USE OF MATERI ALS FOR THE ACCELERATI ON OF MASSES AND DRI VI NG DEVI CES FOR

EMPLOYI NG THOSE MATERI ALS 5 This ‘invention relates to use of materials for

the accel eration of masses and driving. devices for errplfoyl ng Zae

materials apd to a method of acceleratlngamass / t nown to
Nch is accelerated) as a resiliént, narrel? y| eI d| n gart of

bl ocking [err] of an expansion chanber in which rapidly )

qagt N\on gases are generated once, or periodically, for L

ing-of f (deflagration) of a propellant powder (for firing

a 15 weaf8h QFaMATERIADS FOR THE ACGRLERATION of |iquid

r ejanple for Imn%gﬁg ANﬁtﬁﬁﬁfIﬁcnﬁv'IPEsCH gd Piston in an

engine). The mass t IS to be accelerated does nat,
however, ave to/be a rigid, pr 0jEMBLOYINGSFHRSEIMATERIALS on- shaped :
constructlo peft; it may aI so be a mass of fluid which reacts inertly to
dynamic 20_ stressing as In the case of the water reaction notor. In the
interests of favourable t her nodynam ¢ efficiency, for the acceleration of a
mass by the expandghas nivenmimmmalhoesgas&ubbfemaderihmmd- @he baailefativn
t he mass that .S e e e3|ra that t che cal
reaction.in tﬁg réesgscgl Sﬁgc e}r c{pQrv% %%e‘? gﬁf E%Ié’fﬁ' W &
pressure ri semﬁhhqmefrmﬂemlgasamﬂ;bl-e then expandl ng |n energy-ri ch
manner with the | east possible anount of materials being used, which
materials_should be as uncritical as possible with respect to their
magazi ne $8fety, tifeilf KWPYNhEAdISeng masst dvhichadg a¢epderatedingsi dregsilient,
saféty.  Numekels yietatid %rﬂabt‘n@hegfﬁﬂiﬁghayeangeWrcﬁﬁsﬁ
t he reaction- gas_energy de wgl g t of reaction gas related to
the amount of FRESLRc1T6H 6 ed'apé y expandipng . FEACTIAR {gRSES §Fe
cases where agapémvedt h;ance,se om tderiaddnallyof Sorer 3skampld rmctbmmg&ﬂfas
been achi eved, ctO u | re_n
practical | y < dd?*‘%%fﬁti&@hrgk‘ fQ r&%&:&ffinﬁ: \é@\{n?er %‘?‘gr Vﬁrﬁng\/\@ pei"oagétz.le from a
weapon barrel) or by the combustion of liquid propellant (for example

for linear or_rotatory motion of a piston in an Otto or Diesel
engine). The mass that is to be accelerated does not, however, have
| to be a rigid, projeqtile-éhaped or piston-shaped construction part;
- it may also be a mass of fluid which reacts inertly to dynamic

20 stressing as in the case of the water reaction motor.

In the interests of favourable thermcdynamic efficiency, for the
K/ acceleration of a mass by the expansion of an reaction gas bubble
(tamped or blocked by the mass that is to be accelerated) it is )
25 desirable that the chemical reaction in the reaction chamber produces
the seemingly steepest possible pressure rise in the reaction gas
bubble then expanding in energy-rich manner with the least possible
amount of materials being used, which materials should be as
uncritical as possible with respect to their magazine safeety, their
30 handling safety and their functional safety. Numerous reaction
partner groups have been tested to increase the reaction-gas energy
density and the amount of reaction gas related i:o the amount of the
reaction partners used.

39 However, in fact, in cases where a noteworthy rise in the amount
of energy-rich reaction gas has been achieved, always reaction

partners were used which were not practically suitable in the final
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2 anal ysis for econom cal (conmercial) reasons or for technol ogi reasons,
-nanely because, for exanpke, specific substances needed for the reactio
ar'e not available to a large-scale extent or at a viable price or becayse
of the toxicity or perhaps because the readine§s of 5 reaction (danger of
spont aneous ignition) of the reaction partners would nmake scarcely -
fufild @able, unrealistic, safety demands on the storage and handling of, t e
naterHI s. Accordingly, an object of the present invention is to rerr‘edy
10 reduce the wngdygisnchod fegonemigayy-(compereiplandiesgonsacti for ghechrobbdi
uhi ch can be obieabfir] hesliobeahEl ! Yoi WklnbidalsbicithikNs ot 850N HotadiP e

steep pressure rise nd whi ch can accrue from econom cally (conmerci ally)
easi |y avai | ablt&er é%ﬁ?tti‘-% %&r?‘ﬁ'etagallﬁ?le to a IgREsrarHG P{Stﬁnl*ie°ﬁr%tsén‘t’lable

:Aﬂyeﬂt ion ther q:;use pfzo\bedaskwse ﬂ'fe &oﬁﬂfmbexr r%mdhpﬁwé&a&iﬁ and ﬁé‘ddﬁlné@a@?nt
ichis spr ed opto t met al resente DY consj st enc or
the pul se-1i r&@ﬁg}oé’t |(§ﬁ'“§ﬁr e%fp +1 g%cf% a'é)s ‘btl e FePRE108, pFEg“

a chanber for twwlacmdtaarsnaroeiyoffumm;e. aummeadissfilcyi dabetiynglepandd ded tfher
the dynam ¢ 20 J.a0pi gngrhgplhgﬁ.@ B8 & b iEACt1 on-gas bubbles. Further
according to t he present 1 nvention fere 1s provided a driving device for
carrying out the use according to the imediately preceding paragraph,

conpri sing a conpl exed¥Rbiflz19y did dﬁ;@é@&ﬁ%ﬁé dribsért |i%%ﬂt1‘6ﬁn§é SEENRKed b
hol der therefor, and conprising an_acidic reaq.ggt driving device

havi ng an e%&an%qdé}ﬁe ivgnwREent Jleeintor, eReT5¢ xw%ss%éwtm s Svhhdns.

i s(defined in pafichbyan Ofe WbRakRd Rpchridlppeddllpgurciieosklllyl with §L§§ém‘§.ﬂig'ﬂly
\sés can be accel erated bg the ex andlg é ction-gas buhbl es as
“reaction of 30 €HVd $FG6BI BESSRYAPnSEST n8 AqdBRYTS F4Li T"HRd Fﬂ%ﬁ?%’f?“‘&&%’rle’e
an injection nogzmsefacialiy) eesiltygasaﬁtldbleageotmnsp@bmecs.ed towards the
hol der and at a surface part of the netal hydride. Still further according
‘to the present invention there is 35 provided-a nmethod of accelerating a
mass conpri SiShg: - ajccordimg oudihagPoesenti dnventdon phargl iAyprowided use of a

complex metal hydride and acid reagent wh:.ch is sprayed onto the metal

hydride presented in lumpy consistency, for the pulse-like generation

of expanding reaction~gas bubbles in, or fed to, a chamber for the

acceleration of masses, aqueous fluid being provided for the dynamic
20 tamping or blocking of the reaction-gas bubbles.

Further according to the present invention there is provided a
driving device for carrying out the use accbrding to the immediately
N preceding paragraph, comprising a complex metal hydride presented in
25 linnpy éonsistency and a holder therefor, and comprising an acidic
reagent, the driving device having an expansion chamber for the
acceleration of masses, which chamber is defined in part by, or
blocked by, a yielding aqueous fluid, such that masses can be
accelerated by the expanding reaction-gas bubbles as a reaction of
30 said bubbles against the aqueous fluid, and in which device an
injection nozzle for injecting said reagent is directed towards the
holder and at a surface part of the metal hydride.

Still further according to the present invention there is
35 provided a method of accelerating a mass comprising:-

a) introducing an acid onto a metal hydride;



b) - allow ng one or nore expandi ng gas bubbl es produced fromthe reaction
ot the acid and netal hydride to enter a chHanber having a mass to be
accel erated, said chanber being defined in part by, or blocked v
angagveous fluid; 5 c) driving or accklerating the,mass by the gas
\ bubbl es, as a reaction of said gas bubble or bubbl es agai nst the
fljuid. 10 Still further according to the present )
there is provided a gas bubble drive conprising a netal hde(de
/r ekigenallowing Aeiner ammge:dmdinsnmdb@bblteae paedutednifoon heharet al
hydride, said n?&@étibudséaﬁe@n&ea%@a COIR e A1 thya A6 'ﬂag B, %r&f@ﬁéygor

produce gas bubbles on contact wth one anot er r|ve ei ng

propel ling a nBRENE @omags ke ke fArdyen cP”oracFFJcﬁ’&tﬁ?st%ﬂﬂ-dthﬁWﬁ“e@PM%
present in use defihegasn pubbluy,csPanstia sPpaEhciquebus M uddj ve, said
expansiog chanber being defined in part by, or blocked by, a yieldable
aqueous fluid. 20 One of 'the decisive reaction partners can be
accor di ngl yc) a doimingxorreraéldrpatingl¢hé fzmssebsampé egassbubble do bahlylisi, das or
sodi um t et rahydgoggéggign(fgr dau%%B é"hérpfAL&bﬁ éélpg dif8: ODhd | e‘llrege scal e
by rel evant chem cal concerns (s as Bayer IEever usen or- Met

Danst adt) to th&ledeni cal industry as a versatile usable reduction 25 and
hydr ogeni zi ng agent . Th| S very reactive boron conmpound with a high content
of chem cally cqnbined hydrogen is powdery in a raw state but is conpacted
in the &Rbi ent &fHbspherderntFrrding pF‘écéEeV\A?FE*P“&I sEYERFIYE fReseds into

speci fi c shpp@hided Ih%ae Babbld adfivedlcOmpisihg ! ¥ imelsdlfaydztﬂae Shgpersd on . of,
t he pul veri sed rlIL?ter n a 30 solvent, which i choi n endi n g_{l tH!/
purpose of BGSES aé@aﬁﬁ?’ésf%?“f’ﬁ% r B HAHBRUSS ‘g §%5' of

i norganj c shird:s.;ieor said t metadhduyidsidey dndr dché lcemhm.smgn néaqtu.ng upértngrs

i mpurities \ [ e r.essl

mp LR bPSHck ?aJ %ﬁ‘ﬂies"‘@ %%n{:%ﬁg“ag@uaﬁg%ocﬁéé’ th %3 d%fiv%)%%égé y

separat ed out 1Tn a costTy manner from process erial.
15 for propelling a mass, for example a solid or fluid piston or

projectile, present in use in a gas bubble expansion chamber of the
drive, said expansion chamber being defined in part by, or blocked by,
a yleldable aqueous fluid.

20 One of the decisive reaction partners can be accordingly a
complex metal hydride (for example, sodium borohydride or sodium
tetrahydroborate (formula NaBHy)) which is supplied on a large scale
by relevant chemical concerns (such as Bayer AG, Leverkusen or Merck _
AG. Demstadt) to the chemical industry as a versatile usable reduction \

25 and hydrogenizing agent. 'This very reactive boron compound with a .
high content of chemically combined hydrogen is powdery in a raw state
but is compacted in the ambient atmbsphere into lumpy pieces which
also may be pressed into specific shapes. These materials are
normally held for the suspension of fhe pulverised material in a

30 solvent, which is chosen depending on the purpose of use, for example
for the reduction of organic compounds or of inorganic salts, or in
the chemistry for the reduction of disturbing impurities into inactive
forms, which then no longer have to be expressly separated out in a
costly manner from the actual process material.

35 : _

Differing from the use of the said materials for previously known
purposes, the present invention recognises that the ‘ sodium



Differing fromthe use of the said materials for previously known purpgeg
the presents invention :recognises that the sodium 3a borohydr j/de
(i ndeed corroding on the skin, but rot ¢ritical in other ways with r spe-t

to possible health rjsks or risks of spont aneous ignition) which in

powdery-l unped formis stable at tenderatures bel ow 0% and above 10
other -metal hydride, is quite 5 particularly well suited for allow g
si mphe” equi pnent al ong with dosed spraying on of acid reagent a reac

bubbl e to _be obt f
e wi th enerGyoRER Ry GAErD forraE: T0 e pkbln BHFyS su.%a%ﬁ%%?rf%%*”e
driving or ac&a&eraiumrreebemsme@ossibabl teakth cdales rmtni$b$ yohrsnophanaoyal | y
o cor qamped (HeRPEEd) SKRANIROD.S MRGNS1unddd PEAPIAAIERNY BB bhifbelBfurek

accor dance vvlt I nven I's material, nerely - in the
presence of ofbedow adfi¥§ousnd cabevern 198%G ner -othere| Batddel Rydsidel 1§ o@riss 30

35 4 amauntp ki Q119REY -fANCHRkEAT £5F ﬂﬁl&lﬁ&agﬁﬂklﬁﬂWGEﬁﬁbm%Httﬁbhg with
reagents are nore especially m neral a

ci ds, %ﬁmc aci ds_or %l{{s"ﬁ ngions of
acid salts) nelagedt SPRAIBEr He P A4 d'eP$Fn§er TeATHILr BHHi M
delivery - ont&thh@emgbhhy@r irdgsdrN@F iL6s téxthenelypsitban fressurten riibe with

hanmb h _net hydr.i d d d
and ther oby caRFE ARG 4 AR B G EELBR, Rt ants af ol (asfile”

the metal hydrésleacobledation 06f massésit relakive siogeonstruchinelyhioehdyramically
const ruct | O&al Lanpegl tbrﬂocﬁgé) e%aﬁ@.%noéhgmggr& &l In accordance with the use, in
W ‘accordance with the present invention, of this material, merely - in

the presence of of an aqueous reaction partner - a relatively small
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and penetrates in this region also into the porous structur

'oh gas, which can easily be influenced in its intensity by

at

e control of the jet and nore especially which.jet can al so

fed and again started up afresh. However, also for exanple th
hyorlde of the formula [err] (potaSS|un1borohydr|de) is 15 ver
ageously usable; even if its handling is not quite so uncritic

The Teact i QRodHtOdYEt higRAPcoRé&irated hachP dBNgERtIC (Yddallly2 BBl s
hydrochloric acid, is practicall ure h dr en of exceptionally high
conbust i orF &SNS d%’rﬁ%l tHOTgn e ofciflss QTR s 2piflSceOF

e 10

This leads to the sudden onset of the l'arge-volume fornmation of

be
e
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afv
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o four
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ti.gn of netals, ;nore especi al copper, ~acts cata ytlcally

cont ri but e81iflgnge;canq menstratas, é‘ésté“% 1om alse ipterthe BeFQus FtEurture
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very advantageously usable; even if its handling is not quite so
uncritical.

The reaction product, upon spraying the borohydride with aqueous
hydrochloric acid, is practically pure hydrogen of exceptionally high
combustion energy density, and with an amount of gas which is three to
four times the yield of conventional explosive and propellant charge
agents of munitions technology. The amount of gas can additionally be
raised by over 10% if, in the course of the spontaneous formation of
the hydrogen, this is also combusted forthwith; by an oxygen carrier
being sprayed on élong with the reaction acid. It is particularly
advantageous to spray the borohydride presented in solid consistency,
with aqueous nitric acid, because this then at the same time serves as
an oxygen carrier for the combustion of the hydrogen arising upon the
spontaneous reaction.

A trace addition of metals, more especially copper, acts
catalytically and contributes to the further increase both in the
energy density and the amount of combustion gas.

A
and
e

ubbl e
me o

I clency urther)

In any case, the use of metal hydride, water and acid reagent

appear to represent the ideal reaction partners for a bubble
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friendly environment driving system - on the basis of uncritcally avail ab¥ :
and .mani pul abl e reaction partrers’ - is achieved, wth which systema closegey/

combusti on cycle process can be real irsed*in a technlcally uncritical ang
versatile useful manner. 10 The water reaction notor for water vehicles
needs, for internittent node of operation, an oscillating valve body fo
the periodic closure of the inlet, for the respective water-colum or g
mateskﬁiston ejection reverse to the direction of novenent of the 15 water

vehi clje. blegéneeﬂuj'zf, EPP Yeadbn Sofc Inrcxia Napgei alnlgatahew&mg lrb@duoﬁagalss vf)li{]me
consi der abl e .cQnstruct | endi § ur, cons a restricts. the
anount of vvac{f? gﬁegﬁ allrféi Sg t e @E%ﬁcf%sl’eﬁgego %h 83 B TRLRT Red
with such aMmlaEamnwﬁremgvmtaQO of pragticad mmtdacedxast}mtpo;naté)l e
further dis ifge t t pr&w o

e, DR tly | dne Gl coonthusIalT (R eRtig_HE

fact that _the co ustlon proce | ace 1n or
body can Pe#ffigiepey ofurthery %d@}eatlyqrﬁsmname dn f 8 cEReRty apounte a

devi ce, becanﬁendlby nV¥FSméit tdavigst systed Woski Bk fBI5eBEYuRébritBRlyal ve

body, in each ase,. over, conparatively long tinmespans. rel atively | arge
anount's. of - HVARATE B MABIPFIA0N (TRectiam, FeFPOATS Hadb AHFest HETTPn

fl owi ng out .systemcaor darsed vnddbusltéorpreyelnt processi @anwbeh wemlisedabire a
Qriving S0 dRehifamf GRANIENBHE JTRROYE el ffhld:cl ency and i gher

ej ection frequencre operation wh I'S nore insusceptible
to troubll® may be achieved. It is inportant that both the heat |oss

~(detrimental to ghe efwf:é@éxen‘i-léhctt?ox?lh%éddi-' deid whfigr C%ﬁfc!lé@t 'n%ﬁls prfSP' ens

and~restrict]j ons, operatin nol o respects, of mechani ca

oscillating V‘éPV'@“ﬁSB& E%%Pﬁ‘ebé’ a\RHed'@EPq'h taﬁat°s°ﬁléf‘tlf‘8e Vggﬁar%&qyorf%f tﬁe
fluid pistonpdadid SclbBul® 6Khenst ele@Ndfdior tHeh Gre@pe6tive N wabeF-2@iumi her
expanding effeele Bletdn’ SHSH10R 989eaeNo® theMabiddtidh " HhbVShent T me
15 water vehicle. The requirement of such an oscillating valve body

calls for considerable constructional expenditure and considerably

restricts the amount of water ejection and thus the vehicle speed

which can be achieved with such a water reaction engine.

20 To be considered as a possible further disadvantage in the case
of that previously known device is the fact that the combustion
procedures taking place in or behind the valve body cen lead only to a

. very moderate thermodynamic efficiency of the device, because, by
N reason of the restricted working frequency of the valve body, in each

25 case, over comparatively long timespans relatively large amounts of
heat are emitted from the combustion chamber into the water flowing
out.

In accordance with the present invention with comparable driving

30 devices a considerable improvement in efficiency and higher ejection

frequencies with a mode of operation which is more insusceptible to
trouble may be achieved. |

It is important that both the heat loss {(detrimental to
35 efficiency) to the fluid and the constructional problems and
restrictions, in operating technology respects, of a mechanical



and highly conpressed) is utilisable if (by reason of the shape in the 5
nejglfjour hood of the expansion chanmber in the interior of the device)
ddri ng\{ he expansi on of this bubble a dynamic tanping (blocking) relative .
d el atively inert and inconpressible@nflowi ng fluid nass takes
The exceptionally rapidly ensuing expansion of the gas bubble |eads
poytioning off of a fluid piston fromthe 10 inflow wth dynantc
(bl ocking) reverse to the piston exhaustion direction; an’a%y
f ’ tdsse:iﬂﬁﬁexgi v@live Body dart i&ea*'#dld_gasirp:ctﬂﬁts,%'f&r aﬁﬂet bemge%&eaf a
ansf e/encg cqndj tiong at .the boundary interface of the gas,bu e to the
sur rethdi ng&r‘ﬁlgi ?i",sr‘f’ﬂeé}?%r é%[h"t ge (fﬁ‘g?u%tr?de 4:é‘?rﬁ|'§‘el %'Wcﬁég‘? ':1h8§%°btjf’r81?ﬁthe
gas bubbl e exrtaodinge effextd ofina teactidreges dvubbde hiigh tidldynoelatanely small
efficiency. . eact.i,QR; b S b dn e
interior of % gl%?'%?n (?g\%?é:)e,gg |t(r12é yei #)Bhg %e%gxrlls?q‘o%ﬁ%%g%g%rlﬁ P%%I f,
by the r8acteighbeunhord efe $hecommgneinny charhey imcthe imprdermf xbe devdsed to

react with @nqnanehbekxparddd¥RVeF. tRISVHIHHIR GAuydbaf Deadprde f(BlodRRERL I NY
the gas bubbl e enerat or perj.odicall outside the interjor of th

/ s > § . Lhe
driving devFe@tiRe ¥rthenCroytivehg. $IRFT 884 ( 1RRomRERssdbls ninfdewing fduidter a
pL edEt er mi na&dbseltai:éﬁ ][maw.(rj ea'aurambasﬁdmeny esapﬁmedhstmngvx@apnb asién of the f
shock-wave-tu i 0 ct into the expansi QR 25, er. B o]
The per od EF% yrubble ks B she Sess e B 88, & il Higton, £aok FBY,
condi ti @0s dhfliowe #ith ddymdmict htampingi n(bldekingd, téwerezhatst itba frisgoency -
and thus th - ' S e.gdemic ' . - fluid -
surroundi nggor ﬁ%‘\’/ﬁp%%ﬁéei(r&e{f h%(%%% gé%%ﬁ Bg t?'ﬂnef I%ﬁé%cdggky)ge%gﬁégﬁs\f/e\n% e
rise in spefes RIRESE®, With rognchestotransisrerss rgnditdons hat fihgi Howndegy
ex pogeBL : al !i.ﬂ?eﬂfhcéad’? Pﬁe?ﬁ@%ﬂ?@ﬁ@o the ?hﬁﬁuh?ﬁugerr?wa, caité&e%e@{lﬁg he
gas bubbl es or exanpl e of _ dosin e material s reacti ) one
anot her) pra‘éldf BRoFEHTERe LY tylﬂwt tf}%séu@ﬁ%/tg‘? gag cbypblepintol @%%H&@Gn, o)
that a gseedhmbaéia)nigtvameamdd@hgﬁc)perﬁii'eﬁg;.r ange'is 35 7

The sequénce of reaction gas bubbles can be produced in the
interior of the driving ‘device, directly in the expansion chamber
itself, by the reaction substances being introduced there and being

20 caused to react with one another. However, provision can also be made
for operating the gas bubble generator periodically outside the
interior of the driving device and for introducing the reaction gases
{in each case after a predeterminable minimum pressure has been -
exceeded) by way of a shock-wave-tubelike flow duct into the expansion &/

25 chamber. By way of the periodicity of the gas bubble expansion,
coordinated to the inflow conditions of the fluid into the driving
device, the exhaustion frequency - and thus the quasi-continuous speed
of the device relative to the fluid surrounding or flowing
therethrough - can be influenced. Because, with a rise in speed, the

30 resistance forces stemming from the fluid rise exponentially, it can
be advantageous to raise the energy content of the gas bubbles (for
example by way of dosing the materials reacting with one another)
proportionally with the frequency of the gas-bubble production, so
that a speed variation over a large operating range is

35



achi evable. The driving device is particularly suitable equally as a
propul sion mechanism for surfdce watercraft or as a driving nmechani sm
bodi es travelling underwater, both fgr the initial acceleration and ffor
mai ntai ni ng or increasing the speed Of travel after sone other initiagl
accel eration; ‘i nwhich respect in these cases the surroundi ng water
‘repre8ents the fluid. The driving device can, however, also be used i
fixed%de, for exanple as a driving unit in the 10 flow of a hydrody
machi ne. Wer @&Bl,e‘ﬂag?

especially for reasons of cavitation formation at the conventj.onal screw
drive, specific speed |jmts (of the order of.1 nit of u o 30 ni"s)
cannot readily bepﬁ'i&eéid'ém“% t‘{?vdcariﬁ né’aa‘éﬁ"’aégfn ﬁ‘ét{gﬁﬁang‘é‘? Y h28he?
present i nventpropuléiont mechamisw figr curfaceictatencyaftt or ias & hdristing enechamisim
W thout pro !%@b@&'%“ir&@é% QR«?‘%&QE.%&V&' SheP 6t id1S a8&dik £¥ABh CandtNd
by coordinalion o e geornet Fy 0 e dfiving device to the recurrence
frequency and fonemaintaining qrorineneasingt the gspeeadyiof| dzavel cakiare §omgy opher
raised still fiHitiBPraccaératforl! iNOwR{AOrEsBe i iR fIRHRCChséS theSksridunding
accident in propeller regions appear c | et el abol_lshgd._ A further rise
in effici ency WateT tiself \RepTpents; the bglgg%nr M§a GrAYIngs de¥ieer cafy ROy eVRE
bﬁha\éi our of dtdl_@o eﬁf@&fuﬁdngnganﬁubb|nMe,pﬁ?ﬁié}lml pmasﬁ lespnﬁrﬁigl lymﬂhﬁh_ ?lfSe
the drivin ice ds onstituent rt of a close ow circul ation or
“exanpl e of ?9 ?l{%‘fi%tlnﬁr@y‘%i@%ﬁmf% "&aﬁg?eMrds contrary to the factors in
the case of a watercraft - and noreover the fluid is.-to be fed separately
an an therefore I m ] r { t h Vil eF,cg,,ie The
present invention ‘\?\nﬁ?llo&n(')\r/rvk%lgdedgg}cp?? bg'?i, y é\%/gf} g? %?(%%egn ) Smn?%&gs’
‘reference to deevmpadpeciabiynpferi apasangyr 8fneea el tation ng}‘?rmﬂ{@ﬁ afle the
approxi mat el y don@nt fonaf akerew Narfiie; N spedffic Epth@ﬁEitﬁ $0e"3hé @28er of

enerator in accordance with the present inventjon having.rigid ..
gonst ructi &8 twlﬁlédeo,ofbpgcm Hg tg{s | pannot readily be excegdeci,gwnh a driving

device in accordance with the present invention (without wmoving

construction parts in the drive itself) without problems in the water,
double the previous speed is achievable, and by coordination of the
geometry of the driving device to the recurrence frequency and the
20 energy content of the gas bubbles the speed may be raised still
further; and handling problems with respect to risks of accident in
propeller regions appear completely abolished. A further rise in
efficiency and relative speed is, by coordination of the fluid to the
N behaviour of the expanding gas bubbles, possible more especially when
25 the driving device is a constituent part of a closed flow circulation
(for example of a stationary plant) in other words contrary to the
factors in the case of a watercraft - and moreover the fluid is to be
fed separately and can therefore be optimised with respect to the
'driving reaction.

30
The present invention will now be described, by way of example
only, with reference to accompanying simplified, diagrammatic
drawings which are approximately true to scale, in which:-
35 FIGURE 1 shows a gas generator in accordance with the present

invention having rigid construction tamping or blocking of its

€.exanpl e in the case of underwater travel bodies, nore .



reaction-gas expansion chanber; It takes into account special
features regarding different instances of use; FIGURE 2 shows a second gas
generator in accordance with the 5 present 8nvent|on havi ng dynamni ¢ tanpi ngs
or/-ml ocki ng of the reaction- gas expansion chanber; FIGJRE 3 shows a

fA uif d\pi ston driving device in accordance with the present inavention in the

- Ok a fast-running (fast-nmoving) 10 thrust elenment with the gas ——
geneMdtlor arranged outside its gas-bubble expan5| on .chanber; FI GURE 4. SMows
offS¢cyt i verRIRISERHE o?i@ra&ﬁ"ﬁh ¢ 4atto BKYS ofiBtPe 3GFPWtgSRRSIRLe: 15

corresponding to the operat ion in accordance wth FI GURE 4; 20

FI GURE 6 shows an exanpl e of bubble generation directly in the expansion
chanber; FlI GUREFIGERHOVS showsdef sechndr igasngeneratoe im acooddaem ewivght lthehe
present igznv c _body
whi ch t ravngéélf%?iefﬂwat I(‘a:?én thgv{ljl%tdgh %%C\A/ggxﬁaﬁ?% r?ﬂ\éurltoglr‘ﬁ/slgr%g v%%gé‘?%gi
accordance @p% W@W@F‘e@%e?hvent ion which is nodified as conpared with
FIGURE 3, used in the cyc]ic process_ of a hydrodynam ¢ machine. 30 FIGURE 1

shows, in axial Ion tud nal bubbl e enerator havi ng. an
i nj ection nozzl &9V ?‘é"’t:tar 3'3 $c§’t"s’é‘¥g%§?'§m%§ev gy i agegnfance
nozzl e 2 opehe puésetnla anvaaﬁbnomngahe efqan Bfora d&smbmmﬁngpmﬂasﬁ-ﬁo@.dgol der

5 for a. d de for ex m. bor The ansi on
chanber 1 i s LUST SS%gent éh gas g§6§¥d€or arﬁ%négg oﬁ@sl 1 § gas= b&% e
&

expansion chamber;

FIGURE U4 shows consecutive phases of operation (FIGURE 4a to 4f)

of the driving device;

15
FIGURE 5 shows a qualitative time diagram regarding pressure and
movement cycles,.corresponding to the operation in accordance with
FIGURE 4;
20 FIGURE 6 shows an example of bubble generation directly in the

expansion chamber;

FIGﬁRE 7 shows a modified driving device in accordance with the
present invention similar to that in accordance with FIGURE 3 on a \,/
25 body which travels underwater;

FIGURE 8 shows a further driving device in accordance with the
present invention which is modified as compared with FIGURE 3, used in
the cyclic process of a hydrodynamic machine.

30

FIGURE 1 shows, in axial longitudinal section, a gas-bubble
generator 1 having an injection nozzle 2 for injecting, for example,

35



in a constructionally rigid manner by a wall 7 and by a piston 9 which _B<
I s di spl aceabl,e upon the expansion of the reaction gas 8 to enlarge tHe
expansi on.chanmber 4. "Wien piston 9 has experienced a desired displ:
by reason of the pressure of the exphanding reaction gas 8, an outle

rem)vg: of the rel axed (expanded) reaction 10 gases 8 or - dependi\ng 4n.
the constructional factors - for the further relaxation (expansion) 2

still expandi ng LGRSl | AhedRSREe & o gq Ené |dddRin & eeﬁéﬁbnweﬂf&:{éleﬂ%ﬂa e

fluid 19 whic flowsthro thr el enen E)lston ma;l; be'

a lifting pi stoRPERFideq2 o ‘Frat Y %rr ‘?‘% ép?‘ﬁ%ﬁt i £99) f"(’i“’r? ¢:h PIneipddRmof
a convent i onabof#Hydridgi MaBH,).n mybkﬁa}fsiohncmméxoﬂﬁis)feﬁcr@sé/\@ﬂ défineg i n

th f t | d,al b
a rotational M PRAGA PR pBAREH i b8 £, Bh " sS4y oCutf
conprise i aks adltsptmablﬁe lmonamgenecna)lsmrpmﬂ dbel reactionhgas 8 ctobenlarge

I d, f
accel erate ,g,%]eké Unabdber CAPAGHAN P 857 4 hald Ber{diRel’ 8" ad8frel.

out of a vvea on b orm of t ection
arrow 11, edlﬁiﬂ%é‘-’?ﬂ%’ifoﬁy( b?%ﬁ%c?fl@)e P§e¥%u'l?e°f they expenf inghresadiion 2msThe

" pi ston” (9) 80Ul ehmtbslﬁanyoOééiebeabpéﬂé@rmofmmpfé\tdxwebﬂ? fHrolbf e
hand cl oses off an pRan n cha er for th and_ o the ot her "hand
(as a result BIStPRe e%b%égf héeﬂﬁgﬁl °§ ?}ae bER1A%SL d(eFPRRdeAL drearkion 5|

accel er a]E i@ gasks hr 8storf or ccaependirliga oh rﬁﬂa lmnsli-uéhenalr rm«taﬂs whefor b&dhe3
|t Soul d be_ alwEsE] Mledeblon’ \sBandlohy 8t b MEh, ol kSkeqtdp iades’

11 agai nst an8el Izt FIGURE? &r Pngleftormpe lﬂoﬂQWﬁstmtoeaag'wIdstwawhlch flows

counter-'pressg{,ﬁ) [ yihst NAlema@WMeJ N the drawing) - so that by 35 reason
of appropriate lacement of the piston 9 the line fromthe expansion

chanber 4 into the outlet pipe 10 is freed (open) only when,’ 10 in the

course of jgactiorpHgaspidesre! 9PMRPL ben 4 NBFENRADISWH CAAABA" odcillatingly or
reciprocatingly (in the manner of a conventional Otto engine), in a
cylinder in the form of the wall 7, or in the case of an appropriately
adapted construction the piston could also be a rotational piston.

20 The piston 9 can be thought of as (or could comprise in an
~ alternative arrangement) a projectile which is to be accelerated, as a
result of the expansion pressure of the reaction gas 8, out of a
weapon barrel (in the form of the wall 7) in the direction of the
arrow 11, i.e. the piston (projectile) is to be fired from a barrel.
95 The "piston” (9) could also be any other arbitrary component which on
the one hand closes off an expansion chamber for the gas 8 and on the
other hand (as a result of the expansion of the gas) is to be moved
with great initial acceleration and thrust force in the direction of
“the arrow 11 when, by reason of some external influence, a metal
30 hydride is wetted by acid 3.

~ It could be arranged for the piston 9 to work in the direction of

the arrow 11 against an elastic restoring force - for instance against

a counter-pressure spring (not shown in the drawing) - so that by

35 reason of appropriate displacement of the piston 9 the line from the
expansion chamber 4 into the outlet pipe 10 is freed (open') only when,



a pressure is built up which exceeds the counter-pressure acting contrary
e di rection of the arrow ;1. 5 The idea i.n FIGURE 1 is to create

gossi bl\e pressure wave front into a diffus 13 filled wi th aqueous fl uid;
$0 - the reaction gas 8 not only induces a channel or duct ifn the fluid,
gl aces fluid with a |arge-area phase limt (boundary) (along w,th
ami ¢ tanping towards the diffusor inlet). For this, the out!| et
, Ccamngbe expurse ®ft heachicnegasodévelopuantain piei pipansion nehamperdisur e of

the reacti an gases:d A bhAHRANNIEN CRALRE' cfe! RELAR-piosliuPstoged as

a so-called inpulse pipe, . exanple as a pipe which is extrenely
thin in rel2PFEHFR 6°|‘?(b§ P’e‘??g’tth‘m 13§ ¥hgc@FTRY &t the injection nozzle 2 with
acid 3 froma storage container 14 is effected by way of a convey| ng

mechani sm (whi can be.i as an i ndependent real | sed by
a pressutised S'B}f‘r 8"cb‘h?§cﬂg#) attl ¥y SFEgt fm’aef‘Pﬁ’gﬂng R veieve
[err] 16. 2Mhitheissadtzodubed ehymrurﬂeséennnglybeteeﬂasemtb;e PrassuTeOusley

del ivered eegp%{ ed 'Hinl-}ft!? 'i? e%[ ddi[gﬁc\%%l?&% %1&9&' by, MERLS g an

advance or hahi Sm in ah edge regron of
t he expansizeacticnrizes 4 fa ogéx insluum isprehanmsdh 0ea80¢ o nNithe Pimiidanbutqueous

acid 3 fromiiheaddy e?iﬁﬂ‘ w7 2 @a%e-a?éa fohaga rlfiﬁEE' %u%&xf})alf'aﬂﬁugdwﬁéx vel |
as with water injected froman additiagnal water However, the sodium

bor ohy dkQ dedBafiy FAIPHRE S AFART abi%e dHAFEsqry H-ﬁ}ret)gr arﬁ?lrar"hfﬁ'r a‘ﬁﬁl SHtiRLs )

state, in ojiper 10Qr d:sannébu%df ahib Sithe | 8ysted dndyanpbmt g, s@é@hﬂﬂ&e m:uu.mum

granul ate-1i ke sodi or ohydr i de t hen be 30 cgnpacte u h\’»)
functi onal ¥5STRUEH %é %%z?m%rﬁ:’ﬁ eXPINSHY %h%“g’eﬁ er"ﬁ g

mechani sm 143 dmémubhed (aenmeabt-cam]saﬂ sipandé ngpeppinei t ort beanplieecad mp:.gse)zzl e
2.35 A gdilfelen hoRds liat e A23edMOP) g ogoNgRhor 1. for driving
15
Feeding of the injectioti nozzle 2 with acid 3 from a storage
container 14 is effected by way of a conveying mechanism (which can be
installed as an independent pump or be realised by a pressurised
storage-container) and by way of a timed and dosing valve {FAKI 16.
20 .
| - The sodium borohydride 6 can be subsequently continuously
delivered or supplied into the holder 5 directly as a rod by means of
an advance or feed mechanism 17, in order to be wetted, in an edge
region of the expansion chamber 4 for gas-formation from reaction with o’
25 an aqueocus acid 3 from the injection nozzle 2 - or from reaction with '
an acid as well as with water injected from an additional water jet.
However, the sodium borohydride 6 may be made available in a lumpy-
granular (granuiar mass) state, in other words in a form similar to a
granulate, and the granulate-like sodium borohydride may then be
30 compacted, only through a functional link with the advance mechanism
17, by means of an extruding mechanism 18, into the compact mass
standing opposite the injection nozzle 2.

35
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devices, is shown in FIGJRE 2. The surface part of the sodiumborate 6, t
be acted upon.with acid 3.fromthe injection nozzle 2 is now surround
an aqueous fluid 19. Through the nmass of ‘the fluid 19, 5 inert in
relation to the expansion energy of tpe reaction gases 8, a dynam
or blocking of the reaction gases 8 takes place in a gas bubble 20;
tail ©f a piston 9 or the |like configured in a flowfavourable manngr
suppoited directly (on the bubble) - or is supported by way of a kinto# -
sabot. 10 Piston 9 is,.therefore, accelerated IL.n.the direction of the arrow
11 by the expandi éhgeb'ﬁﬁbl usagle vﬂ‘ﬁcc‘_’l&‘ei a8 r EERYIHOT ¢ gd g‘.i/‘ha g y
relative to tlievides) dslshowibin FIGURE: 2basihe shefaee pdwtwof i theazodium borate
| ongi t udi nal sect|i [ 3...0f a.flyidg-ni n, driyi devi ce 1041
which in accor%d'a%%g&vmﬁgé%%sp‘glct 3? “{ héeJ ‘%P E‘Is?ﬁ' f'%gﬁolq‘gr?oféea%t it tPsQ[w
el ement [err] sugreundssstanan dqueons Alnid Jdifapdhroughyther mass ofi the dduidn 18,
f Ilow-f avour abligepRRer rb3tiPRod1d WdlahBlch' RBREY A {

ifie \Mx_‘lé’l £llo h on! e f-%}h ﬁg@yx"éggti%'ﬁ g%@@su%, a

pi pe portion 20 103, which pipe _portion 103 is [Onger conpari Son than
inl et 102 but SWRREIC | {emRIng: ¢ Pleekinge ofj Hife repction jgR56se 81 bakess place in a

neve_rth'ellgzs ek Fubﬁ(l?atz'oveltue stualltoflggrﬁﬁiohostla@ :tﬁélrlhiﬁé oRfigikéd in ha'
portion is.a flui try nozzlg . - said.nozzle s e cture has
o nternal cRdertatoirale, eBRer ofx supborted AIFTERedoRothy WL o Mhq
t hen 25 w denesthppesteds bprway ofgaikindoofa saboar di aneter than inlet 102. The
outer crosgpsectional configuration of portions 102 and 103 can correspond

tothat of the driving device 101 itself, and nmay for exanple be circul ar,
annwar or ring- sdyjston -Srspdherefars, deccsderateth %/Ihéihbrﬂﬁé‘@clm of hthe arrow
Cross-section Wi dgni fk agRhdhdifg| st ALBIY ' 20 3RhidhOZE| € hdiéves, Ssiipodted
di ffusor 105, the’l argest cross-sectign, of which then nerges into the
exhaust pi pe HyBapg izelatiye; tadhe 1914 |38y favourabl e manner. The i nner
space along the transition fromthe diffusor 105 to' the exhaust tube 103

R s e e A R e
108 is provi deaf cutfuit-pistone drivinigodeyieabll, 10bjchntinl @gcordance with one
shock-wave-t UhGhbke &f - fhe Vifdkent invention is a thrust element -@BEEE» is a
substantially nozzle-shaped structure configured in a flow-favourable
manner between a fluid inlet portion 102 and an exhaust pipe portion
20 103, which pipe portion 103 is longer by comparison than inlet 102 but
which in relation to the diameter of device 101 is nevertheless still
relatively short. Formed to the rear of the inlet portion 102 is a
fluid entry nozzle 104; said nozzle shaped structure has an internal
_ cross-section which is initially narrowed relaiively early and then
25 widened less sharply again to a wider diameter than inlet 102. The
outer cross-sectional configuration of portions 102 and 103 can
correspond to that of the driving device 101 itself, and may for
example be circular, annular or ring-segment-shaped. Considered from
the inlet 102, the cross-section widening again behind the entry
30 nozzle 104 acts as a diffusor 105, the largest cross-section of which
then merges into the exhaust pipe 103 which is profiled in a flow-
favourable manner. The inner space along the transition from the
diffusor 105 to the exhaust. tube 103 serves as an expansion chamber
106, as will be explained in yet more detail below. Into this chamber
35 106 there opens (if a separate gas generator 108 is provided outside
the expansion chamber 106) at least one shock-wave-tubelike (i.e. very
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Lo or narrowin relation tQ its length) flow duct 110; which duct 10 is

xonnected by way of a pressure-limt 'valve 124 (see FIGURE 8) to the
108 briefly, whenever the reaction gases in generator 108 -exceed =
m pressure, in order 88 transfer the 5 gases, as a conpressed gas

If tjhe driving.device 101 is not a fixed or notionless arrangenen;t;.
yn fact, intended to nove through the surrounding 10 fluid 111,‘"‘-'
{espdbim|ary naprow dianpelation degAtsdength)tflew duel 1ife whiekhdugt ¥ t he

driving 4sViikRys lnricdted byl 4iydBLth pressurdd-2initl MR b4 (88 "PIRIURK OF
exanpl e (tshe rovi si-on, of laoajrggke* 112, The driving deyice 101 and thus
its ent r?xn 921tBe 1 @EP{TROT 5 TifflVe “hepREer| they Tedctiongesesnin
ori ent at igenerditair 108 diceied fliel meinimum presdsure(lyimairdepr s tuaesfder and i on 113
vhen he BAFE S50 SanpTasia, dpCpbfel a1 HRYind 4, at8Pe CHRREE YR . par i
103 - at firemtt imtehdherexpansion shembexsIRB. 4b), a rel atively small but
severely 20 conpressed energy-rich reaction-gas bubble 115 is caused to
expand in the chanmber 106. The gas bubble is expanded in the fluid colum
114 practi callfy theedRigingn-deviee mdferis cepbaredifpth v Hghionless he
t anpi ng/ hireakgdigerdy Bt iNiwifabtic intindedVe) ¥ndvaethrduphsthel stiundingundi ng
B R L
the t [ I~on t est™| r ‘a r r to the
dynanm ¢ Extesiore off r ted | dnivitg. dé@iaéa._,___lOIl'heamf bee destignat ein eat fiowwt h P’!J
~ conponent | n 15 _| L eS.:app [ yysgoaxi al ly i
he. exhadarout e THRRREL "l BB x5 k0 prbsla BRSO IRELYRRTD ™\

the result that in the transitional region fromthe diffusor 105 to the

exhaust pipe HQ3 arfvidgd deviédN1817ahd@ IREST 3£ deRtdy hGHle 1164 fhgbg col um
114 and is_35 forced in_the dynamc pressure direction 113 out .of _the
exhaudb Fiehetivestenthe fipid %ﬁ; rBurfMehgan { prieRtatipn thatrthe nitdd]

supporti nghters in the dynamic pressure direction 113 through the entry nozzle
104 into the diffusor 105, as shown in FIGURE 4a. When the fluid
column 114 has also filled the interior of the exhaust part 103 - at
least substantially (see FIGURE 4b), a relatively small but severely
90 compressed energyérich reaction'-gas bubble 115 is caused to expand in
the chamber 106. | |

The gas bubble is expanded in the fluid column 114 practically in
explosion-like manner, compared with or against the tamping/blocking \/
95 action of the relaiively inert mass of the 'surrounding fluid 111. By
reason of the cross-sectional tapering in the _diffusbr 105, the
tamping action is the greatest in a direction contrary (reverse) to
the dynamic pressure direction 113.

30 Therefore, the greatest growth component of the expanding gas
bubble 115 lies approxi'mately coéxiaily in the exhaust pipe 103, in
the exhaust direction 116 (FIGURES 4c-4d); with the result that in the
transitional fegion from the diffusor 105 to the exhaust pipe 103 a
fluid piston 117 is separated off from the ﬂuid column 114 and is

35 forced in the dynamic pressuré'diréction 113 out of the exhaust pipe
103 into the surrounding fluid 111. The mechanical supporting



13 reaction is effected by way of the expanded gas bubble 115 against the. ‘s
tapering cross-section of .the diffusor 105, on account of which reaction:
the driving device 101 is noved relative-to the surrounding fluid 111 i g
the driving direction 118 (in other Mords contrary to the 5 inlet or .
dynam c pressure «direction 113 (FI GURE 4e)); which novenent pronotes the
re-fiJ4ing of the interior of the driving device 101 with a fluid colu
114 (F%GURES 4f -4a). Now t he procedure can be repeated by naking avail a

a further %%%diswaéﬂéwbg%,})wbirﬁ &i&ﬂdadt Eﬁs%ﬁ@rll.})o@aﬁﬁémﬁg

4b- 4e) . 10As own in neans _of sinplified tine diagrans,, the
fluid 111 ent E?P:,er&‘?g acFﬁ%ﬂsF%‘IW c‘?fnsm?ntd1fﬁl’%‘ir sp@rd am 1aceqnny t‘?fe whichy

1g2 When t hpedbition ngdmiﬁagl&&vﬂc& fo1 Iﬁdmuvéh télatfvelitd ﬂT& wlmr_adrﬂdmg
the point in gi as ilable ip t
expaP\si on chaf‘r]'b'ﬁ {11016 m Vﬁ‘ Br lfﬁggt"ﬁehé S921’!’( OC{%SFac R, CPHP’{"HEI Vo t?'g
expansi on a&f irlet bqbtnwamé,pxasperg/ dat'eetponl 18 (RIGURE mreégswmclpllﬁﬁ(etn)ent
which flatt ensrdihbfdd ¥ ?gtr@-f @maﬁsspoprtﬁé%ebxgg m*gewimert

mass of the f OW n %iét he entry nozzle 1

reason of theackpdnerlymnoll4 KEIW Hade Qby the precedure candwgrapmeé

decrease in wemamgsumwél@% PuBRAT @rhpresebdt Bpdrlsibn-gaisS bapble1 115 rigm
the fluid colum 114 with r.easi n exhaust speed v114/117(t). The

expansi on pr opl# (Gha@bgF J(q‘?e lﬂBI‘%ﬁilS and the diameter 25 and short
| engt h of {ghe exhaust pipe 103 are, preferabl y, coordi nated with one

angther in such a t hat . | 1 as
possibl e fromthe A\rléégl)a%l nr%d oqﬁﬁl{ﬂr‘lg "(ij '#'g{}he%gx%qﬁﬁ?q?ube f:(‘ REmfe)
upon reachi ngfluid Adki ﬁﬂtﬁ@p@édavx.@htimy constgng hinledospeeht Y3 ipto the

preferred begaige 102, bu'mxypmeofaﬁ@ﬁlgﬂ&wleé 364" §s OFIIRAL kRIS Sthee fidia
chanber 106 is thus revente so that suctl on ect (reducin

ef ficiency) ofORHE{1lf @tpithe oRoint7 in hé‘tmq é_tlé“bethﬁuﬁ‘?édgwekleopgx’r?ad‘éﬁdé‘d
fromthe dgyi efaifl@blel SnavRé O&tpansion chamber 106. In chamber 106 there takes

place, with the expansion of the bubble 115, a very steep rise in the
pressure pl06(t) which flattens briefly at a maximum. The steep
pressure rise and the inert mass of the fluid 111 flowing through the
entry nozzle 104 compel, by reason of the expansion of the enclosed

20 gas bubble 115, along with a decrease in the pressure pl06, a
separation of the fluid piston 117 from the fluid column 114 with an
increasing exhaust speed v114/117(t).

The expansion properties of the gas bubble 115 and the diameter
95 and short length of the exhaust pipe 103 are, preferably, coordinated
with one another in such a way that the fluid piston 117 emerges as
straight as possible from the rearward opening 119 of the exhaust tube

103 (FIGURE 4e), upon reaching its maximum speed v117.

30 Such coordination is preferred because | a build-up of the
underpressure or backpressure in chamber 106 is thus prevented, so
that a suction effect (reducing efficiency) on the fluid piston 117
that is to be pushed out or exhausted from the device 101 is avoided.

_ Similarly, in the interests of favourable efficiency the geometry of

35 the entry nozzle 104 and the periodic preparation of expanding
reaction-gas bubbles 115 are, preferably, coordinated to one another



* k]
Simlarly, in the interests of favourable efficiency the geonetry of 35 the
entry-nozzl e 104 and the periodic preparation of expandi ng reaction-gas
bupbl es 115 are, preferably, coordinated tqyone another 14 in such a ways
4lhe next successive filling of the exhaust tube 103 with a fluid

fl uig ton or body 117 takes place so rapidly that the fluid piston _J_,iz
avy 9 he ; Xanss v&ge&hﬁg tﬂé%eﬂé‘ss:}z%éeé&% Friiy ﬁg\q(ft ¥h é)rexﬁél?s%et+& tgg ™
te Int er pressure z'

id 11 or at anty @n un ressure or
pressufe relith)e fAudd t ¢RIUBR of ¥ h 284t Ehemy %?awege@sn(mgrym@snswﬁﬂ)eaaé

possi bl e of ekiusitngg tofn’ﬁlﬁéi f0hid i{ﬁsédzubel toliy 217 khied fRhcd kol Mpidiy Whao
devi ce 101. é‘(F) {7 uid 111 1l owing throu 3813 t he exhaust tube
103 is peri 58F cEYHY 8&%%9 eraf e e’i)‘ﬂ}“ﬁe&’h% Fhapse WEPLRE | biY- FaESHLIBRs2115

in such § wagvityabrasgacksht ithg (Juildsetl) orbat apyasdiecahty anotpiabresture

(subsequent | g LLuielop! 58P bl Sefl5! fia B ALUSh ey SACHLEN oo

i mpul ses of to t he novenen rving desi ce
rel ative toseeminglyias 1ittle ps pdssibleofecthe iaeptimassudfarthg flaidutkiblag

thermal and gEGhari g@lthgféﬁ% vPSEYhg, because only individual,
hi ghl y- conpressed gas bubbl es 115 react with the surrounding fluid 111 and

in each case only over extrenely short timespans; and because the tanping
action qfp the exmasdi bge bﬂiiﬁ'desllll5‘16@ufghechfrb&§lﬁ aﬁ-l WiRaddd Gfbe MRKEgsaNy

mechani cal val ve, de | t he pressure actiaqn . during the
ej ection of pfﬁb“flf’ﬁﬁdg BFE%J%’I'B‘ET}; JoBE onV\B?ek STOR-42SnBYRHGS nkkh AR Catl.J
system themseckensuwas thated |pnlbytingy (oﬁlsé&) t aopi pracadtaldy ebmpde fjewi d
ML sel ! 39ubdBikie) (RESERld SiLbh S L0Te flekde dET ¥ 5%' g@i ROL.
in the region o%@lt ﬁtranstlon 5% 0 hee aus the "

di f fusor 103mpulaesr ef atheseler Reah tchrlﬂPGt mpygaens eof c?—hﬁ lﬁé‘lmﬂ @eez;lcamlton

relativelgy MJihv%”Pé”&% Pluigedrl. Ofh RAkE NRispect a”ﬁéﬁ&b@i&l&%ﬁf&l@ -

partnernergen) which are caused tg react with one another 30 periodi cal
ei ther di r edt®yRain ade necRamticRbn cERLGIBREY 100FUSE oPRRaUSR gnly 1ndividual,

highly-compressed gas bubbles 115 react with the sur:oundlng fluid 111
and in each case only over extremely short timespans; and because the
tamping action of the expanding bubbles 115 on the fluid column 114
20 makes any mechanical valve design superfluous (i.e. the pressure
action during' the ejection of the fluid piston 117 does not work

y .

against a moving mechanical system) there ensures directly by way of

the tamping action of the fluid 111 itself an impulse transfer to the

interior of the driving device 101, in the region of the transition
25 from the exhaust pipe 103 to the diffusor 105.

The relatively high thrust impulses can be achieved with

i'elatively smalJ_. amounts of reaction partners, or materials (Reaktions

- partnermergen) which are caused to react with one another

30 periodically either directly in the expansion chamber 106 or else in a
separate gas generator 108.

A favourable plot of pressure pl06(t) (with regard to the
initially desired steep bressure flank) may be provided by the rich

35 (greater) volume and highly compressed reaction gases which accrue
upon the reduction of metal hydrides (previocusly not used for
propellant charges) , with acid feagents axid water, as explained abovg .
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separate gas.generator 108. A favourable plot of pressure pl06(t) (w
regard to the initially desired steep pressure flank) nay be provided
tdhe rich. 35 (greater) volune and hi ghly'conprqgsed reacti on gases whi
accrue upon the reduction of metal hydrides (pfeviously not used for
propel | ant charges), wth acid reagents and water, as expl ai ned above:\
15 The addition of a gas generator 108 that is to be operated independently
is thds superf|uous jf,.in a%:cordance wt h Fl GUI? 86’ _a bar or rbod 107 of -

for exanple, soBfumdBBHAR dPT d& | E2haFENTRECT ntl§8t Hd2kx phhs¥Bn PehafiBfFRtede
and sprayed pedndshiendéntlywis hthisosuperfitpbes iF, dnt aceordenck wthnFEIGUREZ 6| ea

109. Through t e i freq C h I .t h R
achi evabl e wit ES:{ h&gp?}ﬁvfi% 6e'v;#§g %ﬁ%glé’n?c’tlaﬁﬁg ﬁgﬂ%&elgé %sli%%%daahgg
rel ative to thé&he expgnaion chembeselQfmanddserayed perdedicadly wishy cfars pxanpde,
forces exertsednbyrid@cid Wirdn Jal hoti1ee188t h t he square of the speed v117.
Therefore, it is advantageous, for an increase in speed, to increase not
only the frequency of bubbles 115, but also the energy content thereof,
i.e. for exanpl e t Throagieasiet hexpan®iont Ofequenpel lofnt tiss adabbllesadel5, the
avai l able in each case.for_th S generation.. 1 LN .ord to_ove he
resi stance for@égei\}:ﬁ%'iggﬁoq n%cﬁhé ‘s'%oq'len%éelgpg%ed-&a‘é%g%d%% l%ﬁaﬁ %af. t%hggnﬁpéed '
bubbl e frequenspeehdlfLEN yepatdvet torethe Sfuidedtli wanpbe tvesied us&f toursehe
bubbl e for [ L1 5 a e - | 4 BX|

a5 taken | i ahe ohibiSPRioen HhpoedcbRsREl A i TRARL 117 LK L ISRl o
dri vi ng devi ce the1sperdadddy dantrergfere FILCURE Fdeantpgeaus. hfeE apsinrcgease in
acsel erat ed UNdREUR! &b 1dd1@ass inbkNhIJEVEE ErdQbnEAbHBuRIEaNISY] B@A1SS the
wi th body 125 and be arrangg%féo xt end ?r ound and behjnd the tail 126 ¢
thereof (as sh&RATFH S/Lep e??’, 6t A FFBHhUT U InSFBES Sy doffe PRt ©
results.for therepéllantody laeid Gradandlatibsbl@i if waoh cH3s. for the gas generation,

15 in order to overcome the resistance forces which increase in a speed-
dependent manner. With a fixed bubble frequency and fixedly preset
mass of reaction partners used for the bubble formation, in contrast

there occurs a specific maximum speed V117, as taken into account in
FIGURE 5. .
20
With the thrust element shown as the driving device 101 in
accordance with FIGURE 7.a travel body 125 is accelerated underwater.
The driving device 101 can be arranged coaxially with body 125 and be
S arranged to extend around and behind the tail 126 thereof (as shown in
25 FIGURE 7), so that an annular slot geometry results for the entry
nozzle 104 and the diffusor 105.

More advantageous is, however, a grouping together of several
thrust elements, arranged peripherally side-by-side or end to end,
30 with the cross-section of circular-ring-segments being on the travel-
body tail and, for example, with a central gé.s generator 108 for all
the segments in the body 125. The shock-wave flow ducts 110 then lead
from the valve 124 to the expansion chambers 106 - unless the
propellants are caused to react directly in accordance with FIGURE 6

35 in the chambers 106.

As shown in FIGURE 8, for a relatively slow-running fixed



Mor e advant ageous i s, however, a grouping together of several thrust

el enents, arranged peripherally side-by-side or end to end, 30 wth the
> ection of circular-ring-segnents being on the travel- body tail and, -

Npl e, with a central gas generator 10§ for all the,segrrents in the

body ‘ The shock-wave flow ducts 110 then lead fromthe valve 124 to the

expansI PN chambers 106 - unless the propellants are caused to react P

dir n accordance with FIGQURE 6 35 in the chanbers 106 As shovvn |r1'd
FI G3RE 8,/ f OfydholiGhdtlilcVidohis umk, f 1{;,,, od
the dh-ving d}éw ce 101 canl% e usg dlezr%s?eealgl é?gnog e5| EH’S%

f r ee- r unni ng®orPeiBer G?Ffﬂﬁ‘?@dt?ﬁ lEtfréP‘e‘?‘l@ﬁ%ng rPracoOoreing mm:ntFetmzs % 6

or 7) in a chesdahddlivdtki FIGURES %206 bR Mhizgha Ghilosll tr1f98 @%%GPL elioorlﬁ he
novement decoié I|n dl e wheel 122 rotating about a shaf

a

arranged cl 0% %eﬁ?ﬁ‘ﬁ”‘tlg o &ramRle ﬁ‘ ﬁe“l?)f:“°8?met‘ﬁed?1’ﬁ‘i§’§im%l%r?éﬁ@le Wke'PlI ter
123 serves f b22 smypatiig ragoummrshhfeslzlr as hh&nfgbal €lokblbetiindr the &aaug Of
the fluid in t t - or eIe V|ng vice 101. The build-up. -
of reaction %]geselt Q%ésgég% %gﬁues\}:er rEEepf\ 6&?&”{’??1 c SPBRRRE"& t h
the 10 aboveimpumipies faomethst |fén1¢)rlddupt'mrs t:|or oeltumd of r tire tfaidaindoulbhé es

115 which i Stﬁﬂfste&ﬁrﬂ)log éiéﬁﬁn{: k@tﬁﬂ% gdelr}g:e 1048t e leu?Q V{ﬁnfcﬁoreactlon

CLAIMS 1. Use of a conplex netal and acid reagen prayed
residues can, however, be kept very low if (in accordance with '-he

10 above example) a reaction product is produced from the gas bubbles 115

which is for example like the fluid 111 - water. Q
15
20
\/
25
30

35



onto the nmetal hydride presented in |unpy consistency, for the pulse- 5

| i ke generatjon of expanding reaction-gas bubbles in, or fed to, a chanbe
f.or the accel eration of nasses, aqueous-fluiggbeing provi ded for the
dynam c tanping or bl ocking of the reaction-gds bubbles. 2. Use as clai

in daiml wth a rod, suppliable into the 10 chanber, as the netal
hydride. 3. Use as clainmned in Caiml or daim2 in which water is used o
wettkmg at | east that region of the netal hydride which is sprayed with
acid reagent. 15 4. Use as clained in C or Claim2 in which the neta
hydride is sprayed with aqueous acid reagent. 5. Use as clainmed in any one
of the preceding clains in which there 20 . is used_a trace dggtjon of
catal ytical |y lact iYf§ REt&IComPIFx agtak, pgdrigds,and alchda‘ifd‘ﬁ?‘?ror‘fﬁ?' 47 SPENGEnt .
6. A driving dm¢bCenrel aetflahyiiriteg présehbed UnelatpyC consimdendy,aflyr athe phlsehe
precedi ng ai conpri sing [of0) X . | ent e I Q.| ynmpy
consi stenc an]gﬁg ﬁﬁr%&l?$e?€f%FgB%%§ g%%ﬁ@‘%é }ﬁlbgg?édi {:ﬁ’r goggzge\:fr?fi, Q’?hg
drivi ng devi cehasbémoantix pagsleamtiommfemassns.t Aausoys ef Brigt being Pravideds,

whi ch chamber 435 @&l idgﬁ'gniicn tBHihg Ve b1Mkifk 05K eHe Beactidh-ghslivigoaEOUS

fluid, such that nasses can be accel erated by the expandi ng reaction-gas
bubbl es as a reaction of 30 said bubbles against the aqueous fluid, and in

whi ch device an i nj&et jPNcamele 1hoc1hi eCt wigh Sai dod pageptlibbleli Lot ethe
towards the holder and at, a surfﬁqf, art of the nmetal hydride. 7. A device
as cl ai medt@ n ¥28PeR 6 28 nthtnPeRrl REETi98r f ace part of the 35 netal hydride

whi ch is acted upon by reagent,introduced by way of the injection nozzle,

extends into expansi on, cha r d-n.whi ¢ ' a . t F
is surr oundedaﬂy t hes e?ﬁugbﬁ‘s?ewgﬂ‘ GQI&WBB.OQAE%% gebgs&féfgrk?raeeggi ?14 é'lgnf‘%eor
7 in which thatetsing aste Jeast that regiwt aif Hhdr nefealwhivdnides which el @Pgayeshon

fromthe injectiqQn I¢.arranged at the edge of the expansion chanber
which is bloc k%%%&%%‘-‘“* ,

15
4, Use as claimed in Claim 1 or Claim 2 in which the metal hydride

is sprayed with aqueous acid reagent.

5. Use as claimed in any one of the preceding claims in which there
20 is used a trace addition of catalytically acting metal, for example
copper, in addition to the reagent.

6. A driving device for carrying out the use as claimed in any one
\_/ of the preceding claims, comprising a complex metal hydride presented
25 in lumpy consistency and a holder therefor, and comprisling an acidic
reagent, the driving device having an expansion - chamber for the
acceleration of masses, which chamber is . defined in part by, or
blocked by, a yielding aqueous fluid, such that masses can be
accelerated by the expanding reaction-gas bubbles as a reaction of
30 said bubbles against the aqueous fluid, and in which device an
injection nozzle for injecting said reagent is directed towards the
holder and at a surface part of the metal hydride.

7. A device as claimed in Claim 6 in which that surface part of the

35 metal hydride which is acted upon by reagent,introduced by way of the
injection nozzle, extends into an expansion chamber in which said part _
of the metal hydride is surrounded by the aqueous _f‘luid.

A
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s fluid. -- 9. Adevice as clained in daim8 in which the

t he agdeo

expang anber is bl ocked by nmeans of a piston. :10. A device as clai nmed
in d '|m9 i\n which the piston is a-di schargeabl e proj ectile. 11. -A device
as cl ai ne Claim 8 in which the expans%n chanber is, bl ocked by a nass
whi ch atively inert or sluggish as conpared wth t he expandi ng

reacti .-ga bubble. 12. A device as clainmed in Caiml1ll in which thg
expansi o anber is- situated in a thrust el errent from which a react"én

Igﬁsmmjgﬁl t%nexhlg%%ts a fI ,%m a?tno&al%Bs or A deV| a%hv\g I a%‘ei Sﬁg& f,m 11,

e reactonaeha |7mecte --tube
1.0 a thrusthecrétalohydgtidaewitichf i rhonhé cactaéamonoﬁrgashpmgstmmt nazdieui d

piston. 1ds 2frLR¥hCe: aheCb@ldTR? thk @xaamﬂa% Ohenbdr Ik HNLE o RoRES ! cal Ly

oper abl e gas generator 1 s connected- by way o lTmt pressure valve and a
shock- wavehe| Arequetfluddt he expansion-chanber. 15. A device as clained in

Claim 12, having a direct -feed of the reaction partners (netal hydride

and reagent) t t he ex an3|on C vice as clained in -

aim St b s cTaltetoh GIRTRNY ynrtiishetin aptersion, diampe: 15

conf i gur atecked anyfﬂxe:nmsfaﬁ‘/cwpﬁé]ioa.rranner as a free fast-running thrust
cell. 17. A device as <claimed in Caim 11 which is arranged on an

underwat er travel body. - 18. A device as clained in any one of Cains 12
to 15 whi c¥.i sA adewingedas nchaiedsad fqlaind Oi rigui which9. theA plistenngsdevi ce as

cl ai med 'rhlgcﬁéfgn gle\g}bggbeﬁearranged in front of a blade wheel of a
hydr odynam ¢ I ne. A nethod of accelerating a mass conprising:- aj;

i ntroduci ng an acid onto a nmetal hydride; b) al l owi ng one or nore o/
expandi ng gas bufdvies 4y edeiad if WTaiN®B in which the expansion chamber is

blocked by a mass whlch is relatively inert or slugglsh as compared
with the expanding reaction gas bubble. —

12. A device as claimed in Claim 11 in which the expansion chamber iS"
situated in a thrust element from which a4 reaction gas bubble exhausts
a fluid piston. '

13. A device as claimed in Claim 11, in which the reaction chamber is - -
connected by way of a shock tube to a thrust cell or element, from
which reaction gas pushes out a fluid-piston. ' B

14, A device as claimed in Claim 12 or 13, in which a periodically
operable gas generator is connected- by way of a limit pressure valve

and a shock-wave flow duct to the expénsion-chamber.

15. A device as claimed in Claim 12, having a direct feed of the
reaction partners (metal hydride and reagent) into the expansion
chamber.

16. A device as claimed in Claim 14 or 15, which is a substantially
nozzle-shaped structure configurated in a flow-favourable manner as a

free fast-running thrust cell.

17. A device as claimed in Claim 11 which is arranged on an

| A A
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reacti on between the acid and nmetal hydride to enter a chanber hav_i'r?g a

mass to be driven or, accel erdted, said chanber being defined in part b

Bl ocked by, an aqueous fluid; c) driving or accelerating the mass by t hey

gas bubbl e or bubbles, as a reaction of said s bubbl e or bubbles ag |§;1
[

t he aqueous fluid. 21. A method as clained in aim20 in which the a
sprayéd onto the netal hydride. 22. A nethod as clainmed in Caim20 or
in fch the nmetal hydride is in a lunpy or solid condition, for exanpl n
the formof a rod. 23. A nmethod as clainmed in any one of Clains 20 to 22 in
whi ch the expdfsi oh WYifBeasi S1ainedkda BYY t pre nefs SCkadmbeldr EyehS ovhich is
accel erated. 2drafgedifQll cassed FlERcify@kai m 23 in which the nmass is

yi el dably biassed in a direction contrary to the driving or accel erating
force of the gas bubble or bubbles in the chanber. 25. A nethod as cl ai ned
in Caim23 orldc ah ndr@4ing deviicd sdieclamsed iih X1pist 18] whbch AlTBiMQHgRS in

claimed in O gdgheSe 9 m;ighw ) gt I Seilsel f a.fluid. 27. A net hod
as claimed in Carm20 an sur[)elsgtiaérﬁ i%a %ﬂoggﬂ%elfe?an&ég%tri bed with reference
to FIGURE 1, FIGURE 2, FIGURE 3, FIGURES 4 and 5, FIGURE 6, FIGURE 7 or
FI GURE 8 of t e, acs GERRGY o lacletibdidiy #3asd Bt Le drive conprising a
metal hydride and acid reagent and negns S?ré%bgﬁﬂgggfntroduce the acid
onto the nmetal hydride, said nmetal hydride and acid conprising reacting
partners whi cha)pr othteedgangbablakes oaBo CORLELL hyltieone another, the drive
being for propelling a mass, for exanple a solid or fluid piston or
projiectile, present in use in a gas bubbl e expansi on chanber of the drive,
saKi"é expansi orP)chasiiewitmi org caf imoed erppEihg byas Obubbles kptbduted arydt! €ibl e
aqueous fluid. 29..A.diiy S J j aj 8,i ich the neta
hydride is in the formao eoée%s%ﬁ ?hrgggcgﬁaagfihgg%:?lar%gf%s%ﬁl §8%d abff'k’ﬁmber
bl ocki ng neans having a mass to be driven or accelerated, said chamber being
defined in part by, or blocked by, an aqueous fluid;

c) driving or accelerating the mass by the gas bubble or bubbles, as

a reaction of said gas bubble or bubbles against the aqueous
fluid.

21. A method as claimed in Claim 20 in which the acid is sprayed onto
the metal hydride.

Y, 22. A method as claimed in Claim 20 or 21 in which the metal hydride

is in a lumpy or solid condition, for example in the form of a rod.

23. A method as claimed in any one of Claims 20 to 22 in which the

expansion chamber is blocked by the mass to be driven or accelerated.
2k. A method as claimed in Claim 23 in which the mésslis yieldably
biassed in a direction contrary to the driving or accelerating force

of the gas bubble or bubbles in the chamber.

25. A method as claimed in Claim 23 or Claim 24 in which the mass is
a piston.

26. A method as claimed in Claim 25 in which thé piston is itself a

fluid.
(AR Y




or 29 t he expansi on chanber is a thrust ®lenment fromwhich a fluid
pi st on}, ust ed by a reaction gas bubb;g%pn order to propel the elenent *
forwarfs{i wa/fluid nmediumor alternativel or use in a fluid circuit, for
exanpl € a /nydrodynam ¢ machine. 31. A drive as clainmed in € aim 28 and
subst ant\al as herein described with reference to FIGURE 1, FlI GURE 2“<;f
FIGURE 3, FIGURES 4 and 5, FIGURE 6, FIGURE 7 or FI'GURE 8 of the

acconpanyi ng2hr awi mgshod2as Ackrdnbddinr Chiwim 29 sandstsabstanitigllys dweriminein
described ang.dddiys rvg}:ﬁd r&‘%éé%né@s&e%tmg& GP.CE*F@(ERE{ ?e @E&iﬁiﬁ’%?ykf@ﬁ&sgw €s.
33. A device or nethod as the case ma e as clained in any One o al s
20 to 32 in #d &h Fmﬁeéalplﬁw ifder i Ggﬁﬁjiauﬁf H@FanGP?ItVéngl\mlfﬁlg%nd t he
acid is a mneral acid, organic acid or acid salt. 34. A device or nethod
as the case e as claineqd jn daim33 in which the acid. is drochloric
or nitric aclgg'y R gas bub%le gr:il.ve comprising a meta(i hydride and acigyreagent
and means arranged to introduce the acid onto the metal hydride, said
metal hydride and acid comprising reacting partners which produce gas
bubbles on contact with one another, the drive being for propelling a
mass, for example a solid or fluid piston or projectile, present in
use in a gas bubble expansion chamber of the drive, said expansion

chamber being defined in part by, or blocked by, a yieldable aqueous
fluid.

29. A drive as claimed in Claim 28 in which the metal hydride is in
the form of a solid rod and the chamber is blocked by a blocking means
in the form of a piston or projectile.

30. A drive as .claimed in Claim 28 or 29 in which the expansion
chamber is a thrust element from which a fluid piston is exhausted by
a reaction gas bubble in order to propel the element forwards in a
fluid medium or alternatively for use -in a fluid circuit, for example
of a hydrodynamic machine.

31. A drive as claimed in Claim 28 and substantially as herein \/
described with reference to FIGURE 1, FIGURE 2, FIGURE 3, FIGURES 4
and 5, FIGURE 6, FIGURE 7 or FIGURE 8 of the accompanying drawings.

32. A method or device substantially as herein described and
illustrated with respect to each of the accompanying figures.

33. A device or method as the case may be as claimed in any one of
Claims 20 to 32 in which the metal hydride is sodium boro hydride

(NaBHL‘) and the acid is a mineral acid, organic acid or acid sait. .

34, A device or method as the case may be as claimed in Claim 33 in

which the acid is hydrochloric or nitric acid.
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