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ABSTIRACT

Object.

The obj3ct of project 4-04-15-00? is to investigate various
means for disseminating solid and liquid toxic agents.

1P The object of the work described in this report uas an attempt
to contlir claims repirted in intelligence documents relative to the military
appli:ations by Fossian and German sources of the vortex ring principle fbr
disseminating agents.

Results.

A liteitura survey revealed little information of a useful
mature on vortex rings. Several formule have been proposed to oxplain the
behavior of vortex r.ngsl hope-or, there Is insufficient experimental evidence
to indicate which, if any, of the proposed relations are correct.

Li•mited exp'!rimental trials were conducted in an attempt to
reproduce the equipment and results described in an intelligence report which
described equipaunt and promising results on taesslan experiments on tVv dis-
semination of agents by the vortex ring principle. Although a moderate number
of combinations of desi4gn parameters were tried, no success was achieved in
evn approaching the rarge and accuracy claimed in the report. Caliber .30-
and 20-m. a-mn-Ition were used as the pulsing charges. While the report
claimed ranges of the order of 300 moters, the ranges obtained in the experi-
ments did not exceed 30 yd. The report claimed high aimability for the vortex
rings, yet the ainability observed in the tests was found to be very poor and
unpredictable.

Whether the failure of the limited tests reflects an inherent
icapacity of this type of system for the useful. field dissemination of CI
agents or whether it was caused by a lack of understanding of the design
parae-ters is a problem which can be resolved only atter a prolonged period
of fandamental hydrodyrisic and aerodynamic experimentation. This was con-
firmed by an inquiry directed to an authority in the field of aerodyranics
(see inclosure" 1, appendix A). Though the failure of the systems tested does
not preclude the possibility that the reported claims can be duplicated, it
is indicated that A successful system would require a highly specific a.nd
precise design of unknown details.

It appears that the vortex ring principle, even if it ccuLd
be mado to operate in accordance with the claims of the Russ31n source, would
not te competitive with conventional weapons for disseminating G. There is
a possibility that the vortex ring principle, if Wuccessful, mey be practi-
cable for projectini agents for riot control and possibly for p 9ectr.;

smoke agents.

C ASSI t H-f n



If the vortex ring were assumed to be one meter in diameter

and if the ring were saturated with, aB vapor, Lpproximately 225 lb. of .30-

cal. ammunition would be required to transport 10 lb. of GB.

Conc lusions.

1. Atteimps to reproduce the results claimed in an intelligence
report relative to Ik$3sian experiments on the application of the *rtex ripg
principle for the dissemination of agents were totally unsuc-essful.

2. No basic informstion on vortex ring generation is available
for guiding tho design of a generator which would be substantially more
efficient thAn t. prototypes described in this report.

3. The vortex ring principle, even if completely successful, Js
inherently inefficient for the dissemination of GB.

io. If the clains made on the vortex ring principle could be sub-
stantiated, the most promising application may be the projection of agents
for riot control.

oco-ndation..

It is recommoeed that no further work be done on the appli-
cation of the vortex ring principle for the dissemination of CW agents.
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M'EASIBILITY OF DISSEUIXiMTL'-C- AGES ST ILWS Or
M~ VORTEX RING PRINCIFL

I. I?1tODUCTION.

A. Object.

The object of project 4-04-15-007 is to investigate various
mans for disseminating solid and liquid toxic agents.

The object of the work described in this report was an attempt
tu confirm claims reported in intoLligence documents relative to the military
applications by ftssian and Oerman sources of the iortex ring principle for
disseminating agents.

B. Authority.

Authority for this work was contained in CCTC item 1703, 26
September 1946 and the project program for fiscal years 1950, 1951, 1952,
1953, and 1954, Project 4-04-15-M07, Dissemination of Solid and Liquid Toxic
Agents.

II.

Prior to World War 11, research on vortex ring producing devices
had bein carried out in Russia under the leadership of Prof. Tokmachev (Bploy-
rent oa' War Gas - Professor Tokcnchev, s nVortex lg.lg, Trr 350-810). Toklmcawv
succeeded in interesting Soviet military authorities in the project as early as
1937. Units or chambers, designed to be operated by the blasts emnating from
a variety of military weapons, (infantry rifles, machine guns, and 76-mo. field
guns) were built and tested.

It was hoped that these unit: would ultimately be capable of
projecting with a high degree of aimability, and at high velocities, moke or
toxic CI agents in the fora of vortex rings to relatively great ranges. In
particular, Prof. Tokmachev thought that the units adapted for uns with mchine
guns could ultimately be rendered capable of disseainating extremely great
quantities of toxic CW at very rapid rates with a very high degree of efficiency.

Prof. Tokmschev was present at the early military experiments.
In these experisents, according to Tokmachev, ranges of 300 meters, and ring
mnzzle velocities up to 114 meters/second were attained with rifles and mch2ne
guns. Vortex rings (1 meter in over-all diameter) were shot at a rate of 400
per minute fro= a DeCtysrev machine gun. Tokzacl-.v calculated that with ten
machine guns, rbout one ton of war gas could be -it out as vortex rings in fLar
minutes. This eas never experimentally substantzted.

1 ,•.. i ,. .- • '
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Tokmchev was not invited to witness the teats curducted with
the 76-mm. field gun, and thus there is no available account of the result:s
of this test. Although it probably did not give the expected results,
Tokmachev had calculated that a ring muzale velocity of 1300 moters/second
could be obtained.

Due to the vagaries of Soviet politirs the project was dropped
after the test with the 76-mr. gun, and from then on only occasional interest
in the project was shown by the military authorities.

In 1942, Tokmachev was captured by the Oermans, and he put his
ideas and services at their disposal. The Germans performed various tests
the results of which (based upon inconclusive intelligence reports) largely
confirmed Tokmaov's basic work. Iboever, probably due to the demnds of the
•r, the Germans were not able to continue their work, and there is no record
of thefr adaptirg wrtax chambers for use in e.istIng military weapons.

t is fro& captured German accounts of these experiments, that
our knowledge of Tokmcahev, his history, and his work was derived. By the end
of tUs war Tokmachev had disappeared.

IIL. TiM=74L,

A. General.

The vortex ring my be Illustrated by the cigarette smoke ring.
It may be produced by generating a pulse of pressure or shock wave in an open
mouthed vessel,.the formation of the ring resulting from the interaction be-
tneen the wave and the edges of the orifice through which it is emitted.

Generally the vortex ring takes the form of a toroid, all the
eleuents of which are rotating about its circular axis and in a plane at right
angles to that akis. The ring moves parallel to its central axis in the saw
direction that the inner surface is rotating (see fig. 1, appendix B).

Theoretical arg-,ents based on an assumed medium of an ideal
nonviscous fluid indicate that the vortex ring is a highly conservative entity,
neither dissipating its internal energy, decreasing its velocity of translaticn,
nor dispersing its contents. These implied propertios saggest the potential
utility of vortex rings as carriers of CW agent. However, in fact, the ring
is somewhat slowed down, weakened, and subjected to the loss of its contents
by the friction between it and the mrdium in which it is moving. IbrMulAe
have been evolved for the rate of decay of vortex rings In slightly viscous
mediums, such as air, but they have not been experimentally corfirmd.

One such for=la as proposed by Tokmchev is as followss

V = Vo

(a.7b.-&-73/2 IJNCLA&SIFVED1
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where Vo - the muzle velocity of the vortex rings
a - the distance

a constant dependent on the shape of the attachment
b a constant dependieft on the shape of the attachment

Then V is the velocity of propagation of the ring at any distance s from
the source.

The Germns expressed contrary views, believing that the fall
of the velocity of the ring is in the tfrm of an exponential -ftiction.

Though the mathematical theory of vortex rings has been rather
fully treated in the classical works on hydrodyntamis and aerodynamies, only
a liAmted body of experimental work has been recordld in the literature. In
particular there is very little data as to how the geometric paranet.rs - ".,
vortex forming chamber affect the properties of the rings. Nor ',, %ere very
amach information correlating the character4.Atics of %the blast or shock wave
used to form the ring, with the properties oi the rUg.

The vortex forming chamber can be regarded as serving two
functions. One is as a reservoir for the CW agent to be incorporated in a
single vortex ring. To meet this requirement a cartain minim volume is
required. The second function is to form ard modify the flow pattern of the
blast in. order to produce that flow pattern which uivl give optimum propertiea
to the vortex rings (i.e. maximize the %apacity, contents, velocity, and range
of the rings). A large size need not inherently be needed for this function,
and perhaps the introduction of the proper tifflas or flow forming shapes may
permit a reduction in the size of the chamber.

Another problem on which very little information exists is,
whether the vortex ring has the ability to carry internally an aerosol without
centrifugally expelling the particulates making up the aerosol. This problem,
which does not exist for gases, is of importance because of many C1 agents
which are most efficiently disseainated as aerosols.

B. Calculation of GB Propagation Usinm Vortex Rims.

1. Warm air when saturated with GB will contain approximately 20 g.
of agent per cubic zater.

2. If we assume a vortex ring having a 1 ceter disamter (Russian
claim) then (vol im. - 0.1 cu.a.).

a. Each vortex ring could contain no more thar 2 g. of GB.

b. It would require a zini-u 22,500 such vortex rings to
transport 100 lb. of agent. .

c. If such a ring could te produced by a .30-cal. projectile,
approximately 225 lb. of amxunition -mould have to be exponded for
each 10-lb. GB.

IN VI i i I
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C. CalcAiatlon of GB Propaotion UsirI a Short Fnare Conventional Munition.

If It is assumed that the 300-meter rargs claimed by te Russians
to have been obtained with the vrtex ring principle is reliable, it would ap-
pear desirable w comre its efficiency (225 lb. aamunition per 10-lb. 0B) with
that of amnther short rangeo weapon such as a rifle grenade. The standard M119
rifle grenade (assuairi It could be redesigned to contain 0B) would consist of
appapzinateoly one pound of metal components and 0.25 lb. OB. An expenditure of
225 lb. of metal components could therefore transport approximately 55 lb. GO
by comparison.

D. Use of Vortex Rinzs to Disseminate C•.

Rlit control operations are usually conducted at rather olose
range. ftisting maitions such as the CM and CX-W grenades are UnLited in
their effectiveness since their inherent design makes It possible for then to
be piched up and thrown back.

In thls conmection, CI) (CS dissolved In a solvent) was do-
veloped to be disseminated by a flam thrower. Consideration is also being
given at the present time to the developmnt of a generator to disseminate
dcropulverized CN. These methads of dissemination are not completely satis-

Xstory in thet th agent Is released as a stream thus rendering the attacker
mnrly as vulnerable a& the targot personnel.

Vortoz rifts, on the other hard, are sherply defined and
themte ally, can be ezpected to retain all of the agent within the rings
dwinin the greater Fart of their trajectory. This would be a distinct ad-
untage over the methods onllined above. However, the large size generator
required (indleated by the 1u4asan claims) together with the anticipated
effort and tim required to obtain the necessary fundamental information
leading to the dovelopwmt of msoh a generator do aut appear to justify such
a developmet.

IT. wiMMA&Li.

Several cylindrical test cheabersp similar to those illustrated
in fIg. 2 were constructed. Tiey were fitteu on their front ends with charpm.
ble some containing sherp w~ed circular orifices of varying diameters and
were eorved on their rear extreaities by various types of membranes. The
sourmts consisted of ruioer sheeting of various thicknesses and were in
som cases overlaid b7 stiff disks of sheet plastic. These chembers could be
fiLUAd with tobacco smoke or NMC1. smoke ihic.h could be projected in the form
of rings by tapping the mmtane In the back of the chamber.

Three poor-shoped test chambers designed to be operated by
the blast emanatir; from a rifle or field g.-m were constr-cted. These are
MlJu.st4d in fMs. 3, 4,, and 5, &;;endix 2. Thq s=allar two were designed

to to ;,"ratcd w; tr.e U-1 rille, and the larger or.2 c-ild Le operated

SECRET .
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either in conjunction with the 1.-l rifle or with a modif4le 20 S. gun.

The large .azber roughly corresponds in dif-nsions and shape
to one of the reportedly succesaufl Oermn chambers,, htornally, both smaller
hesers are scaled down, versions of the larger chambir.

These chambers uere filled with NK Cl make or IC smoke prior
to functionlng, so that (uhen produced) the vortoe rinas would be rendered
visible by the incorporated smks.

Blank .30 caliber cartridges and .30 caliber rifle grenade
cartridges were fired in the M-l rifle to pulse the vortex chambers. Special,
wood plugged, 20-n.. cartridges containing either 15, 20, and 25-S. char-es of
.30 caliber propellant powder were fired in the 20-f gun.

5J. Procedure.

The cylindrical chambers were filled with smoke, the diaphragm
tapped, and the rwno to which moke rings were projected for various size
orifices noted.

The diaphragms on the backs of tim chambers were changed.
ThIckr diaphragm, thinner diaTrs 6 'ms, and diaphraCas overlaid with stiff
plastic plates were fitted on tke chaabors, and the range to which smoke
riqgs were projected was noted.

Tsts weso ran on the cylindrical chambers b7 filli them with
msai, tapping the diaphragm, and vimsally noting. the distance to which the
smoke rangs were projected. This type of test was repeated for each of the
vrious sized orifices, and for each type of diaphrag.

An additional mtbad of deteram ng the range was used. This
coneisted of aiming the chaabor at a burning candia and noting the mazinua
distance at which vortex rings projected from the chamber would extinguish
the candle.

Tht cylindrical chambers were filled with *mpyrofaz gas, aimd
at a Summen flaim, tapped, and the maxism distance at which the Dansen flame
would Ignits the gas ring noted.

The mall, pear-shapod chambers wre attached by means; of a
clamp and a codifled rifle grenade adapter to the end of an U1- rJfL• (see
fig. 3). The alignmnt was adjusted so that as far as possible th ez is of
the chamber was in line with the axis of the rifle erTres. Inabe soaked with
M MRad IC1 were deposited in the chamber, fillig It with S 4CI smoks.
£ibher a .30 caliber blank cartridge or a .30 cLiber rifle grenade cartridge
was inmorted In the breech of the rifle. The rifle was fired and the range
and volocit:, of the resultant vortex ring visually estimated. 3ogetlmas to
aid in W2 cotirate, the asieoolly was ainad at light foliage, or at light,
fr•q Iar4;irg; skoots of -aper, ar4 the tAz~aa ranCe at which th• foliage or

ja;r c&l4d La ag4iattA Lt a vortex ring wa3 noted.

SECRET -
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The l.arge pear-shaped cha~mber was fitted with a rack andbracket on which a rifle could be braced. A samll HC (anti-dim can) grenade,

wa3 ±gnitsd in the chamber filling It with MI.~,,wj The axis of the U-i
rifle barrel was aligned with the axis of the cEamber. Zither a .30 caliber
blank cartrid~ge or a .30 cal~iber rifle grenade cartridge was ineerted in the
breoca of the rifle and the rifle was fired. The range and veL.ncity of the
resultant make ring were visually estimated.

The 20-mn. gun barrel was clamped in the bracket attached to
the large chsaber and was adjusted so that its axis and the axis of the chamber
*wee algned as closely as possible. A small HC anti-dim gbenade was Ignited
i.n the chamber filling It with Zn~l1, sacks. One of the special 20-rn.
cartridges was inserted in the breeh end of a 20-rn. gmr barrel, and a special
breech mechaaimin was attached, cocked and fired. The range,, and velocity of
the resultant xmoke ring were visually estimated. An estimate, expressed asa percentage of the total smoke contents of the chamber, was mae" of that
portion of the snke which had boen projected as part of the vortex ring. Thetest was repeated for each of the differently charged cartridges.

C. bAfults.

Smoke rngs were projected from the cylindrical, membrane"oprated, chambers for distances up to 15 or 20 ft. De to the variability of
thu results, It was difficult to detect differences in performance with respect
to range for each of the various orifices, or for the various rubber usubranes.
It was noted, however, that the membranes backed by the stiff, sheet plastic
disks were nore efficient, easier to operate,, and less critical In funtioning
than the plain rubber membranes.

In general the Initial diameter of the smoke rings was about1-1l4 to 1-1/2 times the diameter of the orifice from which they were emitted.The diameter of the ring tended to increase slightly as the rngz traveled
farther anay from the chamber.

Candle flames were extizguishod by vortex rings projected from
cylind ical chambors up to 15 or 20 ft. away from the candle.

Vortex rings containing 'Fyrofazo gas were Inflamed in passing
by a banse. flame located up to 15 M1 away from the cylindrical projection
chamber.

Vortex rings were projected to ranges of approximately 35 ft.
at speeds estimted to be about 30 ft./see. by the action of the W-I rifle
blast passing through either of the two small, pear-shaped chambers.

fo discernible differoen In range or ring velocity was ob-
sred when the small chamber containing the Interior baffle was substituted

for the similar scal cheamter which contained noLffe

SECRET Swzý ým
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Nor was any di3cersiblo difference in performence observed
unen .30 caliber rifle grenade cartridges were used in place of .30 caliher
blank cartridges.

It was noted that it was extresely difficult Lo a&i the vortex
chamber unless its axis and the axis at the rifle barrel were very closely
aligned. In all cases when aiming at Light foliage it was difficult to got
the rIng to impinge against the foliage within five feet of the spot at which
the rifle was aimed. In some cases, where there wsa acre than a very slight
isalignment In axis, the vortex rings hit ten or even twenty feet away from

the spot at which the rifle was aimed. These errors occurred at ranges of
approximately 35 ft.

In no case, when the W-i ril•f was used in conjunction with the
largoe pear shaped vortex chamber were detectable vortex rings obtaind.

In no case when the 20-rn. rifle was used in conjunction with
the large pear-shaped vortex chamber were well defiznd vortex rings obtained.
In all cases an irregular puff of snoke which d14 not travel more than ten
feet were mitted from the chamber. However, In we case there was a sharp
agitation of the light foliage thirty yards in front of the vortex chamber,
sugh as had been experienced in other Instances when vortex rings " p4 iZ•ged
against foliage.

In every vase, approz.matel]y 95% of the original moak contents
reMined In the large pear-shaped chamber after a test shot had been fired, no
more than 5% of the sem esoaping as pert of the previously ientioced ir-
regular smoke puff.

It Is apparent that the performaces of these chambers did not
confirm the elaims of Toe chev or the Oermas. The maximnm rages obtained
were less than 10% of the value of 300 moters which Teachev motioned as
being readily obtainasble with infantry weapons. The ring velocities were less
then 15% of the speed of 70 nsters/second that he olaimed as being most
frequently obtained with infantry weapons and are slight compared to the 1,300
moters/second he anticipated as being obtainable with chambers of more advanced
dsign. The aimability was very poor and unpredictable. The seeks carrying
capacity of the vortex rir•s was markedly low. It is difficult to reconcile
these differences. The poor aimability m-y have been due to aisaligrment of
the chamber axis and the axis of the rif•e 4Arrel, or to the slight but un-
avoidable asymmstr7 of the hand-*.de vortex u.*anbers.

The poor performance of the pear-shoped chambers with respect
to ring ranges and velocities may have been due In part t'^ certain gaps In
the Information available atout the German chamters after P:.Ich they were
codaded. The approxicate dimensions and Ner-411 shpes were 6L non, but
certain facts, such as the relative Fosuitioni~n of the wIdest dismeior of
the pear srape, were not jivon in the asic r9port. This positionirg had to
te estirated, and tre jposition ve.Ided ,•on ciay rat have been the best.

SECRET .
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Another factor about which there uas relatively littlo in-
formation Was the nature and type of blast most desirable for vortex foriation.
The Germans had mentioned that in certain chambers the weight of the blast
char;. might be critical. There is no information as to the most desirabla
type of pressure-time curve for any given explosive blast. It Would seem
apparent that the relatively slow pressure rise experienced with only partially
confined black powder would not be desirable. But on tUc other hand, would the
almost instantaneoOIs pulse of pressure obtained from detonating tetryl represent
the most desirable condition? It is obvious that, with the rifl and chamber
type of system a hich explos0iv charge could not be used.

Wtatevor the reasons, the fact remains that the perforcance of
the field test vehicles did not live up to the claims made by Tokmachev.

Whether the failure of the pear-shaped chambers reflects an
inherent incapacity of this type of system for the useful field dissemination
of CW agents or whether it was caused by a lack of understanding of the design
parameters is a problem which may be resolved only after a prolonged period
of fundamental hydrodynamic and aerodynsamic experimaentation. Though the
failure of the crude system tested does not preolude the possibility that
systems of this type might be useful for the dissemnatinon of certain Cl agents,
it does at least indicate that such system do require a relatively refined and
possibly precise design to man them usefully operative.

The basic report covering Tolzacheves work and that portion of
this report dealing with the experinmntal work conducted at the Chealcal and
Radiological laboratories were reviewed by Dr. Frederick W. lose, a Cbmaical
Corps consultant in aerodynea 8s.. li8 review and conclusions are given in
appendix A.

1. Attempts to reproduce the results clalmed in an intelligence

report relative to Russian experiments on the application of the vortex ring
principle for the dissemination of agents were totally unsuccessful.

2. No basg+ Information on vortex ring generation is available
for guiding the design of a gonerator which would be subetantially. more
efficient than the prototypes described In this report.

3. The vortex ring pinciple, even If completely successful, is
inherently inefficient for the dissemination of 08.

/. If the claims made on the vortex ring principle could be
subetantiated, the most promasing application may be the projection of agents
for riot control.

VII. MiMMT1014

It is reco==zndod that no further work be done on the applicaticn
of the vortex ring principle for the dissemination of C ;gents.

SECRET



SECRET sa • •

Background and Rofererces

1. Discussion of Vortex hing Formtlon and Propagation by Frederick W. Rosa

2. Ltr. CULLR-Ca(M) to Technical Dlr-ctor, CaLI, subject, Coments on "Vortex
longsw for Issesainatig Wr Oases, 21 November 1951

3. Maorandua for File, 23 Jawaary 1952

4. Report of Teat, 25 March 1952

5. Report of Test, 9 May 1952
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FPSUE3CK T. HDS3
FIsearch an:i Consultation
Physics - Aerodynamics
719 North Uolborn Avenue

Dearborn, I1higan

DIS•5IN OF V03r ID FOI.T.ATION
AM PMPA•ATIC i

After reviewing the report of Professor ToInachevis work and the hand

printed report, it appears the following points are evidents

(1) Tokmchev uses the equation (see p. 400)

Vs Vo
(dbs) 3A

for the decay of velocity, Vo, with distances s.

This foriaLa is in aZreemnt with that preposed by 0. 1. Tylor in (British)
Advis. Com. for Aero. Xmdon, 2 ":- X No. 598 (1918). This formula, however,
is only one of a number which have been proposed. There is little experimental
evidence available to indicate ebich, if anys of these several proposed re-
lations are correct.

(2) In Tokacbev~s relation cited above, as well as in all other similar re-
lations proposed for showing the decay of velocity there appear constants -
such as the a and b above. These constants are dependent upon the detailed
shape of the attachment and its mamer of operation, I i. the constants are
dependent upon the manner of formation of the vortex r",o

(3) In the Tokmachav report th~re appears to be no informtion guvsn on the
details of this manner of generation of the vortex rings. That is, the re-
port does not divulge any important details regarding the relation between
the magnitude of constants a and b and sufficient details of the attachments
and thefr rumer of use.

(4) On p. 401 of the Tokmchav report he uses the muzzle velocity of 3,000
a./sec. for the gases emanating froa the massle of the canonn. This is about
l1,O00 ft./sec. and while it is the velocity obtained, presuhably, fron a
blank f iring, of which I have m information, it should te checked against
available kuzzle eas velocities to see if it is high or net.

(5) The uce of the formj-a, Vo/2.3, implies a definite geometry for the rirg.
It implies a definite ratio between the dAater of the ring and the dianeter
of the core. For example, Lamb, OHydrodynamiciN p. 21.1 shoews that the velocity
of translation of the ri.r ao•.. be equal to the muzzle velocitys i.e., velocity
at the center of th~e rirg 1: th.e rir; diameter is 86 ti--s the core diameter.

UNlCLASSIFIED
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This Would be a very high velocity ring with a very thin core and consaqumntlJY
also of very little volum. TokmachevIS formula, Vo/2.3, iIPlles some ratio
of dian•ters which is high, but, of course, less tthn 86. The report does not
say what it is.

(6) Again, the ratios of diameters, ring tocore, is determined by the manner
of formation of the ring. This again then is determined by the detailed deo•ijn
and manner of operation of the attachments of which insufficient information
ap-ears to be given in the Tokmachev report.

Conclusions and bco~mandations

The discussions given here and in the hand printed report both point up the
fact that the Tokmachev report gives inadequate infr< -ation on detail-
disign and operation for the vortex ring generators (or attachments).
theory of generation and decay of vortex rings is complicated and has not been
well substantiated experimentally. Inadequate Information is available to
determine definitely how to control such factors as ratio of ring to core
diameter in terms of shape of attachment chamber and orifice and method of
applying pressures, etc.

From general thoory available there is no information to show that vortex
ring velocitl. and distances of order of these claimed t7 Thkaachev c t
be approached. lot the experiments described in the hanw printed report show
that if such is possible that adequate design information is not taist
controLing the necessary vortex ring characteristics to obtain the greater
distancees.

From these conclusions then it would appear thtt if the project is to be
pursued further It would be important to systematically study the details
controlling the formation of vortax rirgs of different ratios of ring to core
diameter.

Until such basic Inforation Is known, because of the complaxitt of the
controlling factors, the chance of arriving at a design configuration that
will give the higher velocities is very mall. The experiments reported in
the hand printed report are indicative of this.

C
C
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CaML-C R(M) Coements on "Vortex Rings* for Dis3omainating War Oases.

Technical Director Chief, Munitions Division W,%/6175/;/J
Cml and Rad Labs 21 November 1951

1. A study has been mag of a sunmary of work that was accozplished by
the Russians and Oermans on the use of vortex rings for disseMinating gases
and smokes. Vortex rings may be formed by the action of a jet of propellant
gases issuing from a gun and passing through a suitable fixture on the end of
the gun barrel. It a gas to be disseminated is introduced into the fixture
at the instant of discharge, the Gas will be formed into a vortex ring which
will travel in. a straight line with very little dilution for a short distance,
and will then break up. The maximum range attained has been approma-tely
400 yards. 1

2. Of the possible applications of the vortex ring method of disseam-
nation, there appear to be three of interest to the Chemical Corps:

a. Dissemination of gases for mb control.
b. Projection of screening smoke.
a. Dissemisztion of toxic gases in close-up fighting.

3. For use as a moans of mob control, where the release of a gas
(lacrim*:r or sternutator) mast be practically instantaneous and yet not

ainvolve fragments likely to produce permanent injury, the method night well
be of value. The ability to direct the cloud with som precision would be
an advantage in this case. Whether the leakage of gas at the device used
to create the vortex rings could be kept low enough to avoid the use of gas
seeks is problmsetic.

4. The ability of a vortex ring apparatus to disperse considerable
quantities of teatrial suggest its usefulness in projecting screenig. smoke
where a smell area is to be obscured # short distance from the operator.
The ability to place the smoke directly on the target with some accuracy and
in a very short tim might be of sufficient vlue to warrant the development
of such a device to take the place of hand and rifle moke grenades.

5. Due to its shert range, the application of the vortex ring principle
to the dissemination of toxic gas would require the use of a rapid-acting gas
such as GB. This gas would not be safe to carry in storage containers which
would necessarily have valves subject to leakage. HCU or CM1 might be useable
since the necessary high concentratioLs at the target could probably be at-
tained, while the low concentrations produced by leakage at the source would
probably not te dangerous.
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1,2



SECRET -

6. In view cf the above considerations the vortex ring mathod offers
the greatest possibilities in the diasemiaition of lacrizators, sternutators
or screening smokes. Its usefulness in these fields would depend on the
development of satisfactory gas containers and dispersing apparatus for use
with hand weapons. It is desirable to make an investigation to determine the
probability that such a development would constitute an imprcvement on the
small munitions at present used for these applications.

7. A preliminary investiGation and experinental work has been initiated.

C. B. DE•;•, Jr.
Colonel, Cal C
Chief, Aunitions Division

orig & 1 fwd
1 CP.L
1 pink
1 gun
1 LiW
1 Mr. Long
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Project 4-04-15-007
23 January 1952
SM=XZEM3i/6122/zj

UM ?ANDUM JOR FILSs

SU•D•Ts Development Program Vortex Ring Devices

1. OBJEC

The object of the program described in this report Is to determine the
feasibility of dispersing, disseminating, or projecting CU agents by mnans
of vortex ring producing devices.

The program will - vi. the authority of project 4-04-15-007,
Z.O. .271.

III. PURPOSE AND ADVANTAGES

In tactical situations where toxic CW agents can be used it is desirable
that a high concentration of the agent be laid down on the target area within
a given short period of tim. By mans of highly concentrated artillery,
employed at very high rates of fire, It is often possible to achieve within
a period of two ninutes toxic gas concentrations capable of incapacitating
enemy personnel who have not been sufficiently alerted as to put on their gas
masks and other protective equipmnt.

It is hoped that, with relatively few vortex chamber-mchine gun combi-
notions, toxic gas concentrations sufficient to break down eneq- canisters and
incapacitate fully alerted enwy personnel can be achieved within an even
shorter period of time.

Awthernore, since dispersion using a vor9ex system does net involve the
concomitant use of shells, canisters, large prctellant charges, or central
burster charges, it should be far more efficient from a logistical point of
view. In addition such factors as crater loss should be eliminated.

Vortex ring devices may prove to have a much more general applicability.
Thus, by means of a vortex ring device it may be possible to lay down smoke
screens on objects and areas some distance away from the smoks generator.
There is also a possibility that they may be used to project inflammable
gases to great ranges, thus making possible a long range .laze thrower. In
addition, the great shearir; fcrce generated in such rls may be used to
accc:pl!3h sj-'e destructive purpose by itself.

CONFIDENTIAL .- --;..
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IV. H ISTO =C4I

Prior to World War 11, research on vortex ring producing devices had
been carried out in ilusia under the leadership of Prnf. ?okmacher * Tokmacher
succeeded in interesting Soviet Military Authorities in the project as early
a3 1937. Units or chambers, designed to be operated by the blast smanatir<;
from a variety of military Weapons (infantry rifles, mac~hine guns, and 76=m
LCield gUAs) were built and tested. It was hoped that these uanits would'
ultimatel~y be capable of projecting with a hi4;h degree or aimability, and at
high velocity, smoke or toxic CX agents in the form of vortex rings to relatively
groat ranges. In particular, Prof. Tolmacher thought that the units adapted for
use with machine guns could ultimately be rendered capable of disseminating
extremely great quantities of toxic CI agents,, at very rapid rates, with a very
high degree of efficiency.

Prof. Tokmcher was present at the early military experiments. In these
* ~~experiments ranges of 300 meters and ring (muzzle velocities of 70 ~sc

were attained both with rifles and with machine guns. Vortex rings (1 meter
overall diAmeter) were shot at a rate of 400/min. from a Degtyarer machine gun.
sTokmcher calculated that with 10 machine guns about on* ton of war gas could
be put out as vortex rings in four minutes.41

Tokmcher was not invited to witn@ss the tests conducted wita the 76mm,
field gun,, and thus we have no account of tre results of the test. Though this
test probably did not give the expected results, Tokmacher bad calculated that
a ring (muzzle) velocity of 1300 a./see. could be obtained.

Dhie to the vagaries of Soviet politics thes project was dropped after the
tests with the 76mm gun, and froa than on only'occasional interest in the project
was shown by the military autborities.

In 1942, Tokuacher -Nas captured by the Germans,, and he put his ideas and
*ervices at their disposal. Tte Germans perfoymed various tes3ts, the results
of which largely confirmed Takmachur' s basic work. Howerver, due to the demands
of the war the Germans were not able to continue their work, and there is no
record of their adaptin; vortex chambers for use in exIsting military weapons.
It was from captured German accounts of these experiments, that our knowlodge
of Tokmcher, his history, and his work was derived. By the end of the war
Tokmacher had disappearedý

V. THBQ IAL

The mathematical theory of vortex rings has been rather fulfly treated in
the clA33iC&1 works on hydrodynamics and aerodynamics. However only a limited
body of experimental work is recorded in the- literature. In particular theru
is very little data as to how the geomutric parameters of the vortex formingý
chamber affect the propert:es of the rings. Nor is there very much inforwatitczi
correlatirqg the imuzzle velocity of the blast 11sed to form the rings, with the
propert4es of the rings.

CONFIDENTIAL
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The vortex forming chambdr can bu regarded as serving taso functions.
One, is as a reservoir for the C71 agent to be incorporated in a siNgla vortex
ring. To met this requirement at least a certain volume will be needed.
The second function is to form or modify the flow pattern of the blast so
as to Yield that flow pattern which will give optimum properties to the
vortex rings (i.e. maximize the capacity, contents, velocity and range of
the ring). A large size is not inherently needed for this function, and
perhaps the introduction of the proper baffles or flow forming shapes may
permit a reduction in the overly builky size of the chamber.

4L second problem on which very little in'formation exists is, whether
the vortex ring has the ability to carry internally an aerosol1vithout
centrifugally expelling the particulates making up the aerosol. This problem,
which does not exist for r,43es, is of Importance bicause of the many Cl agents
of low volatility which are Most efficiently ( 414sseminated. in the form of &n
aerosol.

VI,. DEELCFWM? MIA3.

A. The first testS will be conducted on systems patterned, As Closely
as possible, after those presented in the b&3iC report on Tol~acher13 wcrk.

1. The following items will be Used as propellant gas sourcess

a. 30 caliber rifle
b. 30 calibc: .xArhin9 gun
c, 20=m cannon
d. Special eXPlosiv9 chambersl

2. These items will be used in conjunction with a) standard
blank cartridges, b) standard cartridges, c) specially modified cartridges
and d) loose and formed explosive ch-arges. Charges of black powder up to
70 grams in weight will be used.

3. Vortex forming chambers Of the following sizes and shapes
will be used in conjunction with the aforementioned weapons and munitionas

a. pear shaped 4hambers
length 80 inches (approx.)
tip end diameter 2 inches
maximum diameter 40 .ce
orifice diameters 15 inches, 24 inches, W0 inches

b. Ovoid chamberss to be adapted from jettisona&Jae fuel tanks.

co Conical chambers
length 80 inches
tip endi diarater 2 inches
base d-la~ter 4.0 inchez
"orifice diarvtor 15 incbea, 21 inche3, 24 ir~ches, 30 inches

CONFIDENTIAL awi ý
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d. Small pear srtaped chambers
length 10 inches
mximum diameter 8 inches
orifice diameter 3, 4, 6 inches
tip diameter 3/4 ihch

so S .iill cone shaped chambers
length 12 inches
base diameter 8 inches
tip diameter 3/4 inch
orifice diameters 3, 4, 6 inches

f. Other shapes and sizes as experience, convenience, and
logical inference may dictate

B. Various other propellant systems will be tested in conjunction
with the aforementioned vortex forming chambers. Such systems as t, follow-
ing my be useds

1. Pulse jet engines
2. Modified shaped charges

C. The aforementioned tests will be run using varying powder or
propellant charges to observe their effect on the existence, range, veloaity,
and size of th. resultant vortex rings.

D. Tests will be run using heavier than air gases, C02 , illuinating
gas, Pyrofax), lighter than air gases, (Hydrogen, CO, Nitroar.en) vapors (.,
SIC, 4 ), and aerosols to determine what prnportion of each of the various tlpes
of systems is conserved within the vortex over its entire range of travel.

S. Tests will be run to determine whether the destructive interference
can be used as a range determinant for laying down smoke screens or toic
cloudr at specified distances from the generators. To accomplish this two
systems can be used, 1. One system could consist of two generators almed to
give converging ring trajectories and capable of being fired simultaneously.
The range would be determined by the point of convergence which in turn could
be determined by the angle between the trajectories and the separation distance
between the generators. With two generators ucunted a fixed distance apart the
sole determinant for the range would be the angle between the trajectories.
2. The second system will utilize the destructive interference set up between
two coaxia-.y projected rings. It has been noted, that when vortex rings are
emitted in rapid succession, the distance between successive rings becoms
less and less as the rings travel farther out from their source. Then the
distance between successive rings becomes less than one ring diameter, de-
structive interference is set up and the ring contents are in effect Ndumpedw
at this point of rirg breakup. The original spacing between rings is de-
t•r-ined b-y týe frequency of emission and the emission velocity. Using a
unit havirn a constart emission velocity, the breakup distance becomes solely
a fruction of the frequency of emission. Thus it should be possible to lay
dtrsn a stmoke screen, or a toxic clo4d at varyirg predetermined diztar~es from
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the source generator by varying the frequency of emission of that source
generator.

Vt~ortunately no available military weapon has an automatically variable
and controllable rate of fire. To test this syste= of range determination,
a chamber will be used in conjunction with a pulse jet engine. Different
check values, having different elastic constants will be used to vary the
frequency of pulsing of the jet.

TU1. PAPOA

Should the aforementioned test program demonstrate that it is feasible
to project, or disaeminate C1 agents by means of vortex ring producing devices,
a research progrem should be started to determine the fundamental physical
properties of vortex rings. The mawner in which those parameters embodied in
the geoetry of the forming chamber, and the physical nature of the forming
blast ahould determine these physical properties.

Such a research program should have the following ultimate goals; finding
methods of saimizing and/or controling the velocity, range, capacity and
searing paer of vertex rings; and determining whether a reduction in the
volumse of the vortex foraimg chamber can be affected.

s/ Henry Schnartzberg

Applied Research Branch

Or1 CE.
1 pink
IM.a

I App les.
I gchartzberg
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MIL= UM.IJ TO& Chief, Tot. DivisiOn Project or Job No. ,L-04-15-W07
Date of Thst 25 1rA h 1952
location
Division Wunitiorns
Date of Report 28 Uarch 19152

1. Item T , est,

Two msU vortex chmbers 12-in. long, 6 -in. mauxim diameter, 3-3/4-in.
orifice diameter, 3/4-1in. Larrol diameter, (peer shaped) one containing
and interior baffle.

2. Purposes

a. To determine whether said chambers are capable of prtaucing -. _-%ox
rings upon being explosively pulsed by the blast emniating from a blank
cartridge fired from a 0 cal. rifle.

b. To compare the effectiveness of said clambers for producing vortex

c. TU observe the properties and behaviour of the ringis produced.

3. Method of Tests

The cl•abers were fastened to the end of a 30. caL. rilns y a clamp on
their barrel diameters. Ssabs containing NH3 and HCU were inserted in
the chambers produicz%; snoke. Blank cart.rides wore fired froa the rifle
and the reiltant vortex rirgs obasrved. The rifle was aimed at light
shrubbery to ob3erve tte aLaum distance at which vortex 1imact could
be detoectedo

4. Conclulonsst

Rings one to one and one-half feet in diaster were produced. They
traveled at an ostizat4d 20 to 30 ft. per second. T heir effect could
bt felt 30 ft. frox the orifice ch"aber. The rings themselves could be
seen 20 ft. from the orifice. There was na significant difference in
tke Lehaviour of either chamber.

7. PasUlts1

Twenty shats were fired, seven with the untAffled chamber, 12 with the
tafried chanber, and or.* with no chamner. In all instances when a
cla-ber was tmountel on t•o rifle, vortex rris were produced. They
a;-earvd to Le betaen or-s and one end or*ehail foot In diameter and
traveled at . •;.r x.2-•ly 20 to 30 ft./uec. The rzrt's were visible 20
ft.. fro.a thi ha-_-r a4 t&:.sir effect In a•itatlrZ 111.13. shriLL.ery A43
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noticeasle at rar•es of "o feet. 7hen there vai no chamber mounted,
no rinds werd produced, nor was here any effect as to ai•gtatin
shrubbery at a short range. T.ere a;eared to be no signiricant
difference in tte riN3s produced by e oithr type of chamber.

d. Further Action %4 be Taken.

Iodified sal chaambers will be faricated and tested. The larger
chamber wiU be tested after =odificatlon to mount a 20=a cannon. A
more sensitive target stracture wIl Le built to deterins the range
of the HICS.

•C£)7•4IZ3 6l22/nj 1. A. S C. B, D0=3, Jr., Col, Ca3C

ProAoct Zngiser -Chief, A•pebe. Branch Chief, Alwnition Division

I - Teot Div.
1 - CL,
1 - min.
1 - AP. bus. Sr.
I - S:hcartzberg, At-op. 0s. Er.
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V=.RA.Y=Ul TOs Chief, Test Division Project or Job No. 4-04-15-OO7
Date of Test 9 IVay 1952
location RF, Field
Division Munitions
Date of asport 28My15

1. Item ?.steds

ftall vortex chamber - 30 cal. rifle assembly.

2. Lurpowas

To datercin range to which vortices can be projected.

3. Method of Tests

The ctasriber was fastanod on to the muzzle and of the uifle. Twenty
blank cartridges~ were fired. The rifla was aimed either at a light
target structure or at light foliage.

4'. c.xc~uasiocuss

?be vortex is ertr gamly dif ficult to a im a nd erati LeIn its flig ht
This is probably duae to variations in the allgninnt of the axis of the
loosely fastened vortex chamber and the axi.s of the gun barrel; and to
variation In the blast emanatiung from the blank cartridges.

5. mot api1l1cable

6. not applicable

7. Issults,

It sag difficult to determine the maximum range at which vortex impact
coul~d be flet because the point Of Wimpct seldom came near the Point at
which the rifle was dened. Errors of 10 ft. at a rargo of 20 ydis could
redily be observed. These errors did not reproduce thesselve~s, but
changed in sign and magnitude. The aaxicmua range at which vortex izpaot
wae observed, was 20 yds.

~C~iX IZ ~ 1. A. SHOW1 C. A, D3WfIN,, Jr., Cal, Cal C

Project ftiaeir Chief, A~i. Roee. Branch Chief, lkoitions Division
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APPE£DLI I
Sketches

FU. 1, Vortex dirg

F?1. 2, Diaphragm Actuated Vortex Chamber

Fig. 3, Small' Vortax Chamber

Fig. 4, Small Vortex Chamber with Batfle

Fig. 5p Large Vortex Chamber

Fig. 6, Typical Vortex Chamber for the Production oC the Vortex airg
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