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ABSTELTY

Ei?his report covers the experimental work and servics %csts
porfrrmed in the development of the False Target Shell (FTS)
Merk T. This device, on ejection from a submarine, is de-
signed to generate a bubble cloud serving as a false targetb
for submarine echo-ranging attack. It is suitable for train-
ing of eo-:.d opevrators as well as for submarine evasion.ﬁr

inforration rI'rom the Cormmanding 0fficer of the USS SEMME§‘~
corcerning the deep water tests of the False Target Shell at
Portsmouth, M. H. on April 17, 1943 arrived after publication
of this rarport. Thls information (1. Bibliography} ccncurs
with that glven in the rewort.

Successiul prosecution of this probler was made possible by
the cooperation of officers end civilians of the Sound Divi-
sion,



AUTUNRIZATION

1. The

nrcblem was authorized bv EBureau of Ships letter

C-82/416~%(375) serial 012-1[}-10 dated December 12, 19L2 under
rroject Order» 153/h3. pther references are:

(a)

(b}
(c)
(a)
(e)

(£)
(g)

(h)
(1)

Memorandum Chief of BuSkips to COMIINCH, ¢-S63/sS,
dated Aug. L, 1942, orig. file C-SS/A16-3(3L0)
Lerial 065-13

upkav to BuShips, S-EF30, dated aug. 7, 1942,
orig. file Op-16-F-9(SC)A8-2/EF30 Serial 01962316
Plans of Submarine Emergency Identification Signsil
Eiector, E. B, 0o. Dr. No. 1763%-22 to 1763-25
Ordnance Parivhlet Wo. 725, Ships Pyrotechnics,
August, 1937

Internal Renort No. 100, Pillenwerfer Design,
orig. file C-EFl%-(1l) Serial 01203%171. ¥AA London
Report No. A929-l2 of wov. 16, 19L2.

Phil. Mag., 19, 11L7-1151(1935)

NDRC Report cl-sr20-326, dated 10/22/l12, NRL

file ¢-EZ1/6

NDRC Report 6.1sr31-1137, dated 2/18/l2, NRL file
C-EZ1/6.1

RuOrd. 1ltr. to ¥.0.L. Myd, Wash., Orig. file
873-1(7), Rele Serial 02-3%-9, dated 2/2/L3,

MRL file C-3568/s3

Buships ltr, to BuoOrd., Orig. file ©-8S/A16-3(330)
dated 2/2%/13, NRL file ¢-368/s3

STATEMENT OF THE PROBLEM

2, The

development of suitable materials to be discharged

from a submerged submarine to generate a bubble screen creating
8 false target with echo ranging cdevices. The following re-
quirerientes (Reference (a)) were considered essential to the
bubble screen generator:

(e)
(b)
(c)
(d)
(e)

(f)
(8)

COIMFIDENTIAL

Generation of a cloud of srall bubbles
rather than a vertical stream.

A delay in bubble discharge of about
three ninutes.

Safety in storage and handling while

in readiness for discharging.

Bubble screen should persist for

three to filve minutes,

Discharged material evolving gas should
have a slight negative buoyancy.
Material must be commercially availatle.
Device must be suitable for discharge
fror: the "Submarine Erergency Identifi-
cation Sigrnal Ejcclor”.
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INOWN FACTS OM THE PROELEM

3. The Germans have sucg¢esgfully developed and put into
active use a hubble screen generator technically known as
"S-cerat Vertilger" (Asdic obliterator) or more popularly as
"Pillenverfer" (Pillthrower). (See Plate 1.) The apparatus is
esgentially an elector for discharging chemical pellets which
generate a cloud of gus bubbleg thersby giving false echoes to
surface echo-ranging anti-submarine craft. The "Pillenwerfer"
consists of a cylinder aprnroximately 20" long and 3.2" in
outside diameter with 0.6" wall thickness, containing a loose-~
fitting piston operated by a niston rod which passes through a
packing gland in the breech of the cylinder. The outboard end
of the cylinder projects s few inches from the hull and 1is
covered by a pressure cap controlled by a handwheel., WwWaler and
air valves are provided for flooding and draining the tube.
Operation of the "Pillenwerfer" 1s very simple:

With the outer cap closed, the breech

is orenesd snd the bubble generating

pellets inserted in the tube. The zir

release valve 1s then opened and water

is admitted through the water inlet

valve until it 1s seen to emerge from

the air release valve, both valves are

then closed, the outer cap ls onened,

and the pellets are discherged by

pushing the ejector rod forward. The

cap 1s "hen closed and the water drained

from the tube in readiness for another

loading.
The pellets are of unknown composition, cvlindrical in shape
and about 1-1/2" in dismeter and %-1/2" long. It is belleved
that the vpills do not reach their full intensity of gas evolu-
tion until about two minutes after discharge snd then last about
six minutes. More complete information concerning this device
may be [found in Reference (b).

L. fhile the German plll ejector was especlally designed
for that purpose, any bubble screen generator developed at the
Ieboratory must be suitable for discharge from the Submarine
Emergency JIdentification 3ignal Ejector. Plans of the ejector
for submarines 88198 to 200 vwere obtained, Refercence (¢). This
ejector 1s desipgned to iire by ailr pressure a signal shell.
Unlike the Cerman "Pillenwerfer" the barrel is built in btwo
secticne with & space in hetween the barrels for a muzzle
closing mechanism of the swinging gate typse. This gap tetween
the barrele ie 2-%/3" long and L™ in diameter. A nellet smaller
than 2-3/3" mirht fall into this onening while one only slightly
lorger might jam in the barrel. The Mark II Mod. 2 Submarins
wmergency Identificetion Signal (Reference (d)) used in this
eisctor is an ogival headed tube 18-1/2" long and 3" in diam-
eter expelled in 1ts entirety from the submarine, As the signsl

COWFIDENTIAL -2 -




leaves the ejector, a tripping lever 1s raised by contact with
& lug in the ejector, thereby cocking and releasing a firing
ham.¢ » which strikes and fires a primer igniting a time fuze.
The faze burns for approximatelv 25 seconds and ignites an ex-
nelling charge of black powder which ejects the signal from the
case,

THEORETICAT. CONSIDFRATIONS

5 The study of bubble and wake phenomena 1is at present
in progress at a number of laboratories, A complete picture of
the quantitative relations involved has not as yet been attained.
Information is here presented from outside reports merely to give
an idea as to the order of magnitude of the factors involved cnd
does not represent an attempt to evaluate or analyze the data.
The reflection of sound by bubbles is critical with bubble size.
In Table I (Reference (e)) are glven volumes of gas at a hydro-
static pressure of one atmosphere required for various bubble
sizes to simulate an equivalent spherical target cf 100 meter
diameter with an echo ranging freauency of 20 kilocycles/second.

Table I -
Diameter of each bubble Total volume of gas required

0.010 cm. Q000 liters

0.020 750

0.03%0 50

0.022 2.5

0.040 75

0.060 750

0.200 hooo

The small volume of gas reanired for bubbles of diameter

0.03%2 cm, 1s accounted for by the fact that bubbles of this
diameter resonate to a freaquency of 20Kc/scc. Bubbles of diame
eter other than this resonating size require a much larger volume
of gas to nroduce the zame effect with a given freaquency, The
relation between bubble dlamreter and frecuency for resonant con-
ditions at a hyvdrostatic nressure of one atmosphere is given by

6110
Frequency = =--—=---m-ceccocamcaaeaa- (1)
Bubble diasmeter in cms.,

6. However, resonant frequency varies also with pressure
or depth of water. WNeglecting surface tension effects which are
srmall with bubbles of the size under consideration, -the variation
of rescnant frequency with preszure ls shown by eauation (2)
refercnce {f). Equation (1) was oblulned from this expression by
grouwnirg of constants.

CONF IDLNTIAL - % -
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Freaquency = 1 Y’ﬁa; (2)
Zr r d

Where r is the radius of the bubble, ¥ is the ratio of the svecif-
ic heats of the gas at consbant oreszsure and constant volume, P

is the hvdrestatic oressco~e on the bubble, and d is the density
of the water. Assuming a frequency of 20 Kc/se~., the variatilon
of resonant vubble size with pressure may be determired as listed
in Table II.

Table II
Diameter of Bubble nepth of Water
U. U9 om., 0 feet
0.072 — 50
0.069 100
0,101 150
C.112 200
O.lﬁ? %00
0.145 Loo

To cover the frequency range of 18 to 32 X¢/sec. at atmospheric
pressure, bubble sizes varying from 0.020 to 0,057 cm. would be

reguired; to cover the same frecuencies at a 40D ft. deoth bubble
dlametere of 0.091 to 0.161 em. would be necessary.

T persistence or duration of bubbles is denendent unon
their rete of rilse and initial depth and also uvon their rate of
solution. Rate of rise »f air bubbles varies with bubble size
as szhown in Teble III. The values given in the table below were
taken {ror data given by Pekeris (Refevence (g)).

Table TII
Bubble Diameter Rate of Rlse
in Centimeters in cma/sec.,
0,010 U0
0,020 1.2
0.030 2.3
0,040 3,6
0.060 6.6
0,100 13.0
0.200 27.0
0. 300 27.0
1.000 2h.o
2.000 31,0

It is readily seen that the velociiy of the bubbles increases
markedly with diameicr until a aismeter of 0.200 ems. is reached
from which point the wvelocitvy is relatively conetant at 27.0
centireters per second. ‘

o IDNNTIAL -l -



8. 4 study ~f ths solution rate of ailr bubbles in water
at varlous pressures has been wade by Wyman (Rsference (h)).
Except for a slightly faster initial rste, it was found that the
rate of shrinkage of air hubbles 1n & gilven deoth of water was
linear with time vithin the size range of interest to this re-
nort. Further, the rate of solution was found to increase with
hydrostatic pressure or denth until a limiting value was reached
at 15-20 meters (50-65 feet) as shown in Table IV.

Table IV
Depth of Water Bubble Dimmeler Time %to Decrease
in Meters Decrease in ems/sec. Bubble Dlam. 0.01 em.
5 o x 107 125 seconds
10 11 93
20 15 66
50 13 66
100 1 57
200 18 5l

The rate of solution of bubbles in water is governed by the
solubiiity of the gas, the thickness of the gas liquid shell
boundary, rate of diffusion of the gas through this boundary,
hydrostatic pressure, and nartial pressure of the gas in the
water, A rough idea of the order or magnitude of ratcs of
solution may be obtained from the scolubllities of gases in water
as glven in Table V. The solubilities are In unit velume of gas
dissolved in unit volume of water at 25°C and atmospheric pres-
sure, '

Table V

Gas vol/volume
Nitrogen ‘
Alr 0,0171
Hydrogen 0,0175
DxXvgen 0.0283%
Methane 0.03%01
Phosphine 0.20
Carbon Dioxide 0.759
Acetvlens 0.9%
Armonia 630.0

9, Possibhle methods of generating bubbles considered
vere:

1. NMechanlcal
{(a) Discharge of cylinders containing
compressed gas.
(b} Discharge of fluid directly from
submarine
{1) Spray gun and wetting agent
{2) Discharge of liquld sclvent
containing gas
(3) Compressed gas through porous
plates

2. Chemical
(a) Discharge of a chemical to generate
gas on water contact.

G MPTDEMTIAL -5



All of the above methods are feasible and the advantages and
disadvantages of each were weighed.

10. Acting on the premise that 6 cu.ft. of bubbles of
the proper size would give a good echo comnarable to that of a
submarine, this amount of gas could be compressed into an alumi-
nuri cylinder under 1800 1bs,. nressure having a weisht filled of
anproximately 1300 grams and an outside volume of 1950 cc. To
have a slightly negative tuoyancy with this volume the cylinder
could weigh 2030 grems, or a difference of 730 grams. If added
exterior parts were of aluminum or other materiel of similar
density their weight could be 1180 grams (2.6 1bs.) and still
maintsin a density only slightly higher than sea water ( i.e. -
1.0l g/cc.). From this 2.6 1bs. of aluminum would have to be
designed, a Jdischarge device, delay mechanism, hvdrostatic nres-
sure control, aud elither u vorous plate or nozzle for producing
srall bubbles. 1In addition to this a special high nressure
crlinder suitable for discharge from the submarine signal ejector
would have to be made., In view of the difficulties involved and
since by chemical methods the yield ¢of gas with the same weight
and volume restrictions could be irproved br a factor of ten, the
use of compressed cylirnders was discarded pending work on chem-
ical units.

11l. The discharge of bubbles or bubble generating fluids
from the submarine offers the easi.:: method of contrel, but
lacks the important element »f delay. Comnressed gas from
cyiinders could be forced through a nozzle or a spray gun with
waler through a sslvage connection on the submarine to generate
bu¥bles. Pogsibly very fine bubbles of controlled size could be
generated bv the use of a spray gun with a wetting agent. The
third fluid discharge type 1s the discharge of a liquid contain-
ing a large volume of dissolved gas which 1s less soluble iIn sea
vater than in the solvent liquid. For exarmnle, acetone at 15°C
and atmospheric pressure will dissolve 25 times its volume of
acetvlene and at 180 lbs. pressure it will dissolve 300 times its
orn volume. These three methods were eliminated as they lacked
the necessary reguirement of delaved actilon.

EXPERIIENTAL

12, Preliminary tests of a consultative nature before
argignment of the problem to the Laboratory are summarized in
Apvendix ¥. From a review of the chemical literature the com-
pounds listecd in Table VI below were selected for a more detailed
study.

Table VI
cc, of cu.ft, of cu,ft. of
Com- Mol. Gas Gas/g. scas/lb.of Density pDensity Gas/cu.ft.

pound Wt, Evolved of Cmpd. Compound ./ec. 1b/cu,ft. of Cmpd.

CaCx 6li.1l CzHa ﬁ50 5.00 . 1 8:@ 776
A1.C., 1h3.9 ©CHa 67 7.18 2.%6 147.3 1102
Nan aﬁ.o Hz 9%3 1l.95 0.92 57.L 859
CaH, 2.1 gHs 1065 17.07 1.go 106.1 1810
Lig 8.0 H 2819 115,10 0.62 51.2 2306
K20, 1h2.2 3%/2 0z 236 %.78 1.0 62.% 236
COFPIDEHTIAL -6 -



The compounds selected for investigation were chosen on the
basis of volume of gas relessed, solubility of the gas in water,
fire or other hazards incident to the chemical and pgas penerated
and availabilijity of the chemical, Laboratory tests were.con-
ducted on a number of other chermicals such as calcium phosphide
and COp producing mixtures of the "alka-seltzer" tyoe, 1.e.
bicarbonate and s dry organic acid.

13. It wlll %e noticed that no comrpounds liberating
nitrogen are found in Table VI, ¥Nitrogen would be an ideal gas
to generats Lecause of its ssfety and low solubility in water.
However, comnounds releasling nitrogen were unsuitable for the
task due to their exnlosive nature or inability to evolve gas
except under special conditions, for examnle, alkali azides or
ammonium nitrite. Sodium hydride was discarded because of 1its
high rete of resction, Even with a coating of 01l 1t had a
tendency to ignite uvon contact with water. Aluminum carbide
wag eliminated without a real test of its properties. A poor
sample of aluminum caritide was obtained which gave only a feeble
reaction with water and dilute acids. Attemots at purification
did not improve its performance, 7The Alw:inum Co. of America
informed the Laboratory thst there was no known manufacturer
of aluminum carbide im the U. 8., and that the compound was
difficult and costly to prepare and had been made in laboratory
auantities for research purnoserc only.

ili. pPreliminary testing of calcium hydride, llithium
hydri<a, calcium carbide, and potassium tetroxide indicated that
all of these materials would give fine bubbles of gas fairly
efficiently. if generated fror small particles (l}~30 mesh). Fine
partlcles of these chemicals react in a matter of seconds and it

was felt that the chemlcal should react as long as the duration
" of echo desired, 1l.e. three to five minutes. This premise was
later substantiated by sound tests in the Potomac River of
finely divided {30 mesh) LiH and CaHs, These hydrides were re-
leased in 25 feet of water and reacted nearly instantaneously
glving rise to a depth charpe affect in that the bubbles col-
lected and rose en marge to give a surface geyser. A verv poor
echo was obtained. This method of testing small particles was
not the optimum since there »ars a limited amount of dispersion.
Eifective dispereion wvould e still another nroblem. However,
a second requirement must be ret in that the chemical zhould not
come to the surface of the water. Particles of calciur carbide
about 1/L" to 1/2" in diameter will bubble if submerged for
approximately three minutes, but on release they will sink in
water due to thelr high density (2.2g/cc) until the bubbling
rate increases when they will rise at a rapnid speed due to
dynamic action of the tubbling. JCaleium hydride rises at an
even more ravid rate because of 1its lower density {1l.7g/cc) and
faster reactlon velocity. Tithium hvdridc and potassium tet-
roxide have densities less than that of vater, and will flosat
on the surface osnd react, or if released submerged they will
rise very rapidly. This meant that large nellets of material
of controlled effective density (l.e. of slipghtly negative

CONFIDEHTIAL -7 -




buoyancy during the course of reaction) would have to be prepared
in such a way that smaller psriticles would break off from the
larger mellet and react. The effective density varies with each
materiasl demending on its density, surface area exnased, and rate
of reaction. Rather than study these factors for each of the
four chemicals it was decided to eliminate all but one material.

1%. Sound tests {Avpendix I) indicated that at this stape
of develonment lithium hvdride held more promise of successful
results as far as echo reanonse was concerned than calcium car-
bide or notassiuv tetroxide.. With this fact in mind the ad-
vantage and disadvantages of each material were concidered as
compared with lithium hydride. Potascium tetroxide was the only
one of the tour materials generating a safe gas, oxvgen. The
potential danger of the free potassium tetroxide was consldercd
as Zreai as the nossible premature release of acetylene or hy-
drogen irvor the other chemicals. Furtherrore, potsssium tetrox-
ide wresented resl difficulties in that very few materials could
be sately compounded witia it to control its effective density.
Some atter pts were made along this line using pressed pellets of
salt and potassiur, tetroxide and coating individual pellets with
inert raterlals, but in view of the difficulties presented in
this regard and the poor volume of gas produced by Kz04 relative
to the other chericals, it was decided to temmorarily dlscard
potassium tetroxide.

16. Finer bubbles are generated vwhen only a single surface.
of a pellet is exposed to the action of water., If the vellet is
comnletely exnosed, bubbles renerated from the bottom and slides
tend to collect and form laree bubbles rather than the desired
fine bubhles. Calcium carbide cives an insufficient volume of
bubbles under these conditions to counteract its hirh density
and give the vpellet effective density near that of sea water and
still waintain bubbling for a three to five minute neriod. Cal-
ciur carhide hae distinct sdvertsge in its low cost of 6 cents
per pourd, but the srall volure of acetylene genersated per pound,
the hieh solubility of acetvlene in water and noor effective
density charscteristics of the chemical outweighed this advantage.
Tt should be mentioned that if an ejector of the German Pillen-
werfer tvpe were available in which large ouantities of bulk
chemical without a special ejectlon conteiner is used, calcium
carhide would merit consideration because of itc cheapness.

17. Both acetylene and hydrogen would be unsale 1if re-
leased in large volume In a submarine. The inflammalle limits
of acetylene in air are 2.5 to 2% acetylene while the inflam-
mable limits of hydrogen in &ir are 4.1 to 75% hydrogen. The
use of hydrogen generating chericals ie relatively safe in that
the volume gencrated by unit cirearge is small in commarison with
the volume of the sabrarine. If con-itions weres such that one
bubble cherpe completclv reacted and liberated 60 cu. ft, of
hydrogen the percertage of hvdrogen in a csubmarine of 30,000
an. Pt. vould onlv be 3.2¢; it would takc the complete reaction
of twenty such charges to rrach the lower limit of inflammability

of hvdregen,
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18. TLithium hydride was selected in nreference to calcium
hvdride, since lithium hvdride liberates a larger volume of gas,
has a lowrr denelity (allowing more leewav for effective density
adjustmenie) and is wore stable under atmospheric conditions.
Over short reriods of time calcium hvdride will comnletely decom-
pose on exnosure to the atmosphere while l1lithium hydride is sta-
ble under the same treatmeni. Lithium hydride cost the Labora-
Cory 415.00 per pound while calcium hydride cost #10.00 per pound;
tiils discrepancy in price is more than outweighed by the fact
that per pound lithium hydride liberates over 2:5 timeeg the vol-
ume of hydrogen liberated by calcium hydride.

1. Tests were performed on lithium hydride with the view
of developing pellets of slighlly negative buoyancy that would
liberate {ine bubbles [or three to five minutes. Paraffin was
found to be an ideal bLinder in that it was non-reactive and
aliowed particles of iithium hydride to leave the surface of the
pellet and react. Watural waxes such as beeswax, carnauba, and
ceresin were used but found later to rezct on storage with the
lithiwn hydride. For laboratory tests visual observation was
made of 1" x 1" cylindrical nellets made by a hvdraulic pressing
at various p.s.i. in a steel dle. Paraffin was first tried as a
binder for the lithiur hvdride, being mixed slightlv ahove the
melting point of the paraffin and alloved to cool before pressing.
The effect of mech size on time of reaction was measured to 1limit
the number of variables involwved. Using nellete of 70% lithium
hydride and %04 paraffin of mcliing point 57°C, it was found that
lithium hvdride over the range of U. S. Standard mesh sizes 6-10,
10-290, 20~%0, and smaller than %0 mesh, the upeed of resction
varied by only 15%. BPBubble size was about the same with the
different mesh sizes. As a result of this test lithium hydride
%round to the approximate mesh analysls given below was used in

ests,

Mesh Analysils

Mesh Size  Screen Opening in Inches % of Total by Weight

3 - % 0.187 - 0,250 1.0
L - 0.1% - 0,187 8.0
6 -~ 8 0.09L - 0.1%2 1g.u
8 ~ 10 0.079 - 0.094 .2
10 -~ 20 0.0%3% - 0,079 31.8
20 ~ 30 . 0.023% - 0.033 7.
%0 0,000 - 0,023 26,2

Seventv percent lithiwr hydride and thirty percent paraffin was
selected as this mixture may be easily and uniformly made in
small batches., Higher or lower paraffin content with this mesh
size tends to produce non-uniform rixtures.

20. The effect of water temperature on the speed of re-~

action was found to be negligible for a psllet composed of
509 lithium hydride and 50% paraffin wax of melting noint 135°F.
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This high percentage of paraffin was used to accentuate any vem-
verature differential in rates that might exist due to paraffin
as lithium hydride alone reacted uniformly over the temperature
range concerned., From an average of six determinations it was
found that a 1" x 1" cylindrical pellet reacted 309 faster at
85°F than at 53°F. The mistaken assumption was made that in
general the paraffin mixed pellets would react faster at high
temperatures than at low tempneratures. This was true for the
varticular csse tried, a high percentage of low melting paraffin,
but was not true for small percentages of paraffin. This erro-
reous assumption led to difficulties In later tests.

21. TLarger pellets aponroximating the expected slze for
Service use were prepared by pressing material in a 2-7/8" diam-
eter cylindrical dic. Pellets were composed of 161 grams of
1ithium hvdride and 63 grams of paraffin {M.P. 132°F) compounded
while hot {(90°C) and stirred untll cool. This mixture pressed
in the die at 3100 p.s,i. formed a pellet 2-7/8" in diameter and
2-13/16" high. The pellet was then sesled into a 28 gauge gal-
vanized iron cup 2-29/%32" inside diameter and 3" in body height
containing 20 grams of hot paraffin and a 35 gram lead welght.
Total weipht was 375 grams with a volume of 325 ce glving a
density of 1,15 grams per cc. With a density less than this the
pellet «ill surface from 20 feet of water, the Potomse River
denth used in testing. nrough the cooperation of the Sound
Division of the Laboratory two groups of six vpellets each were
tested and found to glve echoes of good guality and intensity at
a 00 yard range (Appendix II). Echoes vere obtained over a
thirteen minute period. Normally at the temperature of test,
59°F, each pellet would react for 7 minutes, but each pellet had
8 delay element of a single sheet of #L1 whitman Filter paper
sealed to the edges of each pellet. These same pellets were
tested in the Potomac River in 70 feet of water at Morgantown
by the Sound Division. Good echoes were obtained at 1200 yards
and fair cchoes at 2000 yards using these pellets with the :
filter vapers removed.

22. Originalily, in conformity vwilth the problem recuirements,
it was felt necessary to have each pellet delay its discharge
about three minutes. Vsrizus methods of delay were tried - cloth
and paper coverings of various types vith and without impregna-
tion with wetting agents, coatings of mixed water reactive and
non-reactive chemicals, coating of fused and pressed water solu-
ble salts. The delay time in paper coverings was governed not
by the time of water diffusion but by the tensile strength of
the material; weter would diffuse through the parer and react
»ith Lhs chemlcal threreby generating gas vhich would balloon up
the waper covering preventing entrance of more water. The pel-
let would only initiate actlon when a break in the paper occurred.
paper strength in the same lot varied too wildely to make this
method useful. The same effect occurred »ith cloth coverings the
only difference being that action was initiated vhen the cloth
left the surface of the pellet, Lhat is when the gas pressure
became sufficiently strong to break the binding edge between the
pellet and cloth. Ordinarily with cloth coatings water vas

COVFIDENTIAL - 10 -



admitted only sufficient to eaqualize the gas pressure underneath
the cloth and the hydrostatic pressure of the water, then further
action stopped. Reactive coatings varied too greatly over the
teriperature range involved., A layer of dried =sodium chloride
pressed over the exnosed lithium hydride surface was found to be
fairly satisfactory. The solubllity of sodium chloride in water
varies only slightly from 32°F to 90°F, Delay time could be con-
trolled by variations in mesh size and pressure. A delav element
of this type would be difficult to manufacture and control. With
all types of delay the vellet would undergo a high rate of free
fall in water until bubbling started to decrease its effective
density, unless a float detachable on initiation of reaction were
incorvorated. However, sound tests of lithium hydride-paraffin
oellets indicatcd avproximately two minutes delay in developing
the false target was inherent in the pellets. This delay was
sald to be sufficiently long and work was started on expurimental
units,

22. Por comrerclal manufacture it would be cumbersome and
time~-consuring to press chemical pellets and then seal them into
metal cups. For this reason,; it was decided to use seamless
dravn cups and make dles to accommodate cups and material and
prese the pellets directly into the cups. (Can manufacturers
were contracted and the standard size nearest the dimensions
desired was selected. The American Can Co., 183hL Claybhourne Ave.,
Chicago, Illinols, supplied sramless drawn cuns (Plate 2 alsoc
Plate 1, Apnendix IIT) of tin nlated black iron 2-25/32" outside
diameter and 1-7/8" bcdy heipht and weighing 35 grams + 2. Steel
dies (Figure 1 of Appendix III) were made in the Laboratory
machine shop to accommodate these cups and the material for the
preseing operation., Paraffin of melting point 1L5°F was ob-
tained from the Standard 01l Co. of New Jersev. The lithium
hydride purchaced from Maywood Chemicasl Co., Maywood, N. J.,
analyzed about 974 lithium hydride. Material previously used
was furnished by the Lithalloyv Co. of New York City and analvzed
only 78% lithium hydride., Test wellete prenared by nressing
140 grems of 72¢ lithium hydvide and 22¢ naraffin in a metal cup
with a O gram lead weight added, reacted for 5-1/2 minutes at
3L°P. Six of thesc chemical~containing cups were loasded into a
I'ark II Mod. 2 Sublwarine Emergency Identification Sicnal case
with suitable packing as shown in Plate 1 of Anpendix IIT. Three
of these False Target Shells were tested by the Sound Division.
The units vere discharged frox an open bost in the Potomac River
at ranges li0O0 - 550 yards from the cound ecuipment. ERach shell
gave excellent echoes lasting 5 to 6 minutes.

23. Twenty-~four signal cases were loaded with chemical
pellets as above described with the exception that a 35 gram
lead weight was used instead of a 10 gram lead weight. These
"malse Target Shells" were Lesteu at Key weet on Dec. 31, 1942,
the submarine R-1l. and destroyer NOA cooperating (Appendices
Iv end V). Echoes from the chemical pellets varied from test to
test in nuality and in intensity although in some cases excellent
comnarison echoes were obtained. Test results on the whole were
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encouraging with certain modifications of the "Fglse Target
Shell" indicated as necessary. Reaction time of the pellet
was too long as indicated by visual obeervation through the
rer’acope. Size or time of expelling charge should be altered
to reduce the noise volume. Poselble surface observation of
the alr discharge of the signal ejector was noted as a disad-
vantage. This might possibly be remedisd by water discharge
from an auxiliary cvank with air. 1In this connection it was
noted that the "False Target Shell" barely cleared the muzzle
of" the ejector under 100 1b. air pressure., This shell had a
volume of 1920 cc and weighed 2250 grams or a density of

1,17 g/cc. The eoverall weight should be dropped for this reason
as well as to decrease the rate of fall during the 25 second
period between ejection and time of pellet discharge.

2L, studies were initiated to overcome these disadvantsages,
The PBureau of Ordnance suthorized the Waval Ordnance Laboratory,
Washington Navy Yard to work on the development of expelling
charres of lower noise level (Reference (i)). The most import-
ant factor brought to light was the length of time for reaction
of the pellet. It was felt that this was the primary cause of
not obtaining better echocs, Tests were made of the varilation
in reaction time of lithium hydride-paraffin nellets with per-
centage of naraffin, paraffins of different melting noint, and
hydraulic pressure used in pressing the material into the metal
cup container, These results are shown in grarhical form in
Plates 3% and L. It will be noticed that correspondence between
similar points on different graphs is not too good. Although
these points in most cases represent averages of two or more
pellets individual variations due to mixing in small batches
causes cuite wlde variations. However, these granhs indicated
that 307 "gulfwax", M.P. 125 - 127°F and 704 lithium hydride
pressed at a pressure of ljh00 p.s.i. would be suitable with a
reaction time of about three to seven minutes dependent upon
water temperature.

25. The modified chemical loading resulting in a weight
saving of sbout lj5 grams in the total weight of the shell. Fur-
ther reductions in wei ht were effecicd by lightening the pack-
ing and by replacing the bras:s nut holding the base assembly to
the tute by ap sluminum nut., Shell weight was reduced from
2250 grams [1.96 1bs.) and a density of 1.17 g/cc to 2065 grams
(.55 1bs.) and a dencitv of 1.075 g/ce. Effective weight in
sea vater of density 1.025 g/cc was 95 grams or approximately
one fifth of a pound. Twenty-five PTS with the above modifica-
tions were prepared at the Laboratory and tested at New London,
Conn, (Arovendix VI and VII). Tests were conducted by the USS
SEM'ES (AG2l) and the USS CACHALOT (US3170). Excellent echoes
of the same nuality snd intensity as the submarine were obtained.
Differenttation of the echoes c0:ld be made by a Trained sound
onerstor trough the Doppler effect i.e. change in freaquency
of the eclio due tn the motion of the echo-ranged target, the
bubbles having no moticn gave no change in nitch to the scho.
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In the particular case where the submarine target angle is 90°
the submarine has no Doppler and bubble echo and submarines

are Indistinguishable. Evasion runs demonstrated that in the
cese where two or more FTS are fired it was possible to confuse
the target trace recorder operator although the sound opsrator
was not fooled. The shell was found to be still slightly heavy
aa evidenced by the fact that a few fired on the after deck
after ejection from the suhwmarine.

26. All oreliminarv tests indicated that the noise level of
the black powder expelling charge in the FTS was too high, Mr,
S. P. Lewis, Ordnance Engineer of the Naval Ordnance Laboratery,

Wachington Navy Yard, vorepared a number of expelling charges of
smckeless powder, These charges were sonically tested at New
London, Conn. (Appendix VIII). The use of reduced charges of
smolkteless powder gave a marked reduction in sound intensity of
the expelling exnlosion.

27. 1In accordance with Refercnces (1) and (j), the Naval
Ordnance Laboratory furnished the Naval Research Laboratory
with 50 shell cases and modified expelling charges for chemical
loading. Twenty-five of these shell cases were loaded as pre-
viously and twenty-five were loaded with the chemical mixture
to which 1% Aerocsol 08 by weight had been adaed. The addition
of the wetting agent, Aerosol, was found to imorove bubble size
and in addition to give more uniform reasction time over a temper-
ature range., A complete descrintlion of method of manufacture is
given in Appendix III. These shells were tested in corjunction
with the deep submergencc dive of the USS BALAO (SS285) off
portamouth, N, H. (Appendix IX). PTS fired at a depth of 300
feet gave excellent echoes persisting for ten minutes.

PRESLUT STATUS OF THE PROBLEM

28. Because of the freauency of derangements reported for
the present ejector, the Portsmouth Navy Yard, Portsmouth, N. H..,
has undertaken design of a8 new ejector. This gun will be of an
airlesu ejection type.

23. The Bureau of Ordnance has agreed to handle manufacture
of FTS. Specifications have been drawn up and a manufacturer
contacted. It is expected to manufacture initially 3800 shells
to be furnished to anti-submarine warfare urnits and sound schools
for training purnores and to amrunition denots and submarine
bases for those submarine cormanders who wish to use them. A
confidential supnlerent to Ordnance Pamphlet 725 ""Ships Pyvro-
techanlcs" on use, methed of firing, safety precautions, and
storage of PTS has been nrepared by the Laboratorv.

RTBLICGRAPHY - Informstion bearing on this renort.

1. USS SEVMMES to WRL, C-868/ss, dated way 17, 19L3. orig.
rile pg2l/s68/(027). TInformation on deep waber tests of
FT8 at Portsmouth, N. H., on Anril 27, 19h3.

2. Ordnance Specification Mo. 2711. @Governing manufacture of
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10.

11.

12.

13,

15,
16.

17.
18.

19.

20.

21.

False Target Shell Mark I, dated June 9, 1943.

Memorandum to NRL, c-868/8s(l52), dated May 15, 1943,
Information on preparation of False Target Shells at NRL.
Wemorandum to NRL, C-S68/ss(L52), dated May 3, 1943.

Deop water sound tests of False Target Shell at Portsmouth,
N. He on April 27, 1943,

Memorandum to NRL, ¢-S68/ss(L52), dated march 29, 1943.
Sound tests of varied expelling charges in False Target
Snell at New London, Conn. on March 25, 19L3,

NRL to Comsublant, C-568/55(220), dated april 19, 1943.
Request for test to determine sound data and deep water
test of P15,

NRL to Buships, ¢-568/55(220), dated April 13, 19L%3,
Recormmending deep water test of TS and gun design modi-
fication.

USS SEHMES to WRL, C-868/8s, dated March 16, 19)h3. orig,
file AG21/368/(016). Service test of FTS at New London,
Feb. 25 to March 10, 19l3, :

USS CACHALOT te Comsublant, ¢-368/55, dated March 6, 19L3.
orig. file 88170/AG-%. Service test of FPTS at New London,
Feb. 25 - 27, 1913,

comsublant to NRL, ¢-S68/ss, dated March 30, 1943. orig.
file 863/(03%390), First endorsement to CO SEMMES ltr.
AG2L/568/(016) of March 1€, 1943. _
Anti-Submarine Unit Boston to NRL; C-S68/ss, dated April 1%,
1943, orig. fi4e 568, serial 0293, Second endorsement to
CO SEMMES itr. AG2l/s68/(016) of March 16, 19k3.

NRL to Cominch U.S. Fleet (ASW) via Chief BuShips,
c-368/55(220), dated May 1L, 1943. Third endorsement to
CO SEMMES 1ltr. AG2L/S68/(016) of March 16, 19L3,
Memorandum to NRL, ¢-568/38s(221), dated March 3, 19L3.
service test of FTS at Wew London, Feb. 25 - 27, 19L3.
Memoranda to Comdr. H. A. Ingram {3%0) from F. M., Varney.
Buships (347v), Cc-568/3s, dated March 5, 19h3. Service
test of FTS at New London, Feb. 25 - 27, 1943,

Merorandum to KRL, ¢-868/5s(lh52), dated March 10, 19L3.
service test of FTS off New London, Feb. 25 - 27, 19L3.
Director NRL to Comsublant, €-868/35(220), dated Feb. 20,
1943. Suggested program for service test of FTS at New
London.

BuShips to Comsublant, Orig. file C-58/a16-3%(3Lh7), dated
Feb. 6, 191:3. suggesting service tests at New London.
Buships to Comsublant, ¢-3568/35 dated Feb. 12, 19L3.

orig. file ¢-58/A16-3%3(3l7). Notes on Key West service test.
BuShips 1ltr to Ruord, ¢-868/35, dated Jan. 23, 19bh3, orig.
file G-83A16(%%0). Requesting that NOL (Wash., Nyd) be
authorized to modify expelling charge and furnish NRL with
50 shell cases and modified charges for shell loading.
BuOrd. ltr to NOL (Wash. Nyd), C-S68/ss, dated Feb. 2, 19L3,
orig. file 570-1{9)Re2e. Serial 02-3-9, Authorizing above
request.

comsubdiv 12 to BuShips, ¢-363/ss, dated Jan 5, 19L%. oOrig.
file aAl16-3/568. serial 07, Service test of FTS at Key
Vvest, Dec. 31, 1sh2.
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22,

26.
37+

38.

39.

ho.

Comservron 9 to Cchief Ruships, ¢-868/ss, dated Jan. 8., 19L3.
orig. file %C73/568-3/(JBS:rds). Serial 02, First endorse-
ment to Comsubdiv 12 conf. ltr. Al6-3/868, serial 07, dated
Jan, 5, 1943,

Comsublant to Buships, ¢-868/8s, dated Jan. 18, 19L43. orig.
file 868/(037). 3econd endersement to (CSD12 conf. 1tr.
A16-3/568, serial 07, dated Jan. 5, 1943.

NRL to Buships, ¢-868/55(220), dated March 12, 1913,

Third endorsement to ¢SD12 conf. ltr. al6-3/568, serial 07,
dated Jan., 5, 19L3. -

Memorandum £o NRL, ¢-S68/85(l.52), dated Jan, 13, 1943.
Service test of FTS at Xey West, Dec. 31, 1912,

Memorandum to NRL, ¢-S68/ss(h52), dated Jan. 5, 19h3. Rate
of fall of bubble generating pellets.

BuShips to Comsublant, Orig. file 0-88/A16-3{330), dated
Dec, 16, 1942. Requesting test of FTS.

Buships to NRL, ¢-$68/3S, dated Dec. 12, 1942. Orig. file
¢=-58/A16-%(275), Serial 012-1lL-10. Authorizing letter.
BuShips to NRL, L1-2/EN28L13, dated Jan. 26, 19L3. Orig.
file 8S/A16-%3(275). Expansion of authorization.
Memorandum to NRL, C-S68/8s(li52), dated Nov. 6, 19l2.
Potomac River sound tests of bubble pellets.

Buships to NRL, ¢-360/8s, dated Nov. 6, 19l2. orig. file
§5198/470(515). Plans of I'mergency Identification Signal
Ejector §5196-200.

¥RL to BuShips, ¢-868/s(L71), dated Nov. 7, 19L42. Revort
of preliminary tests of bubble pellets on Potomac River.
Merorandum to NRL, €-863/58(L71), dated Nov. 3, 19l2.
Report of test of bubble pellets, Wov. 3, 1912, on Potomac
River.

coord R&D to NRL, C-S68/ss, dated Oct. 2, 19L42. orig. file
SCA8-%/EF1%;-JTB, Serial 01027-7. British information on
Pillenwerfer, )

Memorandum to NRL, ¢-$68/ss(l771), dated Oct. 23, 19L2.
Sound test of various chemicals as bubble producers, Potorac
River, Oct. 2%, 19hL2,

Memorandum to NRL, ¢-363/35(l'52). Review of preliminary
investigation of bubble »roblem.

Coord R&D to BuShips, ¢-S68/8s, dated oOct. 10, 19L2. orig.
file {S¢)s68-JTB, Serial 01013-11. Development of submarine
evasion device - reguest ftor

Bughips to NRL, C-S68/ss, dated Oct. 1, 19Lk2. orig. file
0-88/h16-3(340), Serial 0103%-1l. Request for development
of bubble screen pellets,

Memorandum IuShips %o Comineh U.S. Fleet, ¢-5€3/85, dated
aug. L, 19h2. orig. file C-88/A16-3(3l0). 8erial 085-1%.
Information on informal tests at NRL and requirements of

a bubble screen.

Buships ltr to Coord R%D,; C-S68/8S, dated Aug. 1, 1942,
orig. file C-EN1-22/A11(3li0). Reauest for information on
possible bubhle-producing chemicals.,

VCNO to BuShips, Orig file 0p-12-2(SC)Al6-%(25)/EF350,
serial 024168916, dated Oct. 13, 1912, "pillenwerfer"
information.
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L8.

h9.

OpFav to BuShips, S-HF30, dated Aug. 7, 1942. orig. file
0p-16-F-9 (SC)AB-2/EFr30. Serial 01962316. (Copy of D.N.T.
Admiralty ltr. KIDI/PW/222/Li2, dated July 2L, 19L2.
"Pillenwerfer" information.

Phil, Mag., 19, 1147-1151(1935). "On the Destructive
Mechanical Effects of the Gas-Bubbles Liberated by the
Passage of Intense Sound Through a Liquid" vy F. D. Smith.
Ordnance pamphlet Ko. 725, Ships Pyrotechnies, Aug., 1937.
NRL file C-868/s5, NAA London Report No. A929-L2 of Nov. 16,
1942, oOrig. file C~EF13-(1), Serial 01203171. British
information on Pillenwerfer design.

NRL file ¢-EZ1/6, NDRC Report Cli-sr20-326, dated Oct. 22,
19h2. "Phe Rate of Rise and Diffusion of Air Bubbles in
watcr" by ¢. L. Pekeris,

NRL file C-EZ1/6.1, NDRC Report 6.1sr31-3l7, dated Feb.

18, 1943. '"Progress Report on Role of Bubbles in the
Acoustic Properties of Wakes"™ by J. Wyman,

NRL file C-EZl/6.1, NDRC Revmort Wo. 6.1sr30-731, dated

Feb. 19, 19h3, "Effect of Turbulent Motion on Rate of

Rise of %ake Rubbles" by T. €. McNown.

NRL file C-EZ1/11, OSRD Report No. 1238, dated March li, 1943,
"Dispersion of Exhaust Gases in Sca Water" by W. H. McAdams,
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APPENDIX I
C-A16-3(};52 ;DSB Jhdr November 6, 19L2

MEVORAYDUM to the Director
Subject: Sound Test of Pellets for Making Bubble Screens.

A preliminary test of bubble producing agents was
conducted in cooveration with the Sound Division on october
2%. fThe compounds used included:

1. calcium carbide, generating 5 cu.ft. of acetylene
per pound

2. mixed sodium and poteeslium peroxides yieldlng 3 cu.ft.
of oxygen per pound

3. dry ice, vielding 10 cu.ft. of COg per pound

i. 1ithium hydride, yielding 5 cu.ft. of hydrogen per
pound., )

The [irst three compounds were used in approximately
the quantity that could be packed in a submarine signal ejector;
only about a quarter pound of lithium hydride, however, was
available for the test.

None of the echoes returned by these bukble screens
could be considered satisfactory. Best results were obtained
with lithium hydride, which in view of the small welght used,
was considered most nromising. With the arrival of ten pcunds
of this meterial on October 26, work was resumed on methods of
processing with these ends in view -

1. producticn of many fine bubbles rather than of a
few lerge ones.

2. retardation of reaction rate to 5-10 minutes per unit.

3, delay of initial reaction for about 3 mlnutes after
im-ersion.

i, use of numerous smell units of bubble=producing
agent rather than of one large unit per charge,

A second test was made with the Sound Division on
Noverber 3. Two charges of 6 "pellets" each wers used in this
case. FEach pellet consisted of -a 704 LiH, 304 high M.p. Paraffin
cake prossed at 2800 psi and pareffin-sealed in a 3" x 3" 28
gauge galvanized iron cup. A 7T cm. circle of filter paper was
sealed to the pellet by pouring hot paraffin around the inside
edge of the can. This served as e delay mechanism by retarding
contact of watcer with the lithium hydride. Time-delay varied
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from & helf minute to 1% minutes dependent uvpon the area of
filter vaper untouched by paraffin, ZERach pellet evolved 15
cu.ft. of hydrogen in a stream of fine bubbles over 6-7 minute
period. :

The first charge of 6 vpellets was dropped into the
river at a point /00 yards distant from the sound equioment.
The pellets were spaced about 5 feet apart and probably resched
bottom (25 f£t. depth) in 30 seconds. First surface gas evolu-
tion was noticed in 2 minutes and all surface bubbling cessed
at 15 minutes; this time agreed with the sound observetione.
The secoand charge was dropped in the same manner with the bubblecs
first sighted at 1-1/2 minutes. The sound apnaratus shoved time
of evolution to dbe 20 minutes,

The Sound Division reported the echoes to be sharp and
solid of approximetely the same Intensity as that of the con-
crete pler of the railroad bridge center espen. In view of these
encouraging results prepnaratione are being made for a deep-water
test. By this test it is hoped to definitely fix the ontimum
density of the pellets and also to test reproducibility of re-
sults with pellets made under probable manufacturing conditions.

R. R« Miller

D. 3. Burgess
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APPENDIX II
c-368/sc (171 )hk 3 November 1942

MEMORANDUM FOR DIRECTOR

Subject: Submarine Evasion of Detection Device - Bubble
Screen Emitted by Submarine

Reference; (a) Memorandum on atove subject of 23 October

le Raged on the experience galned in the tests de-
scribed in refersnce (a), the Chemistry Department made up a
set of twelve one-half pint censg containing Lithiuwr Hydrilde,
LiE. One face of the can was covered with one or more layers
of filter veper vhich in turn was psrtlally covered by a layer
of paraffin leaving a circular area near the center through
which the water could penetrate, This device determined the
time delay after ejection before the cans would begin to emit
bukbles.,

2e ?he echo-ranging setup was essentiallyvy the same as
that of 23 October except that the range to the boat was aporoxl-
matelv 385 vards. Two tests werc rade., 1In the first test, six
cans were dropoved about five feet apvart along the side of the
boat which made an angle of about 30° with the axis of the sound
beam. In the second test, the llne on which the cans were
dropped was perpendlcular to the axis of the sound beam.

3 Excellent echoes were obtained during each test,
The intensity of thie bubble scresn echoes were about two
decibels below the Intenslity of the echo ovtained from the
center piler of the railroad bridge st a renge of 600 yards.
Allowing f'or the difference in range, the absolute diffecrence
in inteneity was about flve decibels. The width of the flash
on the range indicator extended fror 385 to approximately L0
yards being sowrewhat wider than the actual spacing of the cans
because there was a falrly strong wind and current which caused
tho bubble screen to gnrcad out. The cans, however, werc
weightced slightly so that they remained on the bottom. 7The
bubrles came up and broke the surface and seemed to vary in size
from generally small ones of a quarter inch or less in cdiameter
to an occasional large one which might be two incheeg or rore in
diameter, The cans rcmsined on the bottom because the iritial
range was very consistant at 385 yards. The cans did not start
or stop at the same time, therefore, the echoes wers obtained
in the first test for spnroximately fifteen minutes and in the
last test for nine minutes, The final echoes in the last test
were evidently obtained from a eingle can because the echo
narrowed down to a band about five yards wide at a ranye of 00
vards., In snite of the relatively narrow width, the intensity
of the echo was within a decibel of that received vhen all the
cans were bubbling, O0f the two experiments, the first gave a
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screen which had considerable depth with respect to the axis of
the sound besm and the other one a greater width, This great
width appeared to give a slightly better echo although the Jaif-
ference was not great.

L. Results of this test were so satisfactory and the
echoes so strong that it is believed they would definitely con-
fuse an attacking ship and if a screen could be laid down
comparable in length to that of the submarine, it might well
escape behind the screen, TUnless the operator was thoroughly
experienced, he would not be able to distinguish the bubble
screen echo from the submarine hull echo. The writer was unable
to determine any consistent difference in quality with either
& CW or a freauency modulated CW screen.

5e It is proposed to repeat these tests in about two
weeks in more oven water near Piney Point, and if these tests

are equally successful, to make up a batech of cans for a test
on an actusl submarine,

E. B. STEPHEWNSON
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APFPENDIX III
C~-868/55(1:52 : JAG )mep ¥ay 15, 1943

MEMORAYDUM to the Director

Sub ject: Information on Preparation of "False Target
Shells" at Naval Research Laboratory.

Enclosure: (A) One Figure
(R) One Plate

1. Since considerable interest has been shown in
possible manufacture of "False Target Shells™ for Service use,
it was thought advisable to prepare & brief of the methods used
at the Laboratory. .

2. The device known as "False Target Shell" is
escentially the samre &s the Mark 2 Fod. 2 Submarine Emergency
Signsl except as to contents and weight. O©Of slightly negative
buoyanecy it contains six metel cune of a lithium hydrids-paraf-
fin rixture designed to generate fine bubbles of hydrogen on
ejection from the signal case, This bubble cloud serves as a
false target for submarine echo-ranging attach approach.

METHOD OF PREPARATION OF CHEMICAL-CONTAINIT'R CTPS

3 Lithium hydride (analyzed-about 97% pure) sas
received from Maywood Chemical Co., Maywood, New Jersey, varies
from 0.2 to 0.5 inch in particle size. The materlal used should
analyze 95% or Letter, i.e. evolve at least 2680 cc. of hydrogen
per gram, The lithium hydride was ground to approximately 10-1l
mesh (U. S. Standard Sleve) by pascing through a Brauns Semple
Grinder {gyrating cone type). A typicel particle size anelvsis
is given below.

U. 8. Standard Sleve Opening frams of % by Weight
T Tofa%

“Bleve %‘ In Inches Material ©

ﬁf% 0.187-0,250 10 1.0

- 0.132-0,187 8L 8.0

£-8 0.094-0,132 181 13.&
8-10 0.079-0.094L 86 2
10-20 0.,033%-0,079 331 31,8
20-30 0.023-0,033 17 Z.u
30 0.00 -0,023 27% 26,2

There should be no material larger than three mesh, and no more
than 3% should be retained on a 4 mesh screen, A maximum of 30%
1s allowable on matcrial passing a 30 mesh screen. Grindlng as
well as all other operatlons should te carried out in a dry room
with all possible water and fire hazards removed.
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Ly Batches of 59; grams of the ground lithium hydride
were weighed into half-gallon Mason jars and 8.5 grams of pow-
dered Aerosol 0S (American Cyanamid Co.) added and thoroughly
mixed. The msterial was then placed in an oven at 90-95°C. and
allowed to stand at least four hours. Each batch was then
poured into a four 1liter Pyrex beaker containing 255 grams of
molten "Gulfwax" paraffin (M.P. 125-127°F.) and vigorously
stirred for a few minutes. While still warm sixteen such
batches, each constituting a 1ittle more than a shell loading,
were mixed in & wooden trough until thoroughly cool. The mix-
ture of a 1.04 Aerosol, 69.3% of lithium hydride and 29.7%
paraffin was weighed in units of 133 grams into quart Mason jars
in readiness for the pressing operation.

5 A seamless drawn tinplate cup of 2-3/lL inches out-
side diameter by 1-7/8 inches body height, containing a %0 gram
lead weight 1" x 1-1/h" x 1/8" centered in the botitom of the cup,
was fitted intoc the bottom of & heardened steel die (Fig. 1). A
133 gram unit of chemicsl was poured in the top of the die and
worked down with a spatula. The die was placed in a hydraulic
press and the chemical pressed into the cup under a total static
preesure of 1% tons (Llj00 1lbs. per square inch). Each chemical-
containing cuw. weighed 198 + 3 grams. 8ix such cups were loaded
into & Mark 2 Mod. 2 Submarine Emergency Identification Signal.

METHOD OF LOADING SUBMARIME SIGNAL CACSE

6. The Mark 2 Mod. 2 Submarine Emergency Identification
Signal without signsl conternts waes used with two modifications:
(1) the brass nut (Dr. No. 152%02Pc¢7) holding the base to the
signal tube was replaced bty an sluminum nut (Sta-Yot Heater
Corp., Brooklyn, N. Y.), (2) the 23 gram black nowder charge
(in bakelite container Dr. No. 16%60%) was renlaced by a 20 gram
smokeless powder charge (as modified by Mr. 8. P. Lewis, MNaval
Ordnance Labvouratory, Wasvington Navy Vard). ™ethod of loading
(sege Plete 1) is as follows:

(1) Assemble =ignal cases and exnelling charges in usual
manner with modifications as noted above.

(2) Insert expelling charge block in signal tube with fuse
end of the block toward the base of the tube and nowder
charge toward the open end of the signsal tube.

{3) Place & 13" x 3/8" x 1/8" corrugated cardboard strip
(common packing case cardboard) lengthwise in the signal
tube as far as the powder charge block,

(h) Insert six chemical-containing cups, onen end of cup

toward open end of tube,

" {5) Place aluminum disc 2-13/16" x 1/32" in tube flush with

the top of the last chemical cup inserted.

(€) Cut the overhang of the cardboard strip flush vith the
aluminum disc,

(g) Insert 2 corrugated cardbocard discs 2-13/16" x 1/8".

(8) rnsert 8 to 10 cardivoard discs 2-7/8" x 3/6L", sufficiert
to make a tight fit vhen the nose of the signsl is in-
serted.
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(9) Seal nose with marine glue; nose may be heated but not
the signal tubs.

(10) stencil in 1/2" red letters "FALSE TARGET SHELL" length-
wise along the signal tube,

COST OF MANUFACTURE

To Lithiom hydride as purchased from Maywood Chemical
Co. Gy the Laboratory cost #15.00 per pound. "gulfwax" paraffin
was purchased for %0.15 per pound. Signal cases were obtained
from the Bellevue Magazine at no cost to the Laboratory. The
American Cen Co. furnished the seamless drawn cups at #36,.00
per thousand. At the present price, lithium hydride would more
than eaual all other costs in production of "rFalse Target Shells".

8. No attempt 1is made here to estimate manufacturing costs.
This information is for guidance purpcses only. Cost of manu-
facture will depend in good measure on the number required and
equipment used. Only 150 shelle were made by the laboratory
method described using hand-mixing and a hand-overated nress,
while manufacture on any large scale would necessitate power-
processing equipment.

J08. A. Grand
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Legend for Flate I

Signal tube,

Nose. .

Bakelite expelling charge block.
Chemical-containing cups.

Aluminum disc 1/3%2" thlck.
cardboard discs 1/8" thick.
cardboard disecs 3/6I" thick.
Ccardboard strip 13" x 3/8" x 1/8",

Oo~3 QW v TV
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SUBVARIYE DIVISICN TWELVE

Al6-3/568 Jan, %, 1al3
terial 07

CONVIDITTIAL

Froms The Commander Submarine Division Twelve,
"oy The Chiefl of t{he Bureau of thips.

Viag {1) Commander Service Sguadron ¥ine,

(2) Commander Subrurires, Atlantic *lect,
(3) Naval Resesrch Laborstory,

Subjsct; Tests of vevice to Generste Bubble (loud for
Submarine Eveslon Tactics; Zeport of.

Reference; (a) BuShips Conf. ltr. C-SS5/416-3(3%0) dnied
December 16, 19l.2.
sb) Comsublsnt conf, desp. 151850 of nec. 19L2.
¢) Comsublant conf. 1ltr. Al6-3/(0945} dated
December 13, 19L2.

Enclosure; {A) Photograph talen durin;: subiect to-te,
{B) Summary of best duts for rune.
(C) Procedurs,

1. In accordence with referencee (e}, (b)) and [c), Leats
of the subject device were conducted on Necemler 71, 12L2, ILt. Cdr.
Ac HQ Blll‘rd and H¥Mr, |Tﬁ L. arand f'l'om HeTNeise ond *r, ?!‘-'0 ‘.!Bmﬁ_’-' nt
BuShips were nresent to gesiat In the conduct »f these tests end to
witness the results., The tests were rade fror vurious ranres with
the submarine at predstermined subrmarine hesl denths £ 60 ft,, 12%
ft. and 150 ft. One dovice wus released from noriscope denth fol-
lowed Ly standard Submarine Tmergpency Identifization “{;/npl in order
to compsre ihe zound made by the exnlomion of the eisnals and to
compars the sjesction impulss bul'le with tle gfenerated bubble cloud.
The procedure outlined in enclesure () was decarted I'rom in order
to dete:mine the effect of double end triple elections end vaiue {n
evasive taotice., Therefore, the number released tt the deeper
depthe was reduced from that sutlined in the procedure,

2. In order that this report may be underatscd more reade
ily by resders to whom reference (a) 1z not availsble, the following
18 gquoted therefrom:

%), " "me device was intended to perallel or improve on the
Osrman 'Pillanwerfar?. snish is reported to hsve effectively

confused inexperienced scund operators.

®2, %o thiz snd the Neval Research Laboretory hee modified
£be Mark II-2 Submarine Emergency Identification £ignal replace
ing it= parschute and signal element with six cens of 1lithium
hydiride~paraffin mixture. Thla modified Identification Signsl
is intenfed to be handled and ejsoted from the submarine
oxactly a8 in the Identification Signal proper. The tricgere
primer-fuse-and powds.’ charge remaing unchanged. Twenty-ssven
seconds after ejection the charge kicks the cans out inte the
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cuh fect Tevats of Pevice toe “eaerate fubtle ..., Ior
~ubmarine IFvasisn Tectics; keport of.

waber;, after w ew seconda tro wVxture teglnes to glve off e

mess of srull buvles and zubtll: . cantlnues tor three rina-

utes, {In shellor water tests the buthle cloud has ,iven
good echoes from tive to elpht rinutes). The uanlt ez & =hole
siniks very slowly aiter it is ejJected, and lixkewime the
loaded ¢ane when klcked out of the unit sink slowly during
the bubbling."”

3. The sulbmarine weg kble to view the ejections through
the »erlscope and reported that the aalority of the sionuls, upon
alcetlion, Juat cleared the gun uwnd dropped on ths deck, The cese
would then remain erect snd would “wglk™ beck to about tiie position
of the afttoer marker buey, at which »oint it would e xplods and, in
gene ral, would throv the sisll canisters clear, or ther would be
Immediatelr wgshed cloar by the water flowing 'ast the ship, Howe
ever, In on: csece & small canleter remaincd on deck and rave off
;&8 [or et leget 30 minutes., The bubbles, ssg otserved from the pube
marire, we:e r'ewer in number then hsed besn cxprecied gnd avpeared
aquite armall, The fullure 5f the devices to clear the slde of the
subrarine was & surprise to the vorzonnel I'rom Wavsl Pesearch Labs
orutory tut is canlalned by the faet that Mr., “rand, the development
enzincer, wis under the imnression that 200 p.r.l. 1# used in the
ejector ratrer than 100 p.s.il. One >f the ?ﬁ sjected pignsls was
g dud snd vwas recovercd on deck when the submerine surfeced, whan it
was ipreciately thrown over the alde. The Commanding Nfficer of the
R-1l: belleves that the devices could te esjected from the signal gun
at & maximum rete of ~ne ner minute, However, such ranldity of
ojectlion wae not attalned during these tests. He asuggestad that a
spesd of at least % dnots would he best when qlecting in order to
inaure that &ll of the small canisters sre washed clear of the ship,

L. Enclosure (B) i 8 tabulated surmary of results obe
tained on euch of the 16 runs. The range, width of bubble, wd dth
of submarine and intensity of echo shown are those at the begt
point, Other readings oitalned on the ruhs were lessz satisfactory
then the ones given., The intensity of the bLubble echo and the
submarine sche ers given for compeérison purposes hetwzen thsae Lwo
echocs only. The time to "loet echo™ is that from the ejection of
the first shot of the run until s&ll echoes from the bubble wers
lost. Sound conditions wepe very good throughout the day. The
R-ll; wae making 3 knots during “he tests. The exploston of the
devices in such close proximity to the submarine resulleq in a high
intensity nolae beinyg heard in the submerine. In meny ceses the
explosion of the device w&s heard by tne surface ship In its sound

eqguipment and this 1s considered & drawback szlnce it malres known
to the surfsce ship that s Zavice T sore xind hes Leen actuated.

-2 - Loy
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Sub ject; Test of Dsvices to “energte Bublle Tlrua fop

gubmerine rvusi:n Tactlics; Wewort or.

W W M T W Wk d M W B W W W A e s M s e e e W owe W e oW W = L e o W W

In view of tihe improvesent of two shots >ver one 1t wes ceclued te
try & run of three shots on run Wo., 10. lame to Jeley In loading,
ghots No. 1 and 2 wers flred as & doulle biut the {insl srfect of
ahot % was that it bLecame a #ingle shot with no con~ectlion between
it and the first two; the laiter are therefore reported as run 1Js
and the third shot as run 10b., On run ¥o. 11, it was declded to
have the Noa make &n sctusl attack on the 3=1;, with the gubrsrins
using evesive tectics and using s double shot. This tvpe 21 run

whs not Iincluded in the procedure snd, a8 & reralt, s =ilsunlerstand-
ing of the slgmals ceused the subwerine tn fi-¢ Lle tw~ devices

to0 sarly in the sttzck and they vore incifective 'n » sieading

the mttacking ship, Due to the linlted norber > detvlces, this

ran was not rereated., IOn rum o, 1% the zurlece ghiy overed over
and alightly matern »f the submarine in order to oteerve the effect
of surface disturbances at clnse range, o explosion was hecard but
1t wag believed that some disturbance wes noted aft of the surfsca
wagnel. Th!as mey have been the dud rentioned sbove. On run Nz, 1k
run No. 13 wes revested except that the surfece ship wes farther
aft along the track of the submarine., The exnlasion wusg heard and

1 minute 20 ssconds later groups of tubblea anrroximately li inches
in diameter rose to the surfsce. Ths maln clo ! coulc be seen while
8till gulite desp., Mme minute later, that 's 2 winutes 23 seconds
after tho explosion, & lerge cloud of bubllesg surfeces 1n &n area
estirated as 10 yards by L yards. The entire nhencnenon was mim-
ilar on a pmaller scale to thot observed when e wkter slug is flired
and was sccompanled Ly spparent dlacolormstinn o0 weter, Jdue to
presence of bubtles, and by a slipsht turbulencs on the surfuce. It
is to be emphasized that thls surface disturbence caused by the
bubble ocloud was not aa gresat in megnitude usg te trat of en ordinary
water slug, The bubble cloud was visible to the »eraonnel in the
airoraft because the ses was calm but photo raphs were only success-
ful 1n one picture, copy of which 1g enclased, enclosare (A).

He One immsdiately spparent drawbeck to this device is
the fact that the gas libersted is hydrogen with the ettendin, nos-
alofility of axplolfon, should any be liberzted in & confined space

as would hanpen wsrs one of the devices dara,ed and then watted.

Esch device releages BO cublc feot of free hydrogen. It ig, there-
fore, recormmended that an sttempt be rade to utillze less dengerous
£68 or 1f no suitable aubstituty can be found, that csreful considere
ation be given to this mstter in order to evaluate the potential
danger versus poesidle usafulnessa of the bubble cloud. The necee-
aity for ejecting the device Ly 2ir with ine resultent t(roulae
bubbile should be noted.
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Subjeciy pTasts ol Devices to Oenerate PBubble Cloud for
cutmerine Fveslion Teotics; Renort on.
ba It was the consensus that st the nreaent state of dev-

elopment the bubble cloud is of 11ttle value hecausse resulte
indicated insufficlent scho intensity and definition are obtained
from the bublle cloud to seriocusly diaturb any underwater sound
operator. It 18 recommended that u form »f shell be developed
which functions without an exploslion charge £or ressons mentioned
sbove, In sddition, s need for & larger snd pozeilly more compact
hubble eloud 1a irdlicated and while the vallet which gagsed ror
30 minutes might have been an excevtlon, 1t 1s ailits possil:le
that the sthers acted in the seme manner, It 1, therefors,
further recomvended that an attenpt be made to deslgn the pellets
in such & fashion thut the :;as 18 more enfcklv llberated,

%e Ao OCHKRY.

Copy tog
Buships (Direot) (2)
Cominch {Fkeadiness)
Coordinator, Ree. % Nevel,
Comsubron-7 {less Fnc., {(H))
Llntflt Aale¥oe mit,
?e8t Cosat found &fchool.
7/% Sound Lab., ¥IC.
R-1l (less Ene. (B)).
¥oa (loss Fnd. (B)}.
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APPENDIX V
C=868/as(152: JAG ) hdr Junuary 13, 1943

MEMORANDUM to the Director

Subject: Preliminary Test of Device to Generate Pubble
Cioud for Submarine Evesion,

Refererices: (a) Bgshipﬁzltr. C-55/A16-3(3%30) of December
16, 1942.
(b) Comsublant Confidential Dispatch 181850
- of December 19l2.

Enclosures: (4) Suggested Program of Test by Dr. E. B.
Stephenson, Sound Division, NRL.
(B) Cony of Submarine Division Twelve, Serial
0186, Program of Tests.

on December 31, 19L2 1t. comdr. R. H. Bullard and
Mr. J. A. Grand of the ILsboratory witnessed preliminary tests at
the Fleet Sound School, Key West, Florida of a bubbls generating
device developed at the Laboratory. This device known as a
"Ppalse Target Shell"™ is essentially the same as the submarine
emergency ldentification signal except as to contents and weight.
In place of the flare in the submarine signal, the shell has six
pellets of a lithium hydride-psraffin mixture designed to gener-
ate sixty cubile feet of hydrogen in fine bubbles.

The purpose of these tests was the determination of
the quality and character of the echoes obtained from the "Palss
Target shell" in comparison with those obtained from & submarins
under varlous service conditions, A suggested program /Enclosure
{Al7 was obtained from Dr. E. B. Stephenson of the Sound Diviesion,
However, upon arrival at Key West it was found that an excellent
program cf tests /Enclosure (3£7 hed already been formulated and
with slight modification the latter program was followed through.

Test party aboard the Destroyer NOA comprised Lt.
Comdr, W. Y. Allen, Commanding Officer of the NOA, Commander
We A. GOrry, Comrander Submarine Division Twelve, Lt. Comdr.
J. B. Swaln, Materiel Officer of the Fleet Sound School, Radio
Elect. S. Burdock and R.M.2/c¢c J. H. Fink, School Instructors,
Mr. F. M. Varney, Bureau of Shilps representative, and Mr. Grand.
Test party aboard the Submarine R-1li comprised Lt. Comdr. G. W.
Kehl, Cormanding Officer of the R-1ll, and Lt. Comdr. Bullard.
Sixteen tests were conducted with twenty-four shells, The re-
sults are outlined in Tabls I.

At the ccnclusion of the tests Lt. Comdr. Kehl
reportcd that "signals on sjection just cleared the gun and
dropped on deck to sbout the position of the after marker buoy,
at which point the burster charge set off and uvsually threw the
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small pellets clear or they would be washed clesr by the forward
motion of the vessel (3 knots). ‘iHowever, in ons case¢ a pellet
remained on deck near the cfter stub mast and bubbled for at
least 30 minutes, The bubbles were fewser in number than was
expected and seemed quite small; so small that it was believed
they would not be seen c¢n the surface except in a glassy sea.

It 1is believed that the signals could be ejected at a maximum
rate of one per minute." Lt, Comdr, Kehl pointed out the fol-
lowing dlsadvantages of the shell,

1. The shell doer not clear the submarinse.
Suggested making shell lighter. Stated that 1if
required to use the shell in 1lts present form he
would proceed at 5-6 knots instead of 3 knots as
in the test.

2 Explosive charge, The shell explosion
sounded tremendous inside of the submarine., Ex-
oressed the fear that this noise might be heard by
AS craft.

3. Impulse bubble. The alr exvelling charge
might be seen on the surface.

Discussion of Results,

0f the 13 tests in which ocuality comparisons were
made, seven tests, 2, 3, b, 7, 8, 15 and 16, gave echocs whose
sound qualities were comparsile to those of the submarine. Five
tests of twelve, nemely 3, L, 5, 8 and 15, gave echo intensities
of the same magnitude as the submarine abeam., No Indications
were found of quality and latensity varlations of bubble echoes
with depth not also observable with the submarine. A falrly
satisfactory width of bubble screen was obtained with the "False
Target Shell" although not uniformly as great as that of-a sub-
marine abeam. (Good comparison echoes were found at ranges of
600 to 1100 yards, however, at Li20 yards and periscope depth the
submarine was easily distinguished from the bubbles by an echo
of much higher intensity, Delay of bubble genecration was ap-
proximatelr one minute after discharge from the signal ejector;
duration of the bubble secreen was then about 3 minutces.

The mechanical drawbacks mentioncd by Lt. Comdr.
Kehl are points well taken. First and most scrious of those
mentioned ig the fact that the shell did not clear the submarine
but landed on the deck. Preparation of these shells was under-
taken with the informstion that the shell was ¢jected from the
signal gun with 200 1bs. air preessure as callcd for on the blue
prints of thc ejector for Submarines 193-200, The signal gun on
the R-1l was deeigncd to overate on 100 lbs. alr pressure. The
"Falsce Target Shell” was undoubtedly too heavy for this gun.
However, the shell mav be lightened about 8¢ decrcasing its den-
sity from 1.17 g/cec to 1.08 g/ce. It is a mattcr of conjecture
vhiether a shell of this density would leave the gun with velocity
sufficient to clear the deck or not under 100 lbs. alr pressure,

CONFIDERTIAL -2 = APPENDIX V



By incressing the length of the shell {no manufacturer is at
present set up to do this) it would be possible to adjust the
density to any desired value. It must be borne in mind that a
shell of too low density might surface on ejection.

The second objection raised by the Submarine Com-
mander was the violence of explosion of the burster charge. The
violence of the explosion is probably augmented bv exploding on
deck. A shell that cleared the eubmarine (test 16) gave very
weak response inside of the submarine as comvared wvith those that
exploded on deck. Whether the same thing holds true for echo
ranging response vhould be a subject of further test before vari-
ations in ocuantity and tyne of tursting charge ars tried.

Elimination of the third disadvantage, the impulse
bubble, would entall modification of subrarine eouinment. By
discharging water through tne gun from an auxiliary water tank
by eir pressure no impulse bubble would be liberated.

Airplane photogrsphs were not develoved at the tlme
of conclusion of the test so these results are unknown,

Concluslons and Recommendations,

The test results are,on the whole, encouraging. Some
modifications at precent are necessary, but even iIn its oresent
form, given 1deal conditions, it would mielesad sxperienced oper-
ators. Mr. Burdock and Mr. Finck, thc sound ecuiwment overators
for the test, are experts in their fleld and wvet in test 7 there
was some confusion as to differentiation of the bubbles and the
submarine., However, this ras the exception rather than the rule,
It 1s recormronded thiat in future testing the sound opcrators not
be apprised s2s to the nature of the test gt first until evasion
runs are carried out. Work is oroceeding on the remaining "False
Target Shells"™ with the intention of drowning the density as low
as can be safely permitted.

J. A. Grand
Chemistry Dlvision
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TABLE T

Sub Min-Max Width Min-Max Intensity No.of Bubble
Test Depth Renge in Degrees in Decibels Shells Echo Dur-
No. ((Ft.) (vds) Bubbles Sub Bubbles gub PFired ation (kin)
1 60 640 Bo.7e 150-18e¢ €2 65-zu 1 a (?)
2 .60 610 10°-17° 10°-25° - 59-69 1
z 60 680 10°.15¢  15°¢ 72-75 71-72 2 L-3/4
60 790 5°.9° 13° L 65 1 2-1/2 -
5 60 20 e.10° 90 56-72 69 2% h-1/2
6 60 30 e.10° 13°¢ 50 957 1 li=1/%
g 100 1000 50-30{?) T° 56 3.5 1% 3.1/2
100 B8B60  §e-ge 12° 68 61-6 1 2-1/2
9t 100 760  7°-20°  15° 1i6-59 76 2 L
10 100 1100 10°-10°  13%° 50-62 62-69 B 10
11 100 Evas. run sub fired 2 at start. Heard on NOA, disregarded.
12 125 900 10°.12°  1)e L7-L8 56-66 2% 2-2/3

13 125 0 VNothing sighted. Heard shell fire.

il - 125 0 1-1/3 min, after {iring sighted some bubbles rising.
2-1/3 min. sighted cloud of bubbles. 30 x 12 feet.

1 150 1166  §°-17° 1l°-1lLe 33-7Q 79-8% 2 6-1/L

1 35 L20  Be-15° 35°-Li0°f) 32-38 6L 1a 3=1/2

e ot v . S — v T Ses W W WS b

3 Indicates explosion of hurster chsrge of one shell heard over
sound souipment.
s+ Nurmber 2, & dud.

Note: Test 11 evasion run, no sound deta taken. Tests 1% & 1L
were shells fired directly beneath the destroyer to make
surface observation of the bukbles,

1. %esather, sky overcast. Sea 0-1. ¥ind 2 wph N-NE,
2. Terp. of water, 75-~77°F. Density of water 78°P=1.02L g/cc.
3. wWater depth, 100 fathoms.

I E L I

Remarks

1. Very mushy echo.
2. Same pitch as sub, fairly sharp but long drawn out.
. Gond intensity and comparison echo. WNo. 2., Sub more metallic.
E. Very good echo but very short.
5. Mushy tone to echo.
6. Mushy, faint tone. Inter-ittent strength,
g. Intermittent (not readily distinguished on course plotter).
. Good echo but too short a tims.
9. Fair tone.
10. rushy echoes. (Difficult to tell anything. Wakes ¢)
11, sub located 6-1/2 mins. later. Sub then thought run ovsr,
12, Not very detf'inite. Harsh to mushy.
1k, 1/2 to L™ diameter. Cloud gave fine wake appearance.
15. Oscillating intensity. Sounds ruffled. Tone through muffle.
Good echoes. Sub and bubbles sams,
16, ClLear metallic echoes from bubkles but not as intense as sub,
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No.

ro.

No.

Fo.

ENCLOSURE (A)

Suggested Program of Test
by Dr. Stephenson, Sound Division, NRL

Submarine at 100 ft. on steady course, speed 3 Kts.
Destroyer on same and paralled course absam at 700
to 1000 yds.

When good echoes from submerine are obtained,
destroyer signals submarine by supersonic to release
1 shell and destroyer tries to separate echoes from
submarine and bubble scrsen. Noting intensity and
quality of echoes from screen.

Repeat, releasing 3 shells at 30 sec. intervals.

Repeat, releasing 7 shel
interval to 15 sec. if p

Shoot 3 shells at short intervals. Speed 7 Kts.
Make sharp turn to put submarine on far side of
screen, then coast. Yote loss of propeller noise.

No. 5 Shoot 3 shells at 20 sec. intervals. Spesd % Kts.
Turn and continue at 3 Kts. Submarine surface and
corpare notes for next tests.

No. 6 Destroyer rakes depth charge from 1000 yds.

Fc. 7 Submarine uses any desired escape tactilcs.

No. 8 Repeat three times for statistical study.

Mo. 9 Release 2 ghells for Lenge-intensity run.
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ENCLOSURE (B)
563
Serial 0186
SUBMARINE DIVISION TWELVE

CONFIDENTIAL December 26, 19L2

Tests of Device to Generate Bubble Cloud for
submarine Evasion nactlcs

Reference; (a) Buships 1ltr. C=- SS/Al6-3é330) of 12-16-)2,
(b) Comsublant dispatch 181850 of December 19L2.

Ships; R-1l snd Noa
Aircraft: Aircraft equipped to photograph.
Area: Cast;

Test Party:; Commander Gorry, Lieut-Comdr. Swain, Radio Elect.
Burdock, school instructor, and Representatives
of the Bureau of Ships.

Object of Tests: To determine the duration and character of
echoes from a bubble cloud which ls created by a device ejected
from the submarine signal ejector. To determine whether or not
bubble cloud can be seen or photographed from aircraft.

Procedure: Submarine and destroyer underwav at 0730 and pro-
ceed to test area. Aircraft join group about 0830. ERight
tests will be made at each submarine keel depth of 60, 100 and
150 feet.

Submarine dive on signalled base course with buoy streamed.
Proceed at three knots speed. Revort when ready. One minute
after receiving letter "Q" over supersonic beam from destroyer,
eject a bubble cloud making device and transmit letter "p" the
instant the device is ejected. After the bubble cloud has
disappeared, the destroyer will transmit the letter "L" twice
as a stand by signal for the succeeding tests. Eight ejections
will be made at intervals of ten to fifteen minutes, depending
upon the persistence of the bubble cloud. The letter signals
to the submsrine from the destroyer will bs perslleled by
flashing light to the observing alrcraft, After eight tests
the submarine will be ordered to adjust depth to 100 feet sub-
mer_ence. -Subrarine report when ready and then repeat ihe same
nrouedure as for 60 feet depth. After elght ejections, subma-
rine will be ordered to change depth to 150 feet and procedure
will be repeated for a 150 foot depth for eight more ejections.

The destroyer will take station lj00 yards on the subma-

rinets beam for the first ejection at each depth and will
average three knots speed on the base course remaining ateam
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868 '
Serial 0186 SUBMARINE DIVISICHN TVELVE

CONFIDENTIAL Dscember 26, 1942

of the submarine, During succeeding ejections at each depth
the destroyer will adjust position to be a distance from sub-
marine of 500, 600, 700, 800, 900, 1000, 1100 yards. If
results warrant, the distance may be increased by 200 vard
intervals to observe results at greatsr ranges.

The destroyer will alternately obtain echoes from the
butble cloud and the submarine., The duration of time that
echoes can be obtained will be recorded for esach ejection.

The quality of the echoes from the cloud for sach ejection
will be estimated and recorded. an attempt will be made to
messures the width of the cloud. Destroyer observe any surface
indication of bubble cloud. Submarine cbserve, if possible,
tbuktble cloud through neriscope and revort results, Submit
subrarine bathythermogranh records for each divs.

Alrcraft: Arrangemen.s have been made to have photographic

or observing plane vnarticipate in the tests. If bubble cloud
can be seen the alrcraft is reocuested to nhotograph it as often
as possible. Report on results obtained should be forwarded
feor inclusion in final report., Differentiate between recsults
winlch were obtained under varying conditions of sea {(if such
¢xist) and times of day., Communicate with NOA on L2230 Kes.
Exercise call for plane GEW, Exercise call for NOA GAW.

Submitted:
: {signed)

W. A. Gorry,
Commander, U. 8. Navy,
Commander Submarine Division Twelve.

Approveds
(signed)

E. H. Jones,
Captain, U. S. Navy,
Commander Service Squadron Nine.

Distribution:
R-1lt
NOA
Each Representative Precent from RuShips
Comdr. Flect Air ¥ing Twelve (3)
comscrvron-9
Comsubdiv-1lz
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U.8.5.SEMVES

AG2L/s68/(016
w868/ (o) ¢ Fleet Post 0ffice,

CCNFIDENTIAL : New York, New York,
March 16, 1943. -

From; Commanding Officer

To: Director, Naval Research Laboratory,
Washington, D. C. : ,

Via: commanding Officer, Atlentic Fleet,

Anti-Submarine Wwerfare Unit,
Comander Submarines, Atlantic Fleest.

Subject: Service test of Naval Res<arch Laboratory
Device to generate bubble clouds for sub-
marins escape tactics.

References: (a) ComSubLant Conf, Ltr. Al6-3/(0291) of
February 24, 1943,
(b) NRL Conf. Ltr. ¢-568/8s5(220) of
February 20, 1943.

Enclosures;: (A) Recorder traces of attack and
controlled runs.
(B) Plot of courses of SEMMES and
CACHALOT during runs.
(C) Plot of bearings vs tims for first
controlied run (target angle 060
to 090).

1. The subject tests were conducted in the New
London area during the period February 25 through March 10, 1943.

2e The procedure outlined in enclosure (A) of
reference (b) was followed as closely as possible. The first
tests consisted of =ix runs on the submarine, with the sub-
marine using escape tactice, running st an elghty foot depth
without a buoy. The next tests were made with the submarine
towing a buoy. The first four runs with the buoy were definitely
controlled in that the SEMMES poslitioned herself so as to
have a target angle of first, ninety degrees, then zero, then
two runs with a target angle of one hundred and eighty degrees.
Three more runs were then made with the submarine using escape
tactics but with the conning officer unable to see the buoy.
The buoy was mercly used to help snalyze the results. The
third set of tests consisted of static drop tests. These were
curtailed as the results showed very little information was to
be gained. Also the danger from a possible hangfire to the
personnel in the small boat was very great. A speclal holder
had to be used, and there was no way to cut loose a hangfire
without losing the only holder,
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U.3.S.8EMMES

Ac2lL/s68/(016) March 16, 1943
CONFIDENTIAL
Subject: Service test of }'aval Research Laboratory

Device to generate bubble clouds for sub-
marine tactics.
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3 Enclosure (A) contains the recorder tracings
for the vair-ious runs and enclosure (B) conteins the plot of
the course of the SEMMES and the CACHALOT during the runs
plotted from duta taken. For plotting the results, the buoy
proved to be invaluable., Also 1t enabled the SEM» ES to make
a good estimate of the final success or failure of the attack,
The conning was done by "seaman's eye" methods. W¥o aids other
than the Sangamo Chemical Recorder were used., The Rell tele-
phone QBF sound gear was used. This is not saulnned with

S«L.C.

In all runs without the buoy the attack worked
into either an astern or ahead attack excent in the fifth run,
In this type of an attack the "Dopnler" effect was a complete
giveaway to the experienced operators on the SEMMES and they
found it quite easy to distinguish between the false echo and
the target. In fact on the fifth run the overators were chenged
and the new operator was not even aware of the fact that any-
thing out of the ordinarv was happening. He rcported the pres-
ence of the false scho but kept on the target because of its
dopplers In the sixth run of this set the SEVMES ran directly
over the submarine. This was definltely established by the
strong SMSD indication. PFor the other attacks the results are
estimated, The mlse in the last case was due to the conning
officor giving insufficient lead. In none of these runs was the
operator or conning officer "fooled". It was noted, however, tha
that there was a period of confusion when the bubble was strong-
6st and it is felt that an inexperienced operator or one not
tralned to reallize the value of the targetts dovpler could essily
go astray at this stage of the attack.

S 0f the second dayts runs, the {lrst four were
purely artificial. As was suepected from the first day's runs,
the case in which the target asnglc was ninety degrees (condition
in which the target had no doppler) proved the most confusing
to the onerator. Enclosure (C) shows on a plot of bearings vs
time how badly an experienced operator was fooled even when he
knew what was being donc., It 1s hopcd that more runs of this
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U.S 3 .3EMVES

AG2)li/568/(016) March 16, 1943.
GONFIDENTIAL
Subjsct; Service test of Naval Research Laboratory

Device to generate bubbls clouds for sub-
marine ascape tactles,
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type snaslyzad by a plot can be made in the future as one run
cannot be called conclusive. The other rurs with zero and
one hundred and eiphty degree target angles merely verified
the results of the day vefore, that the doppler 1s a dead
giveaway. One peculiar occurrence hapnened. On the third
run the SEI¥ES was dead in the water and the bubble cloud
apparently drifted over the nrojector cutting out all sig-
nals. This is probablv onlvy of academic interest as even at
siow sneeds the ship is through the cloud very auickly.

6, The attack runs with the buoy apreared to be
succeseful in the first two cacses. However, on the second run,
in vhich the CACHALOT stonped, the successful attack on the
part of the SEMMES was largely luck. The recorder operator
was confused by the two echoes on the paper. Roth echoes
were oculte strong and the conning officer was also confused.
This was a point that had not been previously realized, that
vhere two or more distinet echo traces are present on the
recorder, while the sound operstor may know which is which,
the recorder operator may not and he may flre on the wrong
trace or give the wrong sneed and range to the conning officer.
Oon the last run two PILLENWERFER were released in such a posi-
tion that threce traces were visible on recorder and the attack
was generally confused. The conning officer was heading in on
the correct course until about five hundred yards from the
target but at the very end he got bearings that apparently wers
taken from one of the bubbles and he turned hard left to croas
the supposed target causling him to pass astern of the submarine.

Te The following drop tests were made with these
results. (Times are messured from snynroximate instant of
trigger pull. In most cases times are inaccurate as it was
difficult to tell the instant trigger was pulled., The
average time to fire was about twenty to twenty-five seconds.)
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U.5.+5.5EMVES

AG2l/c68/(016) March 16, 1943
CCHFIDEMTIAL
Subject: Service test of Naval Resesrch Laboratory

Device to generate tubble clouds for sub-
marine escape tactics,
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Roughly 1t is concluded that one minute after relesse an
echo can be obtained and it is lost almost three minutes
later. Ths bubble cloud was only seen once by boat re-

lessing PILLEVYFRFIR and then only brieflv.

8. The following conclusions were reacined as
to the value of PILLEMYERFER:

{(a) 1If thsy are dropped in large enough
ouantities the attack would definitelv be confused
and probably would mislead the attacking ship in
many cases.

(b} If they could be made of longer per-
sistence, once the area lis clouded with them
attempts to regein contact with the submarine
after an unsuccessful attack would be very difficult.

{c) The discharge of alr wvhen the projectile
is fired from the submarine is plailnly vislble In
the form of a surface bubble and confirms to the
surface ship the vresence of a submarine.

{d) The underwater detonation can be heard
on the sound gesr and should be very easily heard
by any shin sauipned with sonic listening.

(e) An exverienced overator who can recog-
nize "dopplcr effuct" has no trouble distinguishing
between the submarine and the echo, particularly
on an astern or an shsad attack, although the
gsound of the echo 1s in general very much like that
received from a submarine.

(£} The ovnerator is rost llkely to be fooled
when the submarine is croesing the course of the
destroyer in which case the submarine also has no
donpler.
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APPENDIX VI

U.8.5.8EMMES ‘
AG2L/568/(016) . March 16, 1943,
CONFIDENTIAL
Subject: Service test of Navel Research Laboratory

Device to generate bubble clouds for sub-
marine escape tactics.

{(g) A great many duds wers experienced by the
submarine but only on ons out of the twelve drop tests,
end that charge hit bottom and wae daraged. It sub-
geauently failed to fire. Many falled to fire the
first tire but in each case 1t was found the trigger
had never bsen vulled. In some cases a verv strong
pull had teen annlied es the wire to the trigger
had broken., This would seem to6 indicate that, when
cjected by the subrarine's gun, the trigger probably
over-rode without being pulled as the nrojectlile
left the gun.

9. In gereral it 1s the oninion of this cormrand
that PILLE™™ERFER 1s very well suited for use against the type
of attack which our destrovers employ but it 1s not suitable
for use at present by our submarines as long as the enemy
us¢ sonic listening as their nrimary dstection method rather
tnan echo ranging. It is recorrended that the program be
carried out until more data 1is collected and the exact value
of the PILLENV.LRFLR more conpletely determlnsd, by means of
controlled attacks. Then the good and bad points may be pre-
sented to our submarines, so thet when the day comes that
they feel the necd for such a device it will be developed
and ready to be given to them. As a recommendation, the
method of release should be changed so that no visible
sign 1ls given. Also the release should be made as silent
as possible.

W. I. BULL

Copies to;
Naval Research Laboratorv (0riginal)
Naval Research ILaboratory (1 cony direct)
C.0. Atlantic Fleet A-S warfare Units
Commander Submarine, Atlantic Flects
Cominch (Readiness fection)
Buchips (Att: Comdr., Loomis)
CorSubRon ONE
CeOsy U.S.8. CACEBALOT
Ce0., Eact Cosst Sound School, Key West, Fla.
File
#Enclosure with original.
Note:; Enclosure "A" with original only.
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APPENDIX VII
c-568/55(1:92: JAG Yhdr March 10, 1943

MEMORANDUM to the Dirsctor

Subject: Service Tests of Naval Research Laboratory
Device to Generate Bubble Cloud for Subma-
rine Evasion Tactlcs.

Reference; (a) NRL Conf. Ltr. ¢-868/55(220) of Rebruary
20, 1943,
{b) Ccomsublant Conf. Ltr. Al6-3%3(0261) of
February 2L, 1913.

1. Reference (a) is the proposed program of tests
prepared by Commander W. L. Pryor, Jr., of the Laboratory.
Referencea (b) is Comsublant's approval of the vprogram tc be
conducted by the U. 8. Submarine CACHALOT and U. 3. Deéstroyer
SEMMES.

2. The subject device known as "False Target Shell"
is eossentislly the same as the Subrarine Emergency Identifi-
cation Signal excent as tc contents and weight, of slightly
negative buoyancy it contains six cans 2-7/5“ x 1-7/8" of
& lithium hyvdride~-paraffin mixture designed to generate
fiftv-three cubic feet of hvdroren in fine bubbles on ejection
from the signal shell case. This bubble cloud serves as a
false target for submarine echo-ranging attack approach.

Fe In accordance with references (a) and (b) tests
were conducted with the "false Target shell" at New London
on February 25-27, 1943. Comrander F. K. Loomis, Lt. (j.g.)
J. H. Curtiss and Mr. F. M. Varney of the Bureau of Ships,
and Lt. C. L. D. Allen and Mr. J. A. Grand of the Laboratory
wers present to witness the tests. No teets were made on
February 25 due to jamuing of the submarinets signal ejection
gun. ©On February 26, six svasion runs were carried out with
the submarine Comranding Ofiicer firing "False Target Shells"
at his discrstion. Throughout the conduct of the evasion
orcrations the submarine maintained a depth of 80 feet. One
shell only was fired in all runs except iIn one case where
tvo shells were e jecteds In two of the six runs the submarine
heard the destrover pass over head. The consensus of oninion
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of the obuwrver aboard the SEITES was that although the
bubbles gave an echo comnarable in quality and intensity
to that cbtalned from the CACHALOT the two echoes could
be differentiated by the lack of Doppler from the bubbles.

. Although some confusion resulted from the use
of the "Palse Tarpret Shell" its definite value In evasive
tactics could not e ascertained from these tests., A series
of controlled runs with the CACHALOT streaming s marker buoy
were conducted the following day. Data from these observatlons
cf February 27 is summerized below. In all cases the submarine
proceeded at & cepbth of 65-70 feet at 3.2 knots unlsss other-
viise noted. During the first four runs the submarine followed
a set Dasge course while in the lest three runs the submarine
uaed evasive tactics., The destroyer in all runs excent the
first simnlated attasck conditions. A1l vimes given are in
minutcs and seconds vith zero time as starting time.

Run #1. Destroyer followed parallel course slightly ahead
of submarine asbeam at a rangs of 800 vards. Under these con-
ditions no Doppler is recelved from the sub and a slight
Donpler from the bubbles. The submarine fired a shell at
3-00. Sound onerator left the submarine and began to range
on bubbles at Li-00. At 3-10 the run was concluded with
the sound operator still ranging on the bubbles.

Run #2. Destroyer 1200 yards dead shead of submarine.
Submarine fircd dud bubble shell at 3-00, Although sound
aperator became confused in the middle of the run a succeszsful
attack was wade at 7-00C.

Run #3. Destroyer approaching submarinets stern from an
initial range of 600 yards, 8hell fired at 3-00. Destroyer
began receiving good double ocho at L-00., PFrom 5-00 to
7-00 destroyer in bubble cloud which squelched all echo
ranging. Wo bearings and rangos could be determined by echo-
ranging while In this blanksted area. At 7-00 the submarine
was momentarlly ranged and lost agein until 8-00 when contact
wag maintalned until the conclueion of the run at 10-265,
Destroyer not under way.

Run #li. Repeat test of ruan #3 with two shells to be fived
instcad of one, Initial range 507 yerds, Shell fircd at
3«00, Bubble echo first rceeived at L-00. PFrom L-30 to
9-00 gt a range of 600-700 wards the bubblcs geve e stronger
echo than the submarine but no Donnler. Although the bubble
ccho was morce Intensc than the submarine the Donnler from the
latter was still distinguishable. At 9-1% the submarine fircd
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& sccond chell which was {irst renged by the destroyer at
10-00. From 11-3%30 to 12-30 thc destrover was passing through
¢ bubble srca; during this period no bearings could be taken.
The opcrator of the range rocorder was confused in this run
becausce of the multiplicity of traces recorded.

Evasjon Runsg (diifcrent sound operator aboard SEMMES).

Run #5. Initial renge 2400 yards. The submarine fired a
shell at 5-29 and continued on base course until 7-00
when it began an 80° right turn completed at 11-06, the
conelusion of the run. At 6-10 the dertroyer had closed
Irc to 1000 vard range, from which time the sgound overator
began to osciliate in taking bearings from bubbles to sub~
marine and back., Ab 7-%0 destrower lost comtact at 200

vard range,

Run #€. TInitial range 2700 vards. Submarine fired shells
at 3-00 and Li-05 and executed 60° right turn from 3-00
to 6-00; sutmarine stopned all engines from 7-00 to 17-00,
the time ol conclusion of the run. Destrover closed in to
1500 yards at 6-3%30 vhen first double echo wnicked up. Al-
though some confusion, destroser apnarently made a success-
ful attack at 10-10,

Run #7. 1Initial range 2500 yards. Subrarine fired shells
at 1;-39 and 5-lil; and executed a L0° left turn from 6-00 to
8-00, returning to bssc course frem 9-00 to 12-00. Destrover
first echo-ranged bubzles at 5-27 at a range of 1050 yards,
Operator lost submarine and ranged bubblee from 6-00 to
7-00 vhen target trace onerator called attention %o this
fact and sound onerator relocated the submarine. At 8-10
simulated attack fired at 2nd set of bubbles instead of true
target; this was due to confusion of the overator of the
range recorder and not the sound onerator.

5e Among the dlsadvantages of the "False Target Shell"
is the use of an air slug for ejecting the shell. The re-
sultant surface disturbance, although momentary, may be seen
bv surface craft several hundred vards awav. This drawback
could be elimirat<d by firing the shell with a water slug
instead of air. Ancther handicap, probably more scricus with
sonic than with supersonic souipment, ie¢ the sound created by
the black powder exvellent charge. Both of the above mentioned
difficulties would be removed bv the use of an ejector like
the German "Pillenwerfer" modificd by the addition of a safety
pop-off valve to the muzzle. Relatively little danger would
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be involved in the use of an ejsctor cf the piston type and
further the chemical could be stored in cans instead of the
more expensive signal cases,

b The "False Target Shell" has in these tecsts
demonstrated the vossibllity of;

(a) Confusing an sxperienced sound operator.

(b} Confusing the range recorder operaltor,

{¢) Squelching momentarily all echo-ranging.
Tt is te be noted that in all individual teste & meximum

number of two shells was used, vhile in actual gservice use a
larger nuwber could be used,

Jos. A. Grand
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¢-868/s8(1152 ; JAG )map March 29, 1943

MEMORANDUM %o the Director

Subject: Sound Test at New London of Varied Expelling
Charges in Device to Generate Rubble Cloud
for Submarine Evasion Tactics (False Terget
Shell),

Reference; (a) Buord ltr. to Nyd Washington, No. S70-
1{9), Serial No. 02-3%-9, dated Feb. 2,
1912, requesting modification of expel-
lent charge in false target shell,

Enclosure; (A) Program of Test Procedurs.

1. Preliminarv service tests demonstrated the
necessity of reducing the expelling charge in the subject
device because of the high order intensity noise »roduced
by the explosion. 1In accordance with reference (a), Mr,
8. P. Lewls of the Naval Ordnance Laboratory prepared four
shells with an 18 gram smokelsss powder charge and four
shells wit:r - 2l gram smokelcss powder charge in place of
the standard & gram black powder charge. These shells
contained dummy pellsts of wax in nlace of the chomical
pelliets.

2 Cormander W. L. Pryor, Jr., Dr. H. L. Saxton,
W.0. R. He Whitehead, Mr. W. %. S8tifler and #r. J. A.
Grand from the Laboratory and ¥r. . M. Varney of the
Bureau of ships witnessed sonic and supersonic listening
tests of these shells as well as standard shells at New
Loondon on March 25th, The test procedure fcllowed the
program, Enclosure {(A), with the exception that Run #6 of
Part Two was omitted.

B Sound recordings of the tests of pPart One made
aboard the AMADA & 1985 by Mr. D. P. Love of the Underwater
sSound TLaboratorv, dernnstrate g marked reduction in sound
intensity by the use of the 18 and 2h gram smokeless powder
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charges. WNo "sonic scrambled egg effect", i.e. sounds Dro-
duced by bubbles leaving the surface of the chemical, by the
~use of chemical shelle could be noted. A condensed coDY of
these sound recordzs will be sent to the Laboratory. The
sounds heard over the QEF aboard the SEMMES vere quite loud
due to the fart that the shells exploded quite close to the
sound dome. In all tests of Part One the pellets were
ejected from the shell cases by the exvelling charges.

h. The primsry purpose of the tests of Part Two was
to deterrine if the pellets would be ejccted bv the reduced
explosive carges at the vrobable maximum depth of use. In
all teets, .xcopt Run #2, the rellets were ejected from the
shell cases. The shell uged in Run #2 was a dud, probably
caused by a vriwer miafirz, Very feeble or no reports were
heard over the QBP in the tests of part Tvo.

5 W ile av New Londc.a, arrangements were made for
the writer to visit the Electric Beat Co. in order to ascer-
tain the possibilitlies of using swlvage connections or other
openings in a submarine for attachrent of a "pillenwerfer" type
ejector. The salvage connection is the only opening available
and that is not very suitable as it ovens on the topside of the
hull two to four feet from the deck, depending upon tle com-
partment. Further, the salvage opening is only three inches
at the weld which would permit only of using about a one-inch
plll

Joseph A. Grand,
“Chemlstry Dept.
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C~0~pP-Y
TENTATIVE PROGRAM (¢ FALSE TARGET SHELL TESTS MARCH 25, 19L3
PArt One (semmes, Amada and 1985 participating)

The Semmes will take vosition about 1000 yards distant from
the Amade and 1985 snchored off Fisher's Taland at about i %0,
The Semres will transmit by signal light the letter "P" when
ready to proceed with the tests. The 1985 will answer if ready
%lth the letter "P" or if not ready with the letter YH" for hold.
Lf both craft are in readinsss the Semres will signal Rl for
Roadiness Run #1 and 1 minute later send a long dash for execute,
At the moment the execute signal is sent the Semmes will trip the
firing lever on the false target sheil at a depth of 80 feet.
Elght rune will be made as enumerated below using the same signal.
ling procedure as above with shells of varying powder charge.
The Semres will note if the cans are ejected from the shell and
28lso note over the OBRR guslitatively the relative intensity of
the sound made by the expellent charge, The flrst two runs will
be used for sonic adjustment purposes by the 1985 and the Amada
in order to record the sound rade by the burster charge in runs
#1 to 8 inclusive, as well as any "sonic scrambled egg effect”
that might be found in runs #2, #7 and #8 with chemical shells.

Run #1 28 gram powder charge. Dummy pellets {Wax). -

Run #2 " o " . Chemicsl pelleus (Standard
Felse Marget Shells)

Run #3 2k * 4 "« Durmy pellsts.

Run #h 1 n 1 L " n

Run ?145 18 n n L 1 "

Run #6 ft " n noo 1 ft

Run #7 28 » " " '+« Chemical pellets.

Run #8 u 1 n LA n n

Part Two {Semmes only)

The Semmes, on the conclusion of the tests of Part One will
procecd to a point off Fisher's Island where s depth of 300 fect
iz availeble. The Semmes will trip six shells as noted. below
making the same observations ss in part Onc.

Run #1 18 grem powder charge. Dummy pollets.

Run #2 " " "o " "

Run #3 2L " " "o ) "

e L "

Run #5 28 " " . Chemical pellets.
Run #6 " ¢ " o " "
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Copy to:
C0 SEMMES
CPOINnC 1985
CO AlADA
H#r. Varney
Mr. Grand
Signalman
Comdr. Pryor
My, I,oye
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C~868/58 (1152 + JAG Ymsp May 3, 19L3

MEMORANDUY to the Dpilreczcr

Subject: Deep Water Sourd Test at Portsmouth, M. He, Of
FPalse Target chell.

References; (a) Memo. to Director; £-868/ss(li52), dated
varch 29, 1943, Sound tests of varied
expelling charges in Walse Target Shell.

(b} BuShips itr. to Buord, C-8S/A16(%%0),
dated Jan. 2%, 1913, requesting that
NOL(Wash.Nyd) be authorized to modify
exvelling charge and furnish NRL with 50
shell cases and modifled charges for
chemlical loading.

{c) puOrd ltr. to Nyd, Wash., 570-1(9)Re2e,
Serial 02-3-9, dated Feb. 2, 194%, author-
izing request of Reference (b).

1. The sound tests at New London of March 25
{Ref. (2)) indicated that a 20 gram smokeless powder expel-
ling charge in place of the standard 28 gram black powder
charge satisfactorily reduced the noise level of the ex-
pellent explosion. In accordance with References (b) and
(c) the Naval Ordnance ILaborstory supnlied fifty modified
expslling charges and fifty Mark 2 Mod. 2 Submarine Emergency
Identification Signal cases. These cases were loaded with
chemical pellets at the Bellevue Magazine under NRL super-
vision. Twentyv-five of the False Targuet Shells were loaded
vith the normal chemical mixture, while the remaining twenty-
five had 1% by weight of a wetting agent added to the chemical
mixture. PFrom laboratory expcriments it is belicved that more
efficient bubbling 1s obtained by the addition of the wetting
agent in that smaller bubbles are released.

2 Five of cach of the two twnes of False Target
Shell were sent to the Portsmouth Navy Yard, Portsmouth,
N. K. for test in conjunction with the deep submergence
run of the USS RALAO ($S285). Tests were conducted in
deep water about 16 mileg off Portsmouth on April 27th
with the USS SEMMES (AG2l:) and USS MARTHA'S VIMEVARD
(IX97) coonerating. The Falsc Targst Shells were only a
small part of the program as tests were also made by
repregsentatives of the Bureau of Ships, Portsmouth Navy
Yayd, David Taylor Mode¢l Basin, UndePwater Sound I.abora-
tory of Mew Loiidon and the V,ocod's Hole Qccanographic
Institute. Information given here only concerns the
bubble generation problem., Comdr. ¥. L. Pryor Jr.,
Lt. F. %. Kittler, Dr. P. ¥. Arnold and Mr. W. ¥. Stifler
of the Naval Rescarch [aboratory and Mr. F. M. Varney of
the Burcau of Ships aboard the SEMMES and Mr. J. A. Grand
of NRL abcard the BALAO witnessed the tests.
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3 At & deoth of L12 foct 8 green smoke bomb was
ejected from the BALAO to determine if the ejector and
Signal vould function properlv at this denth., It is thought
that this sipnal fired before reaching the surface and was
drowned ss the SEMMES reported no signal. Fuse time of the
smoke bomb is 25 seconds, so it would be necessary for the
signal to have an upward velocity of at least 16.5 feet ver
second to di-charge on the surface. Two green smoke bombs
vere fired at a deoth of 300 feet, both of which fealled to
function. At this denth, with submarine speed 1-1/2 knots,
four Fzlge Target Shells were fired., PRoth tynes of False
Target thell were fired alternately at intervals of anproxi-
mately three minutes beginning with the non-wetting agent
tyoe. The SEIVES recordsd echo ranging on the submerine and
bubbles, while the MARTHA'S VINLYARD recorded on sonic equip-
mént the expelling charge noise. Observers aboard the SEMMES
reported that echoes from the False Target Shells were of
excellent intensity and quality. Recordings and data taken
by the SEFMES, FARTHA'S VINEYARD, and the BALAO will be
forviarded to the Laboratory. Before coming to periscope
depth a green smoke bomb was fired at 200 fect wnich functioned
correctly.

li. It was intended to fire a serles of False Target
Shells at periscone depth (62-5L fect) with submarine speed
6 knots with the MARTH!'S VINEYARD directly astern of the
BALAO to determine whether the bubbles had any sonic masking
propserties, but the gate valve on the muzzls of the signal
ejector jamred after firing one False Target Shell., Unfor-
tunately, the MARTHA'S VINEYARD was changing records a: the
time of firing of this chell.

5 The subjJect of a new type of signal ejector,
better suited to the needs of the False Target Shell, was
discussed with Cantain A. I. McKee of the Portsmouth Navy
Yard., The need for a new tyve of eiector had already been
anticipated because of the freauency of derangerents
occurring in the Service with the oresent model. Cantain
McKee was of the oninion that an eiector suitable for the
submarine signal and at the same tire suitable for the
False Target Shell could be designed.

Joseph A. Grand
Chemistry Division.
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October 1, 1942

MEMORAYDUM to the Director

On Juiy 28, 1942, Comdr. Mallory, Bureau of Shilps,
informed the writer by telephone that Lieut. Raitz would visit
the Laboratory for a conference on an urgent problem. On the
same dste Lieut. Raltz called at the Laboratory to discuss the
use of chemical materials for forming & false target of sub-
marines {or the sounding apparatus sboard enemy ships. To dave
it appears that & shin's wake, a cloud of air bubbles, or
temperature dirferences will give reflections similar to thg
hull of a submarine. The important condition apparently being
a rather sharp chaige in density of the water, the exact mech-
enism of the reflcctiorn being under study in NDRC.

Lisut. Raitz, Dr. Burgess and the writer discussed
various compounds which would decompose to give small bubbles
in water to change the density by a controllable amount. These
compounds were sodium peroxide, hydrogen wneroxide, mixed oxide
and KOX as 0z producing comnounds, carbon dioxide snow, alkali
carbonates and bicarbonates with suitable dry acids (alka-selt-
zer types), as COz nroducing comrovounds, Alrso various alkali
metals ss hydrogen producing corpcunds were dlscusaed. The
using of a fine air spray was discussed with Dr. Borgstrom.

On July 29th, Lieut. Raitz returncd to the Laboratory
to se¢ some mrateriale tried in a water bsgth. The bath used was
L, £t. high with glass windows giving good observation of the
rcactions,

Catalyzed mixed oxides gave a very vigorous reaction
and large bubbles. Then NaCl wgs added as an lnert matsrial
and nellets made with the mixed oxlide. One sample contalned
Necl LO%, MOX 604, a seccond Nacl 60%, FoX L0%. A reasonably
large volume of small bubbles formed in the tank which lasted
for several minutes. The 604 MOX pellets reacted snd descended
more slowly than the L0% material. Ths regction with the nel-
lets (approx. aspirin pellet size) was over in from 1/2 to 1
minute time. Large pressed chunks, 2 to 3 cm. in dismeter,
reacted in approxirately the sare time and gave large bubbles
which rose rapidly to the surface and disappeared.

Lieut, Reitz discussed the problem with Mr. R. I..
Tuve who suggested calcium phosphide as a compound with suit-
able characteristics. The rate of gas production being easily
controlled by the size of particles. The gas formed from the
comrercial calcium phosphide haes an unnleasant odor vhich would
be disagreeable 1f set free in a closed space. The odor is not
due to phosphine, but worobably to arsine from the arsenic pres-
ent as the impurity in the ohosvhide., The vhosphide reacted
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with the water slowly and regularly to give a well defined cloud
of bubbles. The phosphine burned on contact with the oxygen in
the &ir with a sharp crackling.

309 H.Op was decomposed by pouring a sclutisn of KMnoO,
and the peroxide each through a tube Iinto a vocket or mixing
chamber In a rubber stopper under the surface of the water., A
cloud of small bulibles were digpersed which disappeared = lowly.
A dark brownisu cclor was also present due to excess catslyst.

5C, 3now In sizeas that descerded gavz bubbles which
were ton large ana smaller pieces rose to the surface.

Larger chunke cf the 60% MOY wizture, 1-3/4:in. in
diameter, weiching approximately 70 gnm.; were prepared and
dropped into the river one at a time. Targe bubbles came to the
surface, but the wotery natvrally wes toc muddy to observe any
fine bubbles in the vicinity of the dscorposing chunk.

DISCUSSION

The phenomsna of sound reflection from a location in an
extent of water ic found where there is a change in the density
of the water. The change 1in density or the rate of change for
a reasonable reflaction is not known to the writer. However,
density changes due to temperature differences are revorted vo
produce a sound reflection.

The maximum temperature differences renorted in sea
vater are around hO°wm, (the highest reported around 80°F., the . .
lowest around lO°F.) however, it would anpear unrcascénable if &
difference of more than one-fourtn this amount (10°F.)} occurred
in & short distance or boundary layer from which reflection
could be obtained. On curve #1 the difference in density of sea
water from 86°F. to 77°F. (9°F.) is 1,02025 - 1.02260 or 0.001£S5,
while the difference from L1°F. to 50°F. (9°F.) is 1.02860 -
1.02785 or 0.000725.,

-

Now choosing as the average denslty of sea water
1.02686 (value at 59° or 60°P.) the fraction of the volume in
each cuble foot occupled by gas at the average density change

would be 0.00120 - 0.00116 or 0.116¢. Where (a)} and (L) are

the major and minor semi axes respectively of an ellipse, the
volume of the spheroid formed bv rotation of the ellipse about
its major axis 1s given by V = li/3T ab®. cConsidering that a
suitable target elliptical in chape and equal in shape to the
golld of rotatlon of the ellipse vould be 150 feet in length and
20 feet in diameter at the center the volume would be in cu. ft.
/371150 (20)®
## = Approx. 1°150°L00 cu.ft.
= B 60,000 cu.ft.

60,000 x 0,00116 = 69,6 cu.ft. of gas to get

the density change considered. Also this is the volume at thse

it

#3 Correction:
This line should read l(1+150:400)cu.ft. and should
be carried through the calculation,
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depth desired, Assuming 12% ft., to center where the prussure

Y- e B0
in the sea water would b 12562 ilﬁu. . 02686 - 55.6 1bs/sq.in.

The gas volume is then $3.6+55.6 26%, pge 8t one atmosphers

and the tverage temperature chosen 60°F. This figure does not
take into account the welght of the gas or the solubility 1n sea
water. Both c¢f these values depend on the gas used. In case
one foot thickness of gas filled water 150 ft. long and 20 feet
high was satisfactory the volume would be 150 x 1 x 20 = 3000
cu. £t. or 1/20 of the calculated volume and only 1/20 of the
gas volume would be required,

From the date of this visit to the present, work has
been done on this problem at odd times.

pDuring the week of Oc¢tober 5th, T. M. Varney, Bureau
of Ships, visited the TLaboratery three times on the problem and
a confidential letter from the Bureau of Ships, ¢-88/A16-3(340),
has reguested pellets for trial. They wish one hundred units.
Men in the section on high flying and material testing have been
put on this work to finish it quickly, In the meantime, Lieut.
J» T. Burwell asked that I interview a Polish refugee in Balti-
more. The data apparently is on German equipment for problems
other than this one. Tue conference was reported in confidens
tial merorandum to the Director of October 13%th,

R. R. Mill-er’ .
Chemistry Division
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UNITED STATES GOVERNMENT

P - memorandum

7103/104
paTE: 24 September1996

FROM:  James R. Griffith (Code 6107)
Burton G. Hurdle (Code 7103)

SUBJECT: REVIEW OF REF. (a) FOR DECLASSIFICATION

TO0: Code 1221.1

ViA Code 6100 AD - 7/0 1§

Code 7100

REF: (@) NRL Confidential Report #P-2086 by J.A. Grand and D.S. Burgess, June
1943 (U)
(b) DoD Dir. 5200.9
1. Reference (a) is a report on the development and testing of an acoustic false |
target generator for U.S. submarines. Small air bubbles were generated and
discharged from torpedo tubes. The report 1is the result of a joint effort between the
Chemistry and Sound Divisions.
2. Both the chemical and acoustical technologies are widely known today.

3. Reference (a) was declassified by reference (b).

4. Based on the above, it is recommended that reference (a) be declassified with no
restrictions.
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