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This report covars the resuits >f the investigstion earried out
at Wslter-werks, Kiel, by

Capt, C,I. Berham (P.D.E., Miniatry of Supply)
and F/Lt. R. Simard, K,C.A.T, (Foser Jets, Ltd,, M.A.F).

Thege two officers we
that had been d:ine cn
of irnterest were alsc

Ly concerned with investigating the work
ugha, tut & pumber of other produets

("

The perty left London on 5,%,.:5 arriving in Kiel the next day,
Capt. Barh.t lef> el on 12,6,L%5, re.ching London on 18,6, hj.
F/LL, Siward 10 . Ef2l on 18,0,L%, arriving in London on 19.6.45.

e

A . nher of gete of propualcive duct componstts hed been made up
for staetic tests on & amell scels, and several of these were found it
the fii='s testing plent at %ik, Ki=i, Fermission was sought from
Cdr, Ayler, R.Ni, the adriralty Eogicn.sr Overseer at Walter-worke, tc
send back to Eglend four mcdel ducts amd & number of burnsr components
from different eteges of the develspment. Cdr. Aylen has asked Admiralty
sanction, which L9 etiil awalted,

Most ~f the compornents for s full secale model had besrn construeted
et the firs's main ﬂng.aeﬁr‘.g plent, at Eserberg, in Sileaie, and the:e
had been brought beck to Lbbeck en route for Kiel, Op investigetion,
bomever, it sppesrad that the buraer eccpeonents had been sunk inp the
ses, gnd on.y the d4iffuser ramains,

The Wik testing _lant is s:zsatislly iotact, though some local
da:*;e to buildings hed been sustainsd largesly from blest. The

w2atriesl gupzly from the power siztion baed btesn cut in the heavy
razd of sast AzTil,

programme of wCrk tc test the
fistranl Aptrieb; 1m 1936, The
until a fews months ago, when the
rraciical method of alreraft
ecalv medel for mireraft flight

rricce:ple of t
wOrk continued




A deseription of the testing plant wasd is given below, followsd
by a suzmmarised history of the development of the propulsive duct
motor, snd a description of the full scale mcdel in course of
preparation for wind tunnel teste snd flight trials, Varicus methods
are then discusped that were examinsd for surmounting the difficulty
that the sathodyd alome cannot be used for take off,

Most of the information given was obtained from Herr Dipl-Ing.
Lensch, director of research at Walter-werks, tut acese was given by
Dr. Sehmidt, in charge of development, Both these men appeared quite
open end willing to talk,

More precise details are available in & number of reports.
Before the surrender, all reports and drawings were deatroyed, tut ss
a prelimipary to this they wers all microfilmed, The microfilms are
atsileble, and a request has been made of Cdr. Aylem for reproduction
of the reports of interest. Some of thess have already besn obtained;
the remainder are awaited,

eptl 1

For teating purposes a compresgor plant was conatructed a short
distance from the Kiel power astation., The power used was 800 Xw. and
‘he plant could deliver 7 Kge. of air per second at 6 at, in continuocus
sunning at apeeds up to 340 /8., t.e. up to the zpeed of sound. The
pormal working pressure was 1 at,

Thie plant was used for testing the internal flow through the
whole duct, epd could take models up to 175 mm, entry diameter; the
entry orifice used normally wes 112 mm, The compressor ueed was
designed by Walter himself and used originally for gas turbine work.
There sesms to be nothing particularly povel in ita design or consirue-
tion.

Pressure and temperaturs could be measured at a oumber of points
along the duct., It was also possible to measure ‘the lateral fiow of
air inte or out of the duet in the event of a sub-pressure of excesa
pressure at the outlet.

mot ri o pive duct

A disgrammetic sketch besed on the latest design ig given in
figurs 1,

The originsl design for the 1336 tests had a combustion chamber
of large dlamater so that the gas velocity at the combustion chember
entry would be low and therafore no diffieulty should be exparienced
with ignition, The diffusor eniry was 112 mm, in diemster, and after
a short parallel lepgth it expanded in two conical sections of total
angles 4O and 8° reapectively, to the diameter of the combustion
chembar, 500 mm, The exit diszweter corresponding to a combuation
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tampesrature of 1060¢°C, was i75 mn, The length of the combustion
chamber waa 1205 mrm,

In the early expsriments propahe was used as the fuel on a¢count
of the eanse with which it veporizes, A change was later made to
petrol, and some sxveriments were alao carried cut with heavy diesel
oil. The fuel was sprayed downstreem from & ring containing s large
pumber of orifices. The rirng was backed by twe cylindrical shielda,

Tests were carried cut on this modsl over & range of combustion
temperatures and air velocitium, It was found that a compression
efficiency of 86 per cent. wes obtained and az expansion efficlency
of 92 per cent. The velocity of the alr sntralned over the surface
of the duct was sufficiert for edequate ccoling, The tube tszperature
for 8 combustion temperature of 1000°C. was of the order of 600°C.

The specific fusl eccnsuzptiosn varied from 9 gr./Eg/mec, down to

1,2 gr./Kg/sec. eccording to the temperature and velocity, For &
speed of 250 m/s &nd tempersture of 1000°C., the normel test conditions,
the theoretical specifie fusl consumption assuming no losses was 1,07.
The value chizined in the tests was 1,22 gr./Eg/sesc.

Witk ine lerge diameter combustion c¢hamber, the drag would be
greatsr than the thrue wut 1t was considered that the teste had estab-
lighed the principle. J.ossjuent work mas directed towards reducinog

the iimensions of the eg i .:;ent with a vier to determining the
optimum slze,

.me dismeter of the combustion chamber was progressively red.:ed
to 250 mm,, the entry and exit orifices romaining unaltered. At this
atage the sir velocity at the entry to the combustion cheamber was about
100 m/s for air epeeds of the order of 300 m/s, This high speed led
to combustion difficuities, One serious difficulty with speeds of the
order of £0-10C m/e was in getting edequate mixing. To overcome this
trouble, Jets were added which ejected sidsways seross the air strsam,
and & second ring of jets was added round the well, The fleme from the
origizsl ring of burners wes directed dcwnatream onto a stsel ring
whieh divertad it sideways to ignite the mixture of fuel and air, which
by thet stage was well mized, This arrangement led to combustion across
the whole ares ¢f the combustion chamber,

Ignition was catisfactory at external air spe=ds up to 185 m/a with
& single spark {using propere)., At higher speeds, if the flame was
blown out, burning wouid not recommence, To obtain a flame which would
not blow cut, an errangement was devised coneisting of e plece of porous
materisl on to which peirol waes injectad, A rich mixture was formed
bshind the porous material snd this was ignited by a sparking plug to
eive & ateady flame, This gcave asstisfactory results up to the maximm
apeed,



At this stage models were tssted in the wind tunnel of the
Luftfahrtforschungsanstalt at Brupawick for determination of the net
thrust, An cuter skin was fitted over the diffuser t0 glve a good
aerodynamie shape, and it was found that the drag was rather less than
half the thrust. At 280 m/a eirs;eed the thrust recorded on the
static test bed was 105 Kg. The correspcading net thruat in the wing
tunnel was 58.60 Kg, The total external dreg, cslculated as the dif-
ference between theas two thrusts, was about 25 per cent, higher than
the caiculated skin friction on the outaide surface,

A simple parallel section was not the optimum for the combustiocn
chamber, frem the point of view of internsl flow, To maintain a con-
atent preasure, which gives optimum conditions, requires an expanding
cross-section to allow for the continuation of combustion, Thie form
was found to fit in with aerodynamie considerations on the external
flow, Dr, Zobel of Brupawiek, working with Busemann on aireraft forms,
diacovered that at speeds approaching the =onic region the best drag
shape 18 en inverted drop with the meximum ercss-section in the region
of 1/32 of the length from the tail, It ras atated that at spesds of
260-280 m/s this shape had only about half the drag of a “rop shape
with maximum oross-section at 1/3 of the lemgth from the nosze, The
4uet shape was therafore sltersd so that the dismeter was greatest
towards the tail, The increass in pst thrust was some 5/6 pc v cent,

Thias last modification bad led to some rsduction in the length of
the oombustion chamber, as combustion wes completed sarlisr through the
maintenance of constant pressurs, To obtein a further reduction in
lepgth sxpariments were ipitiated with injection of fuel forward, s
thet mixing should start in the diffussr, To facilitate mixing, the
dirsction of the jJet was skew to the duct to set up turbulence, and
the fuel was ignited behind these baffles, Tests with differsnt burner
syatems hed not been rfinally completed but it was hoped to reduce the
length of the combustion chamber o 700 mm,

It was found that the diffuser length could be reduced $o 350-400
mm, without serious loss of comgression, A test with a 2ero length
Aiffuser, i.e. a plain orifice, gave s 20 per cent, loass.

Testas wers osarried out with various forms of tell in an attempt
to raduse drag, e.g, by suoking away ths boundary laysr. The resulte
were of doubtful value, as the differences recorded were only of the
same order of magnituds as the error of msasurement,

Tull pcale propulaive duct model for sireraft flight trisls

A full size propulsive duct suitable as a drive for the Ju 263
sireraft was in ocourss of memifacture, It was proposed to mount two
ducts, one under sach wing fairly close to the fusslage :n order to
minimise the yawing moment omused by the failurs of ons of the ducts.
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The normel jet drive would be used for tske-off and climb and the ducts

would teke over when a sultable speed was reached. Unfortunately, only

the dirfuser le availeble,; the burners and baffiles hed beer manufectured
but wsre -sunk in the ses. Detesiled drawings are nct avzileble,

The combustion chamber diemeter was to be 840 mm,, and the total
lepgth 2500 mm,, the diffuser being about 900.1000 mm. The diffuser
and fairing were of light mslloy, and the combustion chamber of steal
1 o, thick. .

Puel would be irijectsd some way down the diffuser from a siresze
lined rirg containing 9 plair holes directed towards the axis end 9
away from it, These jets ware errengsd in three groups, which could
te brought in by the control device one sfter the other, At the en-
trance to the combustion chazbasr was a baffle system comprising 4-5
coneentric rings fitted on ¢ wo perpendicular croas piecsa, Symmet ically
plecad on this arrpngement were four jete fed dy T-stoff and Cestoff
from the fuel used for the starting rocket drive; thess jets were used
for ignition of the fuel-air mixture, and it was glaimed that tha flame
nould ramsin 2. ght under the cornditions of use sovisegad,

Esch cuzt was deaigned to give a thrust of 4350 Kg at sea-levsl or
200 Kg at 10 kilomsters = ~ight, for a speed of 220 m/s. To maintain
the correct working temperature (1000-1200°C.) it was necesasry to
scotr 1 tne rate of fuel f:e0 ageording to spesd and height, A vaive
generally similar to that usel on the Hs 117 was envissged. (A repor.
on thi- is availabla), Another wsetbhod thet had been suggested was =
contreol operated by the tsmperaturs itself, but this was shelved on
account of the difficulty of obteicing o waterial which would stand up
to the temperature in the combustion chamber.

Fual was supplied by means of a pump developing 4 H,P, and working
at 10 at, pressure, The T-stoff ard C-stoff for ignition were supplied
by an air bottle fa2i, and could be cut out when the duet was function-
ing properly. The duct would work from 80 m/s upwards,

Thie design wes mainly a-scaled-up version of the small models
which had been tested satisfectorily; the combustion chamber length, of
¢ourss, does not increase in proportion to the diameter, Before pro-
cesding to actual flight trisls it was proposed to test the full size
mods)l in ths BMW wind tunnal at Munich.

Bl-motor (Rocket-lorin}

The simple propulsive duct suffars from the disadvantage that at
zero airspesd ths thrust is zsro; an auxiliery motor muet thsrefore be
usii for take off and ascceleration to a sultsble speed. A= an alter-
native to using a ssparats motor, various combinations of duet with a
rocketor turbine to induce tha2 necassary flow of air have been tried.



This section Caals with the czse of a rocket venting into the duet
inlet, A disgrammatic sketch is given in figure 2,

Two types uf T-rtoff rocket motors were ccnsidered, those called
hot or cold according as combusticon tekes rlace or not. In the cold
typs T-stoff (8202) is decoxpozed over a catalyst to produace the usual
mixtures of 62 per cent. steam and 53¢ rer cent. oxygen at a c¢inciant
temperature of 550°C, The hot type goes one step furiher, bty burning
a fuel, usually G-stoff (N:H;.H,O / CH30H), in ihe mixture of steam
and oxygen from the decomposition of T-stoff, Mich higher temperatures
are obtained, mhich can be varied by controlling the amcount of C-stoff
used, The spscific fuel consumption of the cold type is constant at

9.5-10.0 gr/Kg/sec,

In the RL-motor ressarch, most of the work wae Zone with @ rocket
of the cold typs.

The rocket diacharge is directed straight into the inlet of the
propuleive duct, Latsr tests were carried cut in shich the gases were
led into a hollow chamber surrcunding the duct entry, from which they
are directed through jets along the inside wall of th- mixing chamber,
The etream of gases draws im a large guantity of outside air thus
providing a large air masss end the necassary ecmpreszs on st eatry, mlso
providing an excess of oxygen to burn the petrol suppl; to the rrogul-
give duct.

The first models wers provided with a large bell-shap=d entry to
the propulsive duct shich even when stresmiined with an cuiside fairing
Zave a rather lerge dfég. This defect was remediad by decrsasing the
diemeter of the bell-shaped opening until it was found that 28 long as
the sntry edge was rounded and with a dismeter greater thang 20 om,,
no appreciable resistence loss to the air entry was encountered,

In order to allow time for the energy of the rocket exhaust to be
transferred to the incoming cold sir, & straight tube 700 mm. long had
to be provided betwesn the rocket exheust and the bveginning of the
propuleive duct diffuser. This length was found sufficient to ensure
adequate mixing before entry into the duet proper, It was determined
by velocity head traverses; the minimum length shich shows a velozity
profile comparsble with the theoretical profile of stireamline ficw in
a pipe is the optimum length required for mixing.

The output of the rocket is important as there is a maximum amount
of epergy which givee maximum thrust. Inp other words the veloeity and
mss of rocket gases must be such that the suitable emount of air ia
drawn in,

Experiments were made with rocket venturias ranging in tarcat
size from 3 to 15 mm; the 10 mm., size waa finally adopted becsuse it
gave the lowest specific fuel consumpticn at a ratio of 1 part of
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T-gtoff to 6-7 perts of air. The T-atoff pressure was 30 at. which
produced a steam and oxygen strc m with a velocity of 1000 m/e. Under
these conditions the air veloeit, was about 50 m/s at the inlet.

The simple propuisive duct develops & grosa thrust of about 100
Kg at 280 m/s, The net thruat (gross thrust - drag) of the RL-motor
in the wind tunnel ran from 100 to 120 Kg at eir velocities of 0 to .
24C m/s, the net thrust of the RL-motor being thus consistently greater
then the gross thrust of the L-motor alone,

The maximum thruat of the Ri-motor (120 Kg) was obtalned at &
ratic of T-stoff gas to air intske of 1 to 4, However, the minimum
specific fuel consumption occurred at a ratic of P-stoff to air to 1
to ©-7. The thPust is then only 80 Kg, but the specifte fuel con-
sumpticn drops from 9.5 to about 4-5 gr/Eg/sec., with about equal
proportions of T-stoff and petrol.

These thrust and fuel consumption values teke into account the
relative guantities of T-stoff and normal petrol fuel for the propul-
sive Zuet “iich are fixed by the necesaity for obtaining effieient com-
pression and keeping the temperature at 1000°C., the most efficient
temperature for the constant retio of inlet to outlet aress. With a
large rocket allowing no extra air entry, the T-stoff consumption ia
9.% ar/kg/sec, for the rocket alone, but due to large losses in the
now» icactive duct, the thrust is reduced and the overall specific : el
convimption rises to about 25 gr/Kg/sec. #ith a small rocket, ins f-
ficient compression causes a lower thrust output and the specifi- fuel
congurntion can become indefinitely large as the T-stoff consumption
approaches zero,

ILR-motor (lorin-Hocket)

This combination of propulsive duct and rocket (shown diagram-
matically in figure 3) was tried but did not prove as successful as the
RL c.xzbinstion, The rocket being in the outlet of the propulsive duct
sucks alr through the iniet and the rocket body is in the stream of
hot gases, reguiring speciel coocling devices to proteet it, The struce
tural difficulties were also quite gresat,

Results obtuined showed that the total thrust produced wae egual
to the sum of the thruste of easch component and that these ipdividual
thrusts varied with fuel consumption irdependently of each other, The
only edvantege of this type of motor, besides the increased thrust from
twe components instesd of cne, was the slight reduction in skin frietion
acd turbulence at the outlet due to the section eetion of the rocket
d.scharge gases,
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TLR-motor {Turbine.luft-Rocket)

In this system the air is drawn in and ccipresset by means of a
compressor which is povered by a straight T-astoff turbine, This com-
bination gives a btetter compression retio end thus greater efficiency,
while the combustion gases, to which 15 added the steem and Uxygen
discharge of the turbtine, ere allowed to give up ail their energy in
the form of thrust without having to drive a turbine to Tun the come
pressor. It:s main advantage i= the use of two separate fuels, It
generally approximetes so closely to the normel gee turbine engine that
its development wae abtandomed ip favour of the Jumo 004,

- Einstoff Rl-motor {Single fusl Rocket-Llorin)

Thie scheme ia shown diagrammatically in figure L: it i& a
development of the RL-motor described eerlier, btut in this cass the
roecket compression and eir suetion are provided not by T-atoff but by
a stream of vaporized and superheated fuel, The hesting, vaporizing
and superheating of the fuel is done by eirculasting it through e eoil
wound arcund the comiustion chamber from which it is led to the dia-
charge nozzle at the inlet of the propulsive duet, Mixing of the fusl
vapour with the entrained air takes place as befors in a length of tube,
after wshich =zpontanecus ignition takes place., This feature oI course
sliminates the nscessity for burners but reguirea the presence of a hot
surface at the entrance to the combusticn chamber to localize and
atabiiize the combustion,

Experiments were made with a fuel pressurs of 25 at., and a nozzle
temperature ranging from 500° to 700°C. Since the venturi used was the
ons glving the minimum spe cific fuel consumption et a ratic of 1 to 7
fuel to sir, petrol was discarded and methyl alcohol used because it
requires a 1 to 7 ratic of fuel to sir for stoichiometric combustion,
It sleo had the aiventage of vaporizing cleanly without residue or
eracking, Starting was done by mesns of an suxiliary fuel vaporizer
until the combuetion chamber was hot enough to bring the fuel vapoura
to the required temperature, The main trouble of this system is the
control of the tempersture to get spontanecus ignition neither too early
ner too late; alac every decrsase in combustion chamber temperature
due to faulty combustion immedisately decrszses the temperature of the
fuel wapours, thus sggravating the situation atill further.

Intermittent Jet Agtion

r iv

The rontinuous propulsive duct necesszarily werks at a low ratio of
pressurss and in consequence hes m low thermal efficiency, The thermal
efficiency can be inereased if the pressure ratic is imcreased, The
intermittent jet is an attempt to incresas the pressure ratio.
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Itas principle is simple; fuel is injected into s pipe open at one end
and closed by a valve at the other. The fuel-air mixture 1s explodsd
and the gases veat through the o; i end of the tube, Wien the preasure
on the inner side of the walve becomes a sub-pressure, the valve opens,
gir flows in, and the cycle ie repeated,

¥elter was working on this principle, whieh, in addition to pro-
viding the method of propulsion for the flying bomb, V1, also had ap-
plications as & turdbine drive, 4 valys wes designed conslisting of two
hemispheres fitted with ports rotatiag on oo-axial spindles in opposite
dirgetions to provide a guide action, (A frequency of mbout 50 gycles
per second is required). Ome valve was made up and tested aatisfac-
torily, but work was then atopped on acouni of the success of the Vi
mechenism, No work has now been done ror 24-3 years, and the valve
components are no longer evailable as the heat-resisting mstal uesed was
nesded for other purposes on account of shortage of such msterials,

Although the maximum presssure ratio with this system is 8.10, the
average over the whole cycle is only about 2, In an attempt to inerease
the efficiency by ipcreasing the mear pressure, a schems was devised
consiating o two intsrconnecting tubes with valves at etch end, The
theory was that when the compressed gsses from one expiosion reached
the far end of the tube, more fuel would bs injected, and & new ex-
plosion would incresse the consumption, This somewhat compliceted
schems was never put into practice,

Sopaidered ae e metbod of propuleion, the thrust of the inter.
mitten, Jet system incresaes with ithe air spesd, but eince its shepe
necsepsarily corresponds to a high drag, the net thrust begims to drop
rapidly above about 100 m/s, At spesds in the region of 200 m/fs, the
net thruat has dropped to the lavel of that of a continucus Jet with
the sems fusl consumption, and at higher apeeds the latter has the
advantage., At about 220 m/e the net thruat of the iatermittent Jet
ubit drope to zero,

erw ariv

It was proposed to use sn intermittent rocket setion together with
an sugmentor device for underwater propulsion, This is not strictly
akin to the intermittent propulasive dust desoribted above as an air
drive.

Some work was done on a T-stoff rocket torpede with an sugmentor
fitted behind. It »as stated that an sugmentation of up to 60 per cent.
hed been obiainsd with a plain steam jet, but only some 5 per cent., waa
ottained in these trials. It was polinted out that only ad hoc tests
bad been possible as & quick answer was required by the Kriegs-marine,

" Following theae inconclusive resulta, the priority was dropped,
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About Christmes 1944, work waa started on an intermittent jet with
augmentor asction. This too gave negative results, lergely because of
the absance of & =atinfactory intermittent motor, ¥Work on the main
project therefore stopped but deve.opment of the intermittant rocket
motor cantimied, This was finally developed into a minesweeping devige
and resched the stsge where full zcals triasls were about to take place,
With completion of this development, the augmentor trisls could have
been re-started using a higher fregquency version of the motor,

The mine-sweeping device depends on the explosive resction of T.
atoff with B-atoff to produce scund waves under water. The two fusls
are fed from their respsctive tanks imto a short c¢cylindrical explosioa
chaxbder with an imside diametsr of about 6 inches, by means of plungers
actuated by a spring-losded lever which is releassed by a cam. The spring
load causss a rapid movement of the plungers and the fuels are injected
quickly alomg a rangsmt of the cylindrical chamber sc that, due t0
centrifugel force, the two fuels form & liquid layer on the imside
surface, The explosion delay is just long emough to allow completas feed
of both fuels after which their reapsctive mon-return valves autcmatical-
ly eclose, The sharp explosioa which ia produced at the rate of one
svery sscond is claimed to be effective in exploding accustic mines at
a ranges of 1500 meters, The explosion geses are slloxed Lo escape
tarough an orifice end their escape is facilitated by the scavenging
sction of compresssd air which is obtaiped from sn eir piston ectusted
by the upward motiocn of the apring lever ae the spring is compresced
by the cam in readiness for the next cyclie., The source of power for
the cam is o amall elsctriec motor, The emtire driving mechanism is
located on board the mine-sweeping vesael and the explosion chamber
was t0 be fixed on the bow of the ship,

Thrust jugmentors

A2 stated im the section on intermittent jet action above, socme
work waa done om thrust augmentation under water, with negative results,
Thrust augmentation in air was also investigated, It was found that
with the optimum shape of asugmeator and the optimuim size relative to
the rocket used, the rocket thrust could be increased by up to 120
per cent, with a stationery motor., It was stated that as the forward
air speed of the motor increases up to the speed of sound, the thruet
drops to a minimum below that obtained without en augmentor and thea
rises again, MNo reason was given for this behaviour, but reference was
made to & papsr by Busemenn written iz 1939-40. The exact title and
reference could not be found,

No componenta of the augmentor device are availab{o. A report on
the investigation may exist, but was not fournd.
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Pallistios Investigatiocns
\asiated Shell

rr Lenssh stated that a proposal was at one time put forward for
. T-stoff rocket to increase the range of a gun shell, The pro.
saver got beyond the estage of calculations, lergely on ssgcount

. strength and weight of the components required to withstand the
:elarations,

leulations were sarried out to determine the optimm pert of the
.ory for roecket action; according to Lensgh, the resulis showed
rimum renge wes obtained when the rocket fired im the upper, low

region of the atmosphers, A report was said to™e available,
pot found,

ingolens in guna

¢ objmect of this development was primarily to give & constent
- purve along the gun berrel, By fesding ingolene continuously
» chanber and dsdompoeing it over a catalyst instead of using
.oeive charge, it should be poasible to maintain a relatively
:nt pressurs, Setisfactory results were achisved with a 15 em,
, giving a range of 2000 m, This weapon, talled the P-werfer,
atively silent and invisible et night, though by day a cloud
1 eould be cbserved.

=n consideration was given to applying the prineiple to & lon,
-1n, which was the primary object of the investigation, it wes
‘hat the uniformity of preasure obtainable waa limited by the

* gas transmission, The difficulty could be overcoma by feeding
progressively &t a pumber of points along the barrel, The sams
i could of coursa be adopted with an explosive charge, dut an

g6 of using ingolens is that & single combustion chember could be
e gns being supplied to the various feed points through pipes,
lti-stage system was never tested out in practice,

st torpedo propulsion, - (Herr Hans Ludwig)

";1lwowing a report that he had besn interested in an uncerwater
sive duet, an interrogation was carried ocut om 15.6.45 of Herr
2. Hena Ludwig, at Gross-Quern nesr Flensburg,

is map 18 an engineer employed originally st Argus Motors in
Heinickendorf, and later at Blohm und Voss, He tock out a

- for his water-jet engine which he called *Pulesonotor®, The
‘le is based on a patent taken out by Prof. Fottinger., Water ia
<entially into a round chamber through a nop-retura valve.
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High pressure gases are then led into the chamber to increase the
velocity of the water, thus giving s forwsrd thrust, The advanisges
ciaimed for this scheme are (a) that it eliminates losses arising from
cavitation st high speeds with a normal acrew drive, and {b, that t:n:
motor cccupies consideradbly less space for a given power cutyut than

a ncrmal motor, He was aiming at a 70 knot tcrpedo and pruduzed a
design for the Germen (7m. torpedo which would give a speed of H xnots
with 1500 H.P,

Most of the work done was theoreticel, though a8 few te3is Zed tean
carried out with the pump, giving results describea as seiisfzciore,
Compressed air cr steam was used for the fuel feed, thcugh Sin=r Tuels,
in particu.ar Ingolene, were propcsed Jor ultimets wse, T :veu ritzting
disec valves controlied the air auppiyv. The weler speed vt 2niry into
_ the pump was about 10 m/s, the expected cutlet sresl beingz stcou: 20-25
n/s,

It was eventusily rroposed to use thres motors working at 10 ¢yclas
per second each and firing consecutively to give en impulse cycle at
outlet of 30 per aecond to even out the thrust, 22 Kg. of oxygen and
7.7 Kg. of fuel (assuming a heat content of 10,000 XKgCsl/Kg.) would be
required for a 100 second run, giving a range of 3000 m, Detai. s of
tie pump eppear in e paper by Fottinger im the orgen of the Schiffbaut-
achnisehe Gesellscheft of Ncvember 1936, entitled; Die Kohlenstaub-
turbine auf Grundlege cer hydrodynemischen Arbeitalibertragung.

P.D.E, 22, 6. 5.
Aberporth,
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