed maximum outer diemeter of 22 inches was used. Table 5.3.2 pre-
sents the resulta.for the aix cases studied. The highest egent volume was
for the cylindrical body. Jn final selection of the store shaps, this
desirable choracteriatic must be veighed against the drag sdvantage of the
DAC store in superacnic flight. The NACA - 654 store with £/d = 12 is favor-
able {considering agent volume) but 18 not a very practicsl design because

of clearance problems asscclated with the grester length.

5.3.1 Ceners)l Mills, Inc. Report No. 2161, Dissemination of Solid and
1dquid B¥ Agente (Unclassified title), Peb. 13, 1961 (Confidential)
p. 71.
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TABLE 5.3.1

ORDINATES, YN PERCENT OF LENGTH, FOR CYLINDRICAL

BODY AKD DAC STORE

Cylindrical Body

Fineneas Rstio 9.33

x/1, percent /1, pereent
0. 0.

. 360 .30
1.210 .70
3.0k0 2.440
k.870 2.090
6.710 2.650
8.260 3.070
9.1%0 3.2%¢
9.690 3.4k0

10.840 3.700
11.990 5,940
13.140 L.120
14,290 4,300
15.4b0 h.kbo
17,740 k. 700
20.0k0 4.920
22.340 5.080
24.6ko 5.200

DAC Stoxe

Fineness Ratio 8.57

L, percent r[).l percent
0. 0.
1.94h k6
L. 122 2.033
7.500 2.869
10.278 3.513
13.056 4.016
15.833 L.416
18.611 . 745
21.3%9 5.026
2h,167 5.272
26.945 5.h85
29.722 5.661
32.500 5.785
35.2718 5.833
42,500 5.833
k9.722 5.833
52.500 5.812
55.270 5. 49
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" I Table 5.3.1 Coutinued
; 1, percent r/l roent %/1 cent T reent
§ I 26.9%0 5.300 58,046 5.646
E l 29.240 5.340 60.833 5.507
] 31.540 5.360 63.611 5.332
| é1.700 5,360 66.389 5,125
- 68.650 5.200 69.167 4.808
-3 ' ™.950 4.760 TL.9hk k.623
g l 81.220 3.950 Th 722 b.334
i 87.480 2.760 . T7.500 4,023
v 90.600 2.110 80,278 3.693
= 93.750 1.420 83.056 3.367
96.890 . 720 85.833 2.989
98,440 360 8a.é11 2.620
_ 100.000 0. 91.389 2.2L6
93.611 1.944
N 95.833 1.60
: 98.05%6 1.208
- 100.000 0.

gource: Stevens, J. E, and P. E. Purser, "Flight Messurements of the
Trensonic TCreg of Models of Seversl Isolated Externsl Stores aund Nacelles”,
NACA Research Memcrandum RM L54107, 1955, p. 1l.
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- Series £/4 = 3.0 dy
NACA-65A, i/di= 8
DAC Store ~654, £/a = 10
1 | | ] |
0.1 0.8 0.9 1.0 1.1 1.2 1.3
Mach Number
FIQURE 5.3.1. Trensonic Drag Coefficlents
of Isolated Stores
Source: Stevens, J. E. end P. E. Purser,"Flight Messurements of

Transonic Drag of Models of Seversl Isolated External
Stores and Necelles", NAZA Research Memorandum RMLSHLO7,
1955.
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TABIR 5.3.2

DIMENSIONS FOR MAXIMUN VOLUME TANKS FITTING
INSIDE PODIES OF REVOLUTION 22-IN. MAX. DIA.
{(1-In. Min. Clearance at Ends of Tank)

Body Finenuss 33'1::. Length Dismeter

Designation  Ratio (cu. m.) (I}  (m.) A/a
HACA - 65A 6 11,440 55.0 15.8 3.67
NACA - 65A 8 15,420 Bi.2 15.2 5.23
NACA « 65A 10 18,500 g4.0 15.8 6.07
NACA - 654 12 23,150 116.5 15.8 7.37
Cylindrical 9.33 28,500 111.1 18.1 6.15
DAC 8.57 19,550 94.8 16.3 5.83

5.3.2 Discussion of the Retating Mechanisma
It is curreatly planned that the rotational speed of the central

shaft will be used as the mein control of feed rate. The function of
the gss flow will be to discharge the material into the slipstream at
the same rate it is delivered by the pistona. It 18 planned that tha
unit vill be provided with e speed selection feature Lo permit operation
at 1009, 75%, 0%, 37.5% and 25 of the maximum speed. Considering the
possibility of intenticnally varying the bulk demnsity of the sgent over
a range of spproximetely 2 to 1, thess 5 speeds could provide @ range of
agent mass flow rates varying ¥ a factor of eignt (8).

The process of removal of material from tne advancing slugs is a

slov-apeed low=-snergy process which should have s minimum effect on the

DECLASSIFIED IN FULL
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visbility of the agent. Yor {ilustrative purposes we may assume thet the
agent mass floy rate 1s to be 30 pounds per minuts, the dismeter of the
sgent container is 18 inches, and the agent 1s initially compacted to a
bulk density of 0.5 gn/em’ (31.2 pwndl/tt3). Zach piston must then de-
liver 0.482 7t3/min, which corresponds to s rate of sdvance of 0.2T2 ft/min.
A rotationsl apeed of 16 rpm would be compatible with a rate of sdvance of
0.017 £t (.20 inch)/revolution. A varisty of designs for the dlsaggreuator
suggest themselves. Multiple cutter-blades are perhaps the most straighte
forvard design. An array of spikes or nsedles is also s possibility. BSuch
designs vill be evaluated in future laboratory investigations.

With the lead screw running through the cylinder, it will be nacessary
t0 devise a method for cleaning out the thread just ahead of the piston. If
this 1s not feasible, the screw will have to be covered by a telesccping or
collapsing shroud.

It will be necessary to seal off the ends of the cylindars to prevent
escaping material adhering to the cylinder walls. This might be doue by
placing a bulkhsad at the ends of the cylindsr. An alternate solution would
be to use a pleated sleave gesled to the piston at ona end and the cylinder
at the other. Ae¢ the piston moves toward the center, the sleeve would unro:l.a_.

Aa the piston moves towsrd the ceuter, the space bshind the piston must
be filled with eir (or other gas) to equalize the pressure.

One aspect of the proposed concept which needs to be investigated more
fully is the force required to move the pistons vhen the cylinder is lcaded

with compacted materisl. Date presently availsble on piston forces pertain

DECLASSIFIED IN FULL
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10 smmll-dismeter cylinders initislly f£illsd with loose materiml. Testa

are naeded in vhichk material u compacted into cylinders approximately
18 inches in dlsmeter and forces required to move the cme;ud load are
measured. In the ¢vent that excessively large cylinder wall resistive
forces are encountered, mathods will be mought for reducing these forces.
Sowe thought has been given to methods for sccomplishing this.

Bince these forces result from radial pressure of the compacted
matarial egainst the inner cylinder well, it should de possible to lower
tﬁe force 1f the cylinder of material 1is ullwu(‘l to expand slightly after
the material is compacted. This could be accomplished by compacting
the materisl in an suxiliary loading cylinder which im slightly smaller in
dlameter than the cylinder in the store. When the compacted plug is pushed |
into the store, the plug can be expanded, without crsating high radial

Pressures,

5.3.3 Estimate of Power Required to Drive Feeding System
-

Bacouse of the 10w rotational mpeed (approximstely 16 rym) of the
dissggregator, the pover consumed by this portion of the unit is expected
to be small relative to thes powar required to move the material along the
cylinder by means of the screwedriven pistons. An estimate of the power
required to drive the pistons can be made if the experimental values of
piston foroes obtained with amall-dismeter cylinders are assuned %0 apply
t0 large-diametar cylinders ss well. This relationship will be studied in
detail before finsl designs are made. However, preliminsry indicatious from
tests with tale (compressed to 0.5 gn/cm3) are that a pressure cf 20psd . -
wiil be adequute.
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To exert e pressure of 20 psi, & piston 18 inches in diamster must
be driven by su axisl force of 5090 1lbs. The screw which drives the piston
has a pitch of 0.2 inches. If ve assume a conssrvative value of 15 P‘m“-:
for tha efficiency of the screw, it is possible to calculate the torgue
vhich must be applied to the screw from the following equetions

T LB
2Me

vhere:
T = applied torque
P = axisl force
p = piteh of sorew

e = efficlency of screw

2002 | 308 tnen 18-

T are(1s)
8ince there are two pistons on the screw, the total torque required is
2160 inch lbs.
The horsepover required 1o drive the screw is calculsted by means

of the following equation:

Horsepawer = SdLiLL

33,000

where:
N = speed in rpm

T = torque in ft lbs.
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Therefore,
2160
Horsepover = 20 X16x 3= oo
33,000

Pover of this magnituds is resdily attainable with the ram-sir
turbo~ganerator proposed as the power source. It is quits possible that
experimental results will demonstrete thet velues selacted for the above
¢alculations were too conservative and that a lower power requirement can

be assigned to the gserew drive.
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6. STUDIRS OF THE JET PLUME PROBLEM
6.1 Introduction

¥We have been very much interested in evaluating the potentisl
deletericus effects of hot gmees from jet engine exhsuste on the viability
of BJ serosols. This congideration is believed to be important in cases
where the disseminator is located in close proximity to an engine, such
as a center-line instellation on & sicgle engine aircraft or on inboard
bylon installation on small aireraft where the ssparation distence is
short.

We have experimentally studied the effect of elevated air stream

temperatures on the viability of Serratis marcescens, aercsolized from s

1liquid suspension, and have found substentisl losses in viability, for
exposure durations as low as 0.6 seconds. The most recent work is 4dige
cussed in Paragraph 6.2 below. An analysis has also been made which
indicates that, in cases vhere the aercsol ia released close to the
engine, mixing of the aerosol cloud and the engine exhaust is very likely
to expose the Biological material to temperatures which are high enough
t0 reduce the viability of the aercsol. This work 1s discussed in Para-
graph 6.3.
6.2 Effact of Elevated Air Stream ;%ntms on_the Viability of
Ssrratia msrcescens Asrosolized qu uspension

In the previous repert6‘2

‘1 1t vas shown that the viebility of

Serratis marcescens serosolized from @ 1liqQuid suspension was signifi-

cantly reduced by exposure to temperstures of 50°, 75°, 100° and 125°C

6.2.1 Guneral Mille Report No. 2215, Fourth Quarterly Progress Report
wu Dissemination of 8c11d and Liguid B4 Agents (Unclassifisd title),
August 10, 1961, pp. 2-9 (Confidentisl).
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for a pericd of 1.7 ncond!: The purposs of these experiments vas to
obtain dats vhich would ensble prediction of the effect of mixing a viable
biological aerosol with the hot exhsust gases of & Jet engine. An exposure
time as lerge as 1.7 seconds was considered necessary in ordar to account
for turbulent mixing effects wvhick exist at the point of interceptiom of
the aerosol streemlines with the jet plume. These experiments have been
continued during the present report period to investigste the effect of
shorter exposure times at various temperatures. Data rsported here were
obtuined at expoaure times of 1.1 and 0.6 seconds in the temperature rengs
from 50* to 125°C.
6.2.1 Experimental

The experimental setup vas identical t0 that previously dalcri‘ncdé‘a'l.
Aerosols were generated using s modifisd Veponephrin nebuliger chargsd with
6.0 ml of the Sm suspension. The aerosols vere sampled simultanecusly from
btoth the heated leg of the sppsratus snd the unheated control leg using
All Glass impingers. Flow rats in all experiments was 12.5 liters per minuts
and the duration of each run was 1) minutes. Viability determinations were
made in the manner discussed in the above referenced raport.
6.2.2 Results and Discussion

The effect on viability of exposure of Bm aerosols to heated air
strasms for periods of 1.l and 0.6 seconds is presentad in Table 6.2.1.
These data on the mean percent recovery as s function of temperature are
plotted in Pigure 6.2.1 along vith the date previously obtained et an
exposure time of 1.7 seconds. It is apperent from this figure that,
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FIOURE 6.2.1 Effect of Heated Air Streams on the
Visvility of Aerosols of 8. marcescens
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regardless of the exposure tima to heated air, the viadbility decreagee
rapidly with increasing tempersture.

TABLE 6.2.1
EFFECT OF ELEVATED ATR STRRAM TERMFERATURES

OF THE VIABILITY OF 8. MARCESCENS
AEROSOLIZRD FROM LIQUTD SUBFENSIONS*

Racovery, Parcent

Mg‘tm 1.1 Seconds onure T B-“onafé Seconds
25 100 100
% 95 95
5 ™ 68
B 100 25 4h
125 7 10

#Duration of sll runs was 15 minutes

)
i |
£
X
.3
] |
P
-
|
|

! The reaults obtained to date indicate thet a viable aercsol, formed
Zrom 1iquid suspension and then exposed to heated air, sttains’ temperature
I equilibrium with its surroundings very rapidly ( < 0.6 seconds). As a
' result, there is an apprecisble decrease in the viability of the organisns
‘ even for short exposure times at fairly low temperatures.

The conelusions reached as a result of this study sre bssed on the
experimentally determined bshavior of aerosols produced from a liquid sus~
pension of the one simulant, Bm. Similar experiments will be performed in

the future on serosols of Serratis mercescens and Bacillus globigii produced
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from the dry materisl. This future work will provide information on

the behavior of an additionsl simulant, and also will determine the sus~
ceptibility of these organiszme vhen they are disseminated directly from a
dry agent store into a heated air atream.

6,3 fnslysis of Jet Plume Mixing

After reviewing the earlier work on this subject we found that a

gacmetric approach was being used; that is, the degres of interaction

between the aercsol cloud and the Jjet exhesust was being determined by
estimating the geomeirical shape of ths aerosol cloud and superimposiag the
average tempersture profiles of the engine on this cloud. Conclusions vare
then drawvn as to the proportion of the aerosol cloud vhich would be exposed
to temperatures above a selacted criticel level. We feel that this epprosch
does not properly cousider the turbulent nature of the exhaust rlume, which
(once mixing of the sercsol with the plume occurred) could bring the hio-
logical meterial into regions of mmch higher temperature then indicmted by
the plot of the eversge tempersture distribution. Therefare, it appears
that the boundary of the Jjet plume established by the velocity dlscontine
uities are more important to this problem then that eatablished by a
selected average tempersture profile.

The boundary of the jet plume can be defined as the surfece on which

vy-v
the velocity ratio ; 9 = 0.10 vhere V is the local mesn velocity, LA
-V, i
1s the flight speed and V, is the mesn velocity on the sxis of tha jet,

According to Kuchmnn,s‘3'l this condition is obtained on a conicsl sur-

face having a semi-vertical angle given by:

6.3.1 l(o.acheu)um, D. snd Wabder, J., Aercdynsmics of Propulsion, McGrav-Hill
1953).
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1=
T=9.0 Y {degrees)

vhere ) = ;.3., V, being the velocity at the exit of the engine. As an
illustrative case, taking A = 0.5, § = 3 degress.

At this boundary of the plume, air 18 entrained from the surrcunding
atnosphera. A study of the entraimment of air by the Jet exhaust indicates
that streemlines originating upstresm of the plume tend to be daflected to-
vard the axis of the jet before entering the plume. However, neglecting
this tendancy for the aerosol 40 he drawm into the plume, the point of
entry into the plume may be calcilated by sssuming that these atreamlines
are straight lines psrallel with the engine axis. For an axample case of
a soall dro.2, where the disseminator mounting station is approximately
threa feet from ths center line of the engine, this point of entry ianto
the plume would be at a distance of X = 57 £t downstream from the engine
exhsust nozzle.

Using resulis from Reference 6.3.1, the temperature distribution along

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

T(x)-'l‘o - 5
T %o (1-1)(5:—1

(for 2 = 5)

D,
where T(x) is the meean tempersture on the sxis at 8 distatice x from the
engine exhaust nozzle, T, 18 the smbient temperature, and T, 18 the
engine exhauat tempersture. The engine nozzle dismeter is D,. For the
drose, e have T, = 1200°F; thus for X = 57 ft, T, = 80°F, T(X) = L20°F.
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Experinental investigations cited in Reference 6.3.1 have shown that

the temperaturs distribution in the plume is brosder than the velocity
distritution. Thus, s 10 percent temperature ri:. occurs on s conical
surface of semi-angle Gt = 4* while the 50 percent rise occurs at an
angle of about 2 degreee. This temperature distribution is indicative
of the turbulent mixing process taking place in the plums, since thermsl
energy is irsusported largely by turbulent diffusion. It follows that
material entering the plume will be subject to mixing throughout the
plume and may therefora be exposed to the full range of temperatures

existing within the plume.
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T+ RHEOLOGICAL EBERAVIOR CF SERRATIA MARCESCENS SLURRIES

The investigation of the flow characteristice of slurries of
Serratis marcescens in a fluorochemical liguid was concluded during
the present report pericd. An sxtrusion rheomeater was used to study
the flow propertiss of slurries of high solids concentration.
7.1 Extrusion Rheometer

The capillary vtscometerT‘l‘l and rotational viscometers presviocusly
enployad in studying the rheologicel behavior of Sm slurries in the
fluorcchemical liquid FC-75 were not cspable of handling slurries of
greater solids concentration them 25 - 30 percent by welght. To extend
the investigation to slurries of higher solids concentration, a simple
extrusion rhecmeter was congtructed £or use with an Instiron tensile
tester. The rhecmeter consisted of a 1.625 inch (h.14 cm) diemeter
cylinder capped at one end and containing a small crifice in the cyline
der vall, and a close-fitting piston. The cylinder was loeded with the
slurry under exsminetion, the piston vas inserted, and the davice was
pleced in the coupression test cage of the Instron. The force required
to extrude the slurry through the orifice at a constant flow rate was
racorded automatically as & funciion of the piston travel.

The orifice initislly used was 0.078 inches (0.198 cm) in dismeter.
By varying the rate of Jav trevel of the Instron, the volumetric flow

rate through this orifice could be chenged from 0.1 to 2.8 cn3/aec.

7.1.1 General Mills Report No. 2216, Fourth Quarterly Progress Report
on Disseminstion of Solid mnd Liquid PW Agonta (Unclsasifisd
title) August 10, 1961, p. 59-61 (Confidential).

- 5 -
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Additional tests were performed with an orifice 0.1 inches (0.25 cm)
in diepeter.
7.2 Ryperimental Ressults

Force versus flow rate curves vare cbtained on slurries of 33-1/3 and
40 percent by weight Sm. An attempt was made to prepare slurries of §m
more highly concentrated than 4O percent by weight with no suacess. At
higher concentrations there 1s not sufficient liquid \prucnt to suspend
the dry materiel.

The resvlts cbtained with the rheometer showed that the force required
to extrude the slurries st s constant volumetric flow rate increased con-
tinuously with the smount of matarisl extruded. Figure 7.2.1 presents the
results of e typicel experiment with s 33-1/3 percent by weight Sm slurry.
The pressure required to initiate flow through the orifice was about 1Q
psi (D.68 atm). The pressure required to maintein flov rose continuously
to a value of 1000 psl (68 atm), the limit of the loed cell, after 23 o3
of slurry had been sxtruded. Similar behavior was observed st other flow
rates and with the 4O percent by veight Sm slurry. At higher flow rates
and solids concentrestion, the rise in force occurred more rapidiy.

It wvas thought that the phencmencn described above might be due to
a praferential displecement of the fluorochemical liquid wbich would de-~
plete the Sm slurry remaining in the rheometer of liquid ¥C~-75. This
hypothasis ves tested by taking samples of the extruded Sm slurry in
weighing bottles periodicelly throughout ons of the runa. The slurry

tested was initially 33-1/3 percent by weight Sm. The samples which Were
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anslyzed vere richer in FC~TS than the originsl mixture. The sampls taken
from the first materia)l extruded was cnly 29.2 percent by weight Sm. The
Sz content inoreased graduslly es more sluryy was extruded reaching &
value of 32.3 percent gt the 1000 peig limit of the ITnetron. At this
point considersble unextruded slurry remeined in the cylinder which had
an Sm content in excess of 33-1/3 percent by weight.
Bxtrusion tests made with the O.1 inch (0.25 cm) dismeter orifice

yielded similar results to those dsscribved above.

7.3 Conclusions

These rather simple tests described sbove were made to determine the

feasibility of feeding highly concentrated Sm slurries through restrictions
such as an orifice. From the information obtained it is concluded that it
would not be feasible to hendle slurries more highly coucentrated then

25 - 30 percent by weight of Bm. At higher concentrations extremely large
pressures would be required to move the slurry through an orifice, and the
extruded slurry would very in Sm concentration throughout the extrusion
process. Finally, a slurry of higher 8a content than 40 percant by weight
cannot be prepared becsuse there is not sufficlent liquid present to suspend
the material.

In view of these findings, it appears that the meximum concentration

of Sm which cen be conveysd and metered by the alurry techuique lies in

the range of 2530 percent by weight. A slurry containing 25 percent by
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veight 8x has a density of 1.58 m/a3.7'3'1 Since 25 parceat of the

slurry 1s Bm, it follows that there vould ve 0.40 En of Sm per .

Eovever, the density of $a in its dry, uncompacted form is 0.33 g/eas. 32
Therefore, usa of §m in slurry form to deliver a given mass of the sim-
ulant would require cerrying sbout four times the total weight of materisl
than would be required in using dry, uncompacted materisl.

T.3.1 General Mills Report No. 2216, Fourth Querterly Progress Report
on Disseminstion of Sclid end Liquid B Agents (Unclassified
title) August 10, 1961, p. 61 (Confidential).

7-3‘2 Ibid., p. 73‘
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8. PROGRESS ON THE LIQUID DISSEMINATING STORE I
8.1 Introduction
In our Feurth Quarterly Progress Report it vas pointed out that the
digsseminating sore to be fabricated on this program would be one de=-
signed for use on manned aircraft, rather than for the USp-S Drons. The
general conliguration of this external store was shown in a drawing,
included as part of Appendix B of that uporte'l‘l.
The external shape of the store which was selected is known as the
Douglas (DAC) shape. This design has s subsonic drag coafficlent which
is comparable t0 other good shepes and 8 very low supersonic drag co-

CEE e Fwlly b u*ﬁrl*@?‘%hﬁmm‘!ﬁlmww i N

efficient, as discussed in Section 5 of this report, The generalized
coordinates of this store shape are also given in Section 5.

The dissemingtor will have a length of 227 inches and a maximun
— diemeter of 26.5 inches, The liquid agent will be contained iz an
inner tank (filement wound glase fib er construction) which will have a
capacity of 180 gallons of liquid agent. The space between the inner
tank snd the skin will be filled with & low-density, fommed-in-place
insulastion. A ram ailr turbine-getierator, mounted in the nose of the

store will provide 400 cycle, 3-phase pover for the othar electrical

} components in the s*ore. The ligquid agent will be discharged at a flow
rate of 18 gzrm through slit-type nozzles located in two booms which
] extend below the gtore during opsration and are retractable into the
store. A motor driven pump will deliver the agent to the vooms during

8.1.1 (Gensral Mlills, Inc., Report No. 2216, Fourth Quarterly Progress
l Report, Disseminstion of Solid snd Liquid BW Agents (Unclassifted
title), August 10, 1961 (Confidential) p. 28 of Appemdix B.
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dlssemination and will algo provide s recirculation feature during flight
before disseminetion, tc minimize settling of the solids in the sgent.
The booms snd the plumbing compertment will be electrically heated to
prevent freezing.

8.2 pesign Approach

It has been decided that the detailed desimn and fabricaticn of this
disseminating store will be performed as an in-house effort at General
Mills, Inc. The overall design configuration has been eotebliohe& and
layout and deiailing is proceeding in all areas of the design. Several
of the componeats will be yurdmseﬁ from other organizations. Qrders
have been placed for major purchased parts, including the outer tenk
asgembly, the inner glass fiber tank and the rsm eir turbine-generutor.
The specifications for these purchased items are included as Appendicea
A, B and ¢ to this report. The quoted delivery dstes on all of these
items gre compatible with the overall project schedule.

The disseminator will be separsble into three sections: (1) the
noso section, (2) the ceater lectuﬁn, and (3).the tail section. The
nose and tail sections will be bolted to the center section at section
Joint rings. The cuter aluminum shell and associated structural members
for sll three sections will be fabricated and assembled by Fletcher
Aviation Corporation. Fletcher will also install tha inner tank and f£ill
the sBpace between inner tank and outer shell with foam type insulation.
8.2.1 Hose Section

The nosc section consists of the ram air turhine generator and the
forverd compartment. The Allison Division of Genersl Motors will supply
DECLASSIFIBD IN FULL
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the turbine generstor which will have a 4.5 KVA capacity. The forvard
compartmant will house electrical connections to the generator, circuit
breskers, and the genermtor voltage regulator. A door in the forvard
compértuent will provide access to the electrical compoucnts mounted in
the compartment and to the bolts attaching 'trhe nose section to the center
section.
8.2.2 (enter Section

The centar section of the liquid agent disseminator extends from
station 23 to station 171.5 snd includes the inner tank, the lug attache
ment and "strong back" atructure, and the aft compartment housing the
plumbing and fluid handling system.

The filament-wound fiberglass inner tank will be supplied by lamtex
Industries, Inc. 'The space between the inner tank and the outer shell
will be filled with fosm insulation. This insulation will perform three
mein functions (1) provide structural support to the outer shell, (2)
provide support for the inner tank, and {3) prevent heat loss from the
inner tenk. The military specifications for aircraft wire and installation
have been reviewed, and vire and conduit sizes have been determined for the
part of the system which passes through the insuleted section of the store.
Considerable engineering effort has been dsvoted to design of the fluid
handling system, located in the aft compartment of the center section.
Space 18 limited in this ares, requiring careful sttention to selsction
and placement of components.

DECLASSIFIED IN FULL
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The severe leak-tightuess requiremsnt, as determined by the

l General Xlectric H-l halogen detector has besn the most importent

consideretion in selection of components for the fluild handling system.
It has been determined that t.l;e punp unlit which is moat suitable

UL | RO

for this application 1 & rotary vene-type pump manufactured by lear-
Romec. With respect to lesk-tightness, the manufacturer has assured

conformance to a leakage test uasing soap solution and air at 20 pesig

&

air pressure, but has 10t performed the halogen test. We have slected

RARE - AN o o5 ol

| t0 purchase this pump because we believe it to be the best available

aud subject it to the hologen lesknge test in our lsboratories. As a

ey

back-up measure, we have considered encloaing the entire purp and motor

‘
-

Giteoca

in a sealed caging. This will bde done only if tests prove the necessity,

since it makes the space problems more critical.

! The 28 volt DC solcnoid valves will be supplisd by the Marotte

. Valve Co. This menufacturer is confident thet these valves will meet

-~ ‘ the severe leakage tests. However the tests will have to bes performed
by General Mills, Inc. If these valves do not pase the leakage test,
modifications to improve them will be investigated.

Hydropoise, Incorporated will supply the flow indicetor. The prie
mary factors consldered in gelection of the flow indicator were pressure
drop across the instrument, size and weight. The meter selected is of
the turbine flov transducer type. It will provide the flow/uo~-flow
indication required and will also pernit instrumentation to he attached

l during ground test, which will permit motering of the fluid flow.
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The manual valves will be of the packless diaphragm type supplied
1y Hills=}cCenna Compeny. This type valve is widely used in the chemi-
cal process industry.

The plumbing fittings have not as yet been ordered and will aot
unti) the more detailed layouts have been completed. Basicelly,
they will be 37° flare and welded or silver soldered fittings vith
some atra-ight threaded "0" ring fittings to mate the pump and other
established bogses.

A8 an aild to establishing the configuration of the plumbing and
fluid hendling system a full scale wooden mackup of the af't compartment
vas made. At the present time detalled drswings are being made to
finalize the ritting reoquiremenls and to establish the structural sup=-
port for the plumbing system.

Heating of the plumbing system will ba accomplished by heating the
aft compartment. The compartment will be insulated with a Q.5 lnch
thick layer of foem insulation. An inner aluminum shell will serve as
a prﬁtective covering for the insuletion.

Heeting requirements for the aft compartment are based on a con~-
figuration 22 inches in diemeter and 15 inches long. The compartment
wall crosa section and temperature gradient wes assumed to be as shown
below. To be on the conservative side it was assumed that the imside
snd outside surface temperatures were equal to the ambient air tewper-
slure in each case. It was further assumed that there is no.heéat flow

to the forward area, i.e., the fluid store area.
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Preliminery celculations based on these assumptions indicate that a
hest requirement of £0 to 65 vatte will be necessary io msintein temper-
ature levels in the pump and plumbing compartments.

The aft compsriment will have two docors, one to permit extension of
the filling hoses and the other to provide acceas to the manual valves.
8.2.3 Teil Secticn

Tha tail section houses the actuator system. The ectustor system
consists of the following mesjor components: (1) actustor, (2) two booms
and lever amm atteched to a torgue tube, (3) support structure for mownt-
ing the actumtor and booms inside the tank.

The design hes progressed to a point where a layout of a workable
syetam is completed. Tundividual components may have toc be chenged but
the besic geometry of the system has been decided upon.

The gotuator will be 2 modification of one that is preseatly in pro-
duction by AiResearch Manufacturing Company of Llos Angeles, California.
This ectustor vas chosaen bacause it fits well iuto the design and the

quoted price and delivery time wae favorable.
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The support structure vas designed with the ides of combining the
actuator and booms in a structure that cen be installed and removad from
the tank as a unit. It is believed that this will aimplify epsembly
and servicisg.

A voodan mockup of the actustor system is being mads and will be
installed in a mockup of the tail section. The tail secticn wockup
includes the section betiween sta. 171.5 to sta. 220. The mockup will
closely resemble the actual system as to size and shape so that any
clesrance end struciure problems wlll become evident. Alsc the mockup
will aid in the final dwsign of the hocm well structure.

The booms and lever arm will be welded to0 the torque tube and pivot
as & unit about two bearings mounted in the support frama., The lesver aim
will be located midway between the bearings. A stress snalysis indicated
that the bending stress with an ll-inch torgue tube span beiveen bearings
would be 31,000 psi. It was desired to reduce the stresa to approximately
15,000 psi. Therefore, the tube span between bearings was reduced from
11 inches %o 6-1/2 inches. Tu order to 40 this the booms had to ba moved
in 8o that they will be parallel end 4 inches apart. Previously, they
vere 6-1/2 inches apart at the torque tube and tapered to L inches apart
at their ends.

A number of problems have been considered in the design and fabri-
cation of the boom. Tha main problems areas are (1) obtaining suitable
boom msterial, (2) wachining of the nozzle slits, (3) boom heating and

{(4) voom covers.
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8.2.3.1 Boom Meterisl

The stress levels in the boowm due to the serodynamic loading will
be quite high. Connidsration vas given to the design of e boom which would
have low encugh etress levels to allow the use of 300 series of stainless
gteel tublng. However, with a 300 series yield gtrength on the order of
35,000 psi, even a bocm of 1-1/4 0.D. and 1/4 inch well would have ax-
cssgively high streses levels, oo the order of 51,000 psi. The contribut-
ing factors to this high stress level are firpt the Toom length of 36
inches which provides a substantial moment am. Fore snd aft stressen
cah be lowered by the addition of stiffener plates. In addition, the
laterel forces caused by the vou Karmen effect and the general air turbu-
lence are an unknown quantity; since the von Karmen forces mey equal the
aerodysnmic drag forees in their worst condition, a conservative approsch
has been taken in requiring the boom to withstand full drag force in the
latersl Airection as well.

‘fo sustain the high stress levels, s high sirength stainless steel
tubing is necesssry. A chack of tubing and steel manufycturers reveasled
that the size ranges of tubing required were not available from stock and
the only way to obtain the matarial is by a special mill run. The materiale
congidered mogt suitasvle are eight L7-TPH or AM3%0. A mill which will furnish
the tubing in the desired quantities wec found with the help of the Carpenter
Stecl Company. From the available choices, a 1.000 inch dia. x 0.083 (wall)
tubing wae selected.

DECLASSIFIED IN FULL

Aughority: EO 13826
Chief, Records & Declass Div, WHS

. - Dete: w1 19 203



33

N I' -

KTy e S it -twmm;m‘:!“;lmm N

|
|

8.2.3.2 Machining of Nossle Slits

Sevarel techiniques have besu considered for machining the 0.005
inch (width) nozsle slits in the booms. Semples have deen made by spark P
erosion mechining and by chemical etching. A third sample will be made !
Ly ultrssonic grinding. ‘Tese three ssmples will be evalugted in the
near futurs by microscopic exemination and by flow tasts t5 determine
the beat technique for this application.

8.2.3.3 Boom Heating
It wes poiﬁted. out in our Fourth Quarterly Progress Reporta‘a'

1
that the booms should be hested with 8 watis per square inch to protect
egainst freezing. In contacts with Electrofilm, Inc., {North Hollywood,
Californis) it hes been determined that it is fessible to provide |
heating at this level with film type resistance heaters. The thickness
of the total heater installation is expected to be 0.015 Lo 0.020 inches,
vhich includes the heating f1lm (of thickuess 0.005 inches) and an inner
and outer coating. Further work is plgnned on the exact pattern of eppli-
cation of the heaters neer the dissemlnating noszles.
8.2.3.4 Boom Covers

The problem of protecting the booms when in @ retracted position,
prior to the dissemination run, centers around providing sone Lype of
cover over the storage wells. The desirability of a protective covering
is primerily based on preventing the boom discharge slits from becoming
clogged with dust, or o'liar foreign materlel, or iced over duriang the

period prior to the sciual dissemination.

U.2.1 Gemeral Mills, Inc., Report No. 2216, Fourth Quartcrly Progress
Repori, Dissemination of Bolid and Liquid BW Agents (Unclessified
title) August 10, 1961 (Confidential) p. 17 of Appendix B.
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An examination of several possible moluticms to this problem,

including retracta‘blaAdoorn , expendable doors, flexible dogrs and film

or fabric replaceable covers has indicated that the film or fabric

covers vould be the simplest and most satisfactory method. :
A mockup is being fabricated to investigate the forces required ’

10 break various £ilm end fabric covers. It is importent that the torque !
required from the boom actuator for this purpose be well within the avail- |
I
!
|

able limit.
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9. SYSTEMS STUDY

A u-thunticnl' model for en infective dose down wind of a relesse line
was lotroduced in the last quarterly progress report. By msans of this model
the probability of critical infaction of the populstion vas determined s a
function of down wind cl.aud travel for various perameters such as agent con-
centration to infective dose ratio, discharge rate, wind speed, atc. In this
report essentially the same model is used and for the same purpose with addi-
tional factors, however, being taken into saccount. These factors are: °

. (1) the efficiency of particle retention of ¢ man,

EXIN SRt T i L1

(2) the length of release,

n*

(3) the initial downvard cloud displacement.

1
1
4
I
1)
4
3

i

|

|

RN

Previously 1t was assumed that the efficiency of particle retention is 1009,
ihe length of relesse is infinite, and the initial cloud displacement is zero.
9.1 Model Development and Basic Assumptions

LR The number of bacteria available for a men on ground level at a time t

- due to un instanteneous point source located at the point (o, Z, h) for total

number of becleria Q relensed at t = 0, is governed by the equation

- " . 3/2 E 2
b, = & ,,3—5' 7 O [ it - (e ut) 4 (v - £F
!. ) (0;/"1 )7 (ut)
+ )/ gt (ut/xl)w ] (9-1)
! where the nomenclaturs is defined in Table 9.1 and the coordinate system
I is shown In Flgure S.1.1. If it 18 acoumed that the time taken by en air-

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

l .-
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TABIE 9.1

Definition

Breething rete of a umsan
Agent concentration .

Agent dosage per person

Ground level dosage of the sgent

Dipgemination efficiency

Bfficlency of retention of particles with “size" r
Mean af'ficiency of retention

o0
2
Comglamentery error function lexp ( -8 /o) ad

Dissenination flow rate

Height of sm eircraft

Adjusted height of relemse
Numbar of creganismé required to infect 50% of the people
Agent decay

Half of length of releese line
Distance along the aircraft path
Probability of infection

Source strength

Particle "size"

Time efter reloass

Wind speed

Alrcraft speed

Weather parameter

Waasthcr persmeter

Haight for which ¢ nnd /@ ere determined
-0 -
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. l Wind Direction
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Ground Level

#IGURE 9.1.1 Rectengular Coordinate System
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st time t for the assumed instantsneous line source can be obtained from
Equaticn 9.1 by integrating over £ from ~ L to L, vhich becomes

Dy, .V; .....‘LEL__)dxp {- kt - [(x - u.t)2 + hg]/a;a(ut/xl)a‘e}

T T/af Yt
V2 =L ]
A"f"'[ ogut/x, )

where

Aertc [\{é‘ m} - erte [VE W} - arte [vé‘ R ] (9.2)

It is noted thet q now is th'e line source strength expressed In unita of
number of bacterie per unmit time. Additionel assumptions on which the above
equation depends ere that:

(1) the wind speed is unidirectional (positive x direction) and comstant,

(2) the terrsin is smooth, and

{3) the bacterial particles are suall enough to exhidit a Brownian motion.
Of these items, (1) is the most serious since in reality wind speed is not a
constant but dependent on bheight ao well ao other ﬁramters such 88 time.

The total dosage per man 1s exprssgsed as bJ; D“ (x, ¥, t) dt. with
the assumption that the spread of the cloud is small compared with the cloud

displacement, this expression becomes

4 =.\/$: v Ep oxp- [- k- h?/za-,;2 (x/x.l)")‘e] derre (V2 __-_y_:__x.a_)

o () Vs 5
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where the source strength, q, is obtained from the equation

q= ps ] (9.4)
v
Bquation 5.3 reduces to 9.2 of the previous quarterly report for Er
equal to umtyend I, equal to infinity. The probebility of infection is

related to the lethal dosage by
Pal.2" YD ' (9.5)

9.2 The Bffieiency of Particle Retention of a Man

For the previous mathematical model it was assumed thet a msn retains
all of the particles that are inhaled. 8Since only a fraction of particles
remain in the lungs, e better model is obtained if this fact 15 taken into
account. This may be accomplished by introducing a mesn efficlency of
particle ratention which would be a function of particle size, r. 1If lr(r)
is particle retenticn efficiency for size r and N(r) is the size distridution,

then the meen efficlency of all particles 19 defined as

A fa::rnu'/fa;ar' (9.6)
) 0

]
For normalized N, i"r = f B . N dr'. As & nunerical example, let us assume
o]
a normal breathing rate snd particles on the order of 1.5/‘,. In this cueg'a‘:L
-(r - 1.5)2
E 1s epproximated by I_ = 0.15% r + 0.2. For N(r) = L. (r - 1.5) the
r r \/;r

mean efficiency becomas 0.33, in wvhich case the probedbility of infection is

diminished considerably es compared to the ideal csss of 1004 partiele

retention. For u = 5mph, C/IDg, = 10 ££.73, £ o 5 2. 3/mta., n = 100 £t.,

9.2.1 lucien Dantrebands, Studigs of Aerosols, AEC Research and Development
RBPOI‘*', P 33'
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"weather condition" good, and the "decay factor" as defined in the previous
report, the comparisom is shown graphically in Figure 9.2.1.

The curve for the probability of infaction, ss seen in Figure 5.2.1,
has the same form for partial reteniion of particles as for the total re-
tention; however, there is a considerebly greater decressing rate in the
probability from the maximum value in the former case.

9.3 The length of Release

For most of the I1light conditioms the lsngth of relesse can bde con-
sidered as infinite so that the Pfactor, A erfc, in Equation 9.3 assumes
unity. In case of lergs G and /3, though, this fuctor cannot be considered
a8 unity. Neer the source it 1s near upity but for larger down wind cloud
travel it dimishes to zero with the rate depending on velues of 03 and /3.
For gverage and poor "weather conditions”, as definsd in Reference 2.3.1,
this factor 1s plotted s & functiocn of cloud travel in FPigure 9.3.1 for
a center line (y = 0). In case of good "weather" the length cen be con-
sidered ss infinite. In general Aerfc is grester than or egual to 0.999
at the center line when the inaquality, ‘\/3 L/ O",,(x/xl)A > 3.300, is
satisfied.

9.4 Initisl Downward Cloud Displacement

The cloud of partvicles upou relesse from eén aircraf't accelerates down-

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

9.3.1 RNorth American Aviation, Inc., Report No. NA-S5g-632, "Airborne
Biological Warfare at Lovw Altitudes,” Vol. 1l, 15 June 1959,
pp. 165-6 (Secret).
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been obtained by other vorkers? '3 of the downward velocity of the cloud
as & function of time. Initially it is epproximately 7 ft/sec but then
diminishes sxponentially with time to about 1 ft/sec in 20 seconds. This
8tudy indicates that the initisl displacement of the clowd is about 55 rt,
80 that the height of an aircraft, h, in our medel must be diminighed by
that smoumnt.
9.5 Rmeriosl Results

To determine the probebility of infection as & functicn of down wind
cloud travel, the same values are used for the perameters @s in the Fourth
Quarterly Report except for particle retsntion efficiency and the aircraft
height, which are teken to be 0.33 and 55 £, respectively. Equations 9.3
and 9.5 were progremmad on & Bendix G-15 digital computer and the results
plotted by PA-3 ploticr during progrem execution. These graphs ware re-
drawn snd are pressnted in Pigures 9.5.1 and 9.5.2.
9.6 (Comperison of Experimontal and Theoretical Results

It is of greatest lnterest to compare the expsrimental results for.
vacteria intake per msn with the theoretical results. The values for the
parameters are teken for trial A-L conducted by North American Aviation,

Inc.g'l*'l These values are:

... length of releame 15 mi.
Height of an aircraft 110 f£t.
Wind speed 15 mi./hr.
Bacteria concentration 1.6 % 1010 org./ml.
Flov rate 17.25 gal./min.

9.4.1 Bee Refwrence 9.3.1, pp. 165-6.
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Alrcraft speed 400 knots
Nozzle efficienay 1%
Retention efficiency of particles 100%
Breathing rste .012 wd/ain.

A mild temperature inversion was present in an open terrain

90 that 03 = 3.8 m, and S = .66.

Bacteria decay constant 14 per min.
The comparison of the experimental and theoretical results is showm in
Flg. 9.6.1. As would be suspected no correlation exista between the theory
and the experimenta. As pointed out in the last quarterly report and a

9-6¢l

report on agent charactaristics, k 18 not a constant so that this fact

in itself would lead to a discrepancy. Also the correlations between the
temperaturs end wind speed profiles with parsmeters &g, &, and X, are goor.
It is l4kewise not known how much bacteris 18 lost due to exposure tc the
Jet of man airaraft. The decay comstant, k, which enables a lesat square
fit by Equation 9.3 to the data for log d/2 vs. logm x in this partiocular
trial is

k(L) = (4.83 - .bLY losm k.8 t)/t

Thet {8, 1f the decay consteut 1a taken to be of the sbove form rather
thsn 1% per min, then the theoretical result agrees with the experimental
in the least square sense. PFrom this result it appears that the decay rate

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

9.6.1 Fort Detrick Report April 1, 1961, Biological Werfare Agents II.
Agent Characteristics, No. 61~-FDS-392.
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and field experiments are nesded in this area o that more precise

conclusions ozn be made. )
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10. SUMARY AND CONTLUBIONS

During this reporting period, Fhase II work was continued, Including
research in seversl areas associated with dissemination of solid BW sgents
and also the ilnitisl work on the detailed design and febrication of s liquid
agent diasseminnting store.

The theoretical studies of the machenics of partlculete msterisls were
cuntinued., Tvo‘apeciﬂ.c problems were examined: (1) determinstion of the
force required to displece a plug of powder contained in a cylindrical tube
and (2) s preliminary study of the reletionship btetween the energy of come
paction and the bulk density of particulete materials. As a result of the
firat gnalysis, sn equation for the forcs required to translate a powder
plug, vhich is of the same form as earlisr empiricel equetions, was derived
theoreticelly. FPFurthermore, limiting values of a resistance psremeter, K,
were theoretically derivad snd have been coufirmed by experiments of limited
scope. With respect to the role of the energy of compaction, the theoretical
analysis of J. B. Derr, Jr. wes compared wiih recent experimantal date and
good agreement was found (Section 2).

As part of the experimentsl program on the physical characteristics of
powders, extensive shear strength messurements were made, which included
investlgation of the relationship of shear strength to compressive atress
and the etmospheric humidity io which the material is stored. It was found
that the shear strsngth incresses nearly lipearly with compressive stress
in the range investigeted. Preliminary indicatlious are thait more rapid in-

creases in shear ptrength arc found et higher conmpressive stresses. These
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will be investigated in the near future. With respsct to humidity, 1t
was found thet shear strength increases vwith increasing humidity up to
30 percent, but that it decreases mgain at 45 percent (Sectiocn 3).

The wind tunnel studies of dissemination and desgglomeration were
continued, and included investigation of perticls size dlatribution of
aerosols generated from loose and compacted Sm simulant, and also a study
of the frequency of occurrence of agglomerates in the sercecl. Thege
studies were made by microscopic examination of particles ccllected on
Millipore filters in the isokinetic sampling probe. It was found that
the particle size distribution of the collected material agrsed very closely
with that or the control semple fram the bulk materisl, indicating eseen-
tielly complete desgglomeration for samples with bulk density up to 0;5 gn/cem3.
Studies of the frequency of occurrence of agglomerates, as & function of the
bulk density of the compacted Sm, revesled the existence of a critical reglon
at epproximately 0.6 gm/cms, above which the number of agglomerates incresses
rapidly (Section 4).

Diring this reporting period a design concept for the first dry agent
disseminating store was developed. This concept sppears to meeil the original
obJjectives of providing meximum flexibility of application with respect to
agent properties, carrier aircraft capabilitiee and missions. Thia design
concept is based on the use of compacted dry agents and employe a dual=-
piston feeding system with provisions for selection of 5 cperating speeds.
Tho puyload 1o cgtimated to de 90 pounds of dry agenl compacted to a bulk

density of 0.55 gn/cm3 (8ection 5).
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Studies of the jet plume problem were continued with further experi-
mantal work cn determination of the losses of viability iun en aercsol gene
erated from s liquid suspension of Sm, It was found that subatantisl losses
occurred for exposure durations as low as 0.6 seconds at ‘temperatures of
50-125°C. An anslysis of the Jjet-plume mixing problem indicates that, for
cages where the asrosol is relessed close to the engine, it is reasonable
to expect mixing to expose the aercsol to temperatures which will cause loss
of viability (Becticn 4).

The investigation of ths rheologlcal behavior of Sam slurriea, mads with
fluorocarbon liquida, were completed during this reporting period. It was
found that the maximum concentration of Sm in the liquid 18 25-30 percent by
veight. Above these concentrstioms, the pressures required 5 extrude the
slurry through sn orifice is very high and variable. It was concluded that
the weight penalty in e system of this type would be tco high to permit
1ts use (Section 7).

Considerable progress vas made during this period on the design ami
fabrication of the liguid disseminating store, which is part of the Fhase II
program. The general deeign features were established and the approach for
fabrication was determined. The external shape of this ctors is known as
the Dougles (DAC) store shape and the principal dimenasons are a length of
227 inches and & maximum dismeter of 26.5 inches. The liquid capacity is
130 gsllons and the flow rate 1s 16 gsllons per minute. The msin purchased

components have been ordcred snd detailcd work on many of the sub-assemblies

has been initiated (Sectiom 8).
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The systems snalysis, employing a verisble-decay-rate mathematical model
hes been continued. Calculations have been made, comparing the predictions
of this model with available field data. It appears that the variable-decay-
rete approech offers some improvement in methematical models for thia com-

plex problem (3ection 9).
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External Alrcraft Tank Assembly
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| STATRMENT OF WORK
| EXTERNAL REMOVABLE ATRCRAFT TANK ASSEMELY FOR GRNERAL KILLS ELECTRONICS GROUP

c 1.0 SCOPE

l This dociment describes the design, performance and delivery require-
| meuts for the engineering and manufacturing of en external, removable
aircraft tank assexbly and the accompenying requirements £or documentation.

‘ 2.0 APPLICARLE DOCUMENTS

2.1 Conference at Fletcher Avistion Corp. attended by J. WeGillicuddy
and H. Benjamin on August 7th and 8th, 1961,

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

l 2.3 Specifications MIL-A-8591B, MIL-T-7376A, MIL-T-18847A,
. ' 2.5 General Mills, Inc. dravings No. SK29100-018 and SK25100-026.
3,0 REIQUIRMENTS

| 3.1 The contractor is to supply assemblies consisting of the outer tank
or shell, various structural elemsnts, access doors, and an inner filament
wound tank foamed im place; hereinafter these assemblies vill be referred to

‘ aimply as tank assemblies, or tank assembly., Each tank sssembly will con-

I sist of thyee subassembliss designated the noss section, the conter section,
and the tail section. Construction shall be such as to allow repeated dis-
assambly of the main tank assembly into the thiee subassembliss and reassembly.

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

3.2 The tenk asaesmbly when carrying the loads designsted on (eneral
Mills, Inc. drswing SX29100-026 shall be suitable for flight oa the ¥F-100,
F-105, B-66, A-bD, and the A3 aircraft, including srrested landing end
catapult take off coenditions, and at speeds of up to 0.95 Mach nunber at sea
level. lomd factars no less stringsnt than those in MIL-A-8591B and MIL-P-73768A
shall de used. The tank assemblies shall satlsfactorily withstand the full
range of suviromments the above listed aircraft are designed to withstand. The
tank assembly shall be puitable for installstion at ving atation 106 on the
F-100D aircxaft,

i \assified
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3.3 The veights and locations of loads for vhich mounting provisions
mst Do meade and which the tank assembly must be suitable for carrying are
ahown {n genersl Mills &rawing I29100-026,

3.4 The inner filament wound tank is to be supported in place and
fnsulated from the outer skin or shell by the fosmed-in-place insulation
designated on GMI K29100-026 unless the contractor's structural apalysis
reveals an inadequacy in this insulation. In such case, the contrector is
to notify Genaral Mills, Inc.

3.5 The maximm weight of the tank and assembdly inecluding the outer
skin, all structural elemsents, access doors, and all parts described in
mm h b.0 excluding the inner filement vwound tank shall mot exceed 275
po .

3.6 The contrector shall provide all materials exclusive of the filument
wound tank (GMI drawing SK29100-018) electrical conduit, and electrical con-
nectors which will de supplied by Genersl Mills, Inc.

3:7 The tank assembly siall moet the requirements of all appliicable
portions of MII-T-18847A. The appiicable portiona are limited only to those
requirements that exist if the liquid carried is water instesd of fusl and
with no requiremenis made for bandling the water but only foxr storing it in
varying quantities in the imner tank to be supplied by General Nills, Inc.
This sxcludes all reguirements that result from the peculisr characteristics
of aviation fuel in contrast to the characteristics of water, that arise
from direct contact of a liquid load with any part of the skin and structure
and that arise from the provisions that must be made for handling fuel. Mo
consideration need d= given to the freeaing characteristics of the liquid
load.

3.8 The tenk assembly 1s to meet the requirements of the following
peyagraphs of MIL-T-7378A. Wherever reference in tiwss parsgraphs is made
to “fuel tanks" it shall e construed to refer to the tank assemdly that im
the subject of this vork statement. Also, the {nterpretation of paragraph
3.7 of this vork statement applies to the applicable paregraphs of MIL-T-7378A.

3.3, 303-1’ 3.3-2' 30“' 30“.1, 3.“01.1

3.5 Design (Modified) - Tanks with access A0OTS
attached ahall be ac designed as to not admit water
during flight in rain and during washing by hosing
with vater, The tank assembly including the exterior
skin, the structural slemeats, the fosmed-in-place
insulation, and the interior tank ahmll comprise the
necessary strength to provide sdequately for caadined
loads and stresses as outlined in Parsgraph 3.5.6.
Page determined to be Unciassified
Reviewed Chief, RDD, WHS
1AW EO 13526, Section 3.5

vate: gy 19 008




N

sneer_ 3. or_ 5

RELEASE DATL.W' 8, 196

e e ——— Ayt ot e

120 CENTRAL AVENUS, MINNEAPOLIS 15, MINNKSOTA

e

LEY.

GINEERING DEPARTMENT SPECIFICATION____ (M8 - 29100-007 _ __ 3

r

ELECTRONIC DIVISION
EN

-
WS-

VP ANTELTTE, Y
.

3.5.2 Weight (Modified) - Bupbasis shall be placed !
on design {0 create the lightest weight tank that will 5
meet the requirements of this specificasion.
315¢3 3.5.3.1

3¢5-6 with 3.506.d deletsd

‘ 30546;1} 30506-2, 3-506-3' 3-5.6.“, 3.5.6;5

3.5,6,6 with "load" substituted for “fuel”

e g g
———

N 3.5.6.8 with “or its internsl components” delsted
I 35.7, 3.5.7.1

3.5.7.2 Flutter (Modiffied) - The tank assembly aball .
l be designed to bave safe flutter cheractsristics '
throughout the speed and altitude range and for all
sttitudes and manetvers vhich the aircraft will pexform ¢
with the tank installed. Xull and eupty interoal tank -
‘ conditions as vell as partially full, level flight
conditions shall ba considersd. In sddition, foxr partially
full conditions, ths forvard center of gravity condition
| caused by all thé load moving forvard and the aft center
of gravity caused by aft ehift of the load, shall be con-
sidered. In the event thet the design sppears to have
I lov flutter speeds oy marginal flutter safety due to
adverss freQuency ratios, General Nills, Inc. shall be
informed of this before further vork is cerried on.

l 3e5.T¢3; 3:5¢T0301, 3.6, 3.6¢1, 3.6.3, 3.7
308' 318‘1’ 30801.1, 3010’ 3-1@01, 3012
I hob,l Exsmination of Product (Modified) - Bach tank
: assembly shall be exsmined to determine conformsnce with

all the parsgraphs and modifications of paragraphs of
MIL~T-T376A herein listed.
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5:2 Class 2 Tanks (m“) - All Class 2 tanks
unless othervise specified, slall de packsd in
woodsn crates conforming to Specification NII~C-9437
or equivalent in unit quantities of 1 each. Contrary
to the requirements of IL-C-943T7 no samples are
required, no identification msrkings and no tests

are required.

5.2.2, 5.5

3.9 ‘The lug spacing on the hangar fittings shall Ye 30 inches in
agcordance with MIL-A-35918.

3.10 Any holes made snd used for the pwpose of instelling the foaned-
in-place insulation are to be neatly and smoothly covered vith a durable
matarial.

4.0 DESCRIPTION

The tank assembly will consist of the following and will incorporate
otmtu.r_tl provisions for equipment to be mounted:

ki1 MNose Sectiom

4.1.1 Turbine Generator Support Ring BStation 15.5

$.2.2 Access Door and Frame

k.1.3 Section Joint Ring Station 23.5

kol.ls Quter Shell Assemdly Station 15.5 to Station 23.5
he2 Conter Section

%.2.1 BSection Joint Ring Statiom 23.%

§,2,2 Forward Bulkbead Station 23.5

h.2.3 Main Support Structure Including Iug Attachments, Svay
Brace and Bjaction Aress, and Inner Tank Support Rings.

5.2.3& mu Ares Seinforcemant
k.2.5 Inner Tank Attachment Ring Station 156.5

i ified
Page determined to be Unclasst
Reviewad Chief, RDQ. WHS
1AW EO 13628, Saction 3.5

vele:  JuL 19 am

PR



e

[Hefie

S

BT G AR TG

1

ENGINEERING DEPARTMENT
%.2.6 Aft Bulkhead and Bulkhesd Attschment Ring Station 159

ELECTRONIC DIVISION

1820 CEMNTRAL AVENUER, MINNEAFOLIS 15, MINNEBOTA

sHeeT__ 5. _or._ &

RELEASE DATE__Sept. 8, 196}

SPECIFICATION_ __ OMB - €9100-027

LB,

|
|
|
|
|
'l
ll
'f

—

- — exr—

5.2.7 Two Access Doors and Fraxes
§,2.8 Aft Compartment Innar Bhell Station 159 to Station 171.5
h2.9 Section Joint and Bulkhesd Attacheent Ring Station 171.5

3.2.10 EBreckets in Aft Compartment to support pump, valves,
tubing, etc,

5.2.11 Two 3/4 " Dismater Conduits - Ome from Station 23.5 to
Station 159 and & second from Station 159 to n Btation suitable for Umbilical
connection provisions.

4,2.12 Installation of Inner Tank

k.2.13 Insulation in Space Between Inner Tank and Outer Shell
S8tation 2305 to Station 1590

b.2.1% Insuistion in Space Between Inmer and Outer Shells of ALY

Compertment Station 159 to Station 171.5.
k.2.15 mte’g Shell Au:ahly Station 23.5 to Station 1T1.5.

4:3 Tedil Section
b,3.1 Section Joint Ring Station 171.5
L.3.2 Access Door and Frama

4.3.3 Two Doom Structure Support Rings - Ome at Station 178.5
and the second at Ststion 20%.25.

4,3.4 Boom Aperture Covers
%.3.5 Boom Access Door and Frame

%.3,6 Outer Shell Assembly Staticn 171.5 to Station 227
k.4 Adaitional Structursl Members

bob.l Any structural reinforcement members in addition to those
l1ated 1 4.1, 4.2 and 4.3 vhich may be required in order for the tank
assembly to meet the specified loading and flight conditions.

i ified
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5.0 GIRUCTURAL ARALYSIS

Three coples of the analysis of structural characteristics of ths tank
assenbly shall de supplied Ceneral Mills, Inc. at least ten days priocr to
the running of any structural tests, or at least 10 days befors ahipment of
the first item to Genersl Mills, mc.‘nw shall include:

ariier.
A list of loading conditions considered
A list of eny assumptions oade
Formilas and equations used with source references
Actual calculatinng
Tabulation of results

6.0 TESTING

Requirements for testing will be mads the aubject of a separate work
statement.

(XK A

7.0 DRAWINGS

* A reproducible and tvo prints of each sssembly and detail part drawing
far the tank assembly and ita constituent assemblies and parts shall be
submitted to General Mills fifteen days after delivery of ths hardware.

The drawings shall dspict the final design condition of the hardware supplied.

The top usscably draving shall be approved by (ensral Mills, Inoc.
8.0 INBFECTION

General Mills, Inc. shall have the right to monitor at any time between
letting of the contract and the delivery of the hardware, the fadrieation
of parts, processes, assembly vork, and any testing required to be done,
this monitoring to he done through s representative designated by General
Mlls, 1Inc.

9.0 DELIVERY

Tank assemblies ordered shall be shipped to Qeneral Mills, Inc. within
90 daya of receipt of order.

i \fied
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1 Jure, 2.3 Delste mﬁwlrl

2 Pws. 3.6. shall read; "The Ccutractor shell provide all mterials exclusive
of the filament wormd tank, 3.%.1. Sraving SK29100-018, wire, and the else@rical
smanactors fer the lower conduit vhish will be supplied by General Mills Iue.”

i 3 Rare. 3.7 shall read: “Requirements of referenced portions of applisable

! " specifisations are limited cmly to those that exist if the 1iquid carried ¢s
water instead of fuel and with no requirements made for bandling the water

i bt oaly fer staring it in varying quantities in the inncr tank to be supplicd

| by Gemerul Nills, Ine. This sxeludes all requiremepts that result from the
pectuliay chmresteristics of aviation fuel in contrast to the characsterists

( o wter, that arise from direct comtect of o liquid loed with any part of

! the akin and structure and that arise from provisicos that must be msde for

' bandiing fuel. No consideration nead be given to the freezing charsscteristiuss

of the liquid loed."

! b  Peara. 3.5.7.2 (Modified), MIL-T-7378%, shail contain the following exclusion:
"The Coxtracter abhall not be responsiblc for flutter problems erising froc

} wion or slivens't charscteristics.”

i

, uw Ma 3.,07-3.1' M“?BTBA

: € Fera. 3.5.1, MOL-2-T3TBA, Qclete "riveting through the tank wall shall not
' be parmitted”.
5 7 Mera. 3.6.2, NIL-2-T378A, delete second sentence.

are. 3.7., MIL-P-T378A, Performmnce (Modified) - The tenk mseembly shall

sabisfy the perfarmance requirenents of Para, 3.7,3 (Medifted), 3,7.7, and,

3.7.8 tut testing to these requirements is not required by this work statamant.
9 A2 Para. 3.7.3 (Modified), MIL-X-735764i deleting "o evidense of lcazage”.

10 m Ml 3-7'7 Glﬂ 3'108 d W"Tm

i N

ey

1i Pars, g.lo.l., MIL-L-T3TEA, delete "plus” from line 7 mnd Gelste coupletsiy
lines & thru 12,

Pera first line e determined to be Unclassified
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H 18  Pare. bal.l - Station 13.0 instead of Btatie 18.5.
\l % Pave. b.l.b - Statien 13.0 fnstesd of Ssatior 15.3.
! 1 M4 31.9 "Drashetry in forwvard compartment.

i 15  ere. h.2.1l, edd "B wdilical comnsction sanfuit shall be imstallad
souplste with wiring and quick disesumect coxpssterfor cenpection €0 the
wiom. GM.1. will agply vire far tha udilisal senduit,.

17 Add feva. k.3 Beetiom Jeint ccmectioms are 0 be Y2olt seoured.

AMA Fava, b.5 Aocess Qoors are te be secured vith quisk Siscemmect fastensys
amd are to be ohain sevuaed %0 {de tank assezbly.

A8 Parw. 10,0 Bpave Faxts: Ons (1) spare net of aperture dowre is to Wo
provided

=

AAS Pare 5.7 Deatn £1%tings shall be previidad as called ot ¢a Drwiing 29100086,

i \fied
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TANK, FIIAMENT WOUND, FIBERGLASS

lamtex Imdustries, Inc., vill design, fabricate and deliver to Gemarel
Milla two filsment wound fiberglass tanks confoming to the following
requizements:

P =3
hat W et

1. Tsnk dimensions and configurstion will be in accordance vith
Gonsral Mills draving Ro. SX29100-018. Tank dimensions not specified on
draving No. 8K29100-018, such as wall thicknesses, are to be detexmined by
Inntex 80 a8 10 be coapatidble with tank design and perfcrmance requirements.

2. The volume of the tank shall be the maxtmum velume compatible with
the space envelope shown on drawing No. SK29100-018 and strepgth requirements,
but should not de less than 185 gallons. The residual 1iquid shomld not
exccod 7T gallonc when the ajrcraft is in level flight at the end of a dis-
seninstion run.

i 8 3. Anti-slosh bulkhceads will be provided as shown on drawing No.SK29100-
018,

4. A stainless asteel ring will be provided at the larger end of the
. tank. The dimensions end configwration of the part of the sieel ring external
to the tank shall b: as shown on draving No. S§K29100-018.

5. The tenk (empty, partially full or full) must be able to withstand
the following loading conditions in any combination without danage or leakegse:

{s) Inertis load factors in accordance with MIL-A-8591 for a
2000 pound atore including axreated landing and catapult
take off.

(v) Slosh and vibration conditions as specified in MIL-T-T378.

(¢} Internsal presswe up to 15 psi dus to altitude change.

6, The tank shall be capable of being subjected to the folloving
temperature environments without damage or deterioration:

(s) When full or partially full, under flight cr storsge
conditions, 33Y F to 70° F.

f

(b} When empty, under flight or storsge conditions,
-65°% P to 160° F.
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(c) Mor decontamination exposure to st m 3t 250° F for '
4 hours. )

050

(4) Thersal shock, intorior surface of tank at 65° F
expoged to stesn st 250° P.

S
A

7. The tenk weight shall be the minimum weight consistent with volume
and strength requirements.

8. The operating, proofing, and bursting pressures of the tank shall
be compatidle vith the loading requirements given above.

9. The tank, vhen full and mounted in the under ving astore as shown
in dreving No. 8X29100-017, ehall not rupture or develop e leak 1f the
store is dropped 10 feet outo a concrete surface.

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

11. The mold release material used in the fabrication of the tank shall
be the Stoner Rubber Company Buna bsse product SMRI.

12. Lamtex will furnish to General Mills a complete set of engineering

design dravings for the tank including a reproducible and two prints of
sach draving.

13. Lamtex will furnish to Osneral Mills three copies of the design
and stress analysis calculations made vn ibe tank.

1h. Lamtex vill furnish to General Mills in triplicate data on any
1 tests, such as pressure tests, msde on the tank as part of their normal
design procedurc. Oeneral Mills does not require that any special tests

be made on the tank.

15. Packing of tenks for shipment ¢o Ueneral Mills shall be in ¢ mannoer
suitable for train or truck tramsportation.
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GENERATOR, RAM AIR DRIVEN

1.0 SOOFE

1.1 Becope - This specification covers the requirements for a ram air-
driven gencrator. Specificelly, the specification pertains to the Allison
Divieion of Genexrsl Motore Corporation, Model GAl2uGH-92.

1.2 Claseiffcation - The GAl2LGH-92 generator assembly conaists of & ram
air turbine sseembly driving & 4.5 KVA generstor intended for use as a primary

power source.
2.0 APPLICABLE DOCUMENTS

The following documents of the date specified shsll form & part of this
speeiﬁcatio{\ to the extent specified herein:

Specifications:

MIl-B-5272A Enviromuental Teeting, Aeronautical and
Associated Equipment, Ceneral Specification
for, dated 16 September 1952

MIL-G-605% Generators and Rugulators, Aircooled A-C,
Aircraft Qeneral Specification for, dated
19 April 1950

MIL-8-TT42A Screw Threads, Standard Optimum Selectad
8Series, General Specification for, dated
3 December 1959

MIL-R-780LA Blectrical Pover, Aireraft Characteristica of,
dated 17 May 1955

MIL-D-70327(1) Drewvings, Engineering and Associated Tests,

dated 1 July 1959
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Property, Jated 8 September 1958

MIL-STD-210A,Chg. 1 Climatic Extremes for Military Eguipment
dated 30 Hovember 1958

Drawings:

GMI §X25100-019 Generator-Ram Air Driven dated $/21/61
Revision A

-

3.0 REQUIRRMENTS

3.1 Components - The generator assembly shall consist of a rem air
turbine drive unit coupled to a 115/200 volt, LOO cps, 3-phase, wy2 connected
generator.

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

»

3.1.2 Generator - The generator shall be rated at 4.5 KVA at .75 power
factor and 8 noaminal 115/200 volts. The electrical characteristics of the
generator shall be idenmtical to the Allison Model PGAI2UGH-DA gencrator assembly.
The generator shall be made up of a three-phase, 'wye” connected stator and a
built-up permsnent magnet rotor and it shall have no brushes, slip rings, or
rotor windings. The output vultage shall be controlled by a solid state volt-

age regulator.

3.1.2.1 Voltage Regulator - The voltage regulator shall be a solid state
device. The entire voltage regulator assembly shall be encapsulated in a
material degigned to withstand the environmental conditions outlined in
: MIL-STD-210A Chg. 1. The voltage regulator shall be housed in a moisture-
proof container suitadle for mounting on a flat heat conductive surface. The
physical dimensione of the regulator shall not exceed the following:

! length - four inches

Width = - Three and one-half inches Page determined to be Unclassified
Height - three inches Reviewed Chief, RDD, WHS
E ' JAW EO 13526, Section 35
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The weight of the regulator shall not exceed three pounds. A Bendix Scinflex
P/N 10-42220-TP type connector shall be used to provide necessary electrical
connections.

3.2 Standard Parts - AN and M5 standard perts shall be used whers sulisdlc
for the purpose. These parts shall be identified by the standsrd parts number.

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

change,

3.3.1 Protective Treatment and Coatings - All parts not in constant contact
wvith oil, except working surfaces, thrrcads, or drive psd faces, shall be corrosion
resistant or suitably protected.

3.4 Design and Construction

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

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

3.4.1.1.1 Overspeed - During loal transfents and during starting the ram
sir turbine governor shall maintain turbine speed within the range of 10,800
to 13,500 rpm {360-450 cps). Following a loal transient or starting, steady
atate operation shall be established within 3 seconds.

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

3.4.2 Balance - The amoun: of undalance of rotating components shall not
exceed 0.0l oz. 1in.
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3.4.3 lubrication -.An lubrication points shall be permanently lubricated
at assembly.

3.5.% Connectors - The electrical conmectors on the generator shall be as
shown on the outline drawing, (OMI SK29100-019).

3.4.5 Structure
3.4.5.1 Mounting Provisions - Generator mounting provisions shall be as
showvn on the cutline drawing, (GMI SK29100-D19).

3.4.5.2 Qverspeed Integrity - The unit shall be capable of operation at
15000 rpm for s period of one minute with no outpul “losd. )

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

3.5 Performance - The performance specified herein {s based upon operation
of the geperator with its axis of rotation within 1l degree of the direction of
airflow: All eir velocities specified are free stream velocitles.

3.5.1 Ratings - The performance rotings shall be ag follows:

7

Standard Conditions

Alrspeei Turbine Rotor Electrical Load Pover
Rating Kts, EA3 Speed rpa KVA (Min.) Factor
Continuous 300 - 630 12,000 b.5 .75
Condition 1 300 - 65C 12,000 10.0 .65
Condition II 300 - 650 12,00C L.8 .65

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

3.5.2 Altitude - Temperature Limits Zor Operating - The generator asscmbly
shall be capable cf operation at ail altitudes LUetween sea level and 45,000 feet
pressure-altitude, at nl]l airgpeeds hetween 300 and 65C Kts EAS,and throughout
the temperature range cpecified in MIL-STD-210A Chg. 1.

Page detarmined to be Unclassified
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, 3.5.3 Drag - The drag force of the ram air turbine generator shall be the
minimun value compatidble with good turbine design and in no case shall it exceed
100 1bs. at 650 Kts EAS.

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

3.5.5.1 rature Shock - (Ref. Para. 4.3.1 of MIL-E-5272) - The turbine
generator usemgg shall be capable of being subjected to (3) three temperature
‘cycles consisting of four (4) hours in a chamber maintained at 185° T ard four
(4) hours in a chamber maintained at -40° F with a maximum of five (5) minutes
between temperature changes. Within cne (1) hour of completion of this test,
the univ shall be capable of meeting regquircownts of paragraph 4.1.3.

3.5.4.2 Salt Spray - The turbine generator assembly shall be capable of
~ being subjected to a salt spray test which meets the conditions outlined in
* paragraph 4.6 of MIL-B-5272. The tect period shall te for a duration of 100
" bours at a temperature of 95° F. Upon completion of the tect the unit shall
pass the requirements of paragrarh L4.1.3,

3.9.b.3 Shock - (Ref. Para. 4.15.2.1 of MIL-E-5272) - The turbine gener-

ator sssembly shall de capable of withstanding 13 impact shocks of 15 G, con-
cisting of three shocks applied in each direction along each of the three
mutgally perpendicular axes. bkach shock impulse shall have a time duration of
11 .1 milliseconds. The "G" value shall be within %19 percent when measured
with a 100 cps filter and the maximum "‘G” value shall occur at approximately
5.5 milliseconds. There shall be no mechanical failure. The unit shall be

} capsble of meeting the requircments of paragraph L.l.3 upon completion of this
test.

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

a. The relative humidity shall not exceed 30 percent.
l b. The sand dust concentratioa shail be raised to and
meintained at 0.3 '0.2 grams per cubic foot.
c. The internal temperature shall de 7T7Y 130 F.
i d. The sand and dust laden air velocity shall be 100
to 500 feet per minute.

} Page detarmined to be Unclassified
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The sand and dust mixture shall have the characteristics outlined in para-
greph b.11.1 of MIL-E-5272. This test shall be repeated with an internal
tenperature of 1600 #3° P, The unit shall pass the reguirements of paregraph
4.1.3 upon completion of this test.

3.5.4.5 Bumidity - The turbine generator sssembly shall be capable of
being placed in s suitadle test chamber (per paragraph 4.L4.1 of MIL-R-5272)
and subjected to 15 cycles (360 hours). Each cycle shall conmsist of the
following: ’ i

(a) The internal test chamber temperature shall be uniformly
raised from 849 ¥ 16° F %0.160° F during a 2 hour period.

(v) The 160° temperature and relative humidity of 95 percent
shall be maintained during the following six hour period.
Distilled or demineralized water having a pH value of
7 0.5 at 77° F shall be uscd to obtain the desired humidity.

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

The unit shall pass the requirements of paragroph k.1.3 upon completion
of this test.

3.5.b.6 Fungus - The turbine generator assembly shall be capable of
being sprayed or dipped in a spore suspension prepared in accordance with the
requirements of paragraph 4.8.1 of MIL-£-5272, and then placed in a test
chamber capable of maintaining the relative humidity at 95 percent end the
internnl temperature at 36° P for a test period of 28 days. The unit shall
pess the requirements of paragraph 4.1.3 upon completion of this test.

3.5.4.7 Vibration - {Ref. Para. U4.7.1 of MIL-E-5272) - The turbine
generator assembly shall be capable of belng subjected to the tests defined
{in (a) and (b) below. The unit shall not be operated during these tests.

(a) Resonance The unit sha.l be ascanned along each of its three (3}
autually perpendicular axes for resonant frequencies throughout
the range of 10 %2 500 cps at an applied doutle amplitude of
.026 inch or an epplied acceleration of Y10 G, whichever is the
limiting value. 'The unit shall be vibrated at the rescanant

frequency alo each axis ag folilowa:
Q y s Page determined to be Unclassified
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When more than one resonant frequency is encountered with
vidration applied along any one axis, the test period may be
accomplished at the most severe resonance or the period may

be divided among the resonant frequencies, whic'izver is con-
sidered most likely to produce failure. When resonant fre-
quencies are not spparent within the above range of freguencies,
the generator shall be vibrated for periods twice as long as
those specified in (1), (2), and (3) above at a freguency of

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

' (v) Cycling The unit shall be cyclic vibrated along each of its

three mutually perpendicular axes between 10 and 500 cps in
15 minute cycles at an applied double amplitude of 0.036 inch
or an applied acceleration of o G, whichever is the limiting
value. The testing period and temperatures shall be the same
as specified in parsgraph 3.5.4.7 (a), (1), (2), and (3). The
linear acceleration along either of the other two mutually

¢ perpendicular axes shall not exceed 15% of the linear acceler-
ation along the axis being excited. The engular acceleration
shall not exceed 2.5% of the linear acceleration along the
axis belug excited, per inch, as measured along o radius of the
angular acceleration. (For example: If the linear acceleration
ias 10 G's along the axis being excited, no angular acceleration
can exceed .25 G's at a one inch radius from the axis of the
angular acceleration.) The above linear and angular acceleration |
limits apply to the Cixture surfece against which the unit mounts, :
over the area of contact between the unit and this surface.
There shall be no indication of damage or mechanical failure. .
The unit shall pass the requirements of paragraph 4.1.3 upon
completivn of this test.

| 3.5.4.8 Lov Temperature Start - The unit shall be capable of being mounted
in a suitable wind tunncl at a stabilized ambient temperature of -65° F and i

undergo the following tests:

| (a) With the turbine rotor blocked, establish within 30 seconds a
steady state air velocity of 360 Kts EAS and remove blockage. :
The unit shall stari and accelerate to 11,400 rpm with a :
‘ 4500 VA (at .79 P.F.) load applied within L seconds from removal ,
of dlockage. The unit shall complete ten such starts. In place i
or biocked rotor cperation it shall be permissible to suidenly ;
I ejact the unit into the established airstrecan. ,

, Page determined to be Unclassified
| Reviewed Chief, RDD, WHS
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(b) Upon completion of ten starts, the unit shalil meet the
. requirements of paragraph L.l.3.

3.5.4.9 Temperature Start - The unit shall be capable of deing
mounted in & table vind tunnel at a stabilized ambient temperatize of
160° P and undergo the following tests:

(a) With the turbine rotor blocked, establish within 30 seconds
a steady state air veloeity of 360 Kts EAS and remove
blockage. The unit shall start and accelerate to 11,400
rpm with a 4500 VA (st .75 P.F.) load applied within 4 seconds.
The unit shall camplete 10 such starts. In place of blocked
rotor operation it shall be permissible to sudd=nly elect the
unit into the established airstreem.

(b) Upon completion of 10 starts, the unit shall meet the require-
ments of paragraph L.l.3.

. 3.5.5 Gen=rator Performance

. 3.5.5.1 Wave Form - The crest factor and harmonic content line-to-line
and line-to-neutral of the output voltage shall conform to the requirements of
specification MIL-G-6099.

3.5.5.2 Short Circuit Capacity - The genersator shall be capable of
supplying 300 percent rated current during u single or three-phase fault con-
dition lor three seconds without Ampairment of generator characteristics.

3.5.5.3 Unbalanced Load - The gencratsr shall be capable of meeting the
following undbalanced load requirements at 400 cps, 115 volts nominal and 12,000
rpu. The percent unbalance of line voltag. shall be defined as 100 times the
maximum deviation of the line voltage from the average of the three line
voltsges divided by the average of the three line voltages.

(a) With a 1500 VA, 1.0 P.F., 3 phase load applied and an additional
singlc phase 1.0 P.F. 1'ne to neutral load of SO0 VA and iG0O0 VA
added individually, the maximum velue of voltage unbalance shail
not exceed 6.0 percent.

{(b) With the generatcr carrying no three phase load, & single phasc
line to neutral 1.0 P.F. load ~f 500 YA and 1000 VA ghall te
added individually. The maximum value of voltage unbalance
shall not exceed 6.0 percent.

Page determined to be Unclassified
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(¢) With s 3000 VA, 1.0 P.F. 3 phase load applied and aa additional
single phase line to neutral 1.0 P.P. load of 500 VA and 1000
VA added f{ndividually, the maximm value of voltage unbalance
shnll not exceed 6.0 per cent.

. 3.5.5.t Cenerator Cooling - Generator cooling during operatict shall be
obtained by providing a suitable means for conducting the heat from the gener-
ator to the outer shroud. Heat removal by means of ram air cooling, cooiing
ports, will not be utilired. The maximum allowable surrounding air ambient
temperature when not operating will be 250° F. The maximum allowable cperating
temperature will be 160° P.

3.5.5.5 Voltage Regulation - The voltage regulator shall maintsin the
generator voltage within the limits of ¥2.5% during steady state conditions
and betveen the following voltage limits and load conditions for all designed
operating speeds and environments as defined in MIL-STD-210A Chg- 1.

’

Conditions Voltage
bOKVA, r. £. = .75-1.0 108-121
k.5 XKVA, p. £. = .{5-1.C 108-124

3.6 Interchangenbility - All parts having the same manufecturer's part
number shall be functionally and dimensionally interchangecable. The drawing
number requirements of specification MIL-D-70327 shall govern changes in
manufacturer's part numbers.

3.7 Dravings - Allison Division of Cenereal Motors will furnish to Genersl
Mills, Inc. a complete set of engineering design drawings for the ram air
turbine senerator,(Model GA 124CH-92) including a reproducible and two prints
of each drawing.

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

3.9 Identification of Product - Equipment assemblies, and parts shall be
marked for identificaticn in accordance with standard MIL-STD-130.

.10 Screw Threads - All ~onventional straight screw threads shall be

ot -

in accordance with the —fequirements of specificetion MIL-S-TT42.

3.11 Workmanship - The workmanship and finish or all parts shall be in
accordance with high grade aireraft practice.
Page determined to be Unclassified
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4.0 QUALITY ASSURANCE PROVISIONS

k.1 Acceptance Tests - Acceprance tests are those tests conducted by
Allison Division of General Motors, on the ran air turbine generator assembly
{required by Ceneral Mills, Inc.) to demonstrate suitadle quality control,
correct assembly and performpance.

,1.1 Accuracy of Dats - All instrumentation shall be suitadls for the
testing to be conducted and shall not be detrimental to test tolerances.

k.1.2 Test Conditions

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

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

4.1.2.3 Generator Loads - The following loads shall be used for deter-
mining the performance of the unit during testing.

load I - o load,
losd 1X - Balanced 3 phase, 4000 VA at .80 PF
Load 111 - Baelanced 3 phase, k800 VA, at .6SPF

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

b,1.3.1 Balance - The unit shall be tested for dynsmic unbalance. The
amount of unbalance of rotating components shall not exceed 0.0 oz. in. The
measured vibration anceleration of the unit when operated at 12,000 %0.5% rpm
and Iload T applied shall not excced LO.0 G's.

4.1.3.2 Gove - The unit shall be subjected to the following test
operation:

(2) With Luad I applied to the wnit, incresse the air velocity
to 650 Kts EAS min{mum. The unit roiational speed shall
not cxz+2d 12,900 rpa.

Page determined to be Unclassified
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(t) With Ioed II applied to the unit, decrease the air velocity
: from 650 Kts EAS to 300 Kts PAS maximum. The unit rotational
speed shall not be less than 11,400 rpum.

(e) With 1Loed II applied to the unit operating i: =a air velocity
of 650 Kts EAS minimum, guddenly apply Icad I. The transient
rotational speed of the unit shall be within the limits of
10,800 to 13,500 rpm and shall return to steady state con-
ditions within 3 seconds after load change. The steady state
rotational speed shall be within the limits of 11,400 to

12,900 rpm.

{(d) With Load I applied to the unit operating in an air velocity
of 300 Xts EAS minimum, suddcnly apply Load IIX. The transient
rotational speed of the unit shall be within the limits of
10,800 to 13,500 rpm and shall return to steady state conditions
within 3 seconds after load change. The steady state rotational
speed shall be within the limits of 11,400 to 12,900 rpm.

(e) With load II applied to the unit, slowly increase the air
velocity to 650 Kis. EAS minimum, then slowly decrease the air
velocity at & uniform rate. There shall be no evidence of
governor oscillation above 300 Kts EAS minimum.

L.1.3.3 Voltage Reguiaticn - The unit shall be sudbjected to the following

test operation:

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

(b) wWith load I1I applied to the unit and with an air velocity
of 300 Kts EAS, the steady state line to neutral voltage of
any of the threc phases shall not fell below 112 volis.

L.1.4 Rujection and Retes. - If the unit does not pass the reguirements
of paragreph 4.1.3 it shall be rejected. A rejected unit may be reworked or
have parts replaced to correct the defects, and resubmitted for acceptance.
Before resubmitting, full particulars concerning previous rejection and the
action taken to correct ihz defects found in the original unit shall be fur-
nished Ceneral Mills, Inc.
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' k.2 Qualification Tests - Qualification Tests are those tests accomplished
on the generator assembly to demonstrate suyitability for production. The gener-
ator assembly to be sold to Gemeral Mills, Iuc. shall be identical in material

! and vorkmanship to similar gemerator assamblies which have passed qualification
! tests for production thereby precluding any requirement for such tests on this
model.

! . k.3 Reports - A complete record shall be kept of the progreas and results
of wll tests. Upon completion of testing, a completc test report shall be
prepared and three copies submitted to General Mills, Inc. for opproval. General

I Mills, Inc. alsc reserve the right to provide a witness for any or all acceptance
tents.

' 5.0 PREPARATION FOR DELIVERY

5.1 Packaging and Packing - The unit shall be packaged t¢ assurc arrival
+" at the destination in a clean and undamaged condition. Where applicable all
l - openings, mounting faces, and external expoged parts shall be provided with
-suitadble temporary coverings to exclude dirt and prevent damage. All protective
covers must be of a configuration that prohibits assembly with mating parts
without removing the cover.
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