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(C) DIGEST

The present emphasis. by the Chi"em'i cal Corps, on toxic
agents of `bw volatifity points up the need for the development of more
efficienk V.chniques ia dissemination. I these agents are to be used as
inhalant +nd/or as body impaction contaminants, more efficient meant
of prod'iing and coatrolling droplet-asie distribution of aerosols is required.

"T'he most direct approach in munition design is the use of
explOsivq-% &s the disserninating force. Thl report outlines the statu at
the chanaoh•-t program for investigating the effect of various munition
design Pa•-rmetez a o- the explosive diasemlnatlon efficiency. Major "
emphasis hxs been piced on the study of the effect on aerosol mass median
d&-amete*. %rf agent-to-b.-rster ratio and wall thickness for miniature steel
devices.. "•entative ermirical equation3. based on chamber results.
for predv3ýirig aeroaol .•ass median diameter as a function of agent-to-
burster 4'ýtio and wall thickness are presented. The relative dissemination.
efficiei.¢• as affected by type nf explosive &kd oth.-r variatles are
tabulate4, tince many of these results are as yet unexplained, no
canclusion:a• are offere~l. Areas of investigation which should be beneficial J
t* future r..inition design problems are pointed out.
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CONFi DENTAI~L

THE EXPLOSIVE LIS. 'EMINATION CF LIQUIDS
OF LOW VOLATILITY (U)

(Statu Repcrt)

I. (C) INT r.ODTICTION.

(U) Toxic liquid agents are dissernina-ted from muniti['s in ono
of the following states: (1) vapor, (I) aerosol, (3) gross splash, or
(4) decomposed agent.

M• The :resent empha.iu or agents of low volatility has directed

the munitions research effort toward, the e'-hancement cf aerotol cfrective-
ness and the minimizatica of grows iplash and deaomposition Of agent.
Therbre.ically, there is ample encrgy available in relatively small explinsive
charge • to convert the liquid fill of a munition into fine aeros-ol droplets.-
Thus, at becomes necessary to uni,'r~tand the mechanisms affecting the
forreiarion of aerosols to efficiently ctilize the available exýlosiv, encrgy.

(U) This report. reflecting the "state of the art" of exploylv,
disco?-ination, is mainly concerned with data from the chamber teot p~ogra-A
at the U. S. Army Chemical Warfare Laboratories. The program is dcs'Ign
tn in, istigate the effects of the followir.g patraineters: (1) explosive quanzi 4
(ager'/burster ratio), (2) casinj wall thicknei3 and material, (3) ty-?c of
explo,.ive, (4) burster wall thirkneaj and material, (5) physical properti,.t
of liq tid fill, (6) effect oi size (scaling), (7) cylinder length/diameter ratic,
and (2) shape of casing or burster.

(U) The casing materials were selected to 0etermine the effects of.
elaseirity and ranged from a cast metal (Zamack) tu rubber, glass. an. lcctte.

U. (U) HISTORICAL. .

Research on the e-plocive dissemination of liquids has been limited

to m litary research programs at Army Chemical Center, Fort Detrick, and
Portn, England. The Army Chemical Center program has Included an exten-
sive zontractual effort, by the Stanford Rejearcn Institute, wh.chuntil
recet4ly was directed at increasing tho efiiciency of dissa-mination ( /
volat le liquids. The rort Detrick (BW) program has incladed a contractual
effor- by the Gp.orge Washington University and has been directed at in-
creating the efficiency of producing droplets andtr 5 microns in diameter.

This ..pproach has resulted in emphasit on small plastic devices with a
speci-A casing design which produces li luid jething. /
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The total of these effo~ts has left a %-p in the knowledge of the
mechanisms of droplet formation during the explosion process. This may
hold the key to the design of munitions which are required to produce aero-

sole of liquids of low volatility.

Ill. (C) INVEST IGATIONA L PROCETIURt-S.

(U) Inherent in a chamber t.;st program is the r.roblem of the effect
of thn test environiment on the Yesuilts. The mesouremenr of the efficiency of
explosive eeviceft in producing aeroivols In a test chamber may be in error
because o! such factors as chamber wall impaction. agZlomer.ation. sonic
coagulation. reflected shock waves. heating, etc. Sonme of tnese environmental
factors may have greater impact on certain types of devices than on others,
so that a comparison of their relative chamber efficiencies may result in
error. The current program seeks to ewtablish trends in the chamber which

may be correlated with values obtained in the field. The chamber program
discussed in this report is concerned with increasing the efiiciency of
explosivc devices Wa producing and controlling the'siz4 dist:ibution of aerosols.,

"(U) N•o experimental techniques are available for direct measurement
of the initial (time zero) particle-size distribution of an- explosively produced
aerosol cloud, However, two indirect techniques' have been employed.
(I) deposition of droplets on slides fuUowved by microscopic measurement and
counting; (Z) measurernent of the quantity of liuid airborne as a fanction of
time and subsequent calculation of the particle-size distribution from cloud
decay theory. It is theoretically possible with this latter technique to deter-

mine the cloud characteristics at time zero.

(U) "Flashing" is detected by monitoring the oscilloscope trace

resulting from the reaction of a photoelectric pickup to the light produced
in the chamber. The duration and intensity of this light give relative
indicationi of the extent of cload burning which is confirmed by chemical
measurement of fill decomposition (figure 1. a~penadix).

(U) Because of the laborious techniques necessary to determine
particle-site distribution of the aerosols produced, test data un the effeit
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 too broad to
permit measurement by a single conventional mechanical device

such as t)e cascade impactor.

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

represent the relative ability of the various test devices to produce

small aerosol droplets.

(C Cylindrical test devices with central bursters were used
in the experim AtB. A 4-inchbomb length was c.hoson as standard because of

the limitation on the nuantlty of expiosive permitted in the test chamber.

The tievices were filled with bis(Z.ethylhexyl) hydrogen phosphite (bis).

IV. (C) RESULTS.

1 A. (CJ Explosive Quantity and Casina Wall Thickness and MateriaT.

The assumption was mAde at the initiation of the chamber test
program that the aeeosol produced by an exploaivq device is the result of
shear a-nd drag forces exerted on the liquid fill as it Is expelled through
the environmental air.

I (C) This process ,hould resalt in aerosols of smaller droplets as

the liquid ejection melocity is increased; this would be the case with thin
casings and high relative amour.ts of explosive (low agent/burster ratio).

Figure 2 (appendiy) sho-s the results obtained Lv varying the casing wall thick-
rss of steel devices at a corstant agent/burster rat.o of 1. 8. When these
tests were expanded to include other agent/barster ratios, a family of
curves resulted which may be represented by the empirital equation:

R10 4 16 e-11. 7T 31. ST.("Ys

where

RI0 a percentage of bomb fill airborne after 10 minuteszA/3B ratio of fill weight to explosive weight

T a casing wall thickness 1
The predictions of this equation are presented in figure 3 (appendix)
for steel bombs, bis filled, for varying A/B and T values.

(I, The corre!ation between test results and the curve predicted
by this eqvation can be sec.i in figures 4 through 10 (appendix) where the

CONFIDENTýAL' •~I
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solid lines are the predicted values and the points are experimentaUly
measured values. These data support the original assumption regarding
A/8 ratio, but the thick walls did not reduce the recovery as anticipated.

(M Measurement of the expansion velocity of these devices has
closely corroborated Gurney's formulaz which states that the velocity
varies inversely as the mass bcin4 moved by' the explosive. The shape
of the thick-walled-caicing cloud-decay curves, when compared with that
of the thin-walled-casing cloud-decay cirves (figure 11. appendix), indi-

Scates that different mechanismi, or different applications of a oDasic droplet
formation mechanism, are taking place.

(C) The difference in curve slopes, at the short time perhx-rs.
for the thin. and thick-walled dzvices seems to !idicato: (I) Thin wal.
produce a spectrum of droplet sixes, with the larger sizes falling out
rapidly; and (Z) thick walls produce a reatilt that suggests the fill is either
splashed out or broken into small droplets with very little production of
intermediate particle sizes.

(C) One explanation may be that with the thin-walled units ths
oxplosive 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 fill velocity decreases to the point where ao

droplet breakup occurs; but. at the same time. the fragments from thick-
walled casings are larger (figure 12. appendix) and may be entraining
liquid fill behind them and cau*.ng a portion of the fill to move outward at
high velocity while being subjected to high-speed vortices. ft

(C) Another hypothesis to explain Improved recovery from thick-
walled divices is that the relative timing and seqvence of events may be
the significant factors. Measurements by the Stanford Research Institute 1
show thLt the casing fails at clongations comparable to static 1-ading
failures. Alto, the rate of expansion is inversely related to the mass
being moved rather than the strength of the materi-il. Thus, the time
of breakup of the casing, the de.ay rate of the liquid presore due to
the shock wa%.;,1 plus the outward velocity of the vurrolutding air after

2. (U) R. W. Gurney, Blallistic Research Laboratories Report 405. The
Initial Vclocities of Fragments From i3ombs, Shell, and Grenakles,
14 September 1943.

3. (U) See Section V, C. Slhuck-Wave Behavior.

CONFIDENTIAL K
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the passage of the shock wave may a.l cor.bLne in affectlng the relative
velociy at which the liquid fill is tr-exeIled into the air.

(U) Additional evidence mray be found in photographs taken by,
the George Wash n'-.c= Universi-y Research Laboratory at Iort Detrick
t-rich !-.cw the liqiid fill leadiz& t.S primary shock wave at mass ratios
up to 3 or 4. At hiher mass rx:-oq. tie shock leads the liquid fill. This
cha-e ";L-t is aFproxi-nately the --.- as found in the faratol and
Cowposition C-3 phenomena with Ljh and heavy devices described under
sect'on B, belew.

(C) There is evidence thu t1is so-called "thick-walled" phenomenon
is in reality an "end effect." In the low-mcas bombs such as the .004-inch-
thick-wa.ll steel and the rubber 4!•v-ccs. the rumogeneity of the. casing wall
was obserred to be of paramount in-portanc.-. As casing wall thicknesses are
incretscd. beyond the 1/8-inch t-ick--ess of the end plates, it can be seen by
y-hotographic tech, iques that increas. amounts of fill are ejected axially.
If ths explains the increased efficle-cr of thick-walled devices, then this
axially di•serminated clcud must be of srnaUer prticulate vizes than the
radial cload and presumably is e-rcted at higker speeds. These velocity

j measurements are betin made at this time.

S*.C) Various materials were investigated to dete-rine the effect
of ductile versus brittle outer casirl. Ultra-high-speed photographs
(figare 13. apt eni4x) had shown thu jets of liquid were forming at the cracks
in the casing. It %as felt that bri.±tle casings which formed cracks early
would prod-ce higher velocity jefs a:d therefore smaller droplet aerosols.
However. the results indicate margi-al superiority over the ductile
materials. Zamack (cast wbite meta,!) and copper devices, of equal size.
gave tae following recoveries:

a - AIB 0ff

Cep~wr 1.5 18.5. 7'. I5.5"*

Zamack 1.5 15. 17.5

* Ssft soldered.
** Welded,

COINPDENTIAL
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S(C) The soldered seam of the copper bomb often failed prematurely
(figure 13, appendix) and resulted in low returns. The importance of
casing homcgeneity for consiitent results has been noted often. Unfortun-

S eati. materials were not available for iairication of glass and lucite devices
ei the same size. The A/B ratio of 1.75 for the lucite device@ and 2. 15 for

* i the glass may be sufficient to account for their differences in performance.

AIR. Rio

". " Glacs Z.1iS 9.0

1 Lucite 1.7S 16.0

(C) Casing ductility was further explored by testing rubber devices.
Two ech.racterlstics of the rubber devices immediately stand out: (1) the
great improvement in producing aerosol* Vf small droplets and (2) the long
time period and great casing expansion that takes place before release of
the liquid fill (figure 14, appendix). It seems log4cal to associate these
two as cause and effect. As the rubber casing expands, the liquid fiL is die.
tributed in a thinner and thinner layer and upon rupture a thin sheet of liquidf I* released. This should result in improved liquid breakup. Again. the

• • explanation may be that the delay I. release of the liquid has resulted in a b
-, + slowing down of the surrounding air which had been accelerated outward by

the passage of the explosive shock wpve. If this air has had time to slow
down, the differential in the velocities of the liquid and air will be greater
and will result in improved breakup. .

(C) A series of aluminum devices showed higher recovery values

than those theoretically predicted for the equivalent steel device.. Figure
15. 16. and 1? (appendix) show the test results from these aluminum device
plotted against the theoreticalrecovery curves for steel devices with the
same casing wall thickness. It has been noted that. when steel deiices
"flash, " the rerovery of active bis is higher even thuugh there has been
partial burning of the aerosol cloud, However. there is an increaslng
amount of evidence that flashing of aluminum devices is a result of delayed
burning of explosive gases as well as aerosol ignition (see section V. B).

S. (C) Exploptive Type.

It was postulated that the more powerful. "faster," explosives
would give better droplet breakup. As shown in table I the recoveries are

* :CONFIDENTIAL
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inversely related to explosive power except in the cases of the .004-lrch.
thick-wall steel and the rubber devices which are strcongly allacted• a.
direct relationship to explosive power.

Table I

Effect of Different Explosives Upon Recot

Wall ch~racteristics RI0

- - .Baratol jComrpoo~iton C-3 ITetryto1
,Matertal Thickness (0900 a/ssc) (7000 i/sec) (7300 u/sec)

in. 1

Steel .004 6.9, 5.0 21.5. 22.0
IUbber (dipped) 4.5 30.S 27.0
Steel ,.typs A) .065 6.7, 9.1 4.0, 4.4 3.5, 4.3

Steel (type 1) .06S 5.5 3.$ 2.5
Steel .1SS 13.0 6.4 3.5
Steel .250 3.8, 4.8 $.1
"Steel .625 32.5 14.2
Aluminum .065 6.1 1.4 *SAluminuml .125 6.3 t.4" ;!

Aluminum .250 7.2

C. (C) Burster Wall Thickness and Material. .

(U) The investigation of the effect of the central burster an
dissemirnation efficiency is in the initial stage. The first series combined
three bux;ster wall thicknesses with thin- and thick-walled casir.ir. The'

values in column A cf table 2 show a slight increase in recovery as the

burster wall thickness increases. In the lIst case, where the totil metal
has become relatively massive, the increase in recovery is quite marked.
In order to determine if this increase In recovery was due to "end effect."
similar bombs were tested with heavy end plates. The results shown in

columns C and D, table Z, indicate lower values with the increased mass of the
end plates. Howt ,er, tk.a welded end plates are conslt-ently betier than
silver soldered end plates. There is not enough known about "end effect"

to expta.!r these results.

CONFIDENTIAL -
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MY~ Preliminary studies of burster material are inconclusive
although the bursater seen%* to be of less importance than the casing in
ahecting aerosol characteristics. The wide difference in agent recovery
between items I and 2 of table 3 la probably due to fragments from the
steel bursuter puncturing the rvbber caaing prematutely.

(C~Table 3

Effec. of Burster Material on Recovery

* (Combinations of Rubber and Steel)

Ca sng B., rster
Material Thickness Material Thickness RIO

/.n

in in

* Rubber .065 Rubber .065 20.Z

Rubber .065 Steel .06S 6.5j

Steel .158 Rubber .065 6.0

Steel .158 Sel.665 5.2

-3

(U) The results recorded in table 4 are difficult tn asses be-cause
of "flashing." There is some doubt ae to whether all ctses are true
flashing (light produced by burning of the aerosol cloud), or a false flashing
resulting from light from delayed burning of explosive gases. Where
"decomposition was measured. the low values of decomposition seem to
support the latter explanation.

CONFIDENTIAL.
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(5Ta'ble 4

Effect of Burster MAterial on Itecov*!i

S, . __" ._,,-_,.,,._--.,_.,. ___ . _._. ... .... : ............ _______. .. . ___......... ".;. ______.

(Ccubinations of Steel and Aluminum)

NoCastnt Burster _g A/3 Flubh Decmoitiou
Meaterial Thicknaess Material Thick'na 1

a. La.

I Steel .065 Aluminum .065 31.9 .3 To$.

2 Aluminum .06S Steel .063 53. .3 Teo. 6.6

3 steel .063 Steol .065 34.0 .3 No

4 Alumnum .063 Aluminum .065 15.5*' .3 Too

5 Steel .125 Aluminum .065 44.& .3 T•3

6 Alumi•m .125 Steol .015 76.1k .3 Too 0.0

"7 steel .r2r Steel .065 14.2 J5 No *v4

I Aluminum .125 Aluminum .065 44.2 .3 Tea

"9 Steol .250 Alumiinum .065 37.7 .3 Tee

• i I

*10 Aluminum .250 Steel .065 46.0 .3 yee

It Steel .250 Steel .065 13.2 .A N
12 Aluminu .1", Aluminum .06S 160.6 Teo

S6 Alum~.st .2nuea.0S 758 . Tee .

* sea fivare 1. appendix.

Tie result appears low (figure 15). The relative perfornce of no,. 4, 6, and
12. above, can be seen "5 figures IS. 16, and 17; their r-etive "flashing" to
shovn in figurc 1S. (Se* appendix for figures 15 throvth IS)-

CONFIDENTIAL ..
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D. (U) Physical Properties of Liquid Fill.

Chamber studies of this variable have not yet been initiated.

E. (C) Size Scaling.

(U) In order to make chamber data more useful in the design of rný,ni.
tions, it is necessary to be able to scale chamber results up to the desired
munition size. Identical munitions, except for size, will expand at tle same
initial velocity but will produce aerosol clouds in proportion to their si*..

This means that the larger units, producinS larger clouds, must decelerate
it alower rate anrd thus will produce larg er droplets.

(U) The results listed under tables 5 and 6 show the trend expected.
but absolute ratios of return versus bomb size are questionable since the
large units were approaching a size where chamber wall losses are expected
and the small units approach the region of marginal chemical analysis accuracy.

* (C) Tables 5

Effect of Scaling (1:2:3) on Recnver 1

Size _Casg A/B 3
scaling Diameter Length Mate-ial Wall 10thickness

"i.n m . in. in. '

1 1 2 Steel .032 2.1 18.0

Z 4 Steel. .065 1.8 8.5

3 3 6 Steel .093 2.4 S.O*

Flashed - 65% decomposition. .

/

..
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(C) -ale6

Effect of Scaling (1:2:4) on Recover 7

Size ____Casing ______ / 1

scaling Diameter Length Material tkýcV e ss 1

in. in. in.[ 16 3 Steel .03Z Z.5 22.2

* . 2 1145 4~ Steel ..06S . .

4 2-1/4 12 Steel .IZs Z.9 2.1

* F. (C) Cylinder Lengjh/Diameter Ratio...

The cont ri bution of the ends to the d issem inatio n of cylin drical
devices has not been determined. Te to with thick-walled devices reported
in sections A and C above 'indicate the possibility of significant effect.
Early Britich work4 attributes the increased end efficiency to less densej
aerosol cloud at the ends and therefore less agglomeration. As the units

*approach infinite length, the efficiency should represent the cylinder cross
*scinwith negtigibole end effect (figure 19. appeadis). . .

It is inarstn to note the sh~pe oftecurves Infgue.
.(appendix). There is a definite trend from the short to the long units. How.
ever, if we attribute the high recoveries for the short units at early time

perid to in,-rea-).d end effect, we found the opp'osite to be the ease withf
the thick-walled devices (fgr 1 pedx.The thick-walled devices,
which mnay have higher reco'eries because of increased end effect. prod uce

the fiat curves with lower recovery values at the short time intervals.

G C. (U) Shape of Casing or Burster.

Chamber stlidies 6f this variable have not yet been initiated.

4. (U) James and Banfield. Porton Technical Paper 157. The Dispersion of
Toxic Agents. Part Z. The Formation of Aerosols by the H-igh

Explosive Disperuion of Liquids. 6
CONFIDENTIAL
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SH. (C) Miscellaneous.

Test devices having a foam plastic liner on the inside of the

casing were tested on the theory that negativc or rarefiction sl-*ý waves

would be reflected from the liquid-plastic Interface. It was hoped that
this rarefaction wave would cause cavitation in the liquid and improved

aerosolization. Other units, with linings of the same thickess around

the central burster, wcre tested to emphasize the Importance of the loca.

tion of the plastic.

S- Device A/B R

Steel casing (wall thickness .158 inch) Z.3 6."

Steel casing with plastic lining . .6 16.0

Steel casing with burster covering Z. . 5.0

May f hereovr vaue litdabvathuha esV v. (C) DISCUSSION.

A. (U) General; "

t., , Many of the recovery values listed abov*, although a measar*

of discemination efficiency. appear contrary to the accepted theories of

aerosol production. The aerosol dropletc are supposedly prom zed by the
shear or drag forces on the liquid as it moves through the environmental air.
The faster the droplets move through the air, the smaller tLe stale droplet
size produced. Since tht chamber recovery tests are reprodacible (figure ZI..
appendix), they are either valid, indicating additional or mod-iied mechanisms.
of aerosol formation, or they are the result of some selective chamber en-

vironmental phenomena. -

B.. (C) Flashing.

OnCe important face: of the explosive dissemination s•dy is the
cause and control of "flashing" or burning of the aerosol cload. Early work
with steel devices had shown that quenching of the explosive column, by . W

surrounding it with liquid fill, was beneficial.

"" The. first 10 tests with aluminum test devices revealed a
m'iuch Ircrea--d tendency to "flash" and no apparent con.trol bT ezplosiv
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quenchiing. A "go. no-go" relationship was found with aluminumn devices
(figure ZZ. appendix). Howevar, when chemical analyses revealed relatively
low amou±nts of decomposition pa~oducts and when a water-filled aluminum
unit "flashed," ihe technique of flash detection by recorelng vi sihle light
biecame svispect. As yet, the source of this visible USIgAt with aluminum
devices. Las not beer determined.* Oiiie hypothesis is that flashing is burning
of incomnpletely biarned gases from the explosive. Thimi would explain the

flashing of a water-fil~ed unit. Aloec, it musý Zollow that the propertieb. of
dissermuation from aluminum devices are sufficiently differen~t, frm the
multit.ude of combimations of other materials teated, to provide the mixing

'with air, or other environment favorable to ignition and burning of these*

explosive gases.

C. (C) Shock-Wave Behavior.

C'nre aspect of the explosive liquid phenomena, being investigated
under contruct by the Poulter Laboratories o'f the Stanford Regearch Instituto.
is the effect of the casing material and wall thickness on the piee sure rare-
:action process at the liqutid-casing% interface .-5 F~gures Z3 and 24 (appendix),
w.~ken from the contractor's report, show the flow In the u-p plane resulting
from a Z5. 000 atmosphere (25 kilobars (kb)) incid 'it shock in water, with
irkon and a'uminurn %.auings. The interface pressure is reduced to 5 kb in
14 rarefactions witb iron and 6 rarefactions with aluiviinum. The time
to reduce the interface pr-insuze is given '.)y the following relationship:

where
N a number of rarefactions to re-ch desired pressure

D rthickness of casin; wall

Cxspeed of round in the casing material (dependent uponI
the "state".of the material)

The upper and lower limits of timne for the rarea'action process to
red-ice the interface pressure from 15 kb to 5 kb indic.,Ate that the casing
material id much more significant than the incident ashock strength.

S.. U) Stazford Research Institute. Contract DA-18-108-CML-SSI0, Progress
Report lExplosive Dissemination of Liquid Agents. I December 1956.

ir CO!U
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(C) rable?7

Incident Shock

Shock
Linterface materias pressure 4t/1

kb tsEtc/cm

'Water ciron 1I1N 104

Watpr aluminum 25 3S -. 39

Water -iron 5o 115 - 121.

Water -aluminum s0 39 - 46,

D. () Particle-S-ze Measurement.

The theoretical calculation of particle-size distribution from the
a'-rosol decay curves has been u~nsuccessful thus far. It is doubtf ul if true
"tirred" or "tranquil" settling coxnditiG~is can ba achieved in the chamber;

.also. there Is no way of knowing what proportion cf the original bomb fillU
cantributes to the aertsol decay from tinie zero and what part Is groat
suAash and does not affect later aerosol recoveries. Dcay curves are
plotted with recovery as a percentage of original Uwhen theoretically it
should be piercentage of o~riginal aerosol cloud.

,A ~ Particle-size measurements rhowing the relationship of mass
median diameter versus percentage of agent recovery at 10 minutes are.
w hown in figure 25 (appendix). The spread of the results with rubber bombs
and with the urnit that "flashed" suggests that different particle-size distribu-
tions are present to give higher recovery vgilues for the same mass mnedian
diameter value.

V1. (C) CONCLUSIONS.(

No conclusions are attempted at this stage of the investigation.
Continued chamber investigations arc required into the mechainismns which
apparently atake: (1) thic%-walled devices more efficient than thini-walled
devices, (Z) Baratol more efficient titan Composition C-3 or Tetrytol as
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a~n explosive, and ()lined devices more efficient than unlined devices. The
*finformation. obtained., with corroboratinq field tests, should provide guide.

lines to munition. design which will inhance munition efficiency significantly.'
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APPENDIXC

* flAWINQS. GRAPHS, AND PH40TOGRAPHS

Figure 1, Flashing Characteristics

Fig~are Z, Effzct of Cas ing Wall Thickness on Airborne Recovery

*Figure 3. Predicted Recovery of Steel Bombs

Figure 4. Airborne Recovery at Ten Minutes

lrTg-zwe 5, Airborne Recovery at Ten Minutes

Figure £.Airborne Recovery at Ten Minutes

Figure 7.Airaorne'Recovery at Ten Minutes

Figure S. Airborne Recovery at Ten Minutes

* Figure 9. Airborne Recovery at Ten Minutes

figure 10.Arborn Recovery at Ten 'M:inutes ca

Figre . Efec ofCasing hcnsonArolDay

Figure 12, Fragments From Various T~hickness Steel Casizs

Figure 13. Jetting Characteristics

Figure 14, Rubber Devices

Figure 15. Airborne Recovery at Ten MinutesFigue 1. Aibore Rcnv ry t Te Miute
Figure 16. Airborne Recovery at Ten Minutes

Figure 18, Effect oi Wall T hickn ess on Flashing'of Alum Inum Bombs

*Figure 20, Effect of Length/DiMameter on Aerosol Decovey e iue

Figure 19, Effect of Length/D)iameter on Aerosol Recoaey ~ e ue
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Figure 21I' Rcprodu.cibi~ity of Test Techniquo

Figure 22,' Flash Characteristics of Aluminumn Bomnbs

Figure 23, Shock Decay Characteristics

Fgure 24, Shock Decay Characteristics

Figure 25. Relationship Between Aerosol M. M. D. and Chamber Recovery

~r>. -
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FIGURE1
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Liffet of Wall Thlciaieff ou Flashlng o _ nlri ob

- .A .0650 casing bomb.

- A .1250 casUl.g bomb.

A .2500 cast.ng bomb.
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