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1e This problem was authorized Ly the JiPP" of Engineering letter
reference (a); other references pertirent to this problem are listed as ref-
erences (b) to (f).
Ref, (a) Bu.Eng. 4th end.S-870-1(10-11-13) of 5 Jan. 1333 to

Ire fe (C’) bel':"'To Ii

(b) Comsubron 4 Secret let. FF4-4/870-1(9) of 7 Sept. 1932
to NeR oI-o

(e¢) N.R.,L. let.S5-85/579-1 of 11 Oct. 1932 to Comsubron Z4e

(d) Comsubron 4 let. FFL—A/S??-1(26) of 8 Nov. 1932 to
N RoLo

(e) NoR.L. let. S-870-1(4%) of 6 Dec. 1932 to Opnav via
Eng. & Ord. with enclosure copies of references (b),
(e¢) and (d) above.

(f) Opnav 3rd end. Op-20-Gs (SC) S70-1 of 3 Jan. 1933 to
N.R.L. let. ref. (e).

STATEMENT OF PROBLEM !

2. The present work is concermed with one specific aspect of the
general problem of recognition signalling between Naval ships, namely the
problem of a submarine's identifying itself during the day by a visual
commmnication method to & friendly surface vessel or airplane. The best
gtetement of the problem is that given by Commander Submarire Squudron 4
in reference (d)s:

" cesalt 18 desired to develop a positive system of recognition
und identification signels whereby a submarire, which ig forced
to submerge by a known friendly surface vessel or aircraft, can
make its friendly nature known to the attacking surface vessel

or aircraft and thereby avoid being bombed. It has been consid-
ered that if a suitable dye materizl could be ejected from the
submarine and colcr a fairly large area of water a positive means
of identification could be obtzined. Such a2 system could be made
gafe from imitation by employment of various colors and would
aleo fail to disclose the submarine's position to other vessels
or aireraft not in viecinity as would be the case using rockets or
smoke bombs."

KNOWYN_FACTS BEARING ON THE PROBLEH

3. At present submarines depend upon the pyrotechnic smoke signals
for a recognition signal, The objections to these are stated by the Chief
of Nuvel Operations in his 3rd endersement, ref.(f), which 12 qucted here-
niths

"l. Due to the limited number of distinctive eolors of smoke
rmateshnie sisnmals which have been developed, these signals
have leas security than is desirable wihen used Lol cicigeucy
identification signals,
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"<. As the inberent difficulties will probably prevent the
development of smoke pyrotechnic signals with 2 large numter
of distinctive colors it appears that the only way additional
security can be obtained is to use a greater number of dis-
tinctive systems.

"3. In order to develop & new syatem for use of submarines
while submerged snd thereby increase the security of submar-
ine emergency identification signals, it is recomnmended that
tte Navel Research Laboratory undertske the develcpment of
colored water emergency identification signals."

THEORETICAL CONSIDERATIONS

e The recognition method described herein is tased on coloring
a patch of the surface of the sea with suitable dyes and other coloring
agents released from the submarine, Light from the sun or the sky is re-
flected from these coloring agents as colored light which is seern and
recognized by the personnel on the aircraft or surface vessel in the
vicinity.

50 All daylight visual signslling systems, such as flag-hoists,
smoke signals, etc., and the present method, have the theoretical diffi-
culty that their effectiveness depends on the position of the sun relative
to the observer and to the signal; and experience proves that this diffi-
culty is a practical as well as theoretical one. Thus, for example, para-
chute smoke signals cannot be recognized by an airplane pilct if the sig-
nal is cn a line of bearing and between the airplane end the sun.

6. But if the deficiencies inherent in the present method are
clearly recognized, some of the objections thereto can be overcome by
careful indcctrination of the operating personnel in the best manner of
using the system.

NARRATIVE OF ORIGINAL WORK DONE
AT THIS LABORATORY ON THE PROBLEM

7o This problem had its origin in & letter of the Commender Sub-
marine Scuadron Four, reference (b), requesting information on suitable
dyes for coloring sea water as a recognition and identification signal by
a submerged submarine. In reply, the Director Navel Research Leboratory
requested the following further information, reference (c):

"(z) Probable depth at which submarine will release a recog-
nition signal.

(b) Is it desired that the signal be seen by airplanes,
surface ships, or both?

(¢) Shculd the signal be incorporzted in the parachute smoke
signal or as & separate unit?

(@) Should the water be colcred and thrown inte the air or

a3 ) ~ S SN T S S ipm— % |
Will o Llidv COLOLCU SUrLfLoC o< 2OCLZTooioYg
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2 In reference (d) the Commender Submarine Squadron Four replied
as follows:

"(a) Subtmarine will release signal as it Fuhﬂprge and elso up
’ to maximum depths as it sttempts to gain faveorable position
to avoid depth charges,

gnai should be visible by both aircraft and surfzce
s in near vieinity of submarine.

(e¢) Signal should be & seperste unit.
(d) & flat colored surface would be satisfactory.
(e) The signal gun could be employed to eject the signal."

o Following the authorization of the problem by the Bureau of
Engineering, the first laboratory work was the study of suitable dye-
colored oils to form an oil patch on the suwrface of the water. Petroleum
oils being recognized as very wmsatisfactory for use on submarines, vege-
table oils were used in this work. Means for ejecting these oils from a
submarine were developed. Next it was found that certain bronzing powders,
such as aluminum and gold bronze, when spread on water gave  very satis-
feetory recognition signal and means were devised for ejecting these from
submerged submarines., Finally, the Bureau of Ordnance projectile dyes were
tried and found to glive satisfactory coloration of water. It is desired
here to make grateful ackuowledgement of the kind cooperation of Lieuten-
ant E.M. Crouch, U.S.N., Officer-in-Charge, Naval Ordnance Laboratory, and
of Chief Gunner R.D., Carmichael, Officer-in-Charge, Naval Maguazine, Belle-
vue, D.C,, in this work.

EXPERIMENTAL UETHODS

10. The experimental work on this problem divides itself naturally
into three parts:

(a) The development of new recognition signalling agents.
(b) The testing of their visibility.

(¢) The devising of means for ejecting the signalling
agents from submerged submarines,

(a) Sipnalling Azents.

1%, 0il-Dye Signal: The first type of signal depends on spraying
& dye-colorad oil on the surface of the sea to form a distinetively colored
pateh. The first sxperiments were to find a satisfactory oil. Experience
of submarine officers shows conclusively that petroleum oils would be en-
tirely wnsuitable for this owing to the possibility that part of the oil
might become trapped in the superstructure or the fairwater siructure of the
submarine and thereafter leave an oll slick wahich, for hours afterwards,
menld Aisalose the pressnce and position of the submarine, Hence, vegetable
oils were tried in this work, corn oii, ior ewauwple, provlug stiiafactee-
Iniortunately, despite ths eﬂormouu mmbear of dyes known to chemistry, the
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nunber of dyes soluble in oil is relatively small and some trouble was ex—
perienced in finding suitable dyes. Several wers tried, but thus far only
two —- yellow and red -- have proved satisfactory. The formulas for the

final o0il mixtures are as follows:

Red Yellow
4 0z, Geigy oil-soluble red #7 3 o0z. Geigy oil-soluble yellow #2
1/4 gal., Butyl Lactate 1/4 gal. Butyl Lactate
3/4 gal. Corn 0Oil 3/4 gal. Corn 0il

Dyes manufactured by the J.R. Geigy Company.

12. Powder Signals: As the oil patch recognition sigral seemed
to have undesirable limitations, other signalling means were sought. This
led to the discovery of the second type of signalling agent, which comprises
a distinctive colored powder which is scattered over water and floats for
a period of time. A large number of materials were tried, of which the fol-
lowing were considered to show promise:

Bronze Powders Qther
Aluminum (Aluminun Co. of America) Fire Extinguish-
Copper (U.S.Bronze Powder Works) ing Foam Pow-
Deep Copper r B " der.
Gold n " n Graphite.
Light Blue " " "
New Green " L L

i3. Dye Signals: The third type of signalling agent consists of
a water-soluble dye in the form of dry powder which, when scattered over
the surface of the sea, quickly dissolves and colors & body of water im-
mediately beneath the surface. In principle this method is identical with
the nethod of coloring the salvo-splashes of major-caliber projectiles. Two
obsoclete projectile dyes (blue and carmine) supplied by the Neval Ordnance
Labcratory on authorization of the Bureazu of Ordnance were tried aznd found
to be suitable.

(b) Visibility of Signals.

14. The first experiments on the visibility of the above signal-
ling agents were made as follows. On a sunny day, with the wind about force
2 on the Beaufort Scale, the various signals -~ oil, powders and dyes —
were scattered from the stern of the Laboratory motorboat while she was
underway at about 2 knots. Approximately one pound each of the various
signals werz used and scattered at intervals of about 200 feet along the
course (Plate 1). When 21l signals had been put overboard, the course of
the boat was reversed and the character of the various colored patches ob-
served at various angles with respect to the sun. By steaming back and
forth along the line of signals, a measure of the duration of visibility
was determined. From these observations it was judged that the signalling
agents were satisfactory in visibility and duration, most of them remaining
visible for about half an hour.

15. Next, through the cooperation of Lieutenant E. ¥. Crouch, USN,
of the Naval Ordnance Laboratory, visibility tests from the air were made.
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In these the gseverzl signals were scatterad over the Potomac River from

tha motorboat on a course 1809 degeribed above, while Lieutenant Crouch
observad them from a plane with L7Q't=~:n, (ig) J. H. Griffin, 5N, pilnt-
inz and also «Lrﬁu.,,v The day was sunay with the sun bearing abpq} 130°
at sltitude '7':”, the wind about faree 2 snd thas rviver slightly "1‘1"'71' und
very muddy, Ths majority of the signals was found to be adequat 1; seen
from the airplane at altifwles up to 4,000 fLeL, The vkdlallLt{ of the sig-
nals varied oroatly as the oosition of thez airslune chanrad with resnect ta
thy sun, These visibility tests wera not rn:”~ri further b—rﬂ‘*e it wag ap-
procinted thet conditions on the muddy Potomac River differed greatly from
the conditlons at sea and hence that visibility tests, to be of signif

cance, could -nly be made in the open ses.

(e) Ejection Methods.

16, The remaining part of the work is concerned with devising
sunitable means for ejecting the above signalling substances from a sub-
aerged submarine.

j L% Air Blow (for oil): In the first methnd, suggested by Lieu-
tenant W.J. Holmes, USH, the oil is blown out a small pipe through the
prassure hull in the submarine, coming out at as high a point 28 is pos~
sibple in the submarine fairwater structure (Plate 2). Lieutenant Holmes
visualized that in the final application of this method a number of small
tanks containing the several oils {Plate 2a) would be provided, all mani-
folded to ths common overbosrd pipe; the commanding officer would then be
provided with means whereby he could at will blow one of the colored oils
overboard (Plate 2b).

18, This suggestion was tested by constructing the tank-manifold
system diagrammed in Plate 2a and using it from the Laboratory motorboat
on the Poromac River, as diagrammed in Plate 3.

19, Projestiles (for oil):s The second method of ejecting the oil
sipnal was to devise a projectile suitable for use in the submarine emer-
vency identificsztion signal gun. In this, the oil is contained in ¢ shell
similar to the submerged emergency identification signal, Mark ITI. In the
shells first tried, when the signal reached the surface air pressure foreced
the oil oul &5 a spray which covered an area of water. But the air-pres-
sure 3ystem proved so complicated and expensive in construction that a
second type was devised in which nitroecellulose powder generated the pres-
sure to eject the oil us a spray. In Plate 4 the final experimental model
ig showm in section.

20, Projectile (for powder}: The method of ejecting the powder
signals -—— both the metal powder and the powdered dye -- 1s a simple mod-
ification of the emergency ldentification signal Mark II, Mod. 2, shown in
Plate 5, in which & suall charge of 3 grams of black powder scatters the
sienalling powder sufficiently to cover a wide area of the surface of the
gen,

21, Tests of Ejection Methodss The final experimentsl recoganition
siennl mothods were tested by firing them from the submerged 1gnal gun of
the USS S5-320 while she was submerged on the DOLLOM L LS & VLGS Ihdy¥iEd wid
Piney Point, Marylund, the operation of the signals nnd their visibility
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(2) Collateral Facts with Recommended Aprl

gested that the metxl powders used abowe should be tecte: r
jectile dyes. It they would color proj le s
a nanner so distine them = valuable addition to the limited

tisfactory proj ile colors.

-k

2 It is considered thet of the three

-y o 3 = e -
types of signal azents

. . gnal =a:

tried, the powdered metal snd powdered dye signals incorporated into pro-

jectiles, similar to that of Plzmte 5, offer the most promisse. It is be-
i s

hows the

1 signsls should be used only if further twest
oreseen objections.

s felt that further development of the work should be

nz lineg. A number of the metal powdsr ane nuwierﬁd dy
made up and tested wnder service conditions at sea by

:ce ships and airplanes operating in coﬁprr" under a variety
sun and weather. During these tests a tentative doctrine

(<] ana

s should be set up. Then, if such tests shom
promise, the fins ker

>
’ S
vice test and doctrine.

25 Another line of development would be to design z signal which
would simuiate the formation of a splash by a dye-losded projectile, &s
projectile splashes sre readily visible from planes for a considerable time.

oa with dye and a demolition charge
e nte 6b) the dye was thrown into

t (Plate 6¢).

nition signals inece rating the
gimilar to thut showvm on Plate
Rallawia. D.0.  far comvice tost
deing to ascertain the suitability
to develop a doetrize for their
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(2) Thzt if the tasts of (1) prove satisfactory, tuch furthor de-
velopment work as appears desirable be carpried out cocperatively oy the
Nuval Urdnance Leboratory, the Naval Magazine, Bellevus, D.C., and the
Haval Research Laborutory.
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