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@ - . DpIGEST

. \Tha presenx emphash. by the Chemical Corpu. on tuxic
.IECDN of Jow volatility points up the neced for the developmeat of more
efficieny ¥#chniques ia dissemination. If these agents are to be uted as

inhalants and/or aa body impaction contaminants, more efficient meane
of produQiing and coatralling droplet-tize distribution of aerocsols is required.

The most direct ap;:‘oach in mumtmn dcaxgn is the use of
explosives ag the disseminating force. This report outlines tha status of
the chamMe ¢ program for investigating the effect of varicus munition
design patamneters oa the explosive diasemination efficiency. Major ~ )

. emphasis has been placed on the study of the ef{ect on aercsol mass median
diameten @f agent-to-barster ratio and wall thickness for miniature steel
devicea. “JTentative empirical equationy, based on chamber results, Lot
for predicting aerosol c:ass median dlameter as 2 function of agent-to- S
burster nwtio and wall thickness are presented. The relative dissemination =
efficienciva as affected by type of explosive and othar variatles are
tabulated, Bince many of these results are as yet unexplained, no . Bl

conclusiony ‘are offered. Arezs of investigation which should be beneficial T J

to future Rhjnition design problemc are pomted out, \ D
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CONFIDENTIAL
_ THE EXPLOSIVE LISCEMINATION CF LIQUIDS ~
OF LOW VOLATILITY (U)
{Statu. Repert)

L3 (C} INTRODUCTION..

(v) Toxie liqaid agants are disseminated f2em muniti~cs in one
of the following states: (1) vapor, () aercsol, {3) grosa splash, er
{4} decomposed agent, ]

-{C) The nresent emphasie or agents of 1ow volatility has directed

the munitions researchk effort toward the enhancement of azrotol cffective-
ness and the minimizaticn of grows uplash and decomposition ef agent,
Theore.icolly, there is ample encrgy available in relatively amall explosive

- ¢harge ' to convert the liquid fill of a munition into fine arrosol droplets., -

Thus, it becomes necessary to undarrtand the mechanisms 2ffecting the
formarjon of aerosols to efficiently utilize the available exglosive encrgy.

v - This rzport, reflecting the "atate of the art” of explovive
diseertination, is mainly concerned with data from the chamber tect progra-a A
at the U. 5. Army Chemical Warfare Laboratories., The program ig dcsaign 4
ta iny wstigate the effects of the following paraineters: (1) explosive quan‘ivy
{ager-/burster ratio). (2) casing wail thickress and material, (2} tyoe of .
explosive, {4) burster wall thickness and material, (5) physical propertics
of ligid fill, (0} effect of size (scaling), (7) cyhndcr length/dmmeter ratie,
and () uhape of casing or butcter. : :

(U) ' The caaing matenah we_ e selacted to determine the effects of
elas.icity and ranged from a cast me:al {(Zamack) to rubber, glass, anl lucite.

L. {U) HISTORICAL.

; Research on the explocive dissemination of liquids has been limited
to m litary research programs at Army Chemical Center, Fort Detrick, and
Port.n, Eagland., The Army Chemical Center pregram has included an exten-
sive contractual effort, by the Stanford Researcn Institute, whichuntil
recertly was directed at increasing thy efficiency of disssmination of
volat le liquids. The Fort Detrick (BW) program has included a contractual
effor- by the Gmorge Washington University and has been directed at in-
creating the cfliciency of producing droplets under 5 rricrons in diameter,
Thia ..pproach has resulted in eraphasir on amall plastic dcv:ccs with a

specml cumg de!ngn which produces 1i wid jetuing.
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The tota) of these efforts has left 3 gap in the knowledge of the
mechanisms of dropleg formation during the explosion process. This may
hold the ey to the design of munitions which aze required to y:roduce aeros
sols of hqmdo of iow volatilisy, :

‘ ur, (€} INVE.STIGATIONAL PROCET‘URES

(14)] Inherent in & chamber t2st program is the troblem of the effect
of tha test envircnment on the resuits, The measurement of the efficiency of

" explosive devicen In producing aerorols in & teat chamber may be in error

because of such factors as charmber wall impaction, agglomeration, sonic -
coagulation, reflected shock waves, heating, etc., Some of these environraental
factors may have greatcr impact on certain types of devices than on others”

so that a comparison of their relative chamber efficieacies may result in
error. The current program seeks to establish trends in the chamber which
may be correlated with values obtained in the field, The chamber program
discusaed in this report is concerned with increasing the ef’iciency of

explosive devices in producing and controlling the aize dist:ibation of aercsols,

() - No experimental techniques are arailable for direct measurement
of the iritial {time zero) particle-size distribution of an explosively produced
aercsol cloud. Howsver, two indirect techniques® have been employed:

{1) deposition of droplets on slides fulloved by microscopic measurement and
counting; {2) measurernent of the quantity of liauid airborne as a function of A
time and subsequent calculation of the particle-sirce distribution from cloud
decay theory, It is theoretically posaible with this latter tcchmque to deters
mine the clcud characteristics at time zero, »

(R 4}] "Flashing" is detectad by monnormg the -OSCiUOiCOPe trace . ;

resulting from the reaction of a photoelectric pickup to the light produced ;
in the chamber, The duration and intensity of thia light give relative . ?
indications cf the extent of cloud buraing which is confirmed by chemical ¢
meamremcnt of {ill decompontion {figure 1, u;.pendxx).

{n " Because of the laborioue *echniques necessary t6 determine
particle-aize distribution of the aerosola produced, test data vn the effect
of the above variables will be presented in terms of the percentage of

1. (U) It has been found that the range of particle sizes is to0 droad to
permit measurement by a single conventional mechanical device
such as the cascade impacter,

UNCLASSIFIED "
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£l remaining airborne after 10 minutes of "settling." These values

vreoresent the relative ability of the various test devices to p-oduce
small aerosol droplets,

[{o] Cylindrical test devices with central barsters were uted
in the experim ,ts., A 4-inchbomb length was choscn as standard because of

- the limitation on the juantity of expiosive perm)tted in the test chamber,

The Javices were filled with bis(2-ethylhexyl) hydvogen phosphite (bis),
iv. {C) RESULTS.

A. (C} Explosive Quantity and Casing Wall Thickness and Material,

(U) - The a'luméﬁon wae made at the initiation of the chamber test
prcgram that the aecosol produced by an explosive device is the result of
shear and drag forces exzerted on the liquid fill as it s expelled through

- ‘the eavironmmental ur.

([ This process should resalt in aerosols of smaller droplets as
ths liquid ejection velocity is increased; this would Le the case with thin

. casings and high relative ameurts of explosive (low agent/burster ratio).

Figare 2 (appendir) shows the results obtained Lv varying the casing wall thicke
r~ss of steel devices at a corstant agent/burster ratio of 1.8, When therse
tests were expanded to include other 2gent/burster ratios, a family of

curves resulted which may be represented by the empirizal equation:

Rpo - 24(B) 1 Bg-n 17 | gy 5r(5)-50
where
Rig = pcrcentage of bo;'nb {ill airborne liter 10 r‘ninut‘el
A/B = ratio of fill weight to explosive weight
T caung wau thickness

The predictions of this equation are presentad in figure 3 (appcndix)
for steel bombs, bis filled, for varying A/B and T values,

(167] The correlation between test results and the curve predicted
by this equation can be secu in figures 4 through 10 (appendix) where the
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solid lines are the.predictcd values and the po{nn are experimentally

measured values, These data support the original assumption regarding
A/R ratio, but the thick walls did not reduce the recovery as anticipated,

Measurement of the expansion velocity of these devices has
closely corroborated Gurney's formulaZ which states that the velocity
varies inversely as the mass teing mouved by the explosive, The shape

of the thick-walled-cazing cloud-decay curves, when compared with that
of the thin-walled-casing cloud-decuy eurves (figure 11, appendix), indi.
cates that different mechanisms, or different applications of a pasic droplet

formation mechanism, are taking place,

(v

<) The difference In curve slopes, at the short time periods,
{or the thin- and thick-walled devices seems to indicate: (1) Thin walis

' produce a spectrum of droplet sizes, with the larger sizes falling out

rapidly; and {2) thick walls produce a resuit that suggests the {ill is either
splashed out or broken into small droplets with very lxt:le production of

inte rmediatc particle sizes,

) - One oxph.nation may be that with the thin-walled anits the
oxplaosive energy is utilized in propelling the liquid fill at high velocities,
producing the droplet spectrum. As the energy necessary to break the
casing increases, the liquid {ill velocity decreases to the point where a0
droplet breakup occurs; but, at the same time, the fragments from thicke
walled casings are larger (figure 12, appendix) and may be entraining
liquid {ill behind them and causing a portion of the fil! to move outward at
high velocity while being -\.bjected to high-spced vortices,

{¢) Another hypothesis to explain lmprovcd recovery from thick-
walled davices is that the relative timing and sequence of events may ba
the significant factors, Measurements by the Stanford Research Institute
show that the casing fails at ¢longations comparable to static I-ading
failures. Also, the rate of expansion {s inversely related to the mase
being moved rather thun the strength of the materisl, Thus, the tima

of breakup of tha casing, the de<ay rate of the liquid pressure due ta

the shock wav.,3 plus the outward velocity of the surrounding air after

2, (U) R. W, Gurney, Ballistic Rescarch Laboratories Report 405, The
Initial Velocitics of Fragments From Sombs, Shell, and Grenades,

14 Septembor 1943, . ‘ .
3, {U) See Section V, C, Shuck-Wave Behavior, ‘
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the inuage of the shock wave may all combine in affecting the relative o

velocy at which the liquid fill is expelled into the air,

(0} Additional evidence rmay be found in photographe taken by -
the George Washizzien Univers:ty Research Laboratory at Fort Detrick
which ahow the liquid [ill leading t+ primary shock wave at mase ratios
up to 3 or 4. At hizher mass ratios, the shock leads the liquid f1ll, This

change zoint ig approximately the g2me 29 found in the Daratol and

sectiona B, beluw,

Com.position C-3 phenomena with light and heavy devices delcnbed u.nder

c - {C) There is evidence that thig so-called "thick-walled" phenomenoa
is in veality an "exd effect,” In the low-mass bombs such as the ,004-inche-
thick-wall steel and the rubber devices, the humogeneity of the casing wall
was observed to be of paramount importance, As casing wall thicknesses ara
ircreascd, beyond the 1/8-inch thickzess of the end plates, it can be secen by

.

e

e e st

— P T b e M Sy SO o My AT s Bk 4 L o Roare WM . o L R Spve

‘Thotographic techl iques that increasizg amountas of {ill are ejected axially,

If this explains the increased efficiescy af thick-walled devices, then this

axially digseminated cleud muet be of smaller particulate sizes than the
. radial cloud and presumably is ejected at higher speeds. These velociiy

measarements are being made at this time,

iy Various materials were investigated to dete~mine the effect

of dactile versus brittle outer casizz. Ultra-high-speed photographs

{figare 13, 2preniix) had shown thaz jets of liquid were forming at the cracks
in the casing. It was felt that britzle casings which formed cracks early

would produce higher velocity jeis azd therefore smaller droplet aerosols,

However, the results indicate margizal superiority over the ductile

materials., Zamack (cast white meu!) and copper devices. of equal l!ze.

gave tke following recoveries:
, o AlB R0 , o
i | = % :

Cepper 1.5 18.5, T+, 15.%¢e
Zamack 1.8 . 1%, 1.5

*  Soft soldered.
$¢ Welded,
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{C) The loldered seam of the copper bomb often failed prematuuly
(tigurs 13, appendix) and resulted in low returne, The importance of .
casing homegeneity for consistent results has been noted often. Unfortune:
ately, matcrials were not available for fabrication of glass and lucite devices
oi the same size. The A/B rutio of 1.75 for the lucite devices and 2,15 for
the glass may be sufficient to account for their differencss in performance.

A R
" _ . 'h.
5  Glass 215 9.0
| ' x.ucm_'" © LTS 16.0 k )
'(ci o Caning; duct’ility was farther ép!ored by to:nl;ng r’ubbe;- devices,

Two characteristics of the rubber devices immediutely atand out; (1) the
great improvement in producing aercsols af amall droplete and {2) the long
time period end great casing expansion that tokes place before release of
the liquid fill {figure 14, appendix). It seems logical to associate these
two ae cause and effect. As the rubber casing expands, the liquid {ill is dis.
tributed in a thinner and thinner layer and cpen rupture a thin sheet of liquid
" ie released. This should result in improved liquid breakup, Again, the
explanation may be that the delay i1 releaze of the liquid hae resulted in a
slowing down of the surrounding air which had been accelerated outward by -
the passage of the explosive shock wave, 1 this air has had time tao slow
down, the differential in the velocities of the liquid md air will be greater
and will result in improved breakap. . , .

(C) ] A series of aluminum devices showed higher recovery values
than those theoretically predicted for the equivalent steel devices, Figurae
15, 16, and 17 (appendix) show tho test results from these aluminum devicag
plotted against the theoretical.recovery curves for steel devices with the
same casing wall thickness, It has been noted that, when steel devices
¥flash, ' the rerovery of active bis is higher even thuugh there has been
partial burning of the aerosol cloud, However, there is an increasing
amount of evidence that flaahing of aluminam devices is a result of delayed
burning of explosive gasec as well as aerosol ignition (ses section Vv, B),

B. (C) Explosive Type.

AR
§ |
3 . It was postulated that the more powerful, “faster, " explosives
1 ; would give better droplet breakup., As shown in table ] the recoveries are .
i CONFIDENTIAL
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'mvex;lcly related to explosive power éxcep{ in the cases of the ,004-inche
thick-wall uteei and the rubber dovices which are strangly affacted ina
direct relationslip to explosive power, ‘

© Table }

v ﬁffect orf Differsnt Exploaives Upon Recovery

dissemination efliciency is in the initial stage,

burster wall thickness increases,

end plates,

e A s e

Wall characteristics Rig
- Baratol Compositicn C-3 Tetrytol
_Material Thickness (5900 w/sec) (7000 m/sec) (7300 m/sec)
in, » % . f o
T Stead .004 6.9, 5.0 . ] 205,220 .
Rubber (dipped) 4.3 } 3.3 27.0
Steel (type A) 068 8.7, 9.1 ‘ 4.0, 4.4 2.3, 4.3
Steel (typa B) 063 8.8 3.3 B X
Steel : .158 13.0 ' 6.4 3.3
Steel : «230 - 3.8, A8 3a
Steel . ,623 32.3 14.2 -
Aluninue 063 6.1 1.4 .
Aluminua .12% 6.3 1.4 -
Aluninus 2250 7.2 L1 -
. C. . {C) " Burster Wall Thfckneu and Material,
{0 The &nvei'tigatiou ‘of the e!fect‘of the central burutér ca

The first series combined
three burster wall thicknesses with thin- and thick-walied casinge, The
values in column A cf table 2 show a slight increasc in recovsry aa the

In the 11st case, where the totsl metal
has become relatively massive, the increase in recovery is quita marked, .

. In order to determine if this increase in recovery was due to "end effect,"
similar hombs were tested with heavy end plates,
columnse C and D, table 2, indicate lower valuea with the {ncreaged mase of the

The veosults sahown in

Howe ser, the welded end plates are consistently betier than
silver saldered end plates. There is not cnough known about “end effact”
to expiafia theee resulte.
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(Uy ' Prelinﬁhuy studies of burster mteria‘l are inconclusive’
aithough the burater seems to be of less importance than the casing in
afiecting aerosol characteristics, The wide difference in agent recovery
between items 1 and 2 of table 3 {4 probably due to fragments {rom tho

" steel burster pu.nc!uring the rubdber casing prematuuly. o

(C)'»:: ' Tadble 3

Effect of Burster Material on Recovery -

(Combinations of Rubber and Ste?l) Co

Casing B.rster ; .
Material Thickness Material Thickness Rjo
. h' . . v h. * .

" Rubber . 065 Rubber .068 20.2
Rubber .065’ Steel . 065 8.5
Steel .158 Rubber .065 6.0 .

 Steel .158 Steel 668 .| sz

147) ' The results recorded in table 4 are difficult tn asses bec#ulo '

of "flashing." There is some doubt as to whetker all czees are true

flashing (light produced by burning of the aerosol cloud), or a false ﬂaahin‘

resulting from light from delayed burning of explasive gases, Where
decompoasition was measurad, the low values of decomposition seem to

- luppOl’t the latter explanatioa.
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Sas figure 1, appendix,

'nui result appears low {figure 13). The relative performance of nos, &, 8§, cnl1

.12, abova, can be sean in figures 135, 16, and 17;
© shown {n figure 18, (See appendix for figures 13 through 18)e

hd v - e et e e+ en - R Ao v ot e o @ a8 L 11 e % g § mrn A o A, S~ o ;:
. : : : : i
- .. CONFINENTIAL 3!
i
‘
g
&) Tadle & 5
Effect of Burster Material on Recovery )
(Combinations of Sud and Alvainum) ‘
Xo Casing Burster -t Ko U3 | Tiash | Pecomposition
Mrterial | Thickness | Material { Thickrers ’
in. . . in, I 8 ] k L . S
1| seeer - | Lo0ss Atustoun] 085 [3d.e |3 ‘ Test 1.3
. . N . } . . . . . .
 § Aluntnum } ,06S Stecl 068 532 |3 Yea (X} -
3 | steat .063 Steol 065 130 |3 | m Ce ;
. Alusinus 063 Aluminum | ,063 .lS.VS“ .3 YTes . %
s | steer | 25 |armtom| 065 Jae6 |3 | ves 3.4 i
6 | Atmteua] 125 |seeet | 065 [26.8 |3 | Yeo 0.0 1 ‘
7| sea 128 Steel 065 a2 Ls' s . i
: ¢ | Mwtoua | 128 [ atmtow] 065 faa2 |3 | ves .
B 9 | Stee 250 fatmtnum] 065 {320 | | vee .
i 10 Alwinus | ,250 Steel .068 46,0 |.3 Yes .
" 1 | stest | 250 | stea o6 f18.2 |s | w -
P 12 | Atatnaa | 22%0  Atetnm | 063 0 608 |3 | ves .
N

thelr relative “flashing™ te
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D. (U‘) Phyaical Properhel of Liquid qu o S

. Chamber atudxen of this variable have not yet beeu imtutcd

. B, . {C) Size ucalin!
{v "In order to make chamber data more useful ln the dellga of muale
tions, it is necessary to bs able to scale chamber results up to the desirea
. taunition size, ldentical munitions, except for size, will expand at th2 same
initial velocity but will produce aerosol clouds in proportion to their sise,
"This means that the larger units, producing larger clouds, musi decelerate
ata lower rate a.nd thus will produce !arger dmpleu. ‘ .

(U) The results hated nnder tables S and 6 nhow the trend expected
but absolute ratios of return versus bomb size are questionable since the
large unita were approaching a size wherea chamber wall losses are expected -
and the lman units approach the region of rrargmal chemxcal a.nalynic accuucy. . '
. &

Tablc s

B ‘ 'Effect o.f Scaling (1:2:3) on Recoveg S ) R o ;(

:::lznﬁ Diameter Lcngt:a.;:;‘ge,.;al thi?!ka.}leu - AlB . Rw ‘;
e N R

1 1 2 | st |.o032 2.1 18.0 ﬂ,

. 2 2 s Steel. .oas_' ‘L 8.3 ;*
. 3 | 3 6 Steel. | .93 2.4 5.0

s -

T

4]

* Flashed - 65% decomposition.
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. _'l‘a'bleb 6 |

Effect of ‘Scali;xg‘(iélz4) on Recovery

.

Size -

Casing

scaling [Diameter

Length | Material a3l A/B Rio

. .
1 osns
2. Cjrus

in, - ' Y 1 T

3
‘ N

Stéel

Steel
"_‘ . .

032

1065 .

2.5
2.8

5.0

¢ Jezus a2 Steel Ca2s 29| 2

F. {C) 'Cylinder Lengh/Diameter Ratio.

' The contnbution of the ends to the dxuemmation of cylmdtical

devicea has not been determined. - Te ts with thick-walled devices reported

in sections A and C‘ above, indicate the possibility of significant effect, .
Early Britich work® attributes the increased end cfficiency to less dense
aerosol cloud at the ends and thecrefore less agglomeration, As the units’

* approach infinite length, the efficiency should represent the cﬂmder crovs

‘section with neg.xgwle end effect {figure 19. appeudxx) LT

It is intare:txng to note the th‘pe of tke curves in l’xgure 20

{appendix) There is a definite trend from the short to the long units. How.

ever, if we atiribute the high recaveries for the short units at early time
periods to in~reas>d end effect, we found the opposite to be the case with
the thick-walled devices (figure 11, appendix). The thick-walled devices,
which may have higher recoveries because of increassd end effect, produce
the flat curves with lower recovery va!ueo at the short time intervals, ’

G, ) Shape of Casing or Burs(er._ ’

Chanber -tudieu of thu variable ha\e not yet been imt:ated

' 4, (U} James and Banfieid Porton Technical Paper 157, The Dxa;ﬁnnion bf

Toxic Agents, Part 2. The Formation of Aereuoh by the High
Exploslve D.aperni@n of Liqmda.
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i'l. V(C) thellaneoul. »

Test devices having a foam plastic liner on the inside of the
casing were tested on the theory that negative or rarefactioa shock waves’
would be reflected from the liquid-plastic interface. It was koped that
this rarefaction wave would cause cavitation in the liquid and improved
aerosolization., Other units, with linings of the same thickzess around
the central burster, were tested to emphauze the imponance of tbe locao .
tion of the plunc.

‘Divice B 4‘\/3".

Steel casing (wall thickness - .158iach) 2.3 . . . 6.8
Steel casing with plastie ll&fn‘ L P 1.8 o s 16,0 L
A Stegi casing with :l:urstgr covering A 7 S 5.0

'V. (C) DISCUSSION.

A, (U'). General, '

‘ Mcmy of the zecovery valuea ha'ed above, althoa;h a measure

of discemination efficiency, appear contrary to the accept=d theories of
aerosol production. The aerosol dropletc are supposedly prodaced by the
shear or drag forces on the liquid as it moves through the enviroamental air,
The faster the droplets move through the air, the smaller the stable droplet

size produced, Since tha chamber recovery tests are reprodacible (figare 21,

appendix), they are either valid, indicating additional or modified mechanisms.

of aerosol formation, or they are the result of some nelectwe cba.mber en-
vironmental phenomena.

B. _'(C) ) I'lashinz.

Cue 1mportant face: of the explo-lve dissemination ttuc!y is :bc '
cause and control of "flashing" or burning of the aerosol clood. Early work
with steel devices had shown that quenching of the explosive column, by
surrounding it with liquid fill, was beneficial,

The. first 10 tests with aluminam test devices revealed a
much ircreas~d tendency to "flash™ and no apparent control by explosive
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Quenching. A "go, no-go" rela-tionnhip was found with aluminum devices

{tigure 22, appeadix). Howevesr. when chemical analyses revealed relatively -

- low amounts of decomposition products and when a water-filled aluminum -

“unit "flasked, " tke technique of flash getection by recording visihle light
Vecame suspect. As yet, the source of this visible light, with aluminum
devices, bas not been determined. Oue hypothesis is that flashing is burning
of incompletzsly burned gases from the explosive. Thiw would explain the
flashing of a water-filied unit, Alsc, it mus; follow that the properties of

" dissemination from aluminum devices are sufficiently different, from the

multitede of comdinations of other materials tested, to provide the mixing '
with 2ir, or other eavironment favorable to ignition and burmng of thnc

exploswe gases. . . . ‘

c. (q _ Shock-Wave Behavior,'

(‘ne aspect o!the explosive hquxd phcnomena. being mvcstxgateé
ander contract by the Poulter Laboratories of the Stanford Research Institute,
is the effect of the casing material and wall thickness on the preasure rare-

“ laction process at the liquid-casing interface B Figures 23 and 24 (appendix), -

"taken from the contractor's report, show the flow in the u-p plane resualting
© from a 25,000 atmosphere (25 kilobars (kb)) incidat shock in water, with
" iron and a'uminum casings. The interface pressure is reduced to 5 kb in

14 rarefactiona with iron and 6 rarefactions with aluivinum. The time

to reduce the interface pressure is given by the following relationship:

" where ‘ ; : ' .
Ns= numbcr of rarelacuom to rexch desired preuuxe

D thxc!meu of canng wall’

Cs speed of round in the casing material (dependent upon
the "state” of the material) -

The upper and lower limits of time for the rareiaction process to
reduce the interface pressure from 25 kb to 5 kb indicute that the casing
material i« rm.ch more significant than the incident shock ltrength
A KRN PE X
5. {U) Stazford Research Institute. Contract DA -18-108-CML.-5519, ngreu

Report l\ Explosive Dissemination ¢f Liquid Agenu, 1 December 1956,

lf'°°:o ‘}"' » '3 ‘.;0 e
we = 3t 1 363 :
23: CONFIDERTIAL '.
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" Incident Shock -

: : Shock : . s
Interface materials | °  pressure o _.t(D -
L kb o _ ;uecl'cmv
_ Water « iron ' 28 | w04
Water - aluminum , 25 . o 35 - 39
Water - iron _ . 50 S , llS - lZl
Water - aluminum ; , 50 L - : 39 - 46

D. () Particle-Size Measurement.

The theoretical calculation of particle-size distribution from the

. a~rosol decay curves has heen unguccessful thus far. It is doubtful if true
“itirred" or "tranquil™ settling conditic..s can b2 achieved in the chamber;
also, there is no way of knowing what proportion cf the original bomb fill

cantributes to the aercsol decay from time zero and what part is grosas
spvlash and does not affect later aerosol recoveries, Ducay curves are
plotted with recovery as a percentage of original “ill, when theoretxcany
ahould be yer:entage of ongmal aeroaol cloud, <o :

Particle-size meaaurcments thowmg the relationghip of mass
median diameter veraus percentage of agent recovery at 10 minutes are -

shown in figure 25 ({appeadix). The spread of the resulta with rubber bombs

and with the unit that "flashed" suggests that different particle-size distribu-
tions are present to give hxgner recovery values for the same mass medxan
diameter value,

V1. (C) . CONCLUSIONS.
No conclusions are dttémpted at this stage of the investigatién.
Ccentinued chanber investigations arc required into the mechanisms which

apparently make: (I) thick-walled devices more efficient than thin-wallea
devices, {2) Baratol more efhcxent than Compoamon C-3 or Tetrytol as
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: '."..'a‘n.cxplo-ivg. and (3) lined devices more efficient than unlined devices. The -
information obtained, with corroborating field tests, should provide guide-
~ lines to munitior. design which will 2nhance munition efficiency significantly,

.
ot b e . ) L
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- Figure ], .

figuro .Z,'
Figure 3,
Figure 4,

Figare S,

' Figure 6,

Figure 7,
figure 8,

Figure 9,

o Figure 1'0,

Figure 11,

Figure 12,

?igure 13,

Figure 14,

| Figure 15,
Figure 16,
Figure 17,

Figure 18,

Figure 19,

Figure 20,

LONF!DEN'HAL

APPENDL(

DRAWINGS. GRAPHS, AND PHOTOGRAPHS

.Flashmg Characteristics

Effzct of Caumg Wall 'rh:ckneu on Airborne Recovery
Predi;ted Recovery of Steel Bombs
Alirborne Recovery 2t Ten Minutes

Airborne Recovery at Ten Minutes

Axrl'orne Recovery at 'X'en Minuter

Airaorne Recovery at Ten Mmuteo

_ Auborne Recovery at 'ren Muxuto-

AirbornelRecoverylat Ten Mlnutel‘ )

Airborne Recovery at Ten Minutes -.

Effect of Calinj Thicknou on Aerolol ,Deeay.
Fragments From Vauoux ’l“\ickneu Steel Casinge
Jetting Characteriltico o : S ‘.
Rubber Dovicel . | ‘

Airborne Recovery at Ten Minutes

Alrborno Recnvery at Ten Minutes

Airborne Recovery at Ten Minutes

Effect of Wall Thickneas on Flashing of Aluminam Bombs

Effect of Length/Diameter on Aerosol Recovery »t Ten Minutes

Effect of Le‘ngthloiameter on Aerosol Decay
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' Figure 21, Reproducihi!ity of' 'r;u Technique i
Figure 22, Flash Gharacteristics of Aluminum Bombs ‘

Figure 23, Shock Decay Characteristics

Fig\'xrel 24, Shbqk Decay Characteristice -

Figure 25, Relationship Between Aerosol M. M. D, and Chamber Recovery
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" UNCLASSIFIED
!‘IGUX’J; 1 ‘

Flashing C?mraotorh‘t!oa

209 x 3™ Stoe) Castng with @

2095 = 1} Steel Burster

%is £111 ® 05,0 grame

' Ago:f/ﬂw-t'or .2,

Fi11 Deoccmpos:d 3 65.3%8

CW5" & g;" 'stool Casing with s

065" = lg' Auninua Burster

Reocovery st 10 minutes 3 5,15 .

. , v ‘
e BRI R b S S

Bis FI1Y 2 65,0 greas
Agent/Burster = L3
18 murroxc Recovery at 10 minutes s 38,67

Fi11 Decomposed 5 11,5%
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