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Cblect.

The objsct of project 4-04-15-007 is to investigate various -
means for disseminating solid and liguid toxic agents.

The odbject of the work described in this report was an attempt
to conlirm claims reported in intalligence documants relative to the ailitary
applizations by Russian and German sources of the vortex ring principls for

disseainuting agents.

Mslts.

4 litciaturs survey revealed little information of a useful
pature on vortex rings. Several formilse have been proposed to oxplain the
babavior of vortex rings; homever, there is insufficient experizsntal evidence
to indicate shich, if any, of the proposed relations are correct. ‘ .

Limited experizental trials were conducted in an attempt to
reproduce the equirasnt and results described in an intelligence report which
descrited equipmant ard proaising results on Russian experiments on ths dis-
seminstion of agents by the vortex ring principle. Although a moderate mumber
of coabinations of design parameters were tried, no success was achieved in
even approaching the rarge and accuracy claimed in the report. Caliber .3C-
and 20-ma, acmunition wers used as the pulsing charges. Whils the report
claimed ranges of the order of 300 msters, the ranges obtained in the experi-
mnts did not exceed ¥ yd. The raport claimed high aimability for the vortex
rings, yst the aimability observed in the tests was fourd to bs very poor amd

unpredictabls.

Whather the failure of the limited tests reflects an inherent
incapacity of this type of systea for the useful fisld dissemination of CW
agents or whether it was caused by o lack of understanding of the design
parasceters is & problea which can be resolved only sfter 2 prolonged periocd
of fundasental hydrodymaaic and asrodynamic experimentation, This was con-
firmed by an inquiry directed to an authority in the field of aerodymnics
(see inclosure’ 1, appendix A). Though the failure of the systems tssted does
not preclude the possibility that the reported claims can be duplicated, it
is indicatod that a successful systexs would require a highly spscific axd
precise design of wmknown details.

It appears that the vortex ring principle, even if it could
be mde to operate in accoraznce with the claims of the Russian source, would
ot te competitive with ccnventiocnal weapons for disseainating G3. Thare is
a possitility that the vortex ring principle, if successful, mdy te practi-
catls for projecting agents for riot control and possibly for projecting
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I the vortex ring were assuzed to be ono meter in diameter
and {f the ring were saturated with iB vapor, Zpproximataly 225 1lb. of .30-
cal, amsunition would be required to transport 10 lb. of GB.

Conclusiors.

1. Attemp.s to reproduce the results claimed in an intelligsnce
report relative to Russian expariments on the application of tha vortex ring
principle for the dissemination of agents were totally unsuceessful.

2. No basic information on vortex ring generation is available
for guiding the design of a gensrator which would be substantially wore
efficient than th~ prototypes described in this report.

3. The vortsx ring principle, even if completely successful, is
inherently inefficient for the disseminaticn of GB.

4s If the claims made on the vortex ring principle could be sub-
stantiated, the most promising application may bs the projeciion of agents
for riot control.

Bscozmendations,

It is recommended that no furthsr work be dcne on the appli-
cation of the vortex ring principle for the dissemination of CW agents.
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SEASIBILITY OF DISSEMINATING CH AGENTS BY MEANS OF

THE VORTEX AING PRINCIPLS

I, INTSODICTION

A Ob]ect.

The object of projact 4-04=15-007 is to investigate various
means for disseainating solid and liquid toxic agents.

. The object of the work described in this report was an attempt
tu confirm claims reported in intelligence documents relative to the military
applications by Russian and German sources of the vortex ring principls for

dissemzinating agents.

B. QAuthority,

Authority for this work was contained in CCTC itea 1703, 26
September 1346 and the project program for fiscal years 1950, 1951, 1952,
1953, ard 1954, Project 4-04-15-007, Disseminmation of Solid and Liquid Toxic

Agants.

11, HESTORICAL,

Prior to ¥orld War II, research on vortex ring producing devices
had bean carried out in Russia under the lsadersnip of Prof. Tokmachev (ZEmzploy-
ment of War Cas - Professor Tokmachev's ®Vortex Rings®, ET? 550-810). Tokuaciev
succeeded in interesting Soviet military authorities in the project as early as
1937. Units or chaabers, designed to be operated by the blasts emmmating froa
a variety of military weapons, (infantry rifles, mschine guns, and 76-oz. fisld

guns) were built and tested.

It was hoped that these units would ultimately be capabls of
projecting with a high degree of aimability, and at high velocities, smoke or
toxic CW agents in the fora of vortex rings to relatively great ranges. In
particular, Prof. Tokmachev thought that the units adapted for usw with machine
guns could ultizately be rendered capable of disseminating extremely great
quantities of toxic C¥ at very rapid rates with a very high degree of efficieny.

Prof. Tolkcachev was present at the early military experiments.
In these experiments, according to Tokmachev, ranges of 300 meters, and ring
mzzls velocities up to lli meters/second sere attained with rifles and machine
guns. Vortex rings (1 meter in over-all diameter) were shot at a rate of 400
per ainute froa a Degtysrev machine gun. Tokmacl.,v calculated that with ten
machine guns, 2bout one ton of war gas could bte -1t out as vortex rings in flur
ainutes. This sas never experizentally substanticted.
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Tolkcmchav was not invited to witness the tests cu:ducted with
the 76-mm. field gun, aad thus there is no available account of the result:
of this test. Although it probably did not give the expected results,
Tolxachev had caiculated that a ring muszle velocity of 1300 meters/second
could be obtained.

Due to the vagaries of Joviet politirs the project was dropped
after the test with the 76-mn. gun, and from than on only occasional intersst
in the project was shown by the military authorities.

In 1942, Tokmachev was captured by the Qermans, and he put his
ideas and services at their disposal. The Germans performed various testa
the results of which (based upon inconclusive intelligence reports) largely
confirmed Tokmachav's basic work. However, probably due to the demands of the
Wr, the Cermans were mot abls to continue their work, and there is no record
of thei» adaptirg vortex chaabers for use in e~isting ailitary weapons.

2t i3 from captured German accounts of these experiments, that
our kmowledge of Tokmachev, his history, ind his work was derived. By the end
of tI» war Tokmachev had disappeared.

III. THEORETICAL.
Ad. General.

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

Generally the vortex ring takes the form of 4 toroid, all the
elsmsnts of whick are rotating about its circular axis and in a plans at right
angles to that akis. The ring moves parallel to its central axis in the same
direction that the inner surface is rotating (see fig. 1, appendix B).

Theoretical arguments based on an assused medium of an ideal
nonviscous fluid indicate that the vortex ring is a highly conservative entity,
neither dissipating its internal energy, decressing its velocity of tranmslaticn,
or dispersing its contents. These implisd properties suggest the potential
utility of vortex rings as carriers of CW agent. However, in fact, ths ring
is soocewhat slowed down, weaksnsd, and subjected o the loss of its contents
by the friction betweun it and the medium in which it is moving. Formulae
have teen evolved for the rate of decay of vortex rings in slightly viscous
mediums, such as air, tut they have not been experimentally corfirmed.

One such formula as proposed by Tolcsachev is as follows;
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where V, = the mzzle velocity of the vort.ex rings
8 = tha distance
8 = & constant dependent on the shape of the attachmeat
b

- a constant dependeiuit on the shapes of the attaciment

Then V is the velocity of propagation of the ring at any distance 3 froa
the sourcs.

The Qerzans expressed contrary viems, boucving that the fall
of the velocity of the ring is in the fora of an exponential function.

Though the mathematical th-ory of vortex rings has bsen rather
fully treated in the clasaical works on hyirodynsaics and aerodynaaics, only
a4 limited body of experimental work has been recordid in the literature. In
particular there is very little data as to how the geometric parametar:s ~- "'a
vortex forming chamber affect the propertiu of the rinp. Nor i« Lhere very

used to form the ring, with the proportiu of the rn.z.

. The vortex forming chamber can bs regarded as serving two
functions. Ons is as a reservoir for the CW agent to be incorporated in a
single vortex ring. To meet this requirement a ce.rtain ainimum volune is
required. The second function is to form amd modify the flow pattern of the
blast in order to produce that flow pattern which will give optimua prupertieas
to the vortex rings (i.e. maximize the sapacity, contents, velocity, and range
of ths rings). A large 2ize need mot inhersntly be needed for this functiom,
and perhaps the introduction of the proper taffles or flow foraing shapes may
perait 8 reduction in the size of the chamber.

Another problem on which very littls information uxists is,
whether the vortex ring has the ability to carry internally an aerosol without
centrifugally expelling the particulates making up the aerosol. This problea,
which does not exist lor gases, is of importance because of many C¥ agents
which are most efficiently disseainatud as aeroscls.

B. Calculatior of GB Propazation Using Vortex Rings.

1. Wera air when saturated with 33 will contain approximately 20 g.
of agent per cubic zster.

2. il we assuze a vortex ring having a 1 neter diameter (maann
. claim) then (vol'we = 0.1 cu.a.).

4. [FEach vortex ring could contiin no more than 2 g. of CB.

b. It would require & minimua 22,500 such vortex rings to
transport 1CO lb. of agent.’

¢. If such a ring could te produced ty a .30-cal. projectilse,
approxirately 225 1b. of amrunition would Lave to be expandad for

each 12-1b. GB.
*s"""“““‘““' '
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C. Calculation of OB Propapaticn Uaing 8 Short Range Conventiocnal Munitian.

I1f it 13 assumed that the 300-meter rangs claimed by the Russians
to have been obtained with the vortex ring principle is reliable, it would ap-
pear deairable to ccapsre its efficiency (225 lb. ammunition per 10-1b, OB) with
that of amther short range weapon such as & rifle gremade. The standard M19 .
rifle gremde (assuming it could be redesigned to contain GB) would consist of
spproximately one pound of metal components and 0.25 1d. GB. An expenditure of
225 1b. of metal components could thersfore transport approximately 55 lb. B .

by camparison.
D. Use of Yortex Rings to Disseminate CN.

Riot control operationa are usually conducted at rather close
range. BExisting munitions such as the CN and C)-IM grenades are limited in
their effectivensss since their inherent design mskss it possible for them to
be picksd up and thrown back.

In this comection, CNB (C¥ dissolved in a solvent) masg de-
veloped to be disseainated by a flaze thrower. Consideration is also being
given st the present times to the developaent of a generator to disseminmate
micropulverized C¥. These methods of disseaination are not completely satis-
factory in that the agent is relsased as & stream thus rendering the attacker
marly as vulnerabls as the target persomel.

Vortax rings, on the other hard, are sharply defined and
theoretically, can be expected to retain all of the agent within the rings
during the greatsr part of their trejestory. This would be a distinct ad-
vantage over the msthods cutlined atove. lowever, the large sisze generator

(indicated by the Russian claims) together with the anticipated
effort and tize required to obtain the necessary fundamental information
lssading to the development of such & generator do rot appear to justify such

& development.

Seweral cylindrical test chaabers, similar to those illustrated
in fig. 2 were constructed. They wers fitted on their front ends with charges-
ble covers containing sharp edged circular orifices of varying diamsters and
were covered on their rear extrexities by variocus types of meabranes. The
mabranss consisted of rucoer sheeting of varicus thickresses and were in
soms cases overliid by stiff disks of sheet plastic. Thess chambers could be
£111vd with tobtacco smoks or IH‘CI ssoke which could te projected in the form
of rings by tappirg the sealrane in ths tack of the chaszber.

Three pear-ghaped test chasters designed tn be opersted by
the Llast emratin; froa a rifls or field gun were constricted. These are
11llustreted in £453. 3, 4, and 5, aypendix B. The s=aller two were designed
to te nrerated wilk tne U-1 rifls, and the larzer ore cuild Le ozersted
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eithar in conjunction with the M-l rifle or with & aodified 20 m=. gun.

The large cranmber roughly corresponds in dimsnsions and shape
%0 one of the rerortedly successlul Qerman chambers. Rxtermally, both smaller
chambors are scaled dowa versions of the larger chambar,

These chacbers were filled with NE,Cl saoke or HC smoke prior
to functioning, so that (when produced) the vorni rings would be rendered
visible by the incorporated scoke.

Blank .)0 caliber cartridges and .30 caliber rifls grenade
cartridges were firsd in the M-l rifls to pulse the vortex chambers. Special,
wood plugged, 20-mm, cartridges containing either 15, 20, and 25-g. charzes of
+30 caliber propellant powder were fired in the 20-mm. guf.

B. Procedure.

The cylindrical chacbers were fillad with ssoks, ths diaphragas
tapped, and the range to which smoke rings were projected for various size
orifices noted. . .

The diaphragas on the tacks of trs chasbers were changed.
Thicker diaphragas, thinner diaptragas, and diaphracnas overlaid with stiff
plastic plates were fitted on ths chaalbers, and ths rarge to which asoke
rings were projected mas noted.

Tests wers run oa the cylindrical chambers by f£illing thom with
moke, lapping the diaphraga, and visually noting the distance to which the
swoks rings were projected. This type of test was repeated for each of the
various sized orifices, and for each type of diaphragm.

An additiomal metbod of determining the range was used. This
congisted of aiaing the chamber at & burning candls and noting the maximus
distance at which vortex rings projected fros ths chasber would extinguish

the candls.

The cylindrical chaabers were filled with ®Pyrofax® gas, aimed
at a Buneen flame, tapped, and the maximum distance at which the Bunsen flase

would ignite the gas ring noted.

The small, pear-shsped cheabery were sttached by means of &
clacp and & oodified rifls grensde adapter to the end of an M-1 rifls (see
£1g. 3). The aligrment was adjusted so trat as far ss possible the axis of
the chamber was in line with the axis of the rifle tarre.. Ssabs soaked with
i, and HC1 were deposited in the chaasber, filling it with §4,Cl smoke.
Either & .30 caliter blank cartridge or & .30 caliter rifls gremsde cartridge
was incorted in the treech of the rifla. The rifle was fired and the range
and voloeity of the resultant vortex ring visually astimated. Socmstizes to
aid in this csticate, the 83s020ly was aimod at 1light foliage, or &t light,
fron lar;iny; stoats of ;aper, ard the maxi=ua range at wxich the foliaye or
A8r could e agitatid Ly a vortex ring #as notoed.
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The iarge pear-shaped chamber was fittsed with a rack and

‘ brackst on which a rifle could bs traced. A small HC (anti-dia can) grenade

was ignitsd in the chamber filling it with InCl, ax-'a. The axis of the M-1
rifls darrel was aligned with the axis of the claabter. Either a .70 calidber
blank cartridge or a .30 caliber rifle grenade cartridge was inserted in the
treech of the rifls and the rifls was fired. The range and velacity of the
resultant smoke ring wers visually estimated, .

The 20-am. gun barrel sas clamped in the bracket attached to
the large chaaber and was adjusted 30 that its axis and the axis of the chamber
were aligned as closely as possidbls. A small HC anti-dim grenade was ignited
in the chamber filling it with z:t:z sa0ke. One of the special 20-mm.
cartridges was inserted in the breelh end of a 20-m. gun barrel, and & special
treech mschaniss was attached, cocisd and fired. The range, and velocity of
the resultant smole ring were visually estimated. An estinate, axpressed as
& percentage of the total smke contents of the chamber, was made of that
portion of the smoke which had been projected as part of the vortex ring. The
test was repeated for each of the differently charged cartridges.

C. Iesults,

Saoke rings were projected froa the cylindrical, meabrane
operated, chambers for distances up to 15 or 20 ft. Due to the variability of
the results, 1t mas difficult to detect differences in performance with respect
to rarge for each of the various orifices, or for the various rubber senbranes.
It mas moted, however, that the msabranes tacked by the stiff, sheet plastic
disks were more efficisnt, easier to operate, and less critical in functioning
than the plain rubber ssalranes.

In general the initial diamster of the scoke rings was about
1-1/4 to 1-1/2 times the diamster of the orifice froa which they were eaitted.
The dismeter of the ring tended to incresse slightly as the ring treveled
farther away froa the chaamber.

A Candls flases were extinguished by vortex rings projected from
cylindrical chasbers up to 15 or 20 ft. amay froms the eandle.

Vortex rings containing *Pyrofax® gas were inflamed in passing
by & Bunsen flams located to 15 ft. away from the cylindricsl projection
QM'Q .

» Vortex rings were projected to ranges of approximately 35 ft.
8t speeds estimated to be about 30 ft./sec. by the action of the ¥-1 rifle
blast pessing through either of the two small, pear-shaped chambers.

Ko discernible difference in reange or ring velocity was ob-

served when the saall chaaber containing the interior baffle was sutstituted
for the similar 3nsll chamber which contained no tsffle.
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Nor was any discernibls difforence in performance observed
when .30 caliber rifle grenade cartridges were used in place of .X caliher

blank cartridges.

It was noted that it was extre=mely difficult to aim the vortex
chamber unless its axis and the axis of the rifle barrasl were very closely
aligned. In all cases when aiaing at light folisge it was difficult to get
the ring to impinge against the foliage within five feet of the spot at which
the rifls was aimed. In some cases, whers there wag more than a very slight
aisaligrment in axis, the vortex rirgs hit tan or even twsnty feet away from
the spot at which the rifle was aimed. These errors occurred at rarges of

approxizately 35 ft.

In no case, when the M-1 rifls was used in conjunction with the
large pear shaped vartex chamber were detectabls vortex rings obtained.

In no case whan the 20-mm. rifla was used in conjunction with
the large pesar-shaped vortex chamber were well defined vortex rings obtained.
In all cases an irregular puff of smoke which did rot trevel more than ten
faot were enitted fros the chamber. However, in ons case there wag a sharp
agitation of the light foliage thirty yards in front of the vortex chaaber,
such as had been expsrisnced in other instances when voriex rings L-i izzinged

against foliags.

In every case, approximately 95% of the original smoks contents
remained in the large pesar-shaped chamber after & test shot had teen fired, no
sore than 5% of the szoks escaping 8s part of the previcusly meatioved ir-

regular smoke puff.

Y. DLXUSSION,

It 48 apparent that the performances of these chasbers did not
confira the claims of Tokmachev or the Jermns. The maxisum renges obtained
were less than 10% of the value of 300 meters which Tokmachev mentioned ag
being resdily obtainable with infantry wespons. The ring velocities wers less
than 155 of the speed of 70 meters/second that he claimed as deing most
frequently obtained with infantry weapons and are slight compsred to the 1,300
seters/second he anticipated as being obtaimable with chambers of more advanced
design. The aimability sas very poor and unpredictabls. The smoke carrying
eapacity of the vortex rings wmas oarkedly low, It is difficult to reconcile
these differences. The poor aisabili'y sy have been dus to aisaligrment of
the chaabsr axis and the axis of the rifls iarrel, or to the slight tut un~
svoidabls asymmetry of the hand-aade vortex ..anbders.

The poor perforaance of the pesr-shaped chambers with respect
to ring ranges and velocities cay hove been due in part %~ certain gaps in
tho infor=stion available stout the Cermen chamters after x.ich they were
oodoled. The approxicats dizensions and over-all srapes were . vn, tut
certain facts, such 8s the relative positioning of the widest dismeler of
the pesr srape, were rot civen in tre tasic report. This positionirg Mhad to
te esticated, ard the osition dezided upon cAy ot have been the bsat.

SECRET Seamsivpnlaicsmation
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Another factor about which there was relatively little in-
formation was the naturs and type of blist most desirable for vortaex formation.
The Cermsns had menticned that in certain chambers the weight of the blast
crarge might bo critical. There is no information as to the most desirable
type of pressure-time curve for any given explosive blast. It would seem
apparent that ths relatively slow pressure rise experienced with only partially
confined black powdsar would not be desirabls. But on the other hand, would the
almost instantansous pulse of pressure obtained from detonating tetryl represent
the most desirable condition? It is obvious that, with the rifles and chamber
type of systea & higch explosive charge could rot bs used,

Thatever the reasons, the fact remains that the performance of
the fleld test vehiclas 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 systea for the useful field dissemination
of CW agents or whether it mas caused by & lack of understanding of the design
paramsters is & problea which may be resolved only after a prolonged period
of fundasental hydrodynaamic and aerodymasic experisentation. Though the
failure of the crude systes tested does not preclude the possibility that
systems of this type might be useful for the dissemination of certain CW¥ agents,
it does at least indicats that such systeas do require a relatively refined and
possibly precise design to maks them usefully operative.

The btasic report covering Tolmachev's work and that portion of
this report dealing with the experimental work conducted at the Cheaical and
Radiological Laboratories were reviewed by Dr. Frederick W. Noss, a Chemical
Corps consultant in asrodymaaics. His revies and conclusions are given in
apperdix A.

V1. CONCLUSIONS,

1. Atteapts to reproduce the results claimed in an intelligence
report relative to Russian experimsn's on the application of the vortex ring
principle for the dissemiration of agents were totally uasuccessful.

2. Mo btasic information on vortex ring gensration is avallable
for guiding the design of a generator which would bs substantially aore
officiant than the prototypes described in this report.

3. The vortex ring p~incipls, even if completely successful, is
inherently inefficient for the dissemimstion of CB.

4o 1L the clains made on the vortex ring principle could be
substantiasted, the most proaising application say be the projection of agents
for riot control.

VII. RECOMMENDATIONS,

It i3 recozawnded that no further work be dore on the applicaticn
of the vortox ring prirciple for the disseaimstion of C¥ ugents.
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APPENDIXY A
Background and Bsfesrences
Discussion of Vortex King Formation and Propagation by Frederick W. Ross

Ltr. CMLRE-CR(M) to Technical Dirwtor, CRL, subject, Coments on "Vortex
Rings® for Disseminating War Cases, 21 November 1951

Memorandua for File, 23 Janmuary 1952
Report of Tesat, 25 March 1952
Report of Test, 9 May 1952
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FREDSRUICK ¥. ROSS
Research ard Consultation
Physics - Aerodyramics
719 North Melborn Avenue

Dearborn, Michigan 1

DISCUSSION OF VOITEX RING FORIUATION
AXD PROPAGATIC |

After reviewing the report of Professor Tokmachev's work and the hand
printed report, it appears the following points are evident;

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

Vs Yo
{ebs)

for the decay of welocity, V,, with distance, s.

This foraula is in agreesent with that prcposed by G. I. Tylor in (British)
&dvis. Com. for Aero. London, 2 - M Mo, 598 (1918). This formula, howsver,

is only one of a nuaber which bave been proposed. There is little experimental
evidence availabls to indicate shich, if any, of “hese several proposed re-
lations ars correct.

(2) 1In Tokamchev's relation cited above, as well as in all other similar re-
lations proposed for shoming the decay of velocity there appear constants —
such as the a and b abtove. These constants are dependent upon ths detailed
shape of the attachzent and its mammer of operation, 3 3. the constants are
deperdent upon the manner of foraation of the vortex rirg.

(3) In the Tokmachev report thare appears to be m information givsn on the
details of this manner of generation of the wortex rings. That is, the re-
port does not divulgs any important details regarding the relation between
the mgnituds of constants a and b and sufficient details of the attachments
and thoir marmer of use.

(4) On p. 401 of the Tokmchev report he uses the muzale velocity of 3,000
B./ssc. for the gszes emumting froa the mizils of the cammon. This is about
16,000 ft./ssc. and while it is the velocity obtained, presumably, froa a
blank firing, of which 1 hive no informmtion, it should te checked sgainst
availzbls uuzzle gas velocitiss to see if it is high or not.

N
(5) The use of the formula, Vo/2.3, implies a definite geozatry for the rirg.
It impliss a definite ratio tetween the diaceter of the rirg and the diazater
of the core. For exazple, lach, "Hydrcdymeamics® p. 241 shoms trat the velocity
of translation of the ring #ould te equal o the muzzle velocity, i.s., velocity
st the center of the riry 12 tra rirg diasster is 86 tizas the core diacater.

NCLASSIFIED
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This would be a very high velocity ring with a very thin core and consaquently
also of very little volums. Tokmachev's formula, V,/2.3, icplies soms ratio
of diamsters which ia high, but, of course, less than 86. The report does not

sAy what it i3,

(6) Again, the ratios of diameters, ring tocore, is deterained by ths mamner
of formtion of the ring. This again then is deteramined by the detailad design |
and manner of operation of the attachments of which insufficient information

appears to be given in the Tokzmichev report.

Conclusions and mcormandations

The discussions given here and in the hand printed report both point up the
fact that the Tokmachev report gives inadequate inf:-mation on detail-

design and operation for the vortex ring generators (or attachments). ...
theory of generation and dscay of vortex rings is complicated and has not been
well substantiated experimentally. Inadequate information is availabls to
deteraine definitely how to control such factors as ratio of ring to core
diampeter in terms of shape of attachment chamber and orifice and method of

applying pressures, ete.

From general thzory available there is mo information to show that vort

ring velocities and distances of order of these claimed %7 Tolmachev canno

be approached. Yet the experiments described in the hanc ;:rintcd report show
that if such i3 possible that adequate design information is wot awmilshiz fae
controlling the necessary vortex ring characteristics to obtain tho gruter

distances.

From these conclusions then it would appear thet if the project iz to be
pursued further it would be important to systematically study the details
controlling the formation of wrtex rings of different ratios of ring to core

diamster.

Until swch btasic information is known, because of the complaxity of the
controlling factors, the chance of arriving at a design configuration that
will give the higher veiocitiss is very amall. The experiments reported in
the hand printed report are indicative of this.

i
z
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CMLRE-CR(N) Comments on "Vortax Rings® for Dissominating ¥ar Cases.
Technical Director Chief, Munitions Division 1ON3/6175/m)
Cml and Rad lats " 21 November 1951

1. A study has been maus of a3 summary of work that was accoaplished by
the Russians and Germans 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 suitadbls fixture on the end of
the gun barrel. 1f a gas to be disseminated is introduced into the fixture
at the instant of discharge, the gas will be fcrmed into a vortex ring which
will travel in. a straight lins with very little dilution for a short distance,
and will then break up. The maximum rangs attainsd has been appraximately
400 y‘mc - v

2. Of the possible applications of the vortex ring method of dissemi-
nation, there appear to bs three of interest to the Chemical Corpss

a., Dissemination of gases for mob control,
b. Projection of screening smoke.
¢. Dissemination of toxic gases in close-up fighting.

3. For use as a means of mob control, where the reisase of a gas
(lscrim*~r or sternutator) must be practically instantaneous and yet not
involve fragoents likely to produce permanent injury, the method might well
be of value. The ability to direct the cloud with some precision would be
an adwantage in this cass. Thether the lsaikage of gas at the device used
to creats the vortex rings could be kept low encugh to avoid the use of gas
mgks is problamtic,

4Le The ability of a vortex ring apparatus to disperse considerable
quantities of material suggest its usefulness in projecting screening mole
where a small area is to be obscured & short distance froa the operator.
The ability to place the smcke directly on the target with some accuracy and
in a very short time might be of sufficient wlue to warrant the development
of such a device to take the place of hand and rifle smmoke gremades.

S. Dus to its shcrt range, the application of the vortex ring principls
to the dissemination of toxic gas would require the use of a rapid-acting gas
such asg GB. This cas would not be safe to carry in storage containsrs which
wouid necessarily have valves subject to lealage. HCN or CIXC1 might be useable
since the necessary high concsntratiors at the target could probably bs at-
tained, while the low concentrations produced by leakage at the source would
protebly not te dangerous.
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6., In view cf the above counsiderations the vortex ring msthod offers
tha greatest possibilities in the dissemindticn of lacrimators, sternutators
or screening smokes. Its usefulness in these fields would depend on the
developmant of satisfactory gas containers and dispersing apparatus for use
with hand weapons. It is dssirable to make an investigation to determins tha
probability that such a development would constituts an imprcvement on the
szall munitions at pressnt used for these applications. .

7. A& preliminary investigation and experimental work has been initiated.

C. B. DRENNON, Jr.
Colonel, Cal C
Chief, Muniticns Division

orig & 1 fwd
. 1 CRL
1 pink
1 Mun
1A8
1 Mr, Long
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(o} CML C CML & RAD LABS
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Y

Project 4-04-15-007
23 January 1952
SCHWART2BER} /6122 /m)

MELORANDUM FOR FILE:
SUBJECT: Davelopzant Program Vortex Ring Devices

1. OBJET

The object of the prograa described in this report is to determine the
feasibility of dispersing, disseainmating, or projectirg CW agents by meanz
of vortex ring producing devices.

11. AUTIDRITY
The prograa will be—eordicted Gider the authority of project 4-04-15-007,
X.0. 271, .

111, PURFOSE AND ADVANTAGED

In tactical situations whare toxic CW agents can be used it is desirable
that & high concentration of the agent be laid down on the target area within
a given short period of tims. By means of highly concentrated artillery,
ezployed at very high rates cof fire, it is often possibls to achieve within
a period of two oinutes toxic gas concentrations capable of incapacitating
enemy personnel who have not been sufficiently alerted as to put on their gas
magks and other protective equipment. )

It is hoped that, with relatively few vortex chamber-machine gun combi-
mations, toxic gas concentrations sufficlent to Ltreak down enemy canisters anmd
incapacitate fully alsrted ensmy persomel can be achieved within an even
shorter period of tinme.

Purthermore, since dispersion using & vortex system does not involve the
concomitant use of shells, zanisters, large prcjellant charges, or central
turster charges, it should be far rore efficient from a logistical point of
view., In addition such factors as crater loss should be eliminated.

Vortex ring devices my provs to have & much more general applicability.
Thus, by means of a vortex ring device it may be possibls to lay down smoke
screens on objects and areas soze distance away from the smks gansrator.
There is also a possibility that they may be used to project inflammable
gases to great ranges, thus making possible & long rarge .laze thrower. In
addition, the great shearirg fcrce gensrated in such rings may be used to
acccaplish soms destructive purgose by itself.

CONFIDENTIAL Securityintormation
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IV, HISTCRICAL

Prior to World War II, research on vortex ring producing devices had
been carried out in Russia under the leadership of Prnf. Tokmacher. Tolmacher
succeeded in interesting Soviet Uilitary Authorities in the project as early
83 1937. Units or chambers, designed to be operated by the blast emanating
from a variety of military weapons {infantry rifles, machine guns, and 76émm
{ield guns) were btuilt and tested. It was hoped that these units would
ultimately be capabls of projecting with a high degree of aimability, and at
high velocity, smoke or toxic CW agents in the form of vortex rings to relatively
great ranges. In particular, Prof. Tokmacher thought that the units adapted for
use with mschine guns could ultimately be rendered capable of disseninating
axtremely great quantities of toxic CW agents, at very rapid rates, with a very

high degree of efficiency.

Prof. Tokmacher was present at the early military expuriments. 1In these
experiments ranges of 300 meters and ring (muszle velocitiss of 70 msimvs/secs—
wers attained both with riflss and with machine guns, Vortex rings (1 meter :.
overall diameter) were shot &t a rate of 400/min. froam a Degtyarer machine gun.
"Tokmacher calculated that with 10 machine guns about one ton of war ges could
be put out as vortex rings in four mimutes.®

Tokmcher was ot invited to witness the tests conducted witn the 76mm
field gun, and thus we have no account of the results of the test. Though this
test probably did not give the expected results, Tciamscher bad calculated that
a ring (uzzle) velocity of 1300 m./ssc. could be obtained.

Due to the vagaries of Soviet politics the project was dropped after the
tests with the 7am gun, and froa then on only'occasional interest in the project

was shour: by the military authorities.

In 1942, Tokmacher vas captured by the Germans, and he put his ideas and
services at their disposal. The Cermmns perfoymed various tests, the results
of which largely confirmed Tokmacher's basic work. However, due to the demands
of the war the Cermans were not ables to continue thair work, and there is o
record of their adapting vortex chambers for use in existing military weapons.
It was from captured Cerman accounts of these experiments, that our knowlodge
of Tokmacher, his history, and his work was derived., By the end of the mar

Tokmacher had disappeared.

V. THEDRETICAL

The mathemmvical theory of vortex rings has bLeen rather fully treated in
the classical warks on hydrodynamics and aerodynamica. However only a limited
body of experimental work is recorded in the literature. In particular theru
is very little data as to how the geoswiric parameters of the vortex forming
chamter affect the propert:es of the rirgs. Nor is there very much ianformiticn
correlating the muzzle velocity of the blast used to fora the rings, with the

properties of the rings. :

L]
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The vortex forming chamber can by regarded as serving two functions.
Cne, is as a reservoir for the C¥ agent to be incorporated in a singls voriex
ring., To a:set this requirement at least a certain volume will be needed.
The second function is to form or modify the {low pattern of ths blast so
as to yisld trat flow pattern which will give optimum propertiss to the
vortex rirgs (i.e. maximize the capacity, contents, velocity and rangs of
the ring). A largs size is not inherently reeded for this function, and
perhaps the introduction of the propesr taffles or flow forming shapes msy
perait a reduction in the overly tulky size of the chazver.

A secord prohlem on which very littles information exists is, whether
the vortex ring has the ability to carry internally an aerocsol without
centrifugally expelling the particulates making up the aesrosol. This problsa,
which does not exist for gases, is cf importance vscause of the many C¥ agents
of low volatility which are most efficiently disseminated in the form of &n
aerosol. '

V1. DEVEICA HOG

d. The first tests will be conducted on systems patterned, as closely
as possibls, after those presented in the basic report on Tokmacher's wark.

1. The following itexzs will be used as propellant gas sources

a. 30 caliber rifle

be 30 calibgr zarhine gun

¢e 20mm cannon

d. Special explosive chanmbers

2. These items will be used in conjunction with a) standard
blank cartridges, b) standard cartridges, ¢) specially rodified cartridges
and d) loose and formad sxplosive charges. Charges of black powdsr up to
70 grams in weight will bas used.

3. Vortex foraing chambers of the following sizes and shapes
#ill be used in conjunction with the aforemsntioned xeapons and munitionss

&, pear shaped chambers
length 80 inches (approx.)
tip end diameter 2 inches
maximum diameter 40 .rches
orifice diameters 15 inches, 24 inches, 30 inches

b. Ovoid chambers:; to be adapted from jettisonauls fusl tanks.

¢. Conical chambers
lergzth 20 inches
tip end diameter 2 inches
base diazcter 40 inches
orifice diareter 15 inches, 21 inches, 24 inches, 20 inches

CONFIDENTIAL Seensiteininrmetion
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d. Small pear sraped chambers
length 10 inches
mxinun diameter € inches
orifice dlameter 3, 4, 6 inchas
tip diameter 3/4 inch

¢. Small cone shaped chambers .
langth 12 inches :
base diameter 8 inches
tip diameter 3/4 inch
orifice diameters 3, 4, 6 inchas

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

B. Various other propellant systems will be tested in conjunction
with the aforementicned vortex forming chambers. Such systems as thz follow-

ing my be usedi

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, velosity,

and size of tha resultant vortex rings.

D. Tests will be run using heavier than air gases, COz, illuminating
gas, Pyrofax), lighter than air gases, (Hydrogen, CO, Nitroren) vapors (NH.,
31814), and aercsols to determine what praportion of sach of the various types
of systems is conserved within the vortex over its entirs range of travel.

BE. Tests will be run to determine whether ths destructive interfarsnce
can be used as & range determinant for laying down smokes scrsens or toxic
cloudrs at specified distances from the generators. To accumplish this two
systems can be used; 1l. Ons systea could consist of two gensrators aimed to
give converging ring trajectoriss and capable of being fired similtaneocusly.
The range would be determined by the point of convergences which in turn could
bte determined by the angle between ths trajectcriss and the separsation distance
between the generators. With two generators mcunted a fixed distance apart the
sole deterainant for the range would be the angls between the trajectories.

2. The sscond systen will utilize the destructive interference set up bstween
two coaxial.y projected rings. It has bteen noted, that when vortex rings are
emitted in rapid succession, the distance between successive rings bscomes
less and less as the rings travel farther out frem their scurcs. When the
distance between successive rings btecomes lsas than one ring diameter, de-
structive interference is set up and the ring contents are-in effect *dumped®
at this point of rirg treakup. The original spacing between rings is de-
ter=ined bty the frequency of emission and the eaission velocity. Using a
unit having a constart emission velocity, the treakup distance becozes solely
a function of the f{requency of enission. Thus it should te possible to lay
dean a grolke screen, or 3 toxic clowd at varying predeterained distar:es from

CONFIDENTIAL Scensityintrrmntic
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the source generator by varying the frequency of emission of that source
generator.

Unfortunately no available military weapon has an automatically variabls
and controllable rate of fire. To test this systea of range deteraination,
8 chamber will be used in conjunction with a pulse jet engine. Different
check valuss, having different elastic constants will be used to vary the
frequency of pulsing of the Jjet.

V1. PHOPOSAL

Should the aforessntioned test prograa demonstrate that it is feasidbls
te project, or disseaimate C¥ agents by means of vortex ring producing devices,
8 ressarch progrea should be started to determine the fundamental physical
properties of vortex rings. The mamar in which those parametsrs embodied in
the gecmstry of the foraing chaaber, and the physical nature of the fornirg .
blast should deteraine these physical properties.

Such a research program should have the following ultimate goals; finding
mthods of asxinizing amd/or controlling the velocity, range, capacity and
shearing porer of vortex rings; and deteraining whether a reduction in the
volume of the vortex foraing chamber can be affected.

/s/ Renry Schmartaberg
HEMZ! SCHWARL2EE
Applied 3esearch Branch

Orig CiaL,
1 pink .
1 Mun
1 App Res.
1 Schmartzberg c
0
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P AEPOT OF TEST
1
MEMORANDUM TO:; Chief, Test Division Project or Job No. 4-04~15-007
Date of Test 26 March 1952
location

Division Wunitions .

Date of Report _28 March 1952

1, Item Tested;

Two saall vortex chambers 12-in. long, 6-in. maximum dlameter, 3-3/4-in.
orifice diazster, }/4~in, tarrel diimeter, (pear shaped) one containing
and interior baffla.

2. Purposes

&, To deteraine whether said chambers are capable of procucing :or%ex
rings upon being explosively pulsed by the blast emmmating froa a blank
cartridge fired from a 0 cal. rifle.

b. To conpare the effectiveness of said chambers for producing vortex
rings.
€. TG observe the properties and behaviocur of the rings produced.

3. lethod of Test;

The chanters wers f{astened to the erd of a Y. cal. rifle Yy a clamp on
their barrel diamsters. Swabs containing NH+ and ECl were inserted in
the chasbers producin; smoke. Blank cartridies were {ired froa the rifle
and the resultant vortex rings obsarved. The rifls was aimed at light
shrutbery to otyerve the maximum distance &t shich vortex impact could

te detected,

4. Conclusionss

Rings one to one and one-half feet in disczeter were produced. They
traveled &t an estimmted 20 to X0 ft. per second. Their effect could
te folt 30 ft. froa the orifice chamber. The rings theaselves could be
seen 20 ft. froa the orifice. There was mo significant difference in
tre Lelavicur of either chaaber.

7. Ps3ultss

Twenty shots ware (ired, seven with the untaffled chaaber, 12 »ith the
tafrlsd chanter, and ore with no chaater. 1In all instances when a
ciazber was counted on tre rifls, vortex rirgs were ;roduced. They
azzearsd to La tetasen ore und one and cre-nalf feet in diazster and
traveled at 3;;.rmxicately 20 to 30 ft./sec. The rircs were visible 20
£%. froz the chaziar awd Lieir effect in agitatirg Light shraltery waa

SECRET Sesusispiniesmation
19

\



SECRET -Seecamitymindasmation

noticeatls at rirges of 30 feet. When there mas no chazber mounted,
no rings wmerd produced, nor aas .here any effect as to agitating
shrubtbery at & short range. Thare a;rearad to be mo signilicant
difference in the rirgs produced bty either tyre of chaaber.

3. PFurther Action o be Taken;

Modifisd soall chambers will be fatricated and tested. The larger
chaaber will be tested after codification to mount a 2(na cannon. A
sore sensitive targst stricture will te built to deteraine the range
of the RACS.

SCHIA STZBEHC, 6122 /a3 ¥. 4., SHOX C., B, DREINOM, Jr., Col, CalC
Project Engineer - Chief, 479 s. Branch Chief, tunitions Division
1 - Tert Div.
l-CA
1l - Mun,

l - Apt. Aes. Br.
1 - gb.l’ublr‘, ‘Fpo -’c 3!.
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REFORT Of TEST

MESORANDUM TO; Chief, Test Division Project or Job No._4-04-15-007

Date of Test May 1

Location "F FMeld

Division Munitions

Date of Raport _28 May 1952
l. Item Tested:

2.

3.

4.

S.
6.
7.

Saal) vortex chasber - 30 cal rifle assembly.

Purpose
To dsteraine renge to which vortices can be projected. -

Nethod of Test;

The ctanber was fastened on to the muizls end of the rifle. Twenty
blank cartridges were fired. The riflc was aimed either at & light
target structure or at light foliage.

Conciusionss

The vortex is extremsly difficult to aim and erratic in its flight
This is probably dus to variations in the alignment of the axis of the
loosely fastened vortex chamber and the axis of the gun barrel; and to
variation in the blast emmnating from the blank cartridges.

Mot apilicable
ot applicable

Msultss

It sas diffizult to datermine the maximum range at which vortex impact
eould be felt because the point of impsct seldom came near the point at
which the rifle was aised. Errors of 10 ft. at 8 range of 20 yds could
readily be observed. These errors did not reproduce themselves, tut
changed in sign and asgrituds., The maxizus range at which vortex iapact
was otserved, was 20 yds.

L Wi Ygad £0) . A, SHOW C. B, DaZINON, Jr., Col, Cnl C

Project Inginear Chief, A>;. Res. Branch Chief, Munitions Division

CONFIDENTIAL Semsiselolusmation
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APPENDIX P
Sketches
Fig. 1, Vortix wrg
Fig. 2, Duphng-n Lc‘tulud Vortex Chamber
Pig. 3, Small Vortex Chazber
7ig. 4, Small Vortex Chazber with Bafflas

Fig. 5, large Vortex Chaaber
Pig. €, Typical Vortex Chamber for the Production of the Vortex 2irg

SECRET Sesnsitnialvemation
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Changing Distribution Statement from Limited to Public Release

COMMENTS:  The UNCLASSITIFD document identified below has been reviewed, and

the distribution limitation 18 canceled. The report is now
approved for public release. Please change your records to
reflect this change:

AD Number: 27298

Rpt Number: CRLR 278 (Project 4~04-15-007)

Title: Feasibility of Disseminating CW Agents by Means
of the Vortex Ring Principle

Date: 2 November 1953

Classification: UNCILASSIFIED



